wo 2017/007962 A1 [N I P00 R DN 0 00O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/007962 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

12 January 2017 (12.01.2017) WIPOIPCT
International Patent Classification: (81)
A61C 7/08 (2006.01)
International Application Number:

PCT/US2016/041383

International Filing Date:
7 July 2016 (07.07.2016)

Filing Language: English
Publication Language: English
Priority Data:

62/189,259 7 July 2015 (07.07.2015) US
62/189,282 7 July 2015 (07.07.2015) US
15/202,348 5 July 2016 (05.07.2016) US
15/202,342 5 July 2016 (05.07.2016) US

Applicant: ALIGN TECHNOLOGY, INC. [US/US];
2560 Orchard Parkway, San Jose, CA 95131 (US).

Inventors: BORONKAY, Allen; 6705 Altiplano Way,
San Jose, CA 95119 (US). CHENG, Jihua; 1024 Oaktree
Drive, San Jose, CA 95129 (US). WU, Fuming; 5120
Merano Court, Pleasanton, CA 94588 (US). CHEN, Yan;
10461 Pineville Avenue, Cupertino, CA 95014 (US).
MORTON, John; 25 Rio Robles E, #109, San Jose, CA
95134 (US).

Agents: MEDLEY, Patrick et al.; Wilson Sonsini
Goodrich & Rosati, 650 Page Mill Road, Palo Alto, CA
94304-1050 (US).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: FABRICATION OF ATTACHMENT TEMPLATES AND MULTI-MATERIAL ALIGNERS

400~

(57) Abstract: Systems, methods, and devices for producing orthodontic appliances are provided. The orthodontic appliance com -
prises an outer shell comprising a plurality of cavities shaped to receive the patient's teeth and generate one or more of a force or a
torque in response to the appliance being worn on the patient's teeth. The orthodontic appliance can comprise an inner structure hav-
ing a stitfhess different than a stiffness of the outer shell. The inner structure can be positioned on an inner surface of the outer shell
in order to distribute the one or more of a force or a torque to at least one tooth received within the plurality of cavities.



WO 2017/007962 PCT/US2016/041383
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BACKGROUND
{80431 Prior orthodontic procedures typically invelve repositioning a patient’s teeth to a desired
arrangement in order to correct malocclusions and/or mprove aesthetics. To achieve these
obiectives, orthodontic appliances such as braces, retainers, shell aligners, and the like can be
applied to the patient’s teeth by an orthodontic praciitioner. The apphiance can be configured o
exert force on one or more teeth n order to effect desired tooth movements. The application of
force can be periodically adjusied by the practitioner {e.g., by altering the apphiance or using
different types of apphiances) in order to incrementally reposiiicm the teeth {0 a desired
arrangement,
{6084} Attachments can also be placed on teeth for dental and orthodontic treatments to aid in
the repositioning of g patient’s teeth,
{8805} The prior orthodontic methods and apparatus to move teeth can be less than ideal in at
least some respects. In some instances prior orthodoentic approaches that employ an apphance
with homogeneous and/or continuous material properties may not provide sufficient control over
the forces applied to the teeth. For example, prior apphiances fabricated from a single material
may exbibii less than ideal control over the forces applied to subsets of tecth. In some instances,

relatively stiff orthodontic appliances may require tighter manufacturing tolerances than would
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forces in at least some instances, Also, in ai least some instances the appliance may distort at
locations awsy from the teeth to be moved, such that the accuracy of the tooth movement can be

laes than ideal,
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{3006] Although altachment temiplates have been proposed to place altachments on teeth, the
prioy methods and apparates can be somewhat more difficuli to use than would be deal. Also,
the accuracy of the prior attachment templates can be somewhat less sccurte than would be
ideal, The methods of manufaciure of the prioy alignment templates can be somewhat wore Hme
consummng and expensive than would be ideal,

{0871 In Hight o' the above, improved orthedontic appliances are needed. Ideally such
appliances would provide more accurate footh movement with improved control over the forees
applied to the testh, more constant amounts of force applied onto feeth during treatoent, and

reduced sensitivity to manufacturing tolerances

SUMMARY
1008} Improved systems, methads, and devices for repositioning a pationt’s teeth are provided
herein. An orthodontic apphiance for repostiioning teeth comprises heterogencous propertios in
order o improve control of force and/or forque application onio different subsels of teeth, For
instance, different portions of an appliance can comprise difforent material compositions in orde
o produce different localized stiffness, and the difterent localized stiftoess can be vsed to
generate localized forces and/or torques that are customized to the particular underlyving teeth. In
somc emboediments, the appliance comprises a stiff cuter shell that generates the force and/or
torgue and a compliant fnner struciore that engages with the tooth surface in order to improve the
foree andfor torgue distribution to the footh. Advantageously, the use of a compliant tnner
structure coupled to a stff outer shell can reduce fluctuations in the amount of force or forque
applied, which can improve the accuracy and reliability of the appliance. Allersatively or in
combination, the approaches described herein for appliance design and fabwication permit the
identification of spatial correspondences bebween portions of an appliance shell and portions of a
material sheet used to form the shell, which can mprove the accuracy of fabricating appliances
with different localized properties for improved control of the force and/or torque application (©
teeth,
[RGG9T In a Drst aspect, an orthodontic appliance for repositioning a patient’s fecth in accordance
with a freatiment plan comprises an outer shell comprising a plarality of cavities shaped 10 recelve

the patient’s teeth and generate one or more of & force or a torgue in response to the apphance

having g stiffness different than a stiffhess of the outer shell. The inner structure can be
positioned on an inner surface of the outer shell ju order to distnibute the one or mwore of a foree

or & torgue 1o at least one received tonth,
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8818} In another aspect, a method for designing an orthodontie appliance for repositioning a
patient’s teeth in accordance with a treatment plan comprises receiving a 31 representation of a
shell comprising a plurality of cavities shaped to receive the patient™s teeth, The shell can
comprise a plurality of shell portions each positioned to engage a different subset of the patient’s
toeth. The method can further comprise generating a 2D representation corresponding fo the 3D
representation of the shell. The 213 representation can represent a material sheet to be used to
form the shell. The matenial sheet can comprise a plurality of sheet portions corresponding to the
plarality of shell portions,

{601 1] The methods and appliances disclosed herein also provide improved placement of
attachments on feeth. The appliances can be directly manufactured, such that the appliances can
be manufactured 1o a cost effective manner. Inumany embodiments, the appliance comprises a
support comprising one or more coupling structures 1o hold the one or more attachments. An
alignment structure 1s coupled to the support to reccive at least a portion of a tooth and positon
the one or wore attachments at one or more predetermined locations on the one or more tecth,
The one or more coupling structures are configured to release the atiachment with removal of the
alignment structure from the one or more tegth. In some embodiments, an attachment can be
divectly manufactured with an adhesive, and a removable cover may be directly manufactured
over the adhesive.

108121 The one or more coupling structures can be directly manuthctured and configured in
many ways to release from the teeth. The one or more coupling structures can be sized and
shaped 1o hold the attachment. The one or more coupling structures are sized and shaped fo hold
the atiachment with 8 gap extending between the support and attachment. The one or more
coupling sirochures may comprise one or more extensions extending between the sapport and the
attachiment. The one or more coupling structures may comprise a plurality of extensions
extending bebween the suppori and the attachment, The one or more coupling structures may
comprise a separaior sized and shaped to separate the attachment from the support. The one or
more coupling structures comprises a recess formed in the support, the recess sized and shaped o
separate the attachmesnt from the support,

G013} While the appliance can be manufactured in many ways, i many embodiments the
appliance 1s mannfactured in response to three dimensional scan data of a wouth of the patient.
Three dimensional scan data of 2 mouth of the patient can be recetved. A three dimensional
shape profile of a support determined in response to the three dimensional scan data, and a three
dimensional shape profile of an alignment structure is determined 1n response 1o the scan data.

A three dimensional shape profide of the one or more coupling strachures can be
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determined in response o the three dimensional scan data in order (o refease the atlachment with

removal of the alignment siracture from the one or more tecth,

INCORPORATION BY REFERENCE
[ 4] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference 1o the same extent as if cach individual publication, patent, or

patent application was spectfically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[B815] The novel {features of the invention are set forth with particularity in the appended claima.
A better undersianding of the features and advantages of the present invention will be obtained
by reference fo the following detailed description that sets forth ilusirative embodiments, in
which the principles of the invention are wtilized, and the sccompanying drawings of which:
{3316} FIG, LA illuatrates a tooth reposifioning appliance, in accordance with embodiments;
{30171 FIG, 18 ifustrates a tooth repositioning system, in accordance with embodiments;
[B618] FIG. 2 iHustrates a method of orthodontic treatment using a plurality of apphiances, in
accordance with embodiments;
{3018 FIGK. 34 and 3B illustrate a portion of an orthedontic appHance including a siff outer
shell and a comphiant inner stracture, in accordance with embodiments;
{6028} FEG, 30 illustrates a portion of a three-layer orthodontic appliance, in accordance with
embodiments;
0211 FIG. 44 tlustrates a cross-section of a three-layer orthodontic apphance with a stiff outer
taver and a compliant inner layer, in accordance with embodunents;
(00221 FIG. 4B dlusirates a cross-seclion of an orthodontic appliance having g compliant inner
laver with a thickened portion, in accordance with embodiments;
[0823] FIG. 40 iliustrates o crose-section of an orthodontic applisnce juctuding a protrusion
formed in the stilf cuter lsver, in accordance with embodiments;
HG024] FIG, 41 Hustrates o reatment sysiom including a plurality of stiff outer shells to and &
single compliant inner shell, in accordance with exmbodimenis;
{GO25] Fi6:, 5A ilhustrates an appliance with a plurality of diserete pad stroctwres, in accordance
with embodiments;
{026] V14, 3B diustrates an applisnce with a plurslity of discrete plug structures, in accordance
with embodiments:
027 K16, 5C tlustrates an applisnce with a plueality of discrete inflatable structures, in

accordance with embodiments;

;
k¥
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130281 FIG. 38 illustrates an exemplary {cad-displacement curve for an appliance, in accordance
with embodiments;

{6029} FIG. SE Hustrates an appliance with a plurality of diserete pad strochures, in accordance
with embodiments;

1363687 VIG. 5F ilustrates apn apphiance with a plarality of connected pad structures, in
accordance with embodiments;

10031 FIG. SG dlustrates an appliance with a plurality of diserete pad structures, in accordance
with embodiments;

{00321 FIG. 5H illustrates an appliance with a plurality of discrete pad structures, in accordance
with embodimenis;

1B833] FIG. 6A iHlustrates an applance including an inner strochue engaging a tooth-mournted
attachiment, in accordance with embodiments;

19034} FIG, 6B llusirates an appliance including a compliant {ooth-mounted sttachment, in
asccordance with ernbodiments,

{08351 ¥, 6C ilustrates a compliant attachment-mounted structure with a protective fayer, in
accordance with embodiments;

{8836] FIGS. 7A, 7B, and 70 schematically tHustrate independent force application on teeth, in
accordance with embodiments;

{8037} FIG. 8A illustrates spatial correspondences between a patient’s teeth, an orthodontic
appliance, and a material sheet, in accordance with embodiments:

{8038] FIG. 88 illustrates a material sheet for forming an appliance, in accordance with
embodiments:

{3339 FEG, 8O illustrates a cross section of the material sheet of FIG. 8B, in accordance with
embodiments;

13048] FIG, 81 lustrates a cross section of the material sheet of FIG. &8, in sceordance with
embodiments;

[9041] FIG, 9 illustrates a method for designing and fabwicating an orthodontic appliance, in
accordance with embodiments;

[0842] FIG, 184 iHlostrates an additive manufacturing process for fabricatiog an appliance, in
accordance with embodiments;

[0843] FIG, 10B llustrates a subtractive manufacturing process for fabricating an appliance, in
accordance with embodiments;

[844] FIGS, 1A and 118 dhustrate fabrication of a material sheet from a phurality of

overlapping material favers, in accordance with embodiments;

e
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198451 FIGS, 124 through 120 lustrate {abrication of a material sheet from a plurality of non-
overlapping material sections, iy accordance with embodiments;

[8046] FIG. 13 tlusirates a method for digitally planning an orthodoniic treatment,
accordance with embodiments;

{0477 FEG. 14 15 a sumplified block diagram of a data processing system, 1n accordance with
embodiments;

[B048] FIG. 15 ilustrates a mothod for designing an orthodontic apphiance, i accordance with
embodiments,

16049] FI1G. 16 illustrates a methoed for designing an orthodontic appliance, in accordance with
embaodiments;

{B050] FIG, 174 illustrates a diveetly fabricated attachment template, in accordance with
embodimenis; and

{3651 FIG. 17B ilustrates a detailed view of a receplacle of an atiachment template, such as

that ilustrated in F1G, 174

DETAILED BESCRIPTION
{BOS2E Systems, methods, and devices for improved orthodontic treatment of a patient’s teeth are
provided herein, In some embodiments, the present disclosure provides improved orthodontic
apphiances having different portions with dilferent properties. The use of appliances with
different localized propertics as described herein can improve control over the application of
forces and/or torgues to different subsets of teeth, thus enhancing the predictability and
effectiveness of orthodontic treatment. For example, an orthodontic appliance can inchude
portions with different stiffness {e.g., a relatively stiff portion and a relatively compliant portion)
to provide more consistent foree and/or torque application even when manufacturing {olerances
for the apphance are relatively poor, Additionally, the appliance design and fabrication methods
deseribed herein can enhance the accwracy and flexibility of producing appiiances with different
localized properties, thus allowing for the production of more complex and customired
appliances.
{3053] In one aspeet, an orthedontic apphance for repositioning a patient’s teeth in accordance
with a treatment plan is provided. The appliance can comprise an outer shell comprising a

1:;{1 cavneden ey

.
a\ rafe one

torgue in response 1o the appliance being worn on the patient”s teeth, and an inner structure
having a stiffoess different thao a stiffuess of the outer shell. The inner structure can be
positioned on an inper surface of the cuter shell in order to distribute the one or more of a force
of g lorque to af least one tooth recetved within the plurality of cavities.

"
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[0854] In another aspect, an orthodontic appliance for repositioning a patient’s teeth in
accordance with a freatment plan is provided, The appliance can comprise an outer shell
comprising a plurality of teethoreceiving cavities shaped to exert one or more of a force ora
torgue on the patient’s {eeth, and an nner structure positioned on ap inner surface of the guter
shetl. The inner structure can comprise a stiffpess different than a stiffness of the outer shell
such that the inner structure is configured to oxhibit an amount of deformation greater than an
amount of deformation exhibited by the outer shell,

{GOSS] In some embodiments, the stiffiiess of the inner stracture s less than the stifthess of the
outer shell. The inner structure can be configured to exhibit a first configuration prior to
placerent of the appliance on the patient’s tecth and a second configuration afier the placement
of the appliance on the patient’s teeth. The first configuration ean differ from the second
configuration with respect to one or more of) a thickness profile of the inner struciure, a cross-
sectional shape of the tnner structure, or an fnner surface profile of the nner strocture. The inner
structure can be configured to exhibit an amount of deformation greater than an amount of
detormation exhibiied by the outer shell when the appliance is worn on the patient’s teeth. The
deformation of the inper stracture can comprise one or more off a change in a thickness profile of
the inner structare, a change in a cross-sectional shape of the inner structure, or a change in an
muer surface profile of the inner structure. The cuter shell can exhibit substantially no
deformation when the appliance {s worn on the patient’s teeth.

16856 In some embodiments, the inner structure comprises a compressible material, The hner
structure can have an elastic moduodus sithin a range from about 0.2 MPa to about 20 MPa.
{38571 In some embodiments, an inner surface profile of the owter shell differs from a sorface
profife of the at least one tooth 80 as to generate the one or more of a force or a torque when the
apphiance is worn on the patient’s teeth. For example, the inner surface profile of the cuter shell
can comprise a position or an ortentation of a tooth-receiving cavity difforent from a position or
an orieniation of the surface profile of at least one tooth received within the tooth-receiving
cavity. The inner surface profile of the outer shell can comprise a protrusion extending inwards
towards the at east oue tooth, and wherein the inner structure 18 positioned between the
profrusion and the at least one tooth.

10058] In some embodiments, the inner structure comprises a continuous inner laver positioned
between the outer shell and the patient’s teeth. The continuous inner layer can be removably
coupled to the ouler shell or permanently affixed to the onter shell, The continuous inner laver

can comprise a first layer portion with an increased thickness relative {0 a second layer portion,
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and the first layer portion can be positioned 1o engage the at feast one tooth in order (o distribute
one or more of g force or a torque.

HHIS9] 1o some embodiments, the tnner structure comprises one or more discrete pad structures
positioned (0 engage the at least one tooth. The one or more discrete pad structures can engage
the at least one recetved tooth via one or more attachments mounted on the at least one tooth,
Optionally, the inner structure can comprise a plurality of discrete pad structures each positioned
to engage a ditterent portion of the at least one tooth.  The one or more discrete pad structures
can be solid. Alternatively, the one or more discrele pad siructures can be hollow, In some
embodiments, the one or more discrete pad structures are filled with a fluid optionally maintained
at & substantially constant pressure.

[3868] In some ervbodituents, the inner structure s coupled o the inner surface of the outer
shell. Alternatively or in combination, the Inner structure can be coupled to a tooth surface or an
attachment mounted on the tooth surtace.

{3861 In some embodiments, the apphiance further comprises an oulermost laver coupled to an
cuter surface of the outer shell. The outermost fayer can have a stiffhess less than or greater than
the stiffness of the ouler shell. The oulermost layer can be configured to resist abrasion, wear,
staining, or ological interactions. The outermost layer can have a hardness greater than or
equal to about 70 Shore 3.

16062} In some embodiments, the appliance further comprises an innermost layer coupled (o an
inner surface of the inner structure. The fnnermost layer can bave a stiffness less than or greater
than the stifiness of the mner structure. The innermost layer can be configured o resist abrasion,
wear, statning, or biological fnteractions. The tnnermost layer can have a hardness grester than
or equal to abont 70 Shore DL

19863} In some embodiments, the inner structure comprises a textured surface shaped to ¢hannel
saliva away from or towards a surface of the at least one tooth.

[6864] In some embodiments, the inoer structure s formed by one or more of milling, eiching,
coating, jetting, stereolithography, or printing. Optionally, the fnner structure 1§ integrally
formed as a single plece with the outer shell by g divect fabrication technique. Direct fabrication
techniques can compnse one ot more of val photopolymerization, material jetting, binder jetting,
material extruston, powder bed fusion, sheet lamination, or directed energy deposition. The direct
fabrication technique can comprise multi-material direct fabrication.

{3065} 1o another aspect, 8 method comprises providing an appliance as in any of the

embodiments heredn.

