
US 201 10269092Al 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2011/0269092 A1 

Ku0 et a]. (43) Pub. Date: NOV. 3, 2011 

(54) REINFORCED ALIGNER HOOKS (52) US. Cl. .............................. .. 433/6; 433/24; 433/215 

(57) ABSTRACT 
(75) Inventors: Eric Kuo, San Jose, CA (US); _ _ _ _ _ 

Artem Borovinskih’ Union City’ Orthodontic pos1t1onmg dev1ces, and related methods and 
CA (Us); Shiva sambu’ Santa systems, are disclosed for use With one or more orthodontic 
Clara CA (Us) elast1c members. The disclosed devices are con?gured to 

’ couple With an orthodontic elastic member so as to react a 
_ _ force from the elastic member into the appliance to, for 

(73) Asslgnee: Ahgn Technology’ Inc" Santa example, generate traction forces on the patient’s teeth to 
Clara, CA (Us) produce a desired occlusion. A positioning device includes a 

patient removable tooth positioning appliance having teeth 
(21) App1_NO_j 12/772,130 receiving cavities shaped to receive and apply a resilient 

positioning force to a patient’s teeth. The appliance includes 
(22) Filed: API._ 30, 2010 a hook con?gured to interface With an orthodontic elastic 

member. The hook can be con?gured to be offset from a 
_ _ _ _ surface of a tooth When the appliance is coupled With the 

Pubhcatlon Classl?catlon patient’s teeth and no elastic member is coupled With the 
(51) Int, Cl, tooth. The hook can be curved so that the hook is more 

A61C 13/00 (200601) retentive on the aligner. The hook can be reinforced so that the 
A61C 13/20 (200601) reinforcement resists deformation When the elastic is in place. 
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FIG. 2 A 
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FIG. 7 
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REINFORCED ALIGNER HOOKS 

BACKGROUND 

[0001] The present invention relates generally to the ?eld of 
orthodontics, and more particularly to dental positioning 
appliances con?gured to interface With an orthodontic elastic 
member and react a force from the elastic member into the 
appliance. 
[0002] An objective of orthodontics is to move a patient’s 
teeth to positions Where function and/or aesthetics are opti 
miZed. Traditionally, appliances such as braces are applied to 
a patient’s teeth by a treating practitioner and the set of braces 
exerts continual force on the teeth and gradually urges them 
toWard their intended positions. Over time and With a series of 
clinical visits and adjustments to the braces, the practitioner 
adjusts the appliances to move the teeth toWard their ?nal 
destination. 
[0003] More recently, alternatives to conventional orth 
odontic treatment With traditional a?ixed appliances (e.g., 
braces) have become available. For example, systems includ 
ing a series of preformed appliances/aligners have become 
commercially available from Align Technology, Inc., Santa 
Clara, Calif., under the tradename lnvisalign® System. The 
lnvisalign® System is described in numerous patents and 
patent applications as signed to Align Technology, Inc. includ 
ing, for example in US. Pat. Nos. 6,450,807, and 5,975,893, 
as Well as on the company’s Website, Which is accessible on 
the World Wide Web (see, e. g., the url “WWW.invisalign. 
com”). The lnvisalign® System includes designing and/or 
fabricating multiple, and sometimes all, of the aligners to be 
Worn by the patient before the aligners are administered to the 
patient and used to reposition the teeth (e. g., at the outset of 
treatment). Often, designing and planning a customiZed treat 
ment for a patient makes use of computer-based 3-dimen 
sional planning/design tools, such as TreatTM softWare from 
Align Technology, Inc. The design of the aligners can rely on 
computer modeling of a series of planned successive tooth 
arrangements, and the individual aligners are designed to be 
Worn over the teeth and elastically reposition the teeth to each 
of the planned tooth arrangements. 
[0004] While recently developed orthodontic treatment 
technologies, such as those described above, represent a con 
siderable advancement in the ?eld of orthodontics, additional 
advancements remain of interest. For example, in some 
instances it may be advantageous to use an orthodontic elastic 
member to generate a tension force betWeen a patient’s upper 
and loWer teeth to bring the teeth into a desired occlusion. In 
some traditional approaches, brackets are bonded to the teeth 
and an orthodontic elastic member is used to couple the 
brackets to generate the tension force. Generating such a 
tension force in conjunction With recently developed orth 
odontic approaches can be challenging. For example, shell 
aligners are generally designed to match the geometry of a 
patient’s teeth, thereby leaving little room for bonding such 
brackets to a patient’s teeth. As such, there is a need for shell 
aligners that can be used in conjunction With an orthodontic 
elastic member to, for example, bring a patient’s teeth into a 
desired occlusion. 