Ko
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1866] [n another aspect, a method for designing an orthodontic appliance for repositionin
patient’s teeth tn accordance with g treatment plan is provided, The method can comprise
receiving a 31 representation of a shell comprising a pluralily of cavities shaped to receive the
patient’s teeth, the shell comprising a plurality of shell portions cach positioned {0 engage a
different subset of the patient’s teeth. The method can comprise generating a 2D representation
corresponding to the 3D representation of the shell, the 2 representation representing & material
sheet to be used to {orm the shelll The malerial sheet can comprise a plurality of sheet portions
corresponding to the plurality of shell portions.

{6067} In some embodiments, the 2D representation is generated based on one or more of cavity
geometries {or the phurality of cavities, a fabrication method to be used to formy the shell, a
fabrication temperature 1o be used to form the shell, one or more materials to be used fo form the
shelf, material properties of the one or more materials to be used to form the shell, or a strain raie
of the one or reore materials 1o be used (o form the shelll The 2D representation can be gencrated
by transforming the 313 representation, the transforming comprising one or more of expanding or
fattening the 3D representation. The 2D representation can be generated by simulating a direct
or inverse deformation from the 2D represeniation to the 3D representation

[0668] In some embodiments, the method further comprises delermining a material composition
for cach of the plurality of sheet portions. At least some of the plurality of sheet portions can
comprise different material compositions. The method can further comprise generating
instructions for fabricating the material sheet comprising the plurality of sheet portions with the
determined material compositions, and generating instructions for forming the shell from the
fabricated material sheet. In some embodiments, the inner shell inchudes a tooth facing surface
and an outer surface of the cuter shell is exposed.

{0869 In some embodiments, at least some of the plurality of different sheet portions have
different geometries. At least some of the plaality of ditferent sheet poriions can have different
stiffness. The method can further comprise determining a desived stiffness for each of the
plurality of sheet portions, and determining the material composition for each of the plurality of
sheet portions based oo the desived stiffness. The ditferent material compositions can comprise
one of more of! different sumbers of material layers, different combinations of material types, or
different thicknesses of a material layer.

[0878] In some emboduncenis, the fabricated material sheet comprises an outer layer and an inner
between the outer faver and the patient’s feeth when the shell 19 wom on the palient’s teeth, The

ditferent material compositions can comprise different thicknesses of the nner laver, The outer
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layver can be configured to generate at least one force or torque when the shell is worn on the
patient’s teeth and the inner laver can be configured to distribuie the at least one foree or torgue
to at least one received footh.

{80711 In some embodiments, fabricating the material sheet comprises providing a laver of a first
material, and adding a second material 1o one or wore portions of the laver. Alternatively or in
combination, fabricating the material sheet can comprise providing a sheet comprising a fayer of
a {irst roaterial and a laver of a second material, and removing one or more portions of the layer
of the second material. Optionally, fabricating the material sheet comprises coupling a plurality
of overlapping material layers to form a multilayered material sheet. Fabricating the material
sheet can coropnise coupling a plurality of non-overlapping material sections {o form a single-
iayered material sheet. Fabricating the material sheet can comprise coupling one or more support
layers to the single-layered material sheet,

{6721 T some embodiments, formoing the shell comprises thermeoforming the fabricated material
sheet over a mold such that the plurality of sheet portions is formed into the plurality of shell
portions.

{0073} In another aspect, a system for designing an orthodontic apphiance for repostiioning a
patient’s teeth in accordance with a treatment plan is provided. The system can comprise one or
more processors and memory, The memory can comprise instructions executable by the one or
more processors to cause the system to receive a 3D representation of a shell comprising a
plurality of cavities shaped to receive the patient’s teeth, the shell comprising a plurality of shell
portions each positioned fo engage a different subset of the patient’s teeth, The instructions can
cause the system to penerate a 21 representation corresponding 1o the 31D representation of the
shell, the 21 representation representing a material sheet 10 be used to form the shell, and the
material sheel comprising a plurality of sheet portions corresponding (o the phurality of sheli
portions.

{074} In another aspect, a method for designing an orthedontic appliance for repositioning a
patient’s teeth is provided. The method can comprise determining a moverment path 1o move one
or more teeth from an inttial arrangement {o a target arvangement and determining a foree system
o produce movement of the one or more teeth along the movement path. The method can
comprise determining an appliance geometry for an orthodontic appliance configured to produce
the force system. The orthodontic applisnce can comprise an outer shell comprising a plurality
of teeth-receiving cavities and an inner structure positioned on an Toner surface of the outer shell,
the inner structure comprising a stiffness different than a stiffhess of the outer shell such that the

mner structure 18 configured (o oxhibit an amount of delormation greater than an amount of
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deformation exhibited by the outer shell. The method can comprise generating instructions for
fabricating the orthodontic appliance having the apphance geometry using a fabrication
fechnigue

{BOTS] In some embodiments, the fabrication technigque is a direct fabrication technique.

{876} In some embodiments, the direet fabrication technigue comprises one or more of vat
photopolymerization, material jetting, binder jetting, material extrusion, powder bed fusion, sheet
larsination, or divected energy deposition and may be continuons direct fabrication process,
multi-material divect fabrication, or other direct fabrication process. The instructions can be
configured o cause g fabrication machine 1o form the outer shell concurrently with the inner
siruchure,

{0877} In some embodiments, the method further comprises determining a waierial composition
for one or more of the outer shell or the inner structure.

1H678] In another aspect, an apphance {or placing atischiments on toeth of & patient is provided.
The appliance may include an attachment and a support. The suppori may comprise one or more
coupiing structures to hold the attachment. The appliance may also include one or more
alignment structures coupled 1o the support to receive at feast a portion of g tooth and positon the
attachment at a predetermined location on the tooth. The one or more coupling structures may he
configured to release the attactuoent with removal of the alignment structure from the tooth.
{0079} 1n some embodiments, the alignment structore comprises at least g portion of a cavity of
an aligner sized and shaped o recetve the tooth and the support comprises a portion of an aligner
extending from the portion of the cavity to a recess. The recess shaped to receive the attachment
and comprising ong or more coupling structures 1o hold the attachment, and wherein the at least
the portion of the cavity of the aligner and the portion of the aligner extending from the at least
the portion of the cavity to the recess have been directly fabricated together. Optionally, the one
or more coupling siructures comprise one or more extensions extending between the support and
the attachment. The one or more extensions may absorb infrared light at a rate greater than that
of the ahgnment structure.

[0688] In some embodinments, the apphance includes an adhesive on the attachment and may also
inciude a cover on the adhesive. The cover may be capable of being removed from the adhesive.
10881] In another aspect, a method of fabricating an appliance is provided. The method may
wnchude directly fabricating an aligner body includin ng a support formed in a ooth- ~receiving
cavity, The tooth receiving cavily may be condfigured to receive a tooth, The method may also
inciude directly fabricating one or more coupling structures 1o the support and divecily

fabricating an atiachment to the coupling structure. The aligner may be configured o align the
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attachment al a predetermined location on a tooth and the one or more coupling structures may he
configured to release the attachment with removal of the aligner body from the tooth

10821 In some emhodiments, the support, the aligner body, and the one or more coupling
structures are divectly fabricated together. Optionally, the alignment strocture may comprise at
feast a portion of a cavity of an aligner sized and shaped to receive one or more teeth and the
support may comprise a portion of an aligner including & recess shaped to recetve the attachment,
The recess may comprise the one or more coupling structures to hold the attachment and the
aligner body, the one or more coupling structures, and the recess may be direetly fabricated
together.

G883} In some embodiments, the one or more coupling structures are configured to break with
removal of the alignroent strocture from the one or more teeth, Optionally, the one or more
coupling structures may be sized and shaped to hold the attachunent. The one or more coupling
structures may be sized and shaped to hold the attachment with a gap extending between the
support and the attschment.

{3084} In some embodiments, the one or more coupling structures comprise one or more
extensions extending between the support and the attachment. The one or more coupling
structures cau include g separator sized and shaped to separate the attachment from the support.,
The one or more coupling structures can include a recess formed in the support, the recess sized
and shaped to separate the attachment from the support.

{BBRS] In some embodiments, the method can inclode forming an adbesive structure on the
attachment. Optionally, the method may include forming an adhesive on the one or more
attachments, wherein the adhesive, the one or more coupling structures, the alignment structure,
and the one or more aftachment structures are divectly fabricated together.

{88867 In some embodiments, the method may inchude forming a cover on the adhesive, the
cover capable of removal from the adhesive. The cover, the adhesive, the support, the one or
more coupling structures, the alignment structure, and the one or more gttachment siructures can
be directly fabricated together. The one or more extensions ¢an be formed with a material that
absorbs infrared light ai a rate greater than a rate of infrared absorption of the aligner body.
[3087] As used herein the term “and/or” 1s used as a functional word to indicate that two words
or expressions are to be taken together or individually, For example, A and/or B encompasses A
afone, B alone, and A and B together.

{BOSE] Turning now to the drawings, in which like numbers designate like elements in the
various Ggares, F1G, 1A illastrates an exemplary tooth repositioning appliance or aligner 100

that can be worn by a patient 1o order to achieve an incremenial repositioning of individual teeth



WO 2017/007962 PCT/US2016/041383

102 1 the jaw. The apphance can inchde a shell {e.g., a continuous polymeric shell or a
sepgmented shelly baving teeth-recelving cavities that receive and resiliently reposition the teeth
In one embodiment, an apphiance of portion(s) thereof may be indirectly fabricated using a
physical model of teeth, For example, an applisnce (e.g., polymeric appliance) can be formed
using a physical model of teeth and a sheet of sutiable layers of polymeric material. In some
embodiments, a phiysical appliance is directly fabricated, ¢.g., using direct {abrication technigues,
from a digital model] of anappliance. An appliance can £l over all teeth present in an upper or
lower jaw, or loss than all of the teeth. The appliance can be designed specifically to
accommodaie the tecth of the pationt {c.g., the topography of the {ooth-receiving cavities matches
the topography of the patient’s teeth), and may be fabricated based on positive or negative
models of the patient’s tecth generated by impression, scanning, and the like. Alternatively, the
appliance can be a generic appliance configured o reccive the teeth, but not necessarily shaped to
maich the topography of the patient’s tecth. In some cases, only certain teeth recetved by an
apphiance will be repositioned by the appliance while other teeth can provide a8 base or anchor
region for holding the appliance in place as 1t applies force against the tooth or tecth targeted for
repostiioning. 1 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 8 base or anchor for holding
the appliance as i is worn by the patient. Typically, no wires or other means will be provided for
holding an appliance in place over the tecth. o some cases, however, it may be desirable or
necessary to provide individual attachments or other anchoring clements 104 on teeth 102 with
corresponding receptacies 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 ULS. Patent Nos. 6,450,807, and 5,975,893, ag well as on the
company’'s website, which is accessible on the World Wide Web {see, e.g., the url
“tnvisaligncont”). Examples of tooth-mounted attachments suitable for use with orthodontic
applisnces are also described 1n patents and patent applications assigned to Align Technology,
Ine., inchuding, for example, UK. Patent Nos. 6,309,215 and 6,838 450,

HH8%] FIG, 18 illustrates a tooth repositioning system 110 incloding a phurality of appHances
112, 114, 116, Any of the appliances deseribed herein can be designed and/or provided as part of
a set of a phueality of gppliances used i a tooth repositioning sysiom. Bach appliance may be
configured so a tooth-receiving cavity has a geometry corresponding to an inlermediate or final
tooth arrangement intended for the appliance. The patient’s teeth can be progressively

repositioned from an nital tooth arrsngement o o target tooth arrangement by placing a series of
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wcremental position adjustent appliances over the patient’s teeth. For example, the tooth
repositioning system 110 ean include a first apphance 112 corresponding to an initial tooth
arrapgement, one or more infermediate apphances 114 corresponding to one or more
intermediate arrangements, and a fival 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. Aliernatively, & target arrangement can be one of
many intermediate arrangements for the patient’s teeth during the course of orthodontic
treatment, which voay include various different treatment scenarios, including, but not limiied i,
instances where surgery is recommended, where interproximal reduction (IPR) is appropriate,
where a progress check is scheduled, where anchor placement is best, where palatal expansion is
desirable, where restorative dentistry is invelved (e.g., inlays, onlays, crowns, bridges, implant,
veneers, and the like}, ete. 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.

{6090} FIG. 2 illustrates a method 200 of orthodontic treatment using a plorality of appliances,
in accordavee 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
i a patient’s teeth in order to reposition the teeth from a first ooth arrangement to a second tooth
arrangement. Instep 220, a second orthodontic apphance 15 applicd to the patient’s teeth 1n order
to reposition the tecth from the second tooth arrangement (o 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 {o a target arrangement. The appliances can be genevaled all at the same stage or in
sets or baiches (e.g., al the beginning of g stage of the treatment), or one at a time, and the patic
can wear each appliance until the pressure of cach gppliance on the teeth can no longer be felt or
unit! the maximum amount of expressed tooth movement for that given siage 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 appropriaie
perivd of time, the paticut can replace the current appliance with the next appliance in the series
untit no more appliances renwain, The appliances are generally not affixed o the teeth and the
patient may place and replace the appliances at any time during the procedure {e.g., patieni-
removable apphiances), The final applance or several appliances in the series may have a

geometry or geometries selecied to overcorrect the tooth arangement. For instance, one or more
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appliances may have a geometry that would (f fully achieved) move individual teeth bevond the
tooth arrangement that has been seiected as the "final™ Such over-correctinn may be desirable i
order to offset potential relapse after the reposttioring method bas been lerminaied (e.g., permit
movement of individnal teeth back toward their pre-corrected positions), {dver-correction may
also be beneficial to speed the rate of correction {e.g., an appliance with a geomeiry that is
positioned beyond a desired intermediate or final position may shift the individual teeth {oward
the position at a greater raie). 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.
19691} The ability of an orthodontic appiiance {o elfectively irest g pationt’s teeth can depend on
its properties, such as stiffness, elastic modulus, hardness, thickness, strength, or compressibility.
For instance, these properties can influence the amount of force and/or torque that can be exerled
by the appliance orto the teeth, as well as the extent to which such forces and/or torgues can be
controlled {e.g., with respect to loeation of application, dircction, magnitude, ete.}. The optimal
properties for tooth repositioning may vary based on the type of tooth (0 be repositioned (e.g.,
molar, premolar, canine, ineisor), movement type {€.g., extrusion, intrusion, rotation, orgueing,
tipping, translating), targeted wmovement distance, nse of tooth-moonied attachments, or
combinations thereof. Ditferent tecth in the pationt’s jaw may require different types of
appliance properties in order 1o be effectively repositioned. In some instances, i can be
relatively difficult to effectively reposition multiple teeth using an orthodontic appliance with
untform and/or homogeneous properties.

{38921 Accordingly, various embodiments of the present disclosure provide orthodontic
appliances having properties that are heterogencous and/or variable across different portions of
apphiance in order to allow for more effective repositioning of multiple tecth. In such
erwbodiments, one or more portions of the appliance can have one or more properties that differ
from those of one or more other portions, such as with reapect to one or more of stiftbess, elastic

modulus, hardness, thickness, strength, compressibility, and the ke, An appliance can inchude

¥
any number of portions with different properties, soach as two, three, four, five, six, seven, eight
nine, ten, twenty, thirty, forty, fifty, or more portions with different propertics. An appliance
portion can inchude any part of an appliance, such as one or more woth-recelving cavities or
portions thereot, The size and location of an appliance portion can be varied as desired. For
example, su appliance portion can be arvanged to receive and/or engage a subset of the patient’s

teeth, such as a single tooth, a phurality of teeth, a portion of a tooth (e.g., a Hogual, buaceal, or
E £ K S/ * . AR ek zh: s

occlusal surface, or combinationy thereofl In some embodiments, apphiance portions that
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receive different sabsets of teeth (e.g., anterior teeth, posterior teeth, teeth to be repositioned,
teeth to be retained In a current position) have different properties. Alternatively or in

tingual surfaces, occlusal surfaces) can have different properties. The use of orthodontic
appliances with variable localized properties can aliow for mproved control over the forces
and/or torques o be applied to the patient’s teeth, as described further herein,

3093} In some embodiments, an orthodontic appliance with different localized properties is
fabricated from a plurality of different materials. An appliance can be fabricated with one or
more of many materials, such as plastics, elastorers, metal, glags, ceramics, reinforced fibers,
carbon fiber, composites, reinforced composites, ahuninum, biological materials, or
combinations thereot, A material can be incorporated into an orthodontic appliance in any form,
such as a laver, pad , strip, band, wire, mesh, scaffold, or combinations thereof. In some
embodiments, an appliance can include at least fwo, three, four, five, six, seven, eight, nine, or
ten different types of materials. Different material types may exhibit different properties {e.g.,
stiffness, elastic moduldus, efc.). An appliance incorporating muliple materials can include
different materials at different portions of the appliance s0 as to provide a desived combination of
different localized propertics. Exemplary methods for fabricating an appliance with multiple
materials are deseribed further herein.

[3094] Optionally, an orthodontic appliance may include only a single material type, bui can
vary the properties of the single waterial in order to schiove different localized properties. For
cxampie, different localized stiffness can be achieved by varving the thickness and/or the number
of layers of the material at different appliance portions. Alternatively or in combination, the
geometry of the material can be selectively altered at certain locations to modify the
corresponding properties of the appliance at that location, e.g., selectively forming cuts or holes
to reduce stifthess. These approaches can be used in combination with the multi-material
approaches described heren, such that differing localized properties can be achieved by varying
the material types used, as well as the properties of one or more material types.

10093] In some embodiments, an orthodontic apphance includes at least one relatively stiff
portion and at feast one redalively compliant portion. “Stiff” or “relatively stiff” may be used
herein to denote au appliance portion having a stiffness greater than a stiffhess of another
appliance portion, e.g., the rest of the appliance. “Compliant” or “relatively compliant”™ may be
used herein to denote an appliance portion having a stiftness less than a stiffuess of another
appliance portion, e.g., the rest of the appliance. The appliances herein can be fabricated using

one of more types of materials {e.g., synthelic materials such as plastics, coramics, metals,
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composites; biclogical materials such as biological tissues, natural materials) with appropriate
properties in order 1o provide the desired arvangement of siff and compliant portions. For
wnstance, the stiff portion(s) can be fabricated from one or more relatively sttt materials, and the
compliant portion{s) can be {abricated from one or more relatively compliant materials,
Examples of stiff materials include but are not Bimited to plastics, ceramics, metals, compaosites,
or combinations thereof (e.g., a plastic filled with ceramic and/or reinforeed with metal picces).
Examples of comphiant materials include but are vot hmited to elastomers, rubbers, or rubber-hike
materials.