BRIEF SUMMARY 

[0005] The present disclosure provides orthodontic posi 
tioning appliances for use With an orthodontic elastic mem 
ber, and related systems and methods. The disclosedposition 
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ing appliances are con?gured to couple With an orthodontic 
elastic member so as to react a force from the elastic member 
into the appliance. Such appliances can advantageously 
employ the force imparted by the elastic member to apply 
desired repositioning forces to a patient’s teeth to, for 
example, generate a desired occlusion and/ or supplement 
repositioning forces generated by the appliance. 
[0006] For a fuller understanding of the nature and advan 
tages of the present invention, reference should be made to the 
ensuing detailed description and accompanying draWings. 
Other aspects, objects and advantages of the invention Will be 
apparent from the draWings and detailed description that fol 
loWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 illustrates a jaW and an incremental position 
ing appliance for the jaW, in accordance to an embodiment. 
[0008] FIG. 2A illustrates upper and loWer teeth received 
Within incremental tooth positioning appliances having gin 
givally disposed hooks, in accordance to an embodiment. 
[0009] FIG. 2B illustrates upper and loWer teeth received 
Within incremental tooth positioning appliances having gin 
givally disposed hooks, Wherein the hooks are con?gured to 
angle or curve more toWard a tooth’s surface, in accordance 
With an embodiment. 

[0010] FIG. 3A illustrates teeth received Within teeth 
receiving cavities of an incremental tooth positioning appli 
ance and an orthodontic elastic member coupled With the 
positioning appliance. The appliance includes notches or 
hooks cut or formed into a tooth receiving cavity of the 
appliance. 
[0011] FIG. 3B is a cross-sectional vieW ofa tooth and the 
positioning appliance of FIG. 3A illustrating hook displace 
ment induced by the orthodontic elastic member. 
[0012] FIG. 4A is a cross-sectional vieW of an incremental 
tooth positioning appliance having an offset hook, in accor 
dance With an embodiment of the present invention. 
[0013] FIG. 4B illustrates a tooth received Within a tooth 
receiving cavity of the incremental tooth positioning appli 
ance of FIG. 4A and an orthodontic elastic member coupled 
With the offset hook, in accordance With an embodiment of 
the present invention. 
[0014] FIG. 4C illustrates a reinforced version of the offset 
hook of FIG. 4A, in accordance With an embodiment of the 
present invention. 
[0015] FIG. 5 illustrates a tooth received Within a tooth 
receiving cavity of an incremental tooth positioning appli 
ance having a gingivally disposed offset hook and an orth 
odontic elastic member coupled With the gingivally disposed 
hook, in accordance With an embodiment of the present 
invention. 
[0016] FIG. 6 illustrates a reinforced version of the gingi 
vally disposed hook of FIG. 5, in accordance With an embodi 
ment of the present invention. 
[0017] FIG. 7 illustrates a tooth received Within a tooth 
receiving cavity of an incremental tooth positioning appli 
ance having a gingivally disposed offset hook and an orth 
odontic elastic member coupled With the gingivally disposed 
hook, in accordance With an embodiment of the present 
invention. 
[0018] FIG. 8A illustrates teeth received Within teeth 
receiving cavity of an incremental tooth positioning appli 
ance having an exterior hook and an orthodontic elastic mem 
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ber coupled With the exterior hook, in accordance With an 
embodiment of the present invention. 
[0019] FIG. 8B is a cross-sectional vieW of a tooth and the 
positioning appliance of FIG. 8A illustrating the orthodontic 
elastic member coupled With the exterior hook, in accordance 
With an embodiment of the present invention. 
[0020] FIG. 9A illustrates teeth received Within teeth 
receiving cavities of an incremental tooth positioning appli 
ance having a gingivally disposed exterior hook and an orth 
odontic elastic member coupled With the gingivally disposed 
exterior hook, in accordance With an embodiment of the 
present invention. 
[0021] FIG. 9B is a cross-sectional vieW ofa tooth and the 
positioning appliance of FIG. 9A illustrating the orthodontic 
elastic member coupled With the gingivally disposed exterior 
hook, in accordance With an embodiment of the present 
invention. 
[0022] FIG. 10 illustrates an incremental tooth positioning 
appliance having a reinforcing corrugation and an exterior 
hook coupled With an orthodontic elastic member, in accor 
dance With an embodiment of the present invention. 
[0023] FIG. 11 is a simpli?ed block diagram illustrating a 
method for fabricating an aligner having an exterior hook 
using a mold, in accordance With an embodiment of the 
present invention. 
[0024] FIGS. 12A and 12B illustrate the addition of a Wit 
ness object to mold geometry used to generate an appliance 
having an offset hook, in accordance With an embodiment of 
the present invention. 
[0025] FIG. 13 is a simpli?ed block diagram illustrating a 
method for direct fabrication of an aligner having an exterior 
hook, in accordance With an embodiment of the present 
invention. 
[0026] FIG. 14 diagrammatically illustrates a fabrication 
system in accordance With an embodiment of the present 
invention. 

DETAILED DESCRIPTION 

[0027] In the folloWing description, various embodiments 
of the present invention Will be described. For purposes of 
explanation, speci?c con?gurations and details are set forth in 
order to provide a thorough understanding of the embodi 
ments. HoWever, it Will also be apparent to one skilled in the 
art that the present invention may be practiced Without the 
speci?c details. Furthermore, Well-knoWn features may be 
omitted or simpli?ed in order not to obscure the embodiment 
being described. 
[0028] Orthodontic positioning appliances are provided 
that can be used in conjunction With one or more orthodontic 
elastic members, as Well as related methods and systems. 
During orthodontic treatment, it may be necessary to apply 
forces to a tooth to generate movement of the tooth to, for 
example, bring the patient’s teeth into a better occlusion. The 
presently disclosed appliances, methods, and systems pro 
vide means by Which such forces can be applied during orth 
odontic treatment Where appliances having teeth receiving 
cavities are used, such as preformed appliances/aligners 
available from Align Technology, Inc., Santa Clara, Calif., 
under the tradename Invisalign® System. 
[0029] The disclosed orthodontic positioning appliances 
for use With an orthodontic elastic member include, for 
example, a patient removable tooth positioning appliance 
having teeth receiving cavities shaped to receive and apply a 
resilient positioning force to a patient’s teeth. The positioning 
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appliance can include a hook con?gured to interface With an 
orthodontic elastic member so as to react a force from the 
elastic member into the patient-Wom appliance, thereby 
applying (e.g., supplementing) forces other than or in addi 
tion to the forces applied to the patient’s teeth and generated 
solely by the positioning appliance(s) in the absence of the 
coupled elastic member. The appliance and/or hook thereof 
can be con?gured to more optimally engage an elastic mem 
ber When the appliance is Worn by the patient. In one embodi 
ment, for example, the hook can be con?gured to be laterally 
offset from another portion of the appliance, such as a portion 
of the appliance that engages the patients teeth When Worn. 
For example, a hook can be offset (e.g., laterally offset) from 
a portion of the appliance that engages a buccal surface of a 
tooth When the appliance is coupled With the patient’s teeth. 
In such an embodiment, the hook Will be offset even When no 
orthodontic elastic member is coupled With the tooth. 

[0030] In another embodiment, an appliance can be con?g 
ured such that the hook is gingivally offset from a portion of 
the appliance. For example, certain shell-type appliances Will 
include a gingival edge or edge of the appliance that, When 
Worn by a patient, is disposed substantially along the gingival 
line or margin Where gingival tissue meets the tooth croWn at 
the base of the tooth. In certain embodiments, a hook of an 
appliance Will be gingivally offset or offset in a gingival 
direction relative to the gingival edge of the appliance. Such 
a con?guration advantageously alloWs incorporation of the 
hook into the appliance structure, but Without necessarily 
reducing tooth receiving/engaging surfaces of an appliance 
cavity. 
[0031] An appliance can include a reinforcement structure 
selected and/or disposed on the appliance so as to stiffen the 
appliance against lateral de?ection induced by the force from 
the elastic member. For example, a portion of the appliance 
can include a corrugation to stiffen the appliance. In another 
embodiment, the appliance can include a locally stiffened 
area (e.g., via an added shape or contour) connected With the 
hook to stiffen the hook against de?ection (e. g., lateral de?ec 
tion) induced by the force from the elastic member. 
[0032] Referring noW to the draWings, in Which like refer 
ence numerals represent like parts throughout the several 
vieWs, FIG. 1 provides an appropriate starting point in a 
discussion of the present invention With respect to tooth repo 
sitioning appliances designed to apply repositioning forces to 
teeth. A tooth repositioning appliance 10 can be Worn by a 
patient in order to achieve an incremental repositioning of 
individual teeth in the jaW 11. The appliance can include a 
shell (e.g., polymeric shell) having teeth-receiving cavities 
that receive and resiliently reposition the teeth. In many 
embodiments, a polymeric appliance can be formed from a 
thin sheet of suitable elastomeric polymeric material, such a 
0.03 inch thermal forming dental material by Tru-Tain Plas 
tics, Rochester, Minn. An appliance can ?t over all teeth 
present in an upper or loWer jaW, or less than all of the teeth. 
In some cases, only certain teeth received by an appliance Will 
be repositioned by the appliance While other teeth can provide 
a base or anchor region for holding the appliance in place as 
it applies force against the tooth or teeth targeted for reposi 
tioning. In some cases, many or most, and even all, of the teeth 
Will be repositioned at some point during treatment. Teeth 
that are moved can also serve as a base or anchor for holding 