108961 A stff portion can have a greater elastic modulus than a compliant portion, In some
erbodiments, the stiff portion has an elastic modubus of about 1.5 GPa, or within a range from
about (1.5 GPa to about 500 GPa. In some embodiments, the compliant portion has an clastic
moduius of about 2 MPa, or witiun a range from about 0.2 MPa to about 500 MPa. Optionally,
the elastic modulus of a stiff portion can be at least 10 times greater than the elastic modulus of a
compliant portion. High modulus ditferences between layers can increase the sheer forces at the
boundary between lavers. In some embodiments, sheer between layers can be managed by using
materials in adjacent layers that differ in elastic modulus by 16% or fess. Alternatively or in
combination, a stiff portion can have a greater thickness than a compliant portion. For example,
the stiff portion can have g thickness of about 0.5 mm, or within a range from about 6.2 mm to
about I mm. The compliant portion can have a thickness of about 0.3 mum, or within a range
from about .05 mm to about 0.5 mm.  Optionally, the thickness of a stff portion can be al least
3 times greater than the thickness of a compliant portion.

{30971 The stiff and compliant portions can perform different functions in the orthodontic
appliance. For example, the stiff portion can be used to generste the forces and/or torques for
repositioning the tecth, ¢.g., by pressing against one or more areas of the teeth. In some
embodiments, the appliance is shaped such that the stiff portion is deformed {e.g., changed in
shape) and/or deflected {e.g., changed in position, orientation} when the appliance 15 worn on the
teeth, and the resistance of the stiff material {0 the deformation and/or detlection generates {orees
and/or torques on the teeth that elicit tooth movements. The stiff portion can have suafficient
{rom each other {e.g., deformation and/or detlection of one region prodaces litle orno
corresponding deformation and/or detlection m adiscent regions). Insome embodimenis, the
stiff portion is refatively resistant to deformation, such that the stiff portion may be deflected

when the appliance is worn on the tecth, but exbibits little or no deformation. Optionaliy, the
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stitf portion can be relatively incompressible, such that it does not expertence significant changes
in shape {¢.g., thickness) when the appliance is worn,
[0898] The comphiant portion can be used to transmit the forces and/or torques generated by the
st portion to the anderlying {eeth, For example, the compliant portion can he positioned
between the stifl portion and the teeth (e.g., coupled to an inner surface of the stiff portion facing
the teeth) 1o order to contact the teeth and distribute foree and/or torque from the stiff portion to
the teeth, In some embodiments, the comphiant portion is designed (0 improve the transmission
of force and/or torgue to teeth compared 1o use of the stiff portion alone. For instance, the
compliant portion can inprove engagement between the appliance and the teeth, provide a more
constant amount of force and/or torque, distribute the force and/or torgue over a wider surface
arca, or combinations thereof, Optionally, the compliant portion can be relatively deformable
{e.g., corapressible) so as to exbibil significant changes o shape (e.g., thickoess) when the
appiiance is worn.
{0099] The stiff and compliant portions of an orthodontic appliance can be designed in a variety
of ways. fu some enybodiments, the stiff portion is an outer appliance shell having a plurality of
cavities shaped to receive teoth, and the compliant portion inclides one or more inner struciures
coupled o an inner surface of the shell {e.g., an inner surface of one or more oth-receiving
cavities). The compliant inner structure(s) can be removably coupled or permanently affixed to
the outer shell {e.z., via adhesives, tasteners, bonding, etc.). As described herein, the stifiness of
the stiff onter shell can be different from, e.g., greater than, the stiffness of the compliant inner
structure.
1381681 The stift onter shell can be shaped to gencrale one or more forees andfor
torques in response 1o the appliance being wom on the patient’s teeth, For instance, the outer
shell can have an tnner surface profile {e.p., an inner surface profile of one or more tooth-
receiving cavities) that differs from the surface profile of one or more received tecth {e.p.,
received within the one or more tooth-recetving cavities. The inner surface profile of the outer
sheli can have a different position and/or oricntation than the surface profile of the teeth, for
example. Alternatively or in combination, the inner surface profile of the outer shell can include
struciures that do not match the tooth surface profile, such as profrusions extending towards the
tooth or recesses extending away from the tooth. The discrepancies between the joner surface
profile of the outer shell and the tooth surface profile can canse deflections and/or deformations
of the outer shell that generate forces and/or torques that are exerted on the teeth,
1081611 The compliant inner structure can be positioned between the outer shell and

one or more received teeth in order {o distribute the forces and/or torgues generated by the outer

19



WO 2017/007962 PCT/US2016/041383

sheil to the teeth. For exarople, the inner structure can deform in response to the forces and/or
torgues, e.g., by exhibiting a change in thickness and/or inner surface profile. Optionally, the
inner structure can deform such that the inner surface prefile conforms fo the surface profile of
the tooth, thus jncreasing the degree of engagement between the appliance and the tooth surface,
This improved engagement can improve force and/or forque transmission from the outer shell o
the tooth, e.g., by increasing the tooth surface area over which the force and/or torque is applied.
196102} The use of a compliant inner structure to distribute force and/or torgue from a
st outer shell can reduce the sensitivity of the orthodontic appliance to variations in
nranufacturing tolerances. o some embodiments, the geometry of an appliance shell is
conligured to be different from the geometry of the patient’s current tooth arrangement, and the
engagement between the shell and the teeth resulting from this geometric mismatch, also reforred
to as “interference,” results in forces and/or torques being exerted on the teeth. The magnitude of
the force and/or torgue may correlate with the extent of the interference of the shell geometry
with the tooth geometry, such that poriions of the appliance exhibiting larger amounts of
interference apply greater amounts of force and/or torgue, while portions exhibiting less
mnterference or ne interference apply less or no force and/or torque. Accordingly, the appliance
geometry can be designed to exlubii certain amounts of interference with the teeth geometry in
order to produce the desired forees and/or torques for repositioning the teeth.  ln embodiments
where the appliance shell 1s relatively stiff, deviations from the planned appliance geometry {e.g.,
due 1o variations in manufacturing tolerance) can alter the amount of interference between the
sitff shell and the tooth, which in turn can alter the amount of force and/or torque that s actoally
applied to the tooth,

{36163} The use of a compliant structure with a stiff shell can reduce the sensitivity of
the appliance geometry to such variations. In some embodiments, compared to stiffer structores,
compliant structures are less susceptible o fluctoations in applied force and/or torque duoe to
mamafacturing tolerances. For example, the amount of {oree and/or torgue applied 1o the tooth
by a compliant structure can be less dependent on the degree of interference between the

compliant structure and the tooth, ¢.g., due to the lower stiffness of the compliant structure. In

K}
&

order (o produce the same level ol force a5 an entively st appliance, the appliances with
compliant struchures herein can be designed with an increased amount of interference with the
teeth geometry. Accordingly, orthodontic appliances incorporating comphiant structures can
produce more consistent and reproducible foree and/or torque application on teeth. Additionally,

such compliant structures can provide more constant force application onto the teeth as they

move during treatment.
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06104} FIGS, 34 and 3B illustrate a portion 300 of an orthodontic apphance
including a stiff outer shell 302 and a compiant inner structure 304, i accordance with
cmbodiments. FIG, 3A illustrates the appliance portion 300 prior to being placed on the
patient’s teeth, such that the outer shell 302 and inver structure 304 are both in a free standing
unigaded configuration, and the shape profiles of the cuter shell 302 and tnner structure 304 are
undistoried. For example, the comphant inner siracture 304 (depicied herein as a layer) can have
an initial thickness profile 306 and the stiff outer shell 302 can have an initial thickness profile
307, In some embodiments, the undistoried shape profile of the cuter shell 302 and/or inner
structure 304 can correspond to 2 3D shape profile of a tooth in an unloaded postiion and/or
grientation prior to being received within the appliance portion 300,

{80103 F1G. 38 illustrales the appliance portion 300 afier being placed on the
patient’s teeth. The portion 300 can engage a tooth 308, such that the inner surface of the inner
structure 304 contacts a surface of the tooth 308, The inner surface profiles of the inner structure
304 and outer shell 302 can differ from the surface profile of the tooth 308, such that the
appliance portion 300 presses against and applies force to the tooth 308 when the apphiance is
worn, The stff owter shell 302 can be sufficiently stiff such that it experiences Hitle or no

~
7
i

deformation when pressed against the tooth 308, e.g., the thickness profile 307 is substantially
unchanged.

{30186} in contrast, the compliant inner structure 304 is sufficiently compliant such
that it is deformed wheo pressed against the tooth 308, In some embodiments, the compliant
inner structure 304 exhibits an amount of deformation greater than the amount of deformation
exhibited by the ouler shell when the appliance 1v worn on the patient’s teeth, Accordingly, when
the appliance portion 300 1« worn by the patient, the inner siracture 304 can assume a loaded
cross-sectional shape, and/or inner surface profile of the inner structure 304). For example, the
inner struciure 304 can be compressed between the stilt outer shell 302 and the tooth 308 so as to
exhibit an altered {e.g., reduced) thickness profile 310 at the engagement area. o some

embodiments, portions of the inner structure 304 near the engagement region between the inner
structure 304 and tooth 308 are sgueered outward away from the engagement region, such that
the thickness profile, ymner surface profile, and cross-sectional shape of the nner structure 304 is
changed relative to the unloaded configuration. The distoried shaped profile can correspond o

the 31 shape profile of the tooth 308 when in a reccived posttion andfor orientation within the

appliance portion 300, The change in the thickness profile of the inner structure 304 can
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and the tved position andfor ortentation of the tooth 308, Optionally, the nner structure 304
can deform so as fo conform to the tooth surface profile at the engagement area. The stiffness of

-

the outer shell 302 can vesult in generation of force and/or torgue on the tooth 308, while the
compliance of the inner strocture 304 can allow for taproved engagement between the appliance
portion 300 and the tooth 308 in order to distribute the generated force and/or torgue 1o the tooth
308,

166167} The compliant inner structures described hereln can be provided in various
forms, such as a layer, pad, sirip, band, wire, mesh, scalfold, or combinations thereof. The inner
structure can be formed by milling, etching, coating, jetting, printing, bonding, spraying,
exirusion, deposition, or combinations thereof, as described further herein, In some
embodiments, the inner structure s g single continuous structure, such as a layer. For example,
the inner structure can be a continuous layer that overlaps the inner surface of the stff outer sheil.
The comphant inner layer can span some or all of the plurality of cavities of the outer shell. In
such embodiments, the orthodontic appliance can be considered a multilayered appliance having
a stiff outer laver, and a comphant wner layer,

168 168] 16, 3C illustrates an appliance portion 324, having & comphliant tooth facing
or inner structure 324 (depicted herein s a layer) and a compliant ouler structure 326 while
having a stiff middie layer 322, also called a shell. The portion 320 can engage a tooth, such that
the fnner surface of the fnner structure 324 contacts a surface of the tooth. The inner surface
profiles of the inner structure 324 and middle shell 322 can differ from the surface profile of the
tooth, such that the appliance portion 320 presses against and applies force to the tooth when the
appliance is worn. The stiff middle shell 322 can be sufficiently stiff such that it experiences
{itle or no deformation when pressed against the tooth, e.g., the thickness profile is substantially
unchanged.

{B0169] In conirast, the compliant inner structure 324, like the inner structure 304, i
sufficiently compliant such that @ is deformed when pressed against the tooth. In some
embodiments, the comphiani inner structure 324 exhibits an amount of deformation greater than
the amount of deformation exhibited by the middle shell 322 when the appliance 18 worn on the
patient’s teeth. Accordingly, when the appliance portion 320 1 wom by the patient, the inner
structure 324 can assume a loaded configuration different from the unloaded configuration {e.g.,
with respect to a thickness profie, cross-sectional %Zhi}”‘\. and/or inner surface profile of the inner
stracture 324, For example, the inner structure 324 can be compressed between the stiff middle
shell 322 and the tooth so as to exbubii an altered (o.g., reduced) thickness profile at the

engagement area. In some embeodiments, portions of the nner structure 324 pear the engagement
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region betwesn the inner structure 324 and tooth are sgueezed outward away from the
engagement region, such that the thickness profile, inner surthce profile, and cross-sectional
shape of the inner structure 324 15 changed relative to the unloaded configuration. The distorted
shaped profile can correspond 1o the 30 shape profile of the tooth when in a received position
and/or orientation within the appliance portion 324, The change o the thickness profile of the
inner structure 324 can correspond o the difference between the unleaded position and/or
orieniation of the tooth and the received position and/or orientation of the tooth, Optionally, the
inner structure 324 can deform s as to conform o the tooth surface profile at the engagement
area, The stiffhess of the middle shell 322 can result in generation of force and/or torque on the
tooth, while the compliance of the Inner siructure 324 can allow for improved engagement
between the appliance portion 320 and the tooth in order to distribute the generated force and/or
torque to the tooth and to reduce sensitivity of the foree and torque magnitudes due to
manufacturing tolerances, For example interference between the aligner and the teeth causce the
torgues and forees wnvoelved in moving the feeth, The elasticity of the aligner material and the
stiffness of the aligner causes these forees. Small differences in the manutactured shape of an
appliance as compared o the desived shape of the applance can cause deviations from the
desired forces and torgues imparted on the teeth. With a stiff aligner, errors in manufacturing
magnified as compared to a more compliant aligner, Adding a compliant inner structure can
reduce the sensitivity of the force and torque magoiiudes due to manufacturing tolerances while
sitil roaintaining mwany of the advantages of a stiff aligner, such as the ahility to impart highe
forces and torques on teeth.

{80114 The addition of a compliant outer stracture 326 may provide a more

comfortable cxperimce for a patient as the compliant outer structure 326 may deform upon

contact with the gingiva, soft palate, hard palate, cheeks, and other portions of the patient’s
mouth.
6111} FIG. 4A tllustrates a cross-section of an orthodontic appliance 460 with a

stitt outer layer 402 and a compliant inner layer 404, in accordance with embodiments, The
puter layer 402 forms a shell with a plurality of eavities 406 for receiving a patient’s teeth, as
deseribed herein, The inner layer 404 is coupled to an inner surface of the outer Javer 402, such
that the inner laver 404 overlaps some or ail of the cavities and s positioned between the outer
fayer 402 and the recetved teeth.  In some embodiments, when the appliance 400 is worn on the
teeth, the recetved teeth contact the mner layer 404 and do not directly contact the outer layer

502,
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{01121 The properties of the wnner and owter layvers can be varied as desired. In some
ernbodiments, the inner and outer layers have the same thickness, while in other embodiments,
the inner and onter fayers bave different thicknesses. For instance, the thickness of the outer
layer can be sbout G‘S mm, or within a range from about 0.1 mm to ghowt 2 mm, and the
thickness of the foner layer can be about .5 mum, or within a range from about 0.1 mm to about 2
mim. {ptionally, the total thickness of the appliance including both the ouler layer and inner
layer can be less than or equal to about 0.8 mum {e.g., in order to avoid causing open bite if the
appliance covers the occlusal areas of tooth crowns). In some embodiments, each laver has a
uniform thickness, while in other embodiments, one or more of the layers can have a non-
uniform thickness (e.g., different layer portions have different thicknesses).

{30113} In some embodiments, the inner andfor outer layer can inchude a force
modifying structure that modalates the localized force and/or torgque applied 10 a apecified
tocation on the patient’s teeth, either directly {e.g., by direct contact with the tooth surface) or
indirectly {e.g., via contact with an attachment mounted on the tooth). A force modilying
structure can include any structural feature that produces an alteration in a foree and/or torgue
apphied to the teeth, such as a thickened portion, a thinned portion, a protrusion {e.g., ridge,
dimaple, and indentation), a recess, an aperture, a gap, or combinations thereofl For example, a
thickened porlion or a protrusion that is compressed by the tooth when the appliance Is worn can
produce a localized increase in force and/or torgue. A thinned portion or a recess can exhibit
reduced contact with the tooth and thus produce a localized decrease in force and/or torque. The
use of force modifying structures as deseribed herein allow for increased control over foree
and/or torque application at specified locations on the teeth.

{001 14] An appliance can include any number and combination of force modifying
structures situated on the tnner and/or outer lavers. In some embodiments, the force modifying
structure is Iocated on only the fnner layer or only the oufer fayer, such thai the two layers have
different geometries. For example, the inner laver can include one or more portions of increased
thickness that are designed to preferentially engage the tooth in order o apply force and/or
torgue. Allernatively or in combination, the inver layer can include one or more portions of
decreased thickness that reduce localived engagement of the appliance with the tooth. As another
example, the ouler laver can be formed with one or more profrusions extending fnto the tooth
receiving cavity in order o engage and apply force and/or torque to the tooth. Alternatively or in
combination, the outer laver can be formed with one or more recesses or gaps to reduce the
amount of foree and/or torquie that would be apphied. Optiovally, the Jayer that does not include

the force modifying structure can have a uniform thickness.

4.
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10115} FIG, 48 Hlustrates a cross-section of an orthodontic appliance 410 having a
comphiant noer layer 412 with a thickened portion 420, in accordance with embodiments. The
inner layer 412 18 coupled to an inner surface of a stiff outer layer 414 so as fo define a cavity
416 shaped to receive g tooth 418, The outer layer 414 can have a uniform thickness, The inner
faver 412 can nehnde at a force modifyving structure, such as at least one laver portion 420 with
increased thickness relative to the other portions of the inner layer 412, The thickened portion
420 can be positioned to engage the received tooth 418, Due to the increased thickness of the
layer portion 420, when the tooth 418 s received within the cavity 416, the portion 420 may be
pressed by the tooth 416 against the stiff outer layer 414, Thus arrangement can result in forces
andfor toragues being applied 1o the tooth 418 primarily at the thickened laver porlion 420,
Multiple thickened portions can be included in the inner layer 412 in order to facilitate force
and/or torgue apphication at multiple different portions of the tooth 418, Although FiG. 4B
itlustrates an inner layer 412 with a non-uniform thickness and an outer layer with a uniform
thickness, one of skill in the art would appreciate that other embodiments can incorporate an
outer layer with a non-uniform thickness and an inner layer with uniform thickness, In
alternative embodiments, both the tnmer and outer fayers can have son-uniform thicknesses,
{30116} FIG, 4C ilustrates a cross-section of an orthodontic appliance 430 including
a protrusion 432 formed in the st outer layer 434, in accordance with cinbodiments. Similar to
other embodiments herein, the appliance 438 can include a stiff outer layer 434 coupled o o
cormiphiant inner fayer 436 50 as to define a cavity 438 shaped fo receive a tooth 4448, The outer
layer 434 and the wmer layer 436 can both have uniform thicknesses. o some embodiments, the
stiff ouler laver 434 includes a force modifying structure, such as a protrusion 4372 extending
mwards into the cavity 438 towards the tooth 440, The inner faver 436 can conform to the inner
aurface profile of the outer layer 434 including the protrusion 432, The protrusion 432 can press
against the surface of the recetved tooth 440 so as to apply {orees and/or torgues to the tooth
Optionally, the apphiance 430 can include multiple protrusions 432 in the outer layer 434 in order
1o faciitate force and/or torgue application at multiple different portions of the tooth 446,
Although FiG. 4 Hlustrates a protrusion 432 in the outer layer 434, one of skill in the art wounld
appreciate that other embodiments can include a protrasion in the inner layer, or profrusions in
both layers.