the appliance as it is Worn by the patient. Typically, no Wires 
or other means Will be provided for holding an appliance in 
place over the teeth. In some cases, hoWever, it may be desir 
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able or necessary to provide individual anchors on teeth With 
corresponding receptacles or apertures in the appliance 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 as signed to Align Technology, Inc. includ 
ing, for example in US. Pat. Nos. 6,450,807, and 5,975,893, 
as Well as on the company’s Website, Which is accessible on 
the World Wide Web (see, e.g., the url “WWW.invisalign. 
com” . 

[0033] An appliance can be designed and/or provided as 
part of a set orplurality of appliances. In such an embodiment, 
each appliance may be con?gured so a tooth-receiving cavity 
has a geometry corresponding to an intermediate or ?nal 
tooth arrangement intended for the appliance. The patient’s 
teeth can be progressively repositioned from an initial tooth 
arrangement to a target tooth arrangement by placing a series 
of incremental position adjustment appliances over the 
patient’s teeth. A target tooth arrangement can be a planned 
?nal tooth arrangement selected for the patient’s teeth at the 
end of all planned orthodontic treatment. Alternatively, a 
target arrangement can be one of many intermediate arrange 
ments for the patient’s teeth during the course of orthodontic 
treatment, Which may include Where surgery is recom 
mended, Where inter-proximal reduction (IPR) is appropriate, 
Where a progress check is scheduled, Where anchor placement 
is best, Where palatal expansion is desirable, etc. As such, it is 
understood that a target tooth arrangement can be any planned 
resulting arrangement for the patient’s teeth that follows one 
or more incremental repositioning stages. Likewise, an initial 
tooth arrangement can be any initial arrangement for the 
patient’s teeth that is folloWed by one or more incremental 
repositioning stages. The adjustment appliances can be gen 
erated all at the same stage or in sets or batches, e.g., at the 
beginning of a stage of the treatment, and the patient Wears 
each appliance until the pressure of each appliance on the 
teeth can no longer be felt or has resulted in the maximum 
amount of expressed tooth movement for that given stage. A 
plurality of different appliances (e.g., set) can be designed 
and even fabricated prior to the patient Wearing any appliance 
of the plurality. After Wearing an appliance for an appropriate 
period of time, the patient replaces the current appliance With 
the next appliance in the series until no more appliances 
remain. The appliances are generally not a?ixed to the teeth 
and the patient may place and replace the appliances at any 
time during the procedure (e.g., patient-removable appli 
ances). The ?nal appliance or several appliances in the series 
may have a geometry or geometries selected to overcorrect 
the tooth arrangement, i.e., have a geometry Which Would (if 
fully achieved) move individual teeth beyond the tooth 
arrangement Which has been selected as the “?nal.” Such 
over-correction may be desirable in order to offset potential 
relapse after the repositioning method has been terminated, 
i.e., to permit movement of individual teeth back toWard their 
pre-corrected positions. Over-correction may also be bene? 
cial to speed the rate of correction, i.e., by having an appliance 
With a geometry that is positioned beyond a desired interme 
diate or ?nal position, the individual teeth Will be shifted 
toWard the position at a greater rate. In such cases, the use of 
an appliance can be terminated before the teeth reach the 
positions de?ned by the appliance. 
[0034] During a course of orthodontic treatment, it may be 
necessary to apply a force to a patient’s teeth to generate 
movement of the tooth to bring the patient’s teeth into a better 
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occlusion. In many instances, it may not be possible to gen 
erate desired levels of such a force solely through the use of a 
tooth positioning appliance such as the tooth positioning 
appliance 10 described above. The forces generated by such a 
tooth positioning appliance can, hoWever, be supplemented 
by the use of an orthodontic elastic member. 

[0035] In accordance With an embodiment of the present 
invention, an orthodontic appliance, such as those described 
above, can be designed/con?gured for use in engagement 
With one or more elastic members. Such an appliance, can be 

con?gured to include one or more hooks for engagement With 
one or more elastic members. And a set of appliances can 

include one or more appliances With hooks. 

[0036] FIG. 2A illustrates tooth positioning appliances 20, 
22 for receiving, respectively, upper and loWer teeth of a 
patient. Appliances 20, 22 include hooks 24, 26, respectively. 
Appliance 20 includes a gingival edge 25 of the appliance that 
substantially folloWs along a gingival margin of the patient’s 
dentition as the appliance 20 is Worn. Similarly, appliance 22 
includes a gingival edge 27. The hooks 24, 26 extend gingi 
vally or in a gingival direction relative to gingival edge 25, 27, 
respectively, and may be pointed in a mesial, distal, or vertical 
direction In the illustrated embodiment, hook 24 is pointed 
mesially and hook 26 is pointed distally. As noted above, such 
a gingivally offset con?guration can maximiZe the surface 
area of the aligner material engaging the tooth received in an 
adjacent tooth receiving cavity. Hooks 24, 26 may further be 
offset laterally, e. g., to better accommodate an elastic member 
engaging the hook, as described further herein. In use, an 
orthodontic elastic member can be coupled betWeen the 
hooks 24, 26, thereby applying a reciprocal force to each of 
the appliances 20, 22. One or more hooks can be incorporated 
into each of the appliances 20, 22 to apply one or more forces 
into the appliances. Such forces can be used to supplement the 
teeth repositioning forces generated, e.g., by engagement 
betWeen the patient’s teeth/tooth surfaces and surfaces of 
corresponding receiving cavities of the appliances 20, 22. 
[0037] FIG. 2B illustrates positioning appliances 20, 22. 
The appliances 20, 22 include hooks 24, 26, respectively, 
Wherein the hooks 24, 26 angle or curve back more toWard 
tooth’s surfaces compared to the embodiment illustrated in 
FIG. 2A. Hooks as in FIG. 2B may be selected, for example, 
to better avoid unWanted contact or poking of the patient’s 
soft tissue. 