GBI Inn some embodiments, the s ouler layer and compliant inner laver are
removably coupled to each other, such that the outer and inner Javers can be separated from each
other without damaging the appliance. The removable coupling can be a snap §it or interference

fit, for exarople. In such embodiments, the nner layer can be considered to be an inner shell and

o
[
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the cuter fayer can be considered 1o be an ouler shell, with the two shells being separable from
each other. To assemble the appliance, the juner shell can be placed on the patient’s teeth,
followed by placement of the outer shell over the fnner shell and onto the teeth, Alternatively,
the inmer shell can be inserted into the outer shell, and the assembled appliance placed onto the
teeth as a single component. The use of removably coupled inner and outer shells allows for a
reatment systern i which a single mner shell is used with multiple outer shells, a single outer
shell s used with muitiple inner shells, or combinations thereof. The inner and/or outer shell to
be used can vary based on the specific treatment stage, such that the patient wears different
combinations of shells throughout the course of treatment.

{08118 FIG. 4D illustrates a treatment system 459 including a plurality of stiff outer
shells 452a-¢ and a single compliant inner shell 454, in accordance with embodiments. A single
outer sheil can be wom over the inner shell 454 in order to form an orthodontic appliance. The
stiff outer shells 452a-c can be shaped to generate tooth repositioning forces and/or torgues,
while the compliant inner shell 434 can serve primarily as a liner that engages the teeth to
distribute the generated force and/or torguoe to the tecth. In some embodiments, each outer shell
corresponds to a different treatment stage of & freatment plan, such thal the outer shells 452a-¢
are sequeniially worn in order to reposition the tecth according to the treatment plan., For
instance, the cavity geometries of each outer shell can be shaped according to the particular tooth
arrangement to be achioved with the corresponding treatment stage. The inner shell 454 can be
reusable between treatroent stages, such that the patient can progress to the next stage simiply by
exchanging the current outer shell for the next one in the sequence while maintaining the same
inner shell 454, In sliernative embodiments, a plurality of compliant inner shells can be used
with a single reusable stiff cuter shell, with cach compliant inner shell corresponding to a
different treatment stage.  One of ordinary skill in the art would appreciate that an orthodontic
treatment system can include any combination of reusable cuter and inner shells that are
corabined with non-reusable inner and outer shells, respectively, to enable a desired course of
treatment.

{GU119] In some embodiments, the st outer layer and comphant inver layer are
permanently affixed to each other, such that the layers cannot be separated without damaging the
appliance. The benefits of this approach include easier handling and avoiding curling or
meorrect posttioning of the inner layer when worn under the outer layer. An orthodontic
treatment plan can invelve sequentially applying a phlurality of different muoltilayered appliances

in order to repostiton the patient’s teeth. Optionally, a treatment plan can include some stages
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where appliances swith permanently affixed layers are used and some stages where appliances
with separable shells are used.

161281 Alternatively or in combination with the layer-based approaches presented
herein, a comphant inner structure of an orthodontic appliance can include a plurality of discrete
structures that are coupled to certain portions of the owter shelll Examples of such structures
inchade but are not liwited to pads, plugs, balloons, bands, springs, scaffolds, meshes, or
combinations thereof. The appliance can include any wumber of diserete compliant structures
postiioned at any suitable location in the shell, The use of one or more discrete inner stroctures
focated at different portions of the apphiance enables forces and/or torques to be controllably
applied to selected portions of the teeth. The positioning, geometries {e.g., shape, size}, and
properties (e.g., siiffhess, clastic modanlus) of the discrete structure can be varied as desived in
order o achieve a desired force andfor torque distribution on the teeth.

{3121} FIG, 54 iHustrates an appliance SO0 with a plurality of discrete pad
structures 502 coupled (o an inner surface of an outer shell 504, in accordance with
embodiments. Similar to other embodiments herein, the outer shell 504 defines a tooth-receiving
cavity for a tooth 506, The plurality of discrete pad structures 302 are positioned between the
outer shell 504 and tooth 506 so as to engage the tooth 5306, The pad structures 502 may be solid,
Alternatively, the pad atructures 502 may be hollow, as discussed further herein. In some
embodiments, cach pad structure 502 engages a different portion of the tooth 506, such as a
different tooth surface (e.g., buccal. lingual, or occlusal surface). The discrete pad structures 502
can be configured to tranamit forces and/or torgues generated by the outer shell 504 to the
different portions of the tooth 506, In some embodiments, the pad structures 302 are formed by

prinﬁ.ing or spraying onto the nner sarface of the outer shell 504, thi@naﬂy, the pad structures

{asteners, ete. In some cmbodiments, the pad structures 502 and cuter shell 304 are formed usmg
divect fabrication, as discussed further herein.

{06122} FI6. 8B iHustrates an appliance 320 with a pluralily of discrete plug
structures 322 extending through an outer shell 524, in accordance with embodiments. The
apphance 520 1s similar 1o the appliance 500, except that the discrete plug structure 5272 each
inchide an outer portion that extends through the thickness of the outer shell 524, In soms
embodiments, the discrete plag structures 522 are formed separately from and coupled to the

outer shell 524, e.z., using adbesives, fasteners, ete, Optionally, the diserete plug stroctures 522

can be coupled to the sheli 524 using mechanical retention {e.g., interforence 1its, snap fits)

without adhesives or other attachment elements, The use of mechanical retention can allow for
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nereased flexibiliy tn the geometry of the discrete plug structures 3220 For example, the
discrete plug struchures 522 can be hollowed out {e.g., 1o control stiffness) withoal interfering
with their ability fo couple to the cuter shelt 524, In some embodiments, the plug structores 522
and outer shell 524 are formed using direct fabrication, as discussed further herein,

{B0123] FEG. 5C iHastrates ay apphiance 540 with a plurality of discrete hollow or
inflatable structures 542, in accordance with embodiments. The inflatable structure 342 can be a
hollow balloon or bladder that can be filled with a flnid, such a3 a lquid or a gas. The fuid
pressure can be used to control the amount of force and/or torque applied to the received tooth
544 by the appliance 540, Optionslly, the fluid can be maintained at a substantially constant
pressure s¢ as 1o allow for subsiantially constant force and/or torque application on the tooth 546,
Alternatively, the fluid pressure can be as desired to produce variable force and/or torque
application on the tooth 546,

[60124] FIG, 58 dlustrates an exemplary load-displacement curve 360 for an
appliance, in accordance with embodiments. The load-displacement curve 560 exhibite ¢
relatively flattened region 562 in which the force or torque in the appliance is substantially
constant, e.g., does not vary substantially with increasing displacement. In some embodiments,
substantially constant means that the force or torque does not vary by more than 5%, 109, 20%,
30%, 40%, or 50% of the maximure value of the foree or torgne over the displacement range of
interest. The use of discrete compliant inner structures as described herein can allow for
application of substantially constant forces and/or torgues, which can improve the reliability and
consistency of orthodontic treatment with appiiances. For example, as deseribed herein with
respect to F1G, 5C, one or more structures can be filled with a fluid maintained at a substantially
constant pressure in order o apply substantislly constant force and/or torgue to teeth.
Alternatively or in combination, a discreie pad siracture can be fabricated in a shape and/or from
an appropriate material to produce substantially constamt force and/or torgue over a relatively
large range of deflections and/or deformations without vielding (.., polyolefins or shape

memory alloys such as NiT or OQu-ALTI

{O8125] Fig. SE iHustrates an appliance 570 with a phurality of diserete pad structures
372 coupled to an inner surface of an outer shell 574, in accordance with embodiments, Similar

to other embodinents herein, the outer sheli 574 defines a tooth-receiving cavity for a tooth 576,
The phurality of discrete pad struciures 572 are postitoned belween the outer shell 574 and tooth

576 50 as to engage the teoth 570, The pad structures 572 may be solid, Alternatively, the pad

siractures 372 may be hollow, as discussed further herein, In some embodiments, gach pad
stracture 572 engages a different portion ol the tooth 576, such as a different tooth surface {o.g.,

L8
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buceal, Bngual, or occlusal surface). The diserete pad structures 572 can be configured o
ransmit and distribute forces and/or torgues generated by the outer shell 574 to the different
portions of the tooth 576, In some embodiments, the pad stractures 572 are distributed about the
surface of the outer shell 574 such that they distribute the repositioning forees from the outer
shell 574 onio the tooth 576, In some embodiments, the pad stractures 572 are formed by
priniing or spraying onto the inner surface of the outer shell 574, Optionally, the pad structures
372 can be tormed separately from and coupled to the outer shell 5374, e.g., using adbesives,
fasteners, ¢te. in some embodiments, the pad structures 572 and outer shell 574 are formead using
direet fabrication.

131261 Fig. 8K illustrates an appliance 580 with a comphiant [aver 5382 coupled to an
inner surface of an outer shell 574, The compliant layer 382 includes a plurality of pad structures
388, in sccordance with embodiments, Similar to other embodiments herein, the outer shell 584
defines a tooth-receiving cavity for a tooth 386, The phuality of pad structures 588 are
positioned on the compliant layer 582 and between the outer shell 584 and tooth 580 so as to
engage the tooth 586, The comphiant layer 582 and pad structures 588 may be solid. In some
embodiments, the compliant layer 582 and the pad structures 588 may be a single, integral
structure. In some embodiments, the compliant layer 582 and pad structures 388 may be discrete
structures. In some embodiments, the pad structores 588 and compliant layer SR2 may be
hollow. In some embodiments, each pad structure 388 engages a different portion of the tooth
586, such as a different tooth surface {e.g., buccal, lingual, or occlusal surface). The pad
structures 588 can be configured 1o transmit and distribute forces and/or torques generated by the
guter shell 584 1o the different portions of the tooth 586, In some embodiments, the pad
sirunctures 588 are distributed about the compliant structure 582 such that they distribute the
repositioning forees from the outer shell 5384 onto the tooth 5386, In some embodiments, the pad
structures 588 are formed by printing or spraying onio the inner surface of the outer shell 584,
Optionally, the pad structures 588 and compliant structure 582 can be formed separately from
and coupled 1o the outer sheli 584, e.g., using adbesives, fasteners, ete. In some embodiments,
the pad siructures 588, compliant structure 582, and outer shell 584 are formed using divedt

fabrication,

101371 Fig. 8G llustrates an apphance 590 with a plurality of discrete pad structures
592 coupled to an inner surface of an outer shell 594 and an hnner surface of an inner shell 581,

in accordance with emibodiments. The inner surface of the shell 391 defines a toothoreceiving
cavily for a tooth 596, The plurality of discrete pad structures 592 are positioned between the

ouder shell 584 and the inner shell 91 and modulate the engagerent of the inoer shell 591 with
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the tooth 5396, The pad stroctures S92 distribute the repositioning forces of the outer shell 594
onto the inper shell 591 which transmits the forces onto the tooth 5%6. The pad structures 592
may be solid. Alternatively, the pad structures 592 may be boilow, as discussed further herein,
The discrete pad structures 592 can be configured to tranamit forees and/or torgues generated by
the cuter shell 574 to the different portions of the inner shell 391 and the tooth 576, In some
embodiments, the pad structures S92 are formed by printing or spraying onto the inner surface of
the outer shell 394, In some embodiments, the pad structures 592 are {ormed by printing or
spraying onio the surface of the inner shell 581, Optionally, the pad structures 592 can be
formed separately from and coupled to the outer shell 524 or the nner shell 591, e.g., using
adhesives, fastencrs, oic. In some embodiments, the pad structures 392, inner shell 391, and
outer shell 394 are formed using divect fabrication,

{6128} Fig, 5H illustrates an applance 550 with a plurality of discrete pad structures
552 coupled to an inner surface of an ounter shell 554 which defines a tooth-recetving cavity fora
tooth 556, similar to the embodiment shown in Fig, SE. Additional, the apphance 550 includes a
filling material S58 between the pad structures 552, This filling material 558 may be relatively
compliant material such that it imparts very ittle force or torque on the teeth, {or example, it may
have an elastic modulus that 18 172 or V16 of the elastic moduldus of the pad stractures and/or the
outer shell 5354, In some embodiments, the filling material 558 extremely soft, for example, in
some embodiments the filling material 558 may be a viscus flind, such as g gel, with a thin, stiff
outer surface or cover over the filling material on the tooth {acing surface. In some embodiments,
the filling material may have an ¢lastic modulus of 1720 or even 1/100 of the elastic modulus of
the pad structures,

{8128 In some embodiments, the filling material 558 is chosen based on its optical
properties. For example, the index of refraction of the filling material 558 may match the index
of refraction of the pad structres. Insome embodirents, maiching the index of refraction
includes matching it such that the pad structares 552 are not readily observable on a patient
during normal nse. In some embodiments, the index of refraction of the filling material 558 is

within 10% of the index of refraction of the pad siractures 552,

{GU138] Some evnbodiments of the compliant nner structures deseribed herein
directly contact the tooth surface in order o fransmit forces and/or torgues. In other

embodiments, rather than directly contacting the tooth surface, the comphiant inner structure
engages the tooth mdirectly vig one or more gttachments mounted to the tooth surface. The
geometry and location of the inner structure and/or attachment can be designed to produce a

specified force and/or torque when the applisnee is worn on the tecth. The use of attachmenis

<3k
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can be beneheial for improving control over the applied force andf/or torque, as well as to elicht
tooth movements that would otherwise be diffiesl! to produce with an appliance shell only. An
apphiance can include any number of Inner stractures configured to engage a corresponding
number of attachments mounted on the patient’s teeth.

183131 FIG. 64 illustrates an appliance 600 including an inner stracture 602
engaging a tooth-mounted attachment 604, in accordance with embodiments, The Inner structure
602 can be a compliant discrete pad element coupled to an funer surface of a stiff ouier shell 606,
as described berein. When the appliance 600 is worn by the patient, the inner structure 602 can
coptact an attachment 604 affixed to a recelved tooth 608, thas transmitting forces and/or torques
prodduced by the outer shell 606 1o the tooth 608 via the aftachment 604, Ciptionaily, the stiff
outer shell 606 can include a recess 610 shaped 1o receive and accommodate the attachment 604
wihen engaged with the inmer structore 602, o some embodimenis, the aftachment 604 is stiffer
than the inner structure 602, such that the inner structure 602 is compressed between the outer
shell 604 and the attachment 604, The inner structure 602 can exhibit spring-like resistance to
the compression to exert force onte the attachment 604 that is transmitied to the underlying tooth
608, This approach can provide tooth repositioning forces with greater reproductbility.

{00132} Vartous embodimenis herein provide a compliant inner structure that is
coupled 1o the stiff outer shell, and not to a tooth or an attachment, Alternatively, the inner
structure can be coupled o a tooth surface or an attachment affixed to a tooth surface, and not io
the cuter shell. In some emboduments, an inner structure mounied on a {ooth can be considered
to be a compliant attachment. The geometry and location of the compliant attachrnent can be
designed to engage the stiff outer shell in order o transmit forces and/or torques generated by the
st outer shell to the underlying tooth,

1601334 FiG. 6B illustrates an eppliance 620 including a compliant tooth-mounied
attachroent 622, in accordance with embodiments. The compliant attachment 622 s mounted on
a surface of 8 tooth 624 recelved within a cavity defined by a stiff outer shell 626 of the
appliance 620, The stiff outer shell 626 can inelnde a recess 628 accommodating the compliant
attachment 622, When the appliance 620 1s worn over the patient’s teeth, the stiff onter shell 626
can engage the altachment 622, and the attachment 622 can distribute the forces and/or torques
produced by the stiff outer shelf 626 to the underlving tooth 624, The use of s compliam
attachment 622 can provide improved control over the amount of force and/or torque exeried on
the tooth 624 compared to stlt sttachments.

{3134} fu some ermbodiments, a coropliant inner structure can be provided with a

protective laver o reduce wear, The protective fayer cap be formed as a material laver oras g
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cogting depostied on the comphiant inner structure, The protective laver can have g greater
stiffiness and/or hardness than the inner stracture jn order 1o protect the inner structure against
abrasion. In some embodiments, the protective laver is formed on one or more exposed surfaces
of the compliant inner stracture, such as an exposed sarface that is arranged 10 engage a
relatively st and/or hard object. For instance, for a complant inner structure coupled to an
inner surface of a stit! outer shell, the protective layer can be formed on a surface of the inner
structure that engages a received tooth or attachment. As another example, for a compliant inner
structure coupled to a tooth or tooth-mounted attachment, the protective laver can be formed on a
surface of the inner structure that engages a stiff outer shell, This approach may be particularly
beneficial for compliant structures that are mounted on a tooth surface (e.g., compliant
attachrnent) or attachment surface, since such structures are more likely to be subjected to
abrasive forces associated with jaw moverments such a5 chewing.

{30135} In some embodiments, a stain resistant protective layer may be formed on a
surface of the aligner. The stain resistant protective layver may be an impermeable or semi-
permeable layer that resists statning from floids, such as coffee and soda, food, and other things.
{30136} in some embodiments, a biological compatible layver is provided on an
external portion of the aligner, For example, some patients may have g sensitivity, such as an
allergy, to certain materials, such as, for example, latex. To reduce the Bikelihood of an allergic
reaction it a patient, an aligner may be formed with bislogical compatible layer that provides a
barrier between a potentially harmfid material, such as an allergen, and the patient’s Hssue,
{83137} Some compliant and st structures may be susceptible to wear and damage
cansed by fhaids in the mouth. For example, saliva may weaken an aligner structure, increasing
the rate at which it wears and reducing its stiffvess. Therefore, in some embodiments, & saliva
resistant layver may be formed on one or more surfaces of an aligner stracture 10 regist wear
caused by saliva, In some embodiments, the aligner may include a hydrophobic or hydrophilic
layer or coaling.

{B0138] In some embodiments, mnuliiple protective lavers may be used. For example,
a stain resislant protective layer may be formed over a wear resistant protective layer.

{66139 FIG, 64 tlustrates a comphiant atiachment-monnied structare 640 with o
protective layer 642, in accordance with embodiments. In the depicted ewsbodiment, the
compliant structure 640 15 a pad structare coupled to a surface of an attachment 644 mowed on
a tooth 646, The attachment 644 can be relatively stiff and/or bard compared to the comphiant
structurve 540, The compliant structure 640 can be positioned s0 as o engage a sttt outer shell

{not shown ) that receives the tooth 646 and attachment 644, The protective layer 642 can he
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formed on a surface of the comphiant structure 640 that would contact the stiff outer shell, thas
protecting the compliant stracture 640 from wear due to abrasion by the stitf outer shell.
1001461 An orthodontic appliance incorporating a compliant inner structure coupled
to a st outer shell can allow for relatively independent application of forces and/or torgues on
different teeth. Insome erbodiments, this can be achieved by increasing the stiffness of' the
outer shell so as to reduce the extent o which deformation and/or defiection of one shell portion
causes deformation and/or deflection of other shell portions. o such embodiments, the outer
shell may be significantly stiffer than shells used in other types of orthodontic apphances, For
example, an appliance configured for independent force and/or torque application can wclude an
outer shell with an elastic modulus of about 2.5 GPa, or within a range from abowt 1 GPato
about 25 GFa. In some embodiments, increased stiffness can be achieved by increasing the
thickness of the ouler shelll A plurality of compliant nuer structures can be coupled to the stift
guter shell 9o as 1o transmit forces and/or forques fo individual teeth or subsets of teeth, in
accordance with the methods provided herein. Such appliances can aliow foree and/or torque
application o be customized on a per-tooth basis and improve predictability of effects on
neighboring teeth.
(60141} FIGS. 7A, 7B, and 7C schematically tlustrate independent force application
on teeth, In secordance with ernbodiments, FIG. TA flusirates an appliance 700 1o which the
puter shell inchudes a stiff lingual portion 702, In alternative embodiments, the appliance 700
can include a stilt buccal portion rather than a st lingual portion. A phwrality of compliant
ner structures {depicted schematically as springs 704) are coupled to an inner surface of the
Hugual portion 702, with each inner structure positioned {o engage a single tooth 706, The
Hingual portion 702 can be sufficiently stiff such that forces and/or torques can be independently
applied 1o each tooth 706 via the respective inner structure, FIG. 7B illustrates an appliance 720
stmilar o the apphiance 700, except that the cuter shell includes a stiff buccal portion 722 in
addition to a stiff Hngual portion 724, Compliant inner structures (depicted schematically as
springs 7263 can be coupled o the buceal portion 722 and/or the lingual portion 724 in order to
engage individual teeth 728 and transmit forees and/or torques. FIG, 7O illustrates an appliance
740 similar to the appliance 700, except that the outer shell is a siff buccal portion 742, rather
than a stiff Hngual portion. CompHant inver structures (depicied schematically as springs 744)
are coupled to an inner surface of the buccal portion 742, with each tnner stracture positioned 1o
engage a single tooth 746, The buccal portion 742 can be sufficiently st that forces and/or

torgues can be independently applied to each tooth 746 via the respective structure.
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{31421 Io alternative emboditoents, an orthodontic appliance contfigured for
independent force and/or torque apphication can include a plurality of discrete stiff shell segments
each receiving a subset of teeth, rather than the continuous stifl shell portions depicted in FIGS.
TA, 7B, and 7€ The shell segments can be coupled to each other vin flexures or other
connecting elements that permit relative movement of the segments, The use of discrete shell
segroents can further 1nsnlate sebsets of teeth from being affected by forces and/or torgues
applicd fo other subsets,

B80143] In some embodiments, the surface properties of the corapliant inner structure
can be modulated 1o further improve contact between the appliance and received teeth. In some
embodimends, the inner structure is formed from a tacky or bigh friction material {0 aid in
creating fangential forces and/or lorgues on the tooth surface. Aliernatively or in combination,
the inper structure can have a textured swrface shaped to control movement of saliva relative io
the tooth surface, 2.g., by channeling it away from or towards the tooth surface. For instance,
channeling saliva away from the area of engagement can allow for higher friction contact
between the appliance and tooth surface. Surface textures for removing saliva can include
pointed structures, voids or other sponge-like structures, flexible channels that deform fo push
saliva out, or combinations thereof. In other embodiments, channeling saliva towards the
engagement area can increase surface tension between the appliance and the teeth, which can
improve force and/or torque delivery to the teeth, Surface textures for channeling saliva towards
the engagement area can include channels shaped to draw in and retain saliva by capillary action.
Optionally, alterations in surface properties can be achicved by applying a coating with the
desired properties {o the inper structure, rather than varying the propertics of the inner structure
itself.

(144 The erthedontic appliances provided herein can inchude other components in
addition to a st cuter shell and compliant inner structure, In some cmbodiments, an appliance
can further include one or more additional layers coupled o the outer surface of the outer shell,
and these layers can perform various different functions. For example, the appliance can inclode
an outermost ayer coupled to the outer surtace of the outer shell, The outermest layer can be
less sttt than the outer shell in order o provide cushioning for teeth of the opposing jaw,
fuprove patient comfort, and/or atd in settling the appliance on the teeth, Alternatively or in
combination, the oulermost faver can have a greater stiffness and/or hardness than the outer shell,
e.g., in order o protect the appliance, against abrasion, wear, staining, biological interactions
{o.¢.. reduce plagoe or biological growth), and the Like. For example, the outermost layer can

have a hardness greater than or equal to about 70 Shore 13 or about 90 Shore 13, Insome
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embodiments, the properties of the cutermost laver are selected (o improve the aesthetics of the
appliance. Appliances with localized variations in geometry (e.g., nor-uniform thicknesses,
protrusion, recesses, efc.) may have a less acsthetic appearance due (o non-uniform optical
properties, such as retlectivity. Accordingly, the outermost laver can be designed to provide a
relatively smooth outer swrface o order to Improve the external appearance of the appliance, The
outermast layer can be thinner than the outer shell and/or inner structure in order 1o reduce the
contributions of the outermost layer 1o the overall properties of the appliance.

{(0145] Similarty, in some embodiments, an appliance can further tnclude one or
more additional layers coupled to the inner surface of the outer shell and/or inner structure, and
these layers can perform varions different functions. For example, the appliance can include an
innermost layer coupled to an inner surface of the inner structure, and the innermost layer can be
stiffer and/or harder than the inner structure, e.g., to protect the Imner structure from abrasion,
wear, staining, biological interactions, and the like. The innermost layer can have a hardness
greater than or equal 1o about 70 Shore D or about 90 Shore D, for instance. Alternatively, the
nnermost layer can be less stiff then the inner structure in order to provide cushioning for teeth
of the opposing jaw, improve comfort, ele. The innermost layer can be thinmer than the outer
shell and/or inner structure in order to reduce the contributions of the innermost layer to the
overall properties of the appliance.

06146} The present disclosure provides various methods for fabricating the
orthodontic apphances with different localized properties described herein. As discussed herein,
such appliances can be produced by using multiple materials {e.g., a relatively stiff material and a
relatively compliant material), with the different portions having different material compositions
aud/or geometries, ln some embodiments, the appliances herein {or portions thereof) can be
produced using indirect fabrication techniques, such as by thermoforming over a positive or
negative mold. Indirect fabrication of an orthodontic applance can involve producing a positive
or negative mold of the patient’s dentition in a target arrangement {e.g., by additive
manefactucing, midling, etc.) and thermoforming one or more sheets of material over the mold In
order 1o generate an appliance shelil In some embediments, an appliance is fabricated by
producing a material sheet with different portions having different localized properties, ther
formiug {e.g., thermoforming} the waterial sheet over a mold {e.¢., a positive mold of a tooth
artangement) to produce a shell. Optionally, additional material addition and/or removal steps
can ocour afler the shell has been formed v order 10 generate the final appliance.

106147} In order to ensure that forces and/or torques are accurately generated and

applied to the appropriate teeth, i is imporiant that the different appliance portions are correctly

<35«



WO 2017/007962 PCT/US2016/041383
positioned relative to the underlying teeth. The positioning of the appliance portions in the final
appliance can depend on bow the ditferent portions are positioned on the material sheet used to
form the appliance. Accordingly, it can be beneficial to determine spatial correspondences
hetween locations on the material sheet, portions of the appliance, and portions of the patient’s
teeth wn order to ensure accurate appliance fabrication.

[30148] K14z, 8A llustrates spatial correspondences between g patient’s teeth 800, an
orthodontic appliance RGZ, and a material sheet 804, in accordance with embodiments. As
described herein, the appliance 802 can include a shell with a plurality of tecth-receiving cavities
each shaped to receive a respective tooth of the patient’s jaw, The appliance 802 can be formed
from a material sheet 804, e.g.. by thermoforming over a mold. Accordingly, each tooth can be
spatially mapped 10 a corresponding shell portion of the appliance 802, and each shell portion can
be spatially mapped to g corresponding sheet portion of the material sheet 804, For example, in
the depicted embodiment, tooth 806 is received within a shell portion 808, which is formed from
sheet portion 810, The spatial mappings can then be used as a basis for fabricating the material
sheet 804,

{80149} FEG. 8B illustrates a material sheet 820 for forming an appliance, in
accordance with embodiments, The material sheet 820 can include a plurality of different sheet
portions 822, each corresponding to a respective shell portion of an apphiance 1o be formed trom
the sheet 820, Different sheet portions 822 of the material sheet 820 can have different
properties {e.g., thickuess, stiffness, elastic modulus, etc.), as indicated by the different shading
in FIG, 8B, such that the formed appliance has shell portions with different properties. For
exampic, different sheet portions can have different material compositions, such that the material
type(s) used to form each sheet portion can vary, Alternatively or in combination, different sheet
portions 822 can wtilize the same material(s) but can vary the geometry {e.g., thickness) of the
material{s) 50 as to achicve different properties. [n some ewbodiments, a sheet portion 822 may
be mapped to one or more tecth, for example, sheet portion 8224 is elongated and is mapped to
fwo teeth and sheet portion 8226 is elongaled and i3 mapped {o three teeth,

{3 50] {n seame embodiments, the different properties are uniform across a sheet
portion 822, In some embodiments, the different properties may be variable within a sheet
portion 822 or across the material sheet 820, For examiple, FIG, 8C and FI1G. 813 show
examples of variable properties across the sheet 820 and the individaal sheet portions 822, Fig
SC shows a cross section though the sheet 820 and sheet portions 822d and 822¢. The sheet
portion 224 shows an example of a sheet portion having a step change at s edpes and a varlable

convex shape across the portion 822d, from one side (o the other. The sheet portion 822¢ shows
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an example of a sheet portion having a concave shape, wherein the thickness varies from one side
to the other, but without a step change at its edges. The thickness profile and cross-sectional
shape of the sheet portions 822 and the material sheet 820 may vary according to the desired
properties of the resulting appliance,

LU RIS FI1G. &1 shows another crogs section through the sheet 820 and four sheet
portions 822a, 8224, 822¢, 8221 of FIG. 8B, Sheet portion 822a is an example of a sheet portion
822 with a step change at i3 edges, but with a continuous thickness, while sheet portion §224
an example of a sheet portion with a step change at its edges, but a variable thickness along s
length, having a first thickness at one edge and a second thickness at its other edge, Sheet
portion 822¢ is an example of a constant thickuness sheet portion, while sheet portion 82215 an

example of a concave, variable thickness sheet portion with continuous thickness change at its

edges.
{B0182] FIG. ¢ thustrates a method 900 for designing and fabricating an orthodontic

appiiance, in accordance with embodiments. In some embodiments, the method 900 15 a
computer-based method, such that some or all of the steps of the method 900 are performed by
one or more processors of a computing device or systen.

{B0153] in step 910, a 310 representation of a shell is received. The 3D representation
can be a 3D digital model, for example. The shell can include o plurality of cavities shaped to
receive the patient’s teeth as described heretn, In some embodiments, the shell includes a
plurality of shell portions each positioned to recetve and engage a different subset of the patient’s
tecth {e.2., & single tooth, mulliple teeth, a portion of 8 tooth). The 31 representation can depict
the 30 geometry of an appliance shell for a treatment stage of an orthodontic treatment plan. The
31 geometry can be generated based on a digital represeniation of the patient’s teeth in a desired
tooth rrangement, as desenibed heretn,

13154 fa step 920, a 2D representation of a material sheet to be used to form the

shell is generated. The 2D representation can correspond to the 3D representation of the shell,
such that the 3D representation is used as a basis for generating the 210 representation. In some
emmbodirents, the 3D representation s transformed, e.g., by “Hattening™ or “expanding,” in order
to produce the 20 representation. The transformation ymu.duu can be hased on the expected
behavior of the material sheet during the forming process. For example, the trausformation
method can account for factors such as the geometries of the teeth-receiving cavities, the
fabrication method to be used to form the shell, the fabrication temperature to be used, the
material{s) 1o be used, material properties of the material(s) 1o be nsed (e.g., strain rate), or

combinations thereof, Alternatively or in combination, siep 920 can involve determining
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correspondences between individual points on the 20 representation of the material sheet to
poinis on the 3D representation of the shell by simulating or emulating the direct or inverse
deformation from the 2D sheet geometry to the 3D shell geometry.

{B0155] The material sheet can include a plurality of sheet portions each
corresponding to & respective shell portion, and the 2D representation can include information
indicating these spatial correspondences. The spatial correspondences can be determined, for
exarople, by tracking various points on the 31 representation during the transformation
procedure to determine their final locations jn the 2D representation. Thus, cach sheet porfion in
the 21 representation can be mapped 1o a corresponding shelf portion in the 3D representation.
The I representation of the sheet can then be updated. processed, and/or modified at selected
tocations to selectively and locally modity the properties of the 3D shell to be formed, as
discussed further herein.

60156} In step 930, a matertal composition is determined for the material sheet. The
material sheet can be formed from a plurality of overlapping waterial layers, a plurality of non-
overlapping material sections, or combinations thereof, as described further herein. In some
embodiments, g material composition is determined for each of the plurality of sheet portions,
with at least some of the sheet portions having different material compositions {e.g., different
number of material layers, different combinations of material types, different thicknesses of a
material faver, ete.). For ustance, sorse sheet portions can be fabricated using ¢ comphiant
material coupled to a st material, while other portions can be fabricated using a stiff waterial

structures at certain locations. Opftienally, at least some of the sheet portions can have different

5

geometries {e.¢., shapes, thicknesses, cie. ).
{81871 As deseribed herein, different shell portions of an appliance can be designed

to have different properties in order to apply forees and/or torquees {0 specific subseis of teeth, In
order (o achieve this, the sheet porttons corresponding to the shell portions can be fabricated with
different propertics, The material composition for cach sheet portion can be determined based on
the desired properties for that particular portion. For example, a desired stiffness can be
determined for each sheet portion, and the material composition of each sheet portion can be
determined based on the desired stiffness,

{G0138] In siep 940, structions are generated for fabricating the material sheet, The
instructions can be transmitted to a fabrication systeny, such as a 30 printer or computer
numerical control {ONC) milling machine, The instructions can cause the fabrication system to

fabricate the material sheet having the sheet portions with the material compositions determined
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in step 930, The fabrication procedure can involve additive manufaciuring processes, subtractive
manufacturing processes, or combinations thereof, For example, the material sheet can be

fabricated by milling, eiching, coating, jetting, printing, bonding, sprayving, extrusion, deposition,
u g " P s K k

P

or combinations thereof. In some embodiments, the material sheet is fabricated using direct
fabrication techmiques, as discussed further herein.

{00159} In step 950, Instructions are generated for forming the shell from the
tabricated material sheet. The instructions can be transmitted to a forming system, such as a
thermoforming system. o such embodiments, the shell can be formed by thermoforming the
fabricated material sheet over a mold, such that the plurality of sheet portions of the material
sheet are {ormed into the plurality of shell portions of the shell, In some embodiments, the step
950 involves accurately aligning the fabricated material sheet to the mold in order to ensure that
the shell is formed with the desired material compositions at the intended locations.

{EDH The method 900 can be used to produce any embodiment of the appliances
described herein, such as an appliance having a stiff outer shell and a compliant inner structure.
For example, the method 900 can be used to fabricate a material sheet having a stiff outer layer
and a compliant inner layer. The material sheet can have sheet portions with different material
compositions, such as different thicknesses of the compliant inner layer. The material sheet can
be formed into a shell, such that the compliant inner layer is posiiioned between the stiff outer
layer and the patient”s teeth when the shell is worn by the patient. The stiff outer layer can be
configured to generate a force and/or torgue when the shell is worn, and the compliant inner layer
can be configured to disiribute the foree and/or torgue 1o one or more teeth received within the
shell.

198161} Although the above steps show method P00 of designing and fabricating in
accordance with exnbodiments, a person of ordinary skill in the art will recognize many
variations based on the teaching deseribed herein. Some of the steps may comprise sub-steps.
Some of the steps may be optional, such as one or more of steps 930, 940, or 950, The order of
the steps may be varied as desired. For instance, in aliernative embodiments, step 930 could be

performed after step 920 and before step 930,

{00162} FIG, 10A illnstrates an additive manufacturing process 1060 for fabricating
an apphliance, in accordance with embodiments. The process 1000 can be used in combination

with any of the appliance fabrication methods described herein {e.g., the method 900), In step
F310, a material sheet incloding a laver of a frst mwaterial i3 provided. The first material canbe a
relatively stiff material, for instance. In step 1020, a second, different material is added to one or

more portions of the frst fayer. The second material can be a relatively compliant material, for
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instance, The second material can be applied, for example, by selective coating, jetting, printing,
siereclithography techniques, bonding, eximding, or combinations thereol in order to produce a
desired shape profile (e.g., a single contimuous faver, a phurality of diserete structures, variable
thicknesses, gtc.). Optionally, the step 1020 can be repeated as desired to add any number of
materials to the sheet. Aliernatively, rather than using different materials, the process 1000 can
involve joining multiple lavers of the same material. The number and/or thickness of the
material layers can be varied in order to produce the desired properties. In some embodiments,
the steps 1010 and 1020 are performed using one or more of the divect fabrication technigques
described herein, In step 1038, the material sheet is formed into a shell shaped to be worn over
the teeth. For example, a sheet formed from a stiff first material and comphant second material
can be molded such that first material forms an outer shelt and the second material is located in
the interior of the sheil.

186163} Fi6s. 168 ilustrates a subtractive manufacturing process 1050 for fabricating
an applisnce, 1w accordance with ewbodiments, The process 1050 can be used iu combination
with any of the appliance fabrication methods described herein (e.g., the method 900}, In siep
10680, a material sheet 18 provided including a first layer of a first material and a second layer of a
second material, The first material can be a relatively stiff material and the second material can
be a relatively compliant material {or instance. In step 1070, one or more portions of the second
layer are removed. The second layer portions can be rernoved, for example, by milling, chemical
etohing, laser etehing, or combinations thereof in order 1o produce a destred shape profile {e.g., a
single continuous layer, a plurality of discrete structures, variable thicknesses, ete.). Optionally,
the step 1070 can also involve removing one or roore portions of the first layer. In step 1080, the
material sheet is formed into a shell shaped to be womn over the teeth. For example, the first
fayer can form an apphiance shell and the second layer can be located in the interior of the shell
{60164} FIGS, THA and 118 iliustrate fabrication of a material sheet from a plurality
of overlapping material layers 1100a-d, i accordance with ensbodiments, A plurality of
overlapping material layers 1100a-d can be provided, as depicted in FIG. 11A (Hlusirating a
cross-sectional view), Some or all of the matenial layers 1100a~d can be made from different
material fypes and/or have different properties, as indicated by the different shading in the
depicted embodiment. Alternatively, some or all of the material layers 1100a-d can be made
from the same material tvpe and/or have the same properties. In some embodiments, the
coverage arca of some or all of the lavers ditfer from cach other, For example, in the depicted
embodiment, laver 11002 spans the entive yoaterial sheet, while lavers 1100b-d only partially

span the material sheet. Lavers with partial coverage can be fabricated n a variety of ways, e.g.,
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by selective removal of one or more layer portions from a larger layer, fabricating the laver to
mchude only the desired portions, ete.