[0038] FIG. 3A illustrates teeth 28 received Within teeth 
receiving cavities of an incremental tooth positioning appli 
ance 30. An orthodontic elastic member 32 is coupled With 
the tooth positioning appliance 30 via a hook 34 formed by 
creating a u-shaped aperture 36 located in the side of the 
appliance. The aperture 36 can be formed into an existing 
appliance at a location selected for the transfer of the force 
from the elastic member into the appliance. The aperture 36 
can have a slot Width and a shape selected to accommodate the 
elastic member. A hook 38 can also be positioned along a 
gingival margin of the appliance 30. The hook 38 can be 
formed, for example, via adjacent slots 40, 42 formed in the 
gingival margin of the appliance 30. Hooks 34 and 38 may be 
formed by simply cutting or trimming out material from a 
shell appliance. HoWever, hooks formed by such an approach 
reduce appliance material or surfaces engaging a tooth 
received Within an adjacent cavity and require de?ection of 
appliance material forming the hook in order to accommodate 
a positioned elastic member (see, e.g., FIG. 3B). 
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[0039] FIG. 3B is a cross-sectional vieW of a tooth 28 and 
the positioning appliance 30 of FIG. 2A. Because the hook 34 
is formed via the u-shaped aperture, When the elastic member 
32 is coupled With the hook 34, the hook is forced to de?ect 
aWay from the adjacent surface of the tooth 28 to accommo 
date the presence of the elastic member 32 betWeen the hook 
34 and the tooth 28. Additional de?ection of the hook 34 may 
be induced by the force imparted into the hook by the elastic 
member 32. Such additional de?ections can be controlled to 
some extent by shaping the overall Width of the u-shaped 
aperture to produce a Wider hook. 
[0040] FIG. 4A illustrates an incremental tooth positioning 
appliance 40 having an offset hook 42. FIG. 4B illustrates a 
tooth 28 received Within a tooth receiving cavity of the incre 
mental tooth positioning appliance 40 and an orthodontic 
elastic member 32 coupled With the offset hook 42. The offset 
hook 42 is offset from an adjacent surface of the tooth 28 (e. g., 
buccal surface, lingual surface) When the appliance 40 is 
coupled With the patient’s teeth and no orthodontic elastic 
member is coupled With the hook. The offset can be con?g 
ured to accommodate an elastic member With reduced de?ec 
tion, in contrast to the hook 34 or 38 ofFlGS. 3A and 3B. The 
hook 42 can be shaped to retain the elastic member in the 
absence of the elastic member being coupled With an oppos 
ing arch of the patient teeth. For example, the hook 42 can be 
shaped to trap the elastic member in contact With the surface 
of the tooth 28 (e.g., via a hook shaped to engage a suf?cient 
portion of the perimeter of the elastic member), While still 
alloWing installation of the elastic member into the trapping 
engagement of the hook 42 via an opening 46. The lateral 
offset may be con?gured such that the opening 46 is closer to 
the tooth than the maximum offset distance, in order that the 
offset alloWs the elastic to be engaged against the aligner 
Without touching the tooth, but the hook does not protrude 
toWards the soft tissue, thereby making the hook comfortable 
for the patient. 
[0041] In one example, the tip of the hook may curve or 
angle aWay from soft tissue or back toWard the tooth surface. 
The tip of the hook may also be curved, angled, or bent 
toWards the gingival line such that the elastic may be placed 
into the aligner ?rst before the aligner is Worn, and the hook 
angle/ curvature keeps the elastic from falling off of the 
aligner. 
[0042] The appliance 40 can optionally include a reinforce 
ment structure in the vicinity of the hook 42 to reduce de?ec 
tion induced by the force from the elastic member 32. For 
example, as illustrated in FIG. 4C, the appliance 40 can 
include a locally strengthened region 48 (e.g., via increased 
thickness in the area of the hook). The appliance 40 can also 
be locally stiffened by embedding a reinforcing structure 
(e. g., a stronger and stiffer material such as stainless steel or 
plastic resin ?ller) into the appliance to reinforce the appli 
ance/hook against de?ection induced by the force from the 
elastic member. 

[0043] As illustrated in FIG. 5, an offset hook 50 can also be 
disposed gingivally offset relative to a center of a clinical 
croWn 52 of a tooth 28 as received in a cavity proximate to the 
hook 50, and may be gingivally offset relative to a gingival 
edge of the appliance or a gingival margin or line 51 identi 
fying or approximating Where gingival tissue meets the base 
of the tooth 28 croWn. Such a gingival offset can be used to 
increase the surface area of the positioning appliance that 
engages the tooth 28, as Well as to provide space for accom 
modating an elastic member 32 Without necessarily requiring 
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lateral de?ection for elastic member engagement. As illus 
trated in FIG. 6, an appliance having such a gingivally offset 
hook 50 can include a locally reinforced area 54 (e.g., the 
appliance can be locally thickened in the vicinity of the offset 
hook) to reduce de?ection of the hook 50 induced by the force 
from the elastic member. The appliance can also be locally 
stiffened by embedding a reinforcing structure (e.g., a stron 
ger and stiffer material such as stainless steel or plastic resin) 
into the appliance to reinforce the appliance/hook against 
de?ection induced by the force from the elastic member. 
[0044] FIG. 7 illustrates an offset hook 56 that is disposed 
even more gingivally offset relative to the center of a clinical 
croWn 52 of a tooth 28 received in a cavity proximate to the 
hook 56 than the hook 50 shoWn in FIGS. 5 and 6. In addition 
to being more gingivally offset, the hook 56 is also offset 
further from the adjacent surface of the tooth 28 in order to be 
disposed at or beloW a gingival line 58 for the tooth 28. The 
appliance having such a gingivally offset hook 56 can include 
a locally reinforced area 60 (e.g., the appliance can be locally 
thickened in the vicinity of the offset hook) to reduce de?ec 
tion of the hook 56 induced by the force from the elastic 
member 32. 

[0045] An appliance can be con?gured With an exterior 
offset hook that couples With an elastic member such that the 
elastic member does not contact a surface of the tooth. FIGS. 
8A and 8B illustrate an exterior offset hook 62 positioned 
similar to the offset hook 42 illustrated in FIGS. 4A through 
4C. FIGS. 9A and 9B illustrate an exterior offset hook 64 
offset gingivally similar to the offset hook illustrated in FIGS. 
5 and 6. A positioning appliance can be con?gured With such 
an exterior offset hook by incorporating additional material 
on the exterior of a basic positioning appliance such as the 
appliance 10 illustrated in FIG. 1. Exterior hooks can also be 
locally reinforced, for example, via locally thickened areas as 
illustrated in FIGS. 8B and 9B. 

[0046] A tooth repositioning appliance can also include a 
reinforcement structure to stiffen the appliance against 
de?ection induced by the force from an elastic member. For 
example, FIG. 10 illustrates a repositioning appliance 70 
having a reinforcing corrugation 72 formed along a gingival 
edge of the repositioning appliance. The corrugation 72 can 
be formed by adding an elongated protrusion to a male mold 
prior to forming the appliance over the male mold. A corru 
gation can be used to stiffen the gingival edge of the reposi 
tioning appliance against lateral de?ection induced by the 
force from the elastic member 32. 

[0047] The present invention further provides methods for 
using one or more orthodontic positioning devices having one 
or more hooks con?gured to interface With an orthodontic 
elastic member so as to react a force from the elastic member 
into the patient-Wom device. The above-described orthodon 
tic positioning devices can be con?gured for use in practicing 
orthodontic treatment or tooth repositioning methods. For 
example, a ?rst orthodontic positioning device can be pro 
vided, the device having a hook con?gured to interface With 
an orthodontic elastic member is received (e. g., by a patient, 
by a dental professional, etc.), e.g., as described above. The 
?rst positioning device is coupled With a ?rst arch of the 
patient’s teeth. An orthodontic elastic member is coupled With 
the hook of the ?rst positioning device to transfer a force from 
the elastic member into the ?rst positioning device. A second 
orthodontic positioning device having a hook con?gured to 
interface With an orthodontic elastic member is received. The 
second orthodontic positioning device is coupled With a sec 
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ond arch of the patient’s teeth, and the orthodontic elastic 
member that is coupled With the hook of the ?rst positioning 
device is coupled With the hook of the second positioning 
device. Methods can include use of a plurality of different 
(e.g., successive) positioning devices or appliances. 
[0048] The present invention further provides systems for 
repositioning a patient’s teeth. A system can include a plural 
ity of orthodontic tooth positioning appliances. Consistent 
With discussion provided further herein, at least tWo of the 
appliances can have different teeth receiving cavities shaped 
to receive and resiliently reposition the patient’s teeth in a ?rst 
arch of the patient’s teeth from a ?rst arrangement to a suc 
cessive arrangement. At least one of the appliances includes a 
hook con?gured to interface With an orthodontic elastic mem 
ber so as to react a force from the elastic member into the 
patient-Wom appliance. The hook can be con?gured to be 
offset from a surface of a tooth When the appliance is coupled 
With the patient’s teeth in the ?rst arch and no orthodontic 
elastic member is coupled With the hook. 

[0049] A system can include a plurality appliances, or sets 
of appliances, for repositioning a patient’s upper and loWer 
arch teeth. For example, one of a plurality of upper arch 
appliances and one of a plurality of loWer arch appliances can 
be con?gured to be Worn simultaneously and coupled With 
each other via an orthodontic elastic member coupling the 
hook of the upper arch appliance to the hook of the loWer arch 
appliance. The elastic member may also be coupled Within 
the same arch in order to connect the elastic to an elastic hook 
that may be directly bonded to an exposed tooth elseWhere in 
the arch, Whereby the aligner has been cut around that tooth 
a?ixed elastic hook. The elastic member may also be coupled 
from the aligner to an anchorage device attached someWhere 
in the mouth such as a mini-implant or temporary anchorage 
device (TAD) af?xed to the patient’s jaW structure. 
[0050] The present invention further provides methods, 
such as a computer-implemented methods, for designing an 
orthodontic positioning device having teeth receiving cavi 
ties. Such a method canbe used to design the above-described 
orthodontic positioning devices. A method can include pro 
viding and/or receiving a digital representation of the 
patient’s teeth in a selected arrangement. The arrangement 
can be selected to de?ne the shape of teeth receiving cavities 
shaped to receive and apply a resilient positioning force to a 
patient’s teeth. An appliance can be modeled based on the 
received representation. The received representation can be 
used to de?ne the teeth receiving cavities of the appliance. 
The appliance is modeled to include a hook con?gured to 
interface With an orthodontic elastic member so as to react a 
force from the elastic member into the appliance, including 
hook designs or con?gurations as indicated further herein. 
For example, the modeled hook can be con?gured such that it 
is offset (e.g., laterally) from a surface of a tooth When the 
appliance is coupled With the patient’s teeth and no orthodon 
tic elastic member is coupled With the hook. The hook may 
alternatively or additionally be gingivally offset, e.g., relative 
to a gingival edge of the model appliance or a gingival line of 
the patient. A reinforcement structure may further be 
designed or modeled so as to stiffen the appliance against 
lateral de?ection induced by the force from the elastic mem 
ber can optionally be modeled into the appliance. The rein 
forcement structure can include, for example, a corrugation 
(e.g., positioned along a gingival edge of the appliance to 
increase the bending stiffness of the gingival edge). The rein 
forcement structure can include a locally reinforced area 
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(e. g., locally thickened) connected With the hook to stiffen the 
hook against de?ection induced by the force from the elastic 
member. 