{B0165] The material layers 1100a-d can be coupled together o form a muliifavered
mwaterial sheet 1102, as shown in F1G, 118, The different layers 1100a-d can be sequentially
coupled to each other, or can all be coupled together simultaneously. In some embodiments, the
material sheet 1102 i formed using the direct fabrication techniques described herein, The
fabricated material sheet 1102 can include multiple layers of different materials, with different
material compositions at different locations according to the coverage of each individual material
faver. Different portions of the material sheet 1102 can have different thicknesses, based on the
number and/or the thicknesses of the lavers used to form each portion. In some embodiments, a
material sheet may have two, three, four, or more layers of simiilar or different materials,
8166} FIGS, 2A through 120 sllostrate fubrication of a material sheet from a
phurality of non-overlapping material sections 1208a-c, in accordance with embodimenis, A
plurality of non-overlapping material sections 1200a-¢ can be provided, as depicted in FIG. 124
{tlustrating a cross-sectional view). Some or ail of the material sections 1200a-¢ can be made
from different material types and/or have different properties, as indicated by the different
shading in the depicted embodiment. In some embodiments, the coverage arca of some ot all of
the sections differ from each other. Por example, in the depicied embodiment, cach of the
sections 1200a-¢ spans a different portion of the material sheet.

{80167} The matenal sections 1200a-¢ can be coupled together to form a single-
iayered material sheet 1202, as shown in FEG, 12B. The different sections 1200a-¢ can be
sequentially coupled to each other, can all be coupled together simultaneously. [n alternative
embodiments, the matenal sheet 1202 can be fabricated without first providing discrete material
sections 1280a-¢, e.p., by using a printing process or selective coating to apply different materials
at different locations, In some embodiments, the material sheet 1202 is formed using the
direction fabrication techniques deseribed herein, The fabricated material sheet 1202 can include
differcnt material compositions al different sheet portions, according io the location of cach
material section.

B0 168] Optionally, one or more support layers 1204 can be coupled to the single-
layered material sheet 1202, resalting in a multi-layered material sheet 1206, The support layer
1234 can be used to reinforee the single-layered material sheet 1202, particularly at or near the
arcas where the different material sections 1200a-¢ are joined together, In some embodiments, a
single support laver 1204 is used. Aliernatively, multiple support layvers can be used, e.g.,

coupled 1o the upper and lower surfaces of the single-lavered material sheet 1202 so as 1o enclose
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the sheet 1282, The support layer can be relatively thin compared {o the single-layered maierial
sheet 1202 30 as o provide Bttle or no effect on the stiffness of the final sheet 1206, This
approach can be used 10 provide a stronger sheet and reduce the Hkelihood of breakage or
separation between the different material sections 1200a-c.

{30169} The various embodiments of the orthodontic appliances presented herein can
be fabricated in a wide variety of wavs. In some cmbodiments, the orthodontic appliances herein
{or poritons thereol) are produced using direct fabrication, such as additive manufacturing
techniques {also referred o herein as “31 printing”™} or subtractive manufacturing technigues

‘

{c.g., milling). In some embodiments, direct {abrication involves forming an object {e.g., an
orthodontic appliance or a portion thereof) without using a physical templste {e.g., mold, mask
ete.} to define the object geometry. Additive manufacturing fechnigues can be categorized as
follows: {1} vat photopolymerization {2.g., stereclithography), in which an object is construscted
iayer by layer from a vat of Hguid photopolymer resing (2) material jetting, in which material is
jetted onto a build platform using either a continnous or drop on demand (DOD) approach; (3)
binder jetling, in which alternating layers of a build matenial {¢.g., a powder-based material) and
a binding material {e.g., a liquid binder) are deposited by a print head; {4) fused deposition
medeling (FDM), in which material is drawn thongh a nozzle, beated, and depostied layer by
layer: {5) powider bed fuston, including but not limited to direct metal laser simering (DMLS),
electron beam melting (EBM), selective heat sintering (SHS), selective laser melting (SLM), and
selective laser sintering (SLS); (6) sheet lamination, including but not Hmited to laminated object
manafacturing {(LOM) and ultrasonic additive manufacturing (UAM); and (7} directed energy
deposition, including but not Hmited to laser engineering net shaping, directed light fabrication,
direct metal deposttion, and 31 laser cladding. For example, stereolithography can be used to
directly fabricate one or wore of the apphances herein. In some embodiments, stereolithography
involves selective polymerization of a photosensitive resin (£.g., photopolymer} according (o a
desired cross-sectional shape using light (e.g., ultraviolet light). The object geometry can be built
up 1o a layer-hy-layer {ashion by sequentially polymerizing a plurality of object cross-sections.
As another example, the appliances herein can be divectly fabricated using selective laser
sintering. In some embodiments, selective laser sintering involves using a laser beam {0
sefectively melt and fuse a layer of powdered material according to a desired cross-sectional
shape i order to build up the object geometry. As yet another example, the appliances herein
ean be directly fabricated by fused deposition modeling, 1o some embodiments, fused deposition
modeling invelves melting and selectively depositing a thin filament of thermoplastic polvmer in

g layer-by-layer manoet in order to form an object. To yet another example, material jetting can
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be used to divecily fabricate the applisnces herein, Insome embodiments, rwalerial jotting
involves jefting or extruding one or more materials onto a build surface in order to form

successive layers of the object geometry.

180176 In some embodiments, the direct fabrication methods p,rmrided heretn baild
up the ohiect geometry in a layer-by-layer fashion, with successive layers being formed in

diserete build steps. AHernatively or in combination, direct fabrication methods that allow for
continuous build-up of an abject geometry can be used, referred to herein as “continuous direct
fabrication.” Various types of continuons direct fabrication methods can be used. Asan
example, in some embodiments, the appliances herein are fabricated using “continuous lguid
tnterphase printing,” in which an obiect is continuously built up from a reservoir of
photopolymerizable resin by forming a gradient of partially cured resin between the building
surface of the object and a polymerization-inhibited “dead zone.” In some embodiments, a semi-
permeable membrane is used to control transport of a photopelymerization inhibitor {e.g.,
oxygen) into the dead zone in order 1o form the polymerization gradiont. Continuous liquid
interphase printing can achieve fabrication speeds about 25 times to about 100 times faster than
gther direct fabrication metheds, and speeds about 1000 times faster can be achieved with the
incorporation of cooling systems. Continoows liguid interphase printing is described in ULS.
Patent Publication MNos. 2015/0097315, 2015/0097316, and 2015/0102532, the disclosures of
cach of which are incorporated herein by reference in their entirety.

[B8171] As another example, a continoous direct fabrication method can achieve
continuous build-up of an object geometry by continuous movement of the build platform (e g,
atong the vertical or -direction) during the irradiation phase, such that the bardening depth of
the jrradiated photopolymer s controlied by the movement speed. Accordingly, continuous
polymerization of material on the build surface can be achieved. Such methods are described in

118, Patent No. 7,892,474, the disclosure of which 13 incorporated hercin by reference in its

entirety,
{08172} In another example, a continuous direct fabrication method can involve

extrading a composite material composed of a curable Hauid material swerounding a solid strand.

The composite material can be extruded along g continuous three-dimensional path 1 order to

form the otyect, Such methods ave described in UK. Patent Publication No. 2014/0061974, the

disclosure of which is incorporated herein by reference in its entirety.

1601731 In vet another example, a continuous direet [abrication method utilizes a
“heliohithography™ approach in which the liguid photopolyimer is cured with focused radiation

vhile the build platform is continnousty rotated and ratsed. Accordingly, the obiect geometry
while the butld platform stinpousty rotated and vatsed. Accordingly, the obiect geometry
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can be continuously built up along a spiral build path. Such methoeds are deseribed in UK, Patent
Pablication No. 2014/0265034, the disclosure of which is incorporated herein by reference in its
entirety.

106174} In some embodiments, the orthodontic appliances herein are formed using
both direct fabrication and indirect fabrication techniques. For instance, a direct fabrication
techrigue (e.g., vat photopolymoerization, material jetting, binder jetting, material extrusion,
powder bed fusion, sheet lamination, or divected energy deposition) can be used to form a first
portion of the appliance, and an indirect fabrication technique (e.2., thermoforming) can be ueed
to form a second portion of the appliance. In some embodiments, a direct fabrication technique
iz used to produce a material sheet with variable material properties and/or compositions as

described hercin, and an indirect fabrication technigue is used to form the material sheet into the

appliance.
{B3175] The direct fabrication approaches provided heretn are compatible with a wide

variety of materials, including but not limited to one or more of the following: a polyester, a co-
polyester, a polyearbonate, a thermoplastic polyurethane, a polypropylene, a polyethyiene, a
polypropylene and polyethylene copelymer, an acrylic, a cyelic block copolymer, a
polyetheretherketone, a polyamide, a polyethylene terephithalate, a polvbutylene terephthalate, a
polvetherimide, a polyethersalfone, a polytrimethylene terephthalate, a styrenic block copolymer
{SBC), a silicone rubber, an elastomeric alloy, a thermoplastic elastomer {TPE), a thermoplasiic
vulcanizate (TPV) elastomer, a polvursthane clasiomer, a block copolymer elastomer, a
polyolefin blend elastomer, a thermoplastic co-polyester elastorer, a thermoplasiic polyamide
elastomer, or combinations thereof, The materials used for direct fabrication can be provided in
an uncured form {e.g., as a hquid, resin, powder, ¢ic.) and can be cured (e.g., by
photopelyvmerization, light curing, gas curing, laser curing, crossiinking, eic.} in order to form an
orthodosntic appliance or a portion thereofl. The properties of the material before curing may
differ from the properties of the material after curing. Onee cured, the materials herein can
exhibit eutficient strength, stiffness, durability, blocompatibility, ele. for use in an orthodontic
appliance. The post-curing properties of the materials used can be selected according (o the
desired properties for the corresponding portions of the applance.

{30176} frosome embodivoents, relatively rigid portions of the orthodentic appliance

o)

can be formed via divect fubrication using one or more of the following materials: a polyester, &

=

co-polvester, a polycarbonate, a thermoplastic polvurethane, a polypropylene, a polvethylene, ¢

polypropyiene and polyethylenc copolymer, an acrylic, a evelic block copolymer, a
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polyetheretherkeione, a polvamide, a polyethylene terephihalate, a polybutviene torephthalate, a
polvetherinnde, a polvethersulfone, and/or a polvtrimethyvlens terephthalate.

181771 fn some embodiments, relatively elastic portions of the orthodontic appliance
can be formed via direct fabrication using one or more of the following materials: a styrenic
block copolymer (SBO), a silicone rubber, an elastomeric alloy, a thermoplastic elastomer {TPE),
a thermoplastic vulcanizate (TPV) elastomer, a polyurethane elastomer, a block copolymer
elastomer, a polvelefin blend elastomer, a thermoplastic co-polyester elastomer, and/or a
thermoplastic polyamide elastomer,

{84178] Optionally, the direct fabrication methods described herein allow for
fabrication of an appliance including multiple materials, referred to herein as “multi-material
direct fabrication.” o soroe embodiments, a mulii-material direct fabrication method involves
concurrently forming an object from muliiple materials in a single manufacturing step. For
instance, a multi-tip extrusion apparatus can be used 1o selectively dispense multiple types of
materials (e.g., resins, hiquids, solids, or combinations thereot) from distinct material supply
sourees in order to fabricate an object from a phurality of different materials. Such methods are
described m ULS, Patent No. 6,749,414, the disclosure of which is incorporated herain by
reference in Us entirety. Alternatively or in combination, a multi-material divect fabrication
method can wvolve forming an object from multiple materials in a plurality of sequential
manufacturing steps. For instance, a first portion of the object can be formed from a first
material o accordance with any of the divect fabrication methods herein, then a second portion of
the object can be formed from 2 second material in accordance with methods herein, and 5o on,
until the entirety of the object has been formed, The relative arrangement of the first and second

portions can be varted as desived, e.g., the first portion can be partially or wholly encapsulated by

the second portion of the obiect.
186179] Direct fabrication can provide various advaniages compared to other

manutheturing approaches. For instanece, in contrast to indivect fabrication, direct fabrication
permits production of an orthoedontic appliance withont utilizing any molds or templates for
shaping the apphiance, thus reducing the number of manufacturing steps involved and improving
the resolution and gecuracy of the final appliance geometry. Additionally, divect fgbrication
permits precise contrel over the three-dimensional geometry of the appliance, such as the
appliance thickness, Complex structures and/or auxiliary components can be formed integrally
as a single piece with the appliance shell in a single manufacturing step, rather than being added
{0 the shell in a separate manutacturing step. In some embodiments, divect fabrication 1s used to

produce appliance geometries that would be difficult 1o create using aliernative manufhcturing
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technigues, such as apphances with very small or fine featuwes, complex geometric shapes,
andercuts, inforproximal structures, shells with variable thicknesses, and/or internal structures
{e.g.. for improving strength with reduced weight and material usage). For example, in some
embodiments, the divect fabrication approaches herein permit fabrication of an orthodontic
appliance with foature sizes of less than or equal to about 5 pm, or within a range from gbout 5
g o about SO wm, or within a range from about 20 um to about 30 pm.
{80186 Direct fabrication can provide improved control over the geometry and
material properties of the applisnce in three dimensions. In some embodiments, the direct
fabrication techniques described herein can be used to produce appliances with substantially
isotrapic material properties, e.g., substantially the same or similar strengths along all directions.
In some embodiments, the divect fabrication techniques described herein can be used to produce
appliances with anisotropic material properties. For example, the layers of material that form an
appliance may include layers of material having different directionality. For exaraple, a first
layer may inchude a polymer material having polymer chains arranged in substantially a first
direction while a second layer may include a polymer material having polvmer chains arranged in
substantially a sccond direction, the tirst direction being different than the second divection. In
some embodiments, the direct fabrication approaches heretn permit produoction of an orthoedoutic
appiiance with a strength that varies by no more than about 25%, about 20%, about 15%, abowt
10%, about 5%, about 1%, or sbout .5% along all directions, Aliernatively, direct fabrication
an be used to fabricate appliances with anisotropic and/or heterogeneous material properties,

such as appliances with both stiff portions {e.z., a stiff ouier sheli} and compliant portions (e.g., a

compliant inner structure), as discassed berein, For instance, the appliances with stractures
presented herein such as mudtiple layers (see, e.g., FIGK, 44 through 4C), a plurality of discrete

pad structures (see, ¢.g., FIG, 8A, a plurality of discrete plug structures {see, ¢.g., FiG, 8B}, @
plurality of discrete inflatable structures (see, o.g., FHG. 3C), attachment-engaging stroctures
{see, e.p., FIG. 84}, ooth-mounnted aftachments (see, ¢.g., FIG, 6B}, attachment-mounted
structures (see, e.g., FHG, 60}, and/or attachment templates {see, e.g., FIGS. 17A and 178} can
be easily produced using direct fabrication technignes

{181} In some embodiments, the appliances of the present disclosure are produced
through the use of multi-material direct fabrication to deposit different types of materials at
focations where different properties are desired. For instance, a relatively siiff or rigid material
can be deposited at locations where increased stiffness is desired (e.g., 8 stift outer shell), and a
relatively compliant or elastic material can be deposited at focations where inereased compliance

is desived {e.g., a comphiant inner structare). The production of an appliance from multiple

46-



WO 2017/007962 PCT/US2016/041383

materials can be performed concurrently in a single manufacturing step, or in a plurality of
sequential steps, as discussed above and herein. In some embodiments, the compliant inner
structure is formed concwrrently and integrally with the stift outer shell, rather than being
coupled to the shell in a separate step after the shell has already been produced.

{BGIR2ZY Alternatively or in combination, the appliances herein are produced through
the use of direct fabrication technigues that vary the geometry of the appliance at locations where
different properties are desived. For example, 2 direct fabrication process can selectively vary the
thickness of the formed material in order (o control the resultant stiffness of the apphiance, ¢.g.,
such that stitfer portions of the appliance have an increased thickness compared 10 more
compliant portions of the appliance. As another example, stiffness-modulating structures such as
apertures, slits, perforations, eichings, and the like can be selectively formed at certain locations
it the appliance 1 order to reduce the local stiffness at those locations. Direct fabrication
permits formation of such siractures integrally and concurrently with formation of the appliance,
such that separate cutting or etehing steps are not needed. In yet another example, direct
fabrication process parameters such as curing parameters {e.2., curing time, engrgy, power,
apacing, depth) can be selectively varied in order to inflnence the stiffiness and/or other properties
of the material. In many embodiments, control over the curing parameters s used to control the
degree of crosslinking of the tormed material, which in turn contributes to the local stiffhess
{e.g.. increased crosshinking produces increased stiffness, reduced crosshinking produoces reduced
stitthess).

{0 183] Additionally, the divect fabrication approaches hevein can be used to produce
orthedontic appliances at a faster speed compared to other manufacturing techniques. o some
embodiments, the direct fabrication approaches herein allow for production of an orthodontic
appliance in a time interval less than or equal to about 1 howr, about 30 minutes, about 25
miinutes, about 20 minutes, about 15 minutes, about 10 minutes, aboud § minutes, about 4
minutes, about 3 minutes, about 2 minutes, about | minutes, or about 30 seconds. Such

3

manutaciuring speeds allow for rapid “chair-side” production of customized apphiances, e.¢.,
during a routine appointment or checkup.