[0051] An aligner having an exterior hook can be created 
using automated steps, manual steps, and/ or a combination of 
automated and manual steps. Such steps can include, for 
example, the removal of material from an aligner assembly 
(e.g., using a physical cutter such as an end mill, a drill, and a 
punch; using non-contact removal techniques such as laser 
cutting, and electrical discharge machining (EDM); using 
other media such as Water jets, hot Water, and hot gases); the 
addition of material to an aligner assembly (e.g., by bonding 
or attaching a pre-formed feature such as a hook); and/or 
direct fabrication techniques (e.g., stereo lithography). 
[0052] FIG. 11 illustrates a method 100 for indirect fabri 
cation of an aligner having a hook by forming a sheet of 
material over a mold. The geometry of the mold includes 
representations of a patient’s teeth in an arrangement suitable 
to generate desired teeth receiving cavities. A Witness object 
is added to the teeth representations to generate an inner 
surface of an offset hook portion of the aligner. While some of 
the steps of method 100 are described as being computer 
implemented, the alternate use of non-computer imple 
mented approaches may also be apparent to a person of skill 
in the art. The method 100 can be used to generate the appli 
ances disclosed above. 

[0053] In step 102, the position and orientation of an elastic 
member relative to the aligner is de?ned. The de?ned position 
and orientation of the elastic member can be generated, for 
example, using computer-based 3-dimensional planning/de 
sign tools, such as TreatTM fromAlign Technology, Inc. Com 
puter modeling of one or successive tooth arrangements for a 
patient’s upper and loWer teeth can be used to position/orient 
an elastic member betWeen an upper jaW appliance hook (or a 
feature attached to an upper jaW tooth) and a loWerjaW appli 
ance hook (or a feature attached to a loWer jaW tooth). While 
the elastics shoWn in the ?gures are oriented generally verti 
cally, other orientations are possible (e.g., to couple non 
occluding pairs of teeth). An elastic member can be posi 
tioned so as to generate supplemental forces to treat certain 
types of malocclusion (e. g., class II and III corrections, 
canine rotation, extrusion, etc.). 
[0054] In step 104, a hook edge is de?ned relative to the 
mold geometry using the de?ned position/orientation of the 
elastic member. The hook edge de?nition can be a spline on a 
tooth surface in a 3 -dimensional model. The hook edge can be 
used to position and orient a Witness object created in step 
106. FIGS. 12A and 12B illustrate a hook edge de?nition and 
a Witness object positioned and oriented using the hook edge 
de?nition and a corresponding tooth surface. The Witness 
object is shaped to generate a suitable offset from the tooth 
surface to generate a corresponding offset in the inner surface 
of the aligner. An area of the aligner that Will interface With 
the elastic member to hold the elastic member can be deter 
mined. Based on the determined area, the Witness object can 
be created that corresponds to the determined area and 
merged into the 3-dimensional representation of the patient’s 
teeth. The Witness object can be merged into a gingival sur 
face included in the 3-dimensional representation of the 
patient’s teeth, and appropriate smoothing applied. The 
resulting 3-dimensional representation (mold geometry) can 
be used to generate a positive mold over Which a sheet of 
material is formed to create an aligner. 