[80184) In some embodiments, the direct fabrication methods deseribed herein
implement proeess controls for various machine parameters of a direct fabrication system or
device inorder io ensure that the resultant appliances are fabricated with a high degree of
precision. Such precision can be beneficial for ensuring accurate delivery of a desived force

system to the teeth in order to effectively ehicit tooth movements, Frocess controls can be
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implemented to aceount for process variability arising from multiple sources, suach as the material
properties, machine parameters, environmental variables, and/or post-processing parareter

3 185] Material properties may vary depending on the properties of raw matenials,
purity of raw materials, and/or process variables during mixing of the raw materials, In many
ernbodiments, resins or other materials for direct fabrication should be manufactured with tight
process control to ensure little variability in photo-characteristics, materia properties (e.g.,
viscosity, surface tension), physical properties {(e.g., modulns, strength, elongation) and/or
thermal properties {¢.g., glass fransition temperature, heat deflection temperature), Process
control for a material manufactoring process can be achieved with sereening of vaw materials for
physical properties and/or control of temperature, humidity, and/or other process parameters
during the mixing process. By implementing process controls for the material manufacturing
procedure, reduced variability of process parameters and more uniform material properties for
each batch of material can be achieved. Residual variability in material properties can be
compensated with process control on the machineg, as discussed further herein

[B0186] Machine parareters can include curing parameters. For digital light
processing (3LP-based curing systems, curing parameters can inclhide power, curing time,

and/or grayscale of the full image.  For laser-based curing svstems, curing parametors ¢an

mnclude power, speed, beam size, beam shape and/or power distribution of the beam. For printing
systems, curing parameters can inclnde material drop size, viscosity, and/or curing power. These
machine parameters can be morutored and adiusted on a regular basis {e.g., some parameters at
gvery F-x layers and some parameters after each buld) as part of the process control on the
fabrication machine, Process control can be achieved by including a sensor on the machine that
measures power and other beam parameters every layer or every few seconds and astomatically
adjusis them with a feedback loop. For DLP machines, gray scale can be measured and
calibrated before, during, and/or at the end of each build, and/or at predetermined time intervals
{c.g., every 1™ build, once per hour, once per day, once per week, ete.), depending on the stability
ot the system. o addition, maltenal properties and/or photo-characteristios can be provided to the
fabrication machine, and a machine process control module can use these parameters (0 adjost
machine parameters (£.g., power, time, gray scale, ete.} to compensate for variability in material
properties. By implementing process controls for the fabrication machine, reduced variability in
appliance accuracy and residual stress can be achieved.
[00187) In many embodiments, environmental variables {e.g., teruperature, humidity,

sSuntight or exposure to other energy/curing source ) are maintained i a tight range to reduce

i
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variable in appliance thickvess andfor other properties. Optionally, machine parameters can be
adjusted 1o compensate for environmental variables.

{001K8] In many embaodiments, post-processing of appliances wcludes cleaning, post-
curing, and/or support removal procgsses. Relevant post-processing parameters can inchude
purity of cleaning agent, cleaning pressure and/or teroperature, cleaning time, post-curing energy
and/or time, and/or cousistency of support removal process. These parameters can be measured
aud adjusted as part of a process control scheme. In addition, apphiance physical properties can
be varied by modifving the post-processing parameters, Adjusting post-processing machine
pararneters can provide another way to compensate for variability in matenal properties and/or
machineg properties,

{H3189] The configuration of the orthodontic appliances herein can be determined
according to a treatment plan for a patient, e.g., a treatment plan involving successive
administration of a plurality of apphiances for incrementally repositioning teeth. Computer-based
treatment planning and/or apphance manufacturing methods can be used in order to facilitate the
design and fabrication of appliances. For instance, one or mote of the appliance components
described herein can be digitally designed and fabricated with the aid of computer-countrolied
manufaciuring devices {e.g., computer namerical control {CNC) milling, computer-conirolled
additive manufacturing such as direct jetting, gtc.). The computer-based methods presented
herein can improve the accuracy, Hexibility, and convenience of appliance fabrication.

G0 196] FEG. 13 lustrates a method 1500 for designing an orthodontic appliance to
e produced by direct fabrication, in accordance with emboditments, The method 1500 can be
applied to any embodiment of the orthodontic appliances deseribed herein, Some or all of the
sieps of the wethod 1560 can be performed by any suitable data processing sysiem or device,
.., one of more processors configured with suitable instructions.

IB01%E] In step 15316, a movement path to move ope or more teeth from an initial
arrangement 1o a target arrangement i3 determined. The initial arrangement can be determined
from a mold or a scan of the patient’s teeth or mouth tissue, e.g., using wax bites, direct condact
scanning, X-ray imaging, tomographic inaging, sonographic inaging, and other technigues for
obiaining information about the position and structure of the teeth, jaws, gums and other
orthodontically refevant Hissue. From the obtained data, a digital data set can be derived that
represents the inttial (e.g., pretreatment) arrangement of the patient’s teeth and other lissues.
Optionally, the inital digital data set is processed to segment the tissue constituents from each

other. For example, data struciures that digitally represent individual tooth erowns can be

0.



WO 2017/007962 PCT/US2016/041383

produced. Advantageously, digital models of entive teeth can be produced, including measured
or extrapolated hidden surfaces and root structures, as well as surrounding bone and soft tissue,
{60192} The target arrangement of the tecth {e.g., a desired and intended end result of
orthodontic treatment) can be received from a clintcian in the form of a prescription, can be
caleulaied from basic orthodontic principles, and/or can be extrapolated computationally from a
clinical prescription. With a specification of the desived final positions of the teeth and a digital
represeniation of the teeth themselves, the final position and surface geometry of each tooth can
be specitied 1o form a complete model of the tooth amangement al the desived end of treatment.
{30193 Having both an intijal position and a target position for each tooth, a
movement path can be defined for the motion of each tooth. In some embodiments, the
movement paths are configured to move the ieeth in the quickest fashion with the least aroount of
round-tripping to bring the teeth from their inttial positions to their desired target positions. The
{noth paths can optionally be segmented, and the segments can be caleulated so that each tooth's
motion within a segment stays within threshold Himits of linear and rotational travslation. In this
way, the end poinis of each path segment can constitute a clinically viable repositioning, and the
aggregate of segment end points can constitute a clinically viable sequence of tooth positions, so
that moving from one point o the next in the sequence does not result in a collision of teeth.

[0 194] In step 1520, a force system to produce movement of the one or more tecth
along the movement path is determined. A force system can include one or more forces andfor
one or more torques. Dfferent force systems ean result in different types of tooth movement,
such as tipping, translation, rotation, extrusion, intrusion, root movement, ete. Biomechanical
principles, modeling techniques, foree caleulation/measurement technigues, and the like,
including knowledge and approaches commonly used in orthodontia, may be used to determine
the appropriate force system to be applied to the tooth to aceonmplish the tooth movement, In
determining the force svstem to be applied, sources may be considered including literature, force
systems determined by experimentation or virtual modeling, computer-based modeling, clinical
experience, minimiration of uvowanted forces, ete.

[B0195] In step 1530, an appliance geometry for an orthodontic apphance configured
i produce the force system is determined. The apphiance can tnclude a stff outer shell and a
comphant inner structure, a3 discussed herein, The step 1530 can invelve determining the shape
and arrangement of the owter shell and inner structure that wonld produce the forces and/or
torques to be applied 1o the teeth, in accordance with the various embodiments presented herein,
For instance, compliant inner structures such as discrete pads or plags can be positioned to

selectively engage the {eeth at locations where the forces and/or torques are to be exerted.
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Petermination of the appliance geometry can involve determining geomeiries for one or more
foree modifying structures formed in the Inner structure and/or outer shell in order to apply
forces and/or torques at specified contact points on teeth, Optionally, the step 1530 further
invelves determining a material composition for the outer shell and/or inner structure in order to
apply the desired foree system with reduced sensitivity to manufacturing variations, as discussed
hereinn. In some embodiments, the material composition is selected based on the desired
properties {e.g., stiffness) for the shell and/or inner structure,

{33196} Determivation of the appliance geowetry, material composifion, and/or
properties can be performed using a treatment or {orce appleation simulation environment, A
stulation environment can inchude, ¢.g., computer modeling systems, blomechanical systems or
apparatus, and the ke, Optionally, digital models of the appliance and/or teeth can be produced,
such as finite element models. The finite clement models can be created using computer program
apphcation software available from a variety of vendors. For creating solid geometry models,
computer ajded engineering {CAE) or computer aided design (CAD) programs can be used, such
as the AutoCADR software products available from Autodesk, Inc., of San Rafael, CA. For
creating finite elemsent models and analyzing thom, program products from a number of vendors
can be used, including fintte element analysis packages from ANSYS, Inc., of Canonsburg, PA,
and SIMULIA{ Abagus) software products from Dassanlt Systémes of Waltham, MA.

{B197) Optionally, one or more appliance geometries can be selected for testing or
force modeling. As noted above, a desired tooth movement, as well as a force system required or
desired for eliciting the desired tooth movement, can be identified. Using the sbvmlation
environment, a candidate appliance geomweiry can be analyzed or modeled for determination of an
actual force system resulting from use of the candidate appliance, One or muore modifications
can optionally be made to a candidate appliance, and force modeling can be further analyzed as
described, e.g.. in order to iteratively defermine an appliance design that produces the desired
foree system,

[BO198] in step 1540, instruetions for fabrication of the orthodontic appliance having
the appliance geometry are generated. The instructions can be configured to control a fabrication
system or device in ovder to produce the orthodoutic appliance with the specified appliance
geometry. In some embodiments, the instructions are contigured for manutfactoring the
orthodontic appliance using divect fabrication (e.g., stereolithography, selective laser sintering,
fused deposition modeling, direct jelting, continuous direct fabrication, multi-material direct

fabrication, ete.}, in accordance with the various methods presented herein. In aliernative
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embodiments, the instructions can be configured for indirect fabrication of the appliance, e.g.. by
thermoforming.

(63199} Although the above steps show a method 1500 of designing an orthodontic
applisnce i accordance with some embodiments, a person of ordinary skill in the art will
recognize sorue vanabions based on the teaching deseribed herein. Some of the steps may
comprise sub-steps. Some of the steps may be repeated as often as desired. One or more steps of
the method 1500 may be performed with any suitable fabrication system or device, such as the
entbodiments deseribed herein. Some of the steps may be optional, and the order of the steps can
be varied as desired.

2087 FiG. 13 illustrates a method 1300 for digitally planning an orthodontic
treatment and/or design or fabrication of an apphiance, in accordance with many embodiments.
The method 130¢ can be applied to any of the treatment procedures described hereln and can be
performed by any suitable daia processing system. Any embodiment of the appliances described
heretn can be designed or fabricated using the method 13040,

IB0201] In step 1310, a digital represemiation of a patient”s teeth is received. The
digital representation can wnclude surface topography data for the patient’s intraoral cavity
{including teeth, gingival tissues, ete.}. The surface topography data can be generated by directly
scanning the intracral cavity, a physical model {positive or negative) of the intracral cavity, or an
inpression of the intracral cavity, using a suitable scanming device {e.g., a handheld scanner,
desktop scanner, etc.).

80262} i step 1320, one or more reatment stages are generated based on the digital
representation of the teeth. The treatment stages can be incremental repositioning stages of an
orthodontic treatment precedure designed to move one or more of the patient’s teeth from an
nitial tooth arrangement o a farget arrangement. For example, the treatment stages can be
generated by determining the nitial tooth arrangement indicated by the digital representation,
determining a target tooth arrangement, and determining movement paths of one or more ieeth in
the nutial arrangement necessary to achieve the target tooth arrangement, The movement path
can be optimized based on mindimizing the total distance moved, preventing collisions between
teeth, avoiding tooth movements that are more difficull to achieve, or any other suitable criteria.
1062483] In step 1330, at least one orthodontic appliance is fabricated based on the
generated treatment stages. For example, g set of appliances can be fabwicated 10 be sequentially
worn by the patient to incremenially reposition the teeth from the inttial 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
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tor the corresponding {reatment stage. For @%xampim as previousiy described herein, an ap;ﬂiarace
may have a geometry corresponding 1o 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 aitain their desired target postiions for the treatment stage. As another exarople, an applisnce
can be destgned in order to apply a specified force system on the teeth and may not have a
geometry corresponding 1o any current or planned arrangement of the patient’s teeth,

[RG204] Iy some instances, staging of vartous arrangements or reatiment stages may

not be necessary for design and/or fabrication of an appliance. As Hustrated by the dashed line
in FI{x, 13, 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 pationt’s teeth 1310}, 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.
[00265] FIG, 14 is a simplified block diagram of a data processing system 1400 that
may be used in excenting methods and processes deseribed hereine The data processing system
1400 typically inclades at least one processor 1402 that commumicates with one or more
peripheral devices via bus subsystem 1404, These peripheral devices typically inchude a storage
subsystem 1406 {memory subsystem 1408 and file storage subsystem 1414}, a set of user
interface input and output devices 1418, and an interface to ouiside networks 1416, This
interface 1s shown schematically as “Network Interface” block 1414, and 18 coupled to
corresponding interface devices in other data processing systems via communication network
interface 1424, Data processing system 1400 can include, {or example, one or more computers,
uch as a personal computer, workstation, mainframe, laptop, and the hke,
{80206} The nser mterface input devices 1418 are not fimited to any particular device,
and can typically include, for example, a keyboard, pointing device, mouse, scanner, interactive
displays, touchpad, joysticks, ete. Similarly, various nser interface output devices can he
employed in a system of the jnvention, and can include, for example, one or move of a printer,
display {e.g., visual, non-visual} system/subsystem, controller, projection device, audio output,

and the like.

{267} Storage subsystem 1406 maintaing the basic reguired programming, including
computer readable media having instructions (e.¢., operating nstructions, efe.), and d

constrncts, The program modides diseussed herein ave typically stored in storage subsystem

1406, Storage subsystem 14006 typically inchudes memory subsystem 1408 and file storage
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subsysiers 1414, Memory subsystem 1408 typically includes a nunyber of memories (e.g., RAM
1410, ROM 1412, ete)) including computer readable memory {or storage of fixed instructions,
mnsiructions and data doring program execution, basic input/output system, ete, File storage
subsystem 1414 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, DV,
optical drives, and the Like. Oue or more of the storage systems, drives, el may be located at a
remote location, such coupled via a server on a network or via the internet/ World Wide Web. In
thia context, the term “bus subsystem”™ is used generically 50 a3 to include any mechanism for
letting the various components and subsystems communicate with cach other as intended and can
inchude a variety of suitable components/systems that would be known or recognized as suitable
for use theretn, [t will be recognived that various compouents of the system can be, but need not
necessartly be at the same physical location, but could be connected via varions local-area or
wide-area network media, transmission systems, ofc.

[00268] Scanner 1420 inchudes any means for obtaining a digital representation {e.p.,
fmages, surface topography data, ete.) of a patient’s teeth (e.g., by scanning physical models of
the teeth such as casts 1421, by scanning impressions taken of the teeth, or by directly scanning
the intraoral cavity), which can be obtained either frow the patient or from {realing professional,
such as an orthodontist, and includes means of providing the digital representation to data
processing system 1400 for further processing. Scanoer 1420 may be located at g location
remiote with respect fo other components of the system and can commumicate image data andfor
information to data processing system 1400, for example, via a network interface 1424,
Fabrication systemy 1422 fabricates appliances 1423 based on g treatment plan, incloding data set
information received from data processing system 1400, Fabrication machive 1422 can, for
example, be located at a remote location and recetve data set information from data processing
gystem 1400 vin nelwork interface 1424,

102691 FIG. E6 dlusirates a method 1600 for designing an orthodontic appliance to
be produced by direct fabrication, in accordance with embodiments. The method 1608 can be
applied to any embodiment of the orthodontic appliances described herein. Some or all of the
steps of the method 1604 can be performed by any suitable datg processing system or device,
e.g., one or more processors configured with suitable nstructions.

80216 In step 1610, a movement path to move one or more teeth from an initial
arrangement 1o & target arvangement is detormined. The initial arrangement can be determined
from a mold or a scan of the patient's {eeth or wouth bissue, e.g., using wax biles, direct contact

scanming, X-ray imaging, tomographic imaging, sonographic imaging, and other techrugues for
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obtaining information about the position and structure of the teeth, jaws, gums and other
orthodontically relevant tissue, From the obtained data, a digital data set can be derived that
represents the indtial {e.g., pretreatment) arvangement of the patient's teeth and other tssues,
Opiionally, the initial digital data set is processed to segment the tissue constituents from each
other. For example, data structures thai digiially represent individual tooth crowns can be
produced. Advantageousty, digital models of entire teeth can be produced, inclading measured
or extrapolated hidden surfaces and roof structures, as well as surrounding bone and soft tissue.
{B0211] The target arrangement of the teeth (e.g.. a desired and intended end result of
orthodontic treatment) can be received from a clinician in the form of a preseription, can be
calculated from basic orthodontic principles, and/or can be extrapolated computationally from a
clinical prescripiion.  With a specification of the desired final positions of the teeth and a digital
representation of the teeth themselves, the final position and surface geometry of each tooth can
be specified to form a complete model] of the tooth arrangement at the desired end of treatment.
160212} Having both an initial position and a target position {or each tooth, a
movement path can be defined for the motion of each tooth, Ju some embodiments, the
movement paths are configured to move the teeth in the quickest fashion with the least amount of
round-iripping {0 bring the teeth from thelr initial positions to their desired target positions. The
tooth paths can optionally be segmented, and the segments can be caleulated so that each tooth's
motion within a segment stays within threshold limits of linear and rotational translation. In this
way, the end points of cach path segment can constitute a clinically viable repositioning, and the
agerepate of segment end points can constitute a clinically viable sequence of tooth positions, so

that moving from one point to the next in the sequence does not result in g collision of teeth

180213} In step 1620, a foree sysicm to produce movement of the one or more teeth
along the movement path is determined. A force systers can include one or more forces and/or

one or more torques. Differcut force systerns can resalt in different types of tooth movement,
such as tipping, ranslation, rotation, extrusion, intrusion, root movement, ete, Biomechanical
principles, modeling techniques, foree ealeulation/measurement techniques, and the like,
including knowledge and approaches commonty used in orthodontia, may be used fo determine
the appropriate force system to be apphied to the woth to accomplish the tooth movement. In
determining the foree sysiem to be applied, sources may be considered including lieratore, foree
systems determined by experimentation or virinal modelung, computer-based modeling, clinieal
experience, minimization of unwanied forces, ete.

1006214} In step 1630, an atachment tomplate design for an orthodontic appliance

configored to produce the force system is determined.  Deterrmnation of the attachment template
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design, spphiance geometry, malerial composition, and/or properties can be performed using a
treatroent or force apphication simulation enviromment. A simulation environment can include,
e.2., computer modeling systems, bomechanical systems or apparatus, and the Hike, Optionaily,
digital models of the appliance and/or teeth can be produced, such as fintte element models, The
finite element models can be created using compuier program application software available
fromw g variety of vendors, For ereating solid geometry models, computer alded engincering
(UARY or computer aided design (CAD) programs can be used, such as the AuleCAD® software
producis avatlable from Autodesk, Inc., of San Ratacl, CA. For creating finite element models
and analyxniog them, program products from a number of vendors can be used, including finite
clement analyais packages from ANSYS, Inc., of Canonsburg, PA, and SIMULIA{Abaqus)
software products from Dassault Systémes of Waltham, MA,

{G215] Optionally, one or more attachment ieroplate designs can be selected for
testing or force modeling. As noted above, a desired {ooth movement, as well as a foree sysiem
required or desired for cliciting the desired tooth movement, can be identified. Using the
simudation environment, a candidate attachment temiplate design can be analyzed or modeled {or
determination of an actual force system resuliing from use of the candidaie appliance. One or
more modifications can optionally be made 1o a candidate appliance, and force modeling can be
further analyzed as described, e.g., in order to Heratively determine an apphiance design that
produces the desired foree systom.

1821s] to step 1640, instructions for fabrication of the orthodontic appliance
incorporating the attachment temiplate design are generated. The instructions can be configured
to conirol a fabrication system or device in order to produce the orthodontic appliance with the
spectfied attactunent template design. o some embodiments, the instructions are confipured for
manufacturing the orthodontic appliance using direct fabrication {e.g., ., val photopolymerization,
matcrial jetting, binder jetting, material extrusion, powder bed fusion, sheet lamination, or
directed energy deposition, etc. ), in accordance with the various methods presented herein. In
alternative embodiments, the instructions can be configured for indirect fabrication of the
apphiance, ¢.g., by thermoforming.

{6217} Although the above steps show a method 1600 of designing an orthodontic
applisnee moaccordance with some embodiments, a person of ordinary skill in the ant will
recognize some variations based on the teaching deseribed hercin, Rome of the steps may
comprise sub-stepa. Some of the steps may be repeated as often as desired. Oue or more sieps of

the method 1600 may be performed with any suitable fabrication system or device, such as the
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embodiments described herein, Some of the steps may be optional, and the order of the steps can
be varied as desired.
{B0218] FEG, 174 ilustrates a divectly fabricated attachment template 1700
comprising an attachument, an alignment structure, and a support to hold the attachment. The
teraplate 1700 may comprise ag aligner 1701, The aligner 1701 comprises a support 1703 to
hold the attachment with sufficient force to support the attachument, The aligner 1701 is
contigured (o receive a footh and theveby align an atlachrent on the tooth. The attachment 1782
is desipned to attach on a patient’s tooth and have surfaces shaped to aliow the application of
iooth-moving forces when conlacting a surface of an orthodontic apphance. The attachment1 702
is held with a support 1703, The support 1703 may define a receptacle with a shape
corresponding to the attachment. The support 1703 is configured {o hold the attachment so that
the attachment contacts a tooth when the attachment lemplaie is worn by a patient. The
atiachrnent is connected to the aligner 1701 by a coupling structure 1704, which is configured to
hold the attachment 1702 within the support 1703 until the attachment is affixed to the patient’s
ooth. After the attackument 1702 has been bonded to the patient’s footh, the coupling structure
may be broken, as described n further detail below. Aliernatively, the attachment can be weakly
connected 1o the aligner, for example with structures such as perforations to facilitate removal of
the attachiuent from the appliance,
{B0219] in order to adhere to a patient’s footh, the attachment may comprise an
adhesive layer 1705 directly deposited on its surface. In some embodiments, the attachment
template may not include an adhesive layer 1705, In some embodinments, the surface of the
patient’s tooth may be prepared before the attachment 1s attached o the tooth, for cxample, the
surface of the tooth may be acid etched. The adhesive layer 170S may be directly fabricated
along with the remainder of the attachment template. Useful choices of material from which to
fabricate the adhesive layer 1705 may inclade one or more materials as described herein, For
example, the adhesive may be an ultraviolet {UV) curing adhesive or pressure sensitive adhesive.
in sone embodiments, the adhesive 1s omitted.
66228} After contacting the adhestve fayer to a tooth, it may be induced (o form a
hond between the tooth and the attachment 1702, using a method appropriate to the material
chosen, which may for example include such steps as photopolymerization, the application of
pressure, the application of heat, or the chemical reaction of the adhesive material with an
activator. When dealing with adhesive matertals for which photopolymerization is to be used, it
may be desirable to fubricate the aligner 1701, attachment 1702, and/or other portions of the

attachment template 1700 from transpareni materials, penmiiting apphied hght to more efficiently
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set the adhesive. Alternatively or additionally, in some cases the adhestve layer 1705 may be
applied independently, for example as a separaie step of manufacture, or by a dental practitioner.
{0221} In some cases, the attachment feruplate may frther comprise a cover 1706
over the adhesive fayer 1703, to protect the adhesive layer 1705 and the attachment 1702, In
somge instances, the cover 1706 may seal the adhesive layer and attachment 1702 within the
support 1703 prior {o attachment to a patient’s tooth, During the attachment procedure, the cover
may be removed, for example by pulling on a handle-like portion 1707, 1o reveal the attachment
and adhesive, which may then be contacted to a patient’s tooth by placing the attachment
template over the patient’s tooth.

100222} Each of the aligner 1701, attachment 1702, sepport 1703, conpling structuwe

1704, adhesive 1705, cover 1706, and handle 1707 may be directly fabricated as part of a single
process as described herein, The materials for cach of these components can be chosen
independently. Typically, the attachment 1702 will comprise a rigid material; the aligner 1701
will comprise a more flexible material; the adhesive material 1705 will comprise a material
capable of bonding to a patient’s tooth and the attachment; and the cover 1706, handle 1707, and
coupling structure 1704 will comprise matenials that may be broken or verooved by applying a
stall amount of force with a hand or dental instrument, Other varianis, including the use of
composite materials and other materials as disclosed herein, will be gpparent to one of ordinary
skill 1 the art.

102231 FiG. 178 illustrates a detatled view of a support 1703 of ap attachment
template, such as that illustrated 1o FIG. 17A. The support 1703 15 illustraled wn exaggerated
format with a larger space than may be used for coupling structure 1704 in at least some cases, so
that the structure of the connection made by coupling structure 1704 between attachment 1702
and support 1703 may be more clearly seen. As Hlusirated, coupling structure 1704 comprises
one or more extensions 1714, which hold the attachment 17062, After attaching attachment 17062
{0 a tooth, the extensions 1714 may be broken by applying a small amount of force on the
attachment template. The extensions 1714 may comprise structures to facilitale breakage, such as
a narrow cross sectional profile having a swaller cross section near the attachment and a large
cross sectional profile having a larger cross section away from the attachment. Alternatively or
in combination, the extensions may comprise additional structures to facilitate removal such as a
lower density material or voids, for example. The material of exiensions 1714 may comprise a
material suitable {0 fractare such as a rigid material or britile material, for example. In some
embodiments, the material of the extension 1714 may absorb infrared Light or radio freguency

radiation at a rate that is greater than one o roore of the aftachment 1702, the ternplate 1700, and
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the adhestve 1706, Absorbing inlrared light or radio frequency radiation may cause the
extension to heal up and soften or melt while the template and extension 1714 remain hard or
selid, aliowing the coupling structure 1704 to separate from the attachment 1702, After ﬁ'eeimg
the extension from the coupling structure 1704, 1t may be desirable to smooth the attachmen
surface 10 remove any jagged or abrasive portions that may remain and cause discomfort (o the
patient or otherwise interfere with fulure inleractions bebween the attachment and appliance
surfaces. FIG, 178 also illustrates a version of cover 1706 comprising a loop struciure as a
handle, which may be used to more easily mate with a dental instrument.

[BG234] In some embodiments, the material of the exiension 1714 may be dissolvable
in a Hguid at a rate that is greater than the rate at one or more of the attachment 1702, the

template 1700, and the adhesive 1700 dissolves. In some embodiments, the extensions 1714 may
be configured to fracture or separate from the attachment when subjecied o ultrasonic vibration.
10225] in some embodimeuts, the template 1700 may define the shape of the
attachment 1702, For example, the inner surface 1720 of the template 1700 may be shaped to
define an outer surface 1721 of the attachment 1702, In such an embodiment the attachment
1702 may be formed divectly on the inner swrface 1720 of the template 1700 such that the outer
surface 1721 of the template 1700 takes on the shape of the inner surface of the attachment 1702,
o some erabodiments, the inner swrface of the template 1700 may be coated with a release agent
of non-stick coating, such as Teflon, to facilitate separation of the attachment 1702 from the
template 1700 after attachung the attachment 1702 o atooth, In some erabodiments, the
attachment 1702 may be formed from a UY curing material, such that the template 1700 with the
attachment 1702 can be placed over a patient’s tooth, the attachment 1702 can then be cured in
place in the template 1700 and on the patient’s tooth, and then the template 1700 may be
removed from the patient’s tooth, which the attachment 1702 remaining attached to the patient’s
tooth.

{36226] In order to accurately place the attachment on a patient’s tooth, the
attachment template can be abricated as part of a larger appliance comprising a plurality of
tooth-receiving cavities, such as at least a portion of aligner 100 of ¥F1G, 1, for example. The at
feast the portion of aligner 100 comprises a onth-receiving alignment structure such as at least a
porlion of & tooth-receiving cavity so as to receive a feature of a looth, for example. The
attachment 1702 roay be fabricated within a recepiacle of the aligner, such as receptacie 106,
When the aligner 100 s placed upon a patient’s teeth 102, the tooth-receiving cavities of the
aligner receive the patient’s teeth, holding the aligner 1n an orlentation that may be used to

precisely locate an attachment 1702 on a patient’s tooth, Afier bonding the alfachiment to the
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patient’s tooth, the coupling structure 1704 may be separated from the attachment, and the
aligier 100 removed, feaving the attachment 1702 attached o @ patient’s tooth, as shown in FiG.
1 a3 attachment 104, The attachment can be separated from the aligner 100 in many ways, for
example with one or more of breaking or separation of 2 weak bond between the atiactument and
the at least the poriion of the appliance. When placing & plorality of attachments, the aligner 100
may comprise a plurality of receptacies 106, each holding an attachment for one of g plurality of
teoth 102, In some cases, ong or mare {ooth-receiving cavities may comprise a plurality of
receptacles, allowing a plurality of attachments 1o be adbered to each of one or more teeth.
{62271 While preferred embodiments of the present invention have been shown and
described herein, Howill 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 oceur to
those skilled in the art without departing from the invention. It should be understood that various
alternatives 1o 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 m connection with any one embodiment herein can be readily adapted for use in other
embodiments herein, [tis tended that the following claime define the scope of the invention
and that methaods and struetures within the scope of these claims and their equivalents be covered

thereby.



WO 2017/007962 PCT/US2016/041383

CLAIMS
WHAT IS CLAIMED IX:
i A method for designing an orthodontic appliance for repositioning a patieni’s

teeth, the method comprising:

determining a movement path (o move one or more teeth from an initial
arrangement 1o a targel arrangement;

determiving a force system to produce movement of the one or more teeth along
the movement path;

determining an apphiance geometry for an orthodontic appliance configured to
produce the foree system, wherein the orthodontic appliance comprises an outer shell comprising
a plurality of tecth-receiving cavities and an inner structure positioned on an mner surface of the
outer sheli, the inner structure comprising elastic modulus different than an elastic modulus of
the outer shell such that the inner structure 18 configured to exhibit an amount of deformation
greater than an amount of deformation exhibited by the ouler shell; and

generating instructions for fabricating the orthodontic appliance having the

appliance geometry using a manufacturing fechnique,

2. The method of claim 1, wherein the technigue is a direct fabrication technigue.
3. The method of claim 1, wherein the instructions are configured to cause a

fabrication machine to form the onter shell concurrenily with the inner structure.

4. The method of claim 1, Durther comprising determining a material composition for

oue or more of the outer shell or the inner structure,

5. The method of clann 1, wherein the inner shell includes a tooth facing surface and

an outer surface of the outer shel is exposed.

6. Aun orthodontic appliance for repositioning a patient’s teeth i accordance with a
treatment plan, the appliance comprising:
an outer shell comprising a pharality of teeth-receiving cavities shaped to exert one
or more of g force or a torque on the patient’s fecth; and

an ner structure positioned on an inner surface of the outer shell, wherein the

inner structuve comprises a stiffness different than a stiffness of the outer shell such that the inner
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structure 1s configured 1o exhibit an amount of deformation greater than an amount of

deformation exbibited by the outer shell.

7. The appliance of claim 6, wherein the tnner shell includes a tooth facing surface

and the outer shell is exposed.

g. The apphance of claim 6, wherein the stiffness of the tnuner sirocture is less than

the stiffness of the outer shell,

9. The appliance of ¢laim 6, wherein the juner structure s configured to exhibit a
first configuration prior to placement of the appliance on the patient’s teeth and a second
configuration alier the placement of the applisnce on the patient’s teeth; and

the first configuration differs from the second configuration with respect to one or
more of a thickness profile of the inner structure, a cross-sectional shape of the inner structure,

or an inner surface profile of the inner structure,

i3, The appliance of claim &, wherein the inner structure is configured (o exhibit an
amount of deformation greater than an amount of deformation exhibited by the outer shell when

the appliance 1s worn on the patient’s teeth.

1. The appliance of claim 6, wherein an inner surface profile of the outer shell differs
fromm a surface profile of the at least one tooth 50 as {0 generate the one or more of a force or a
torquie when the apphiance & worn on the patient’s teeth; and
the inner surface profile of the outer shell comprises a protrusion exiending
inwards towards the at least one tooth, and wherein the inner structure is positioned between the

profrusion and the at feast one {ooth,

12, The appliance of claim 6, wherain the inner structure comprises ope or more

discrete pad structures positioned to engage the at feast one tooth,

13, The appliance of claim 6, further comprising an outermost laver coupled to an
ouler surface of the cuter shell and configured to resist abrasion, wear, staining, or biological

interactions.
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14, A method for destgning an orthodontic apphliance for repositioning a patient’s

ieeth i accordance with a treatment plan, the method comprising:

receiviog a 3D representation of a shell comprising a phurality of cavities shaped
to receive the patient’s teeth, wherein the shell comprises a plurality of shell portions cach
positioned o engage a different subset of the patient’s teeth; and

generating a 203 representation corresponding to the 31D representation of the shelil,
the 213 representation representing a material sheet 1o be nsed to form the shell, wherein the
material sheet comprises a phurality of sheet portions corresponding to the plurality of shell

portions.

15, The method of claim 14, wherein the 21 representation is generated based on one
or more of cavity geometries for the plurality of cavities, a fabrication method o be used to form
the shell, a fabrication temperature {0 be used o form the shell, one or more materials to be used
to form the shell, material properties of the one or wore materials o be vsed to form the shell, or

a strain rate of the one or more materials to be used o form the shell.

16. The method of claim 14, wherein the 2D representation is generated by
transforming the 30 representation, the transforming comprising one or more of expanding or

flatierung the 3D representation.

i7. The method of claim 14, further comprising:
determining 8 material composition for each of the plurality of sheet poriions,
generating instructions for tabricating the material sheet comprising the plurality
of sheet portions with the determined material compositions; and
generating nstroctions for forming the shell from the fabricated matenal sheet.
.3 The method of claim 17, wherein at feast some of the plurality of different sheet

portions have dilferent stilfvesses.
19, The method of claim 17, further comprising determining a desired stiffness for

cach of the pluarahity of sheet portions, and defermining the material composition for each of the

plurality of sheet portions based on the desired stiffoess.

3.
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260, The method of claim 17, wherein the different material compositions comprise
one or more of) different numbers of material layers, different combinations of material types, oF

different thicknesses of a matenial laver.

21. An apphance for placing stiachments on teeth of a patient, the appliance

COMPrising:

an attachment;

a support, the support comprising one or more coupling structures to hold the
attachment; and

an alignment structure coupled to the support to receive al least a portion of a
footh and positon the attachment at a predetermnned location on the tooth;

wherein the one or more coupling structures are configured to release the

attachment with removal of the slignment structure from the toth.

22. ‘The appliance of claim 21, wherein the alignment structure comprises at least a
portion of an cavity of an aligner sized and shaped 1o receive the tooth and wherein the support
comprises a portion of an aligner extending from the at least the portion (o a recess, the recess
shaped o receive the attachment and comprising one or more coupling structures to hold the
attachment, and wherein the at least the portion of the cavity of the aligner and the portion of the
aligner extending from the at least the portion of the cavity to the recess are directly fabricated

fogether,

23, The appliance of claim 21, wherein the one or more coupling structures comprises

one or more extensions extending between the support and the attachment,

24, Theappliance of claim 22, wherein the one or more extensions absorb infrared

Hight at a rate greater than that of the alignment structure,

™~

250 The apphance of claim 21, further comprising an adhesive on the attachment,

26, The appliance of claim 25, further comprising a cover on the adhesive, the cover

capable of removal from the adhesive,

27, & method of fabricating an appliance, the method comprising:

4
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divectly fabricating an aligner body including a support formed in 8 tooth-
receiving cavity, the tooth receiving cavity configured to receive a tooth;

directly fabricating one or more coupling structures to the suppori; and

directly fabricating an attachment to the coupling structure, the aligner configured
o align the attachment at a predetermined location on a tooth;

wherein the one or more coupling struciures is configured fo release the

atischment with removal of the aligner body from the tooth,

v

28. The method of elaim 27, wherein the support, the aligner body, and the one or

more coupling structures are directly fabricated together,

29, The method of claim 27, wherein the alignment structure comprises at feast a
portion of an cavity of an aligner sized and shaped (o receive one or more teeth and wherein the
support comprises a portion of an aligner including a recess shaped o receive the attachment, the
recess comprising the one or more coupling structures to hold the attachiment, and wherein the
aligner body, the one or more coupling structures, and the recess are divectly fabricated together,

34, The method of claim 27, wherein the one or more coupling siractures are

configored to break with removal of the alignment struetore from the one or more teeth,

31 The method of clam 27, wherein the one or more coupling structores are sized

and shaped to hold the attachment,

32, The method of claim 27, wherein the one or more coupling siructures are sized

and shaped to hold the attachment with a gap extending between the support and attachment.

33, The method of claim 27, wherein the one or more coupling structures comprises

one or more extensions extending between the support and the attachment.

separator sized and shaped to separste the attachment from the support,
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35. The method of claim 27, wherein the one or more coupling structures comprises a
recess formed in the support, the recess sized and shaped 1o separate the attachment from the

support.

36, The method of elaim 27, further comprising forming an adhesive structure on the

atinchment.

37, The method of claim 27, further comprising forming an adhesive on the one or

more attachments, wherein the adhesive, the one or more coupling structures, the alignment

structure, and the one or more attachment structures are divectly fabricated {ogether.
38, The method of claim 37, further comprising atiaching the attachment {o a tooth,
. & 24

39, The method of claim 38, wherein the cover, the adhesive, the support, the one or
more coupling stroctures, the aligonment structure, and the one or more attachment structures are

directly fabricated together.

40, The method of claim 33, wherein one or more extensions are formed with a
material that absorbs infrared light at g rale greater than a rate of infrared absorption of the

aligner body.

-
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