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FABRICATION OF DENTAL WORKS FROM DIGITAL MODELS

RELATED APPLICATIONS
[0001] This application claims priority to U.S. App. No. 60/761,078 filed on
January 20, 2006 and U.S. App. No. 11/467,866 filed on August 28, 2006.

BACKGROUND

1. Field of the Invention.

[0002] The invention relates to dentistry, and more particularly to
fabrication of dental objects and articulators.

2. Description of the Related Art.

[0003] Conventional dentistry employs physical casts of human dentition as
a foundation for a variety of fabrication techniques. The impression materials used in
this process, such as polymerizing silicone and polyether, theoretically capture an
accﬁrate dental impression. However, the initial impression may be flawed, and even
a perfect impression may degrade over time as a result of thermal fluctuations, |
inherent plasticity, and rough handling. While the materials used to obtain dental
impressions and create subsequent dental models have improved, the basic process
steps remain prone to human error.

[0004] Sometimes, errors become so severe that the desired end product,

isuch asa crown, cannot be manufactured. In other cases, the process introduces just

enough error that the resulting prosthetic simply will not fit into a target space within
a dental patient’s dentition. This latter difficulty may place significant burdens on the
craftsmanship of the practicing dentist to work the prosthetic and/or tooth surface into
a suitable shape, or cause increased delay and costs if a new impression is required.

[0005] As another disadvantage, the process of taking the impression may
cause significant discomfort to a patient, who must retain the impression matérial in
the mouth while an impression is curing.

[0006] Recent advances in three dimensional imaging technology have
introduced the possibility of a handheld, three-dimensional scanner that can be
suitably adapted to acquisition of highly accurate, detailed surface data directly from
within a dental patient’s mouth — a virtual digital dental impression — that, once
captured accurately, will not degrade, and can be easily reviewed, analyzed, and/or

transmitted to remote manufacturing facilities.

1
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[0007] There remains a need for improved dental processes and models that
employ virtual digital dental impressions to reduce manual labor and opportunities for

error inherent in conventional dentistry.

SUMMARY

[0008] The systems and methods disclosed herein employ a scanning system
for capturing highly detailed three-dimensional representations of dental subject
matter that may be used to virtually model a variety of dental objects, including dental
hardware, appliances, and prosthetics, as well as interim components of dental
manufacture such as waxups, investment casts, and the like. These digital models
may be used with fabrication technologies such as stereo lithography, three-
dimensional printing, computerized milling, and the like to manufacture dental objects
precisely fitted to the dentition of individual dental patients. In one aspect, the
systems and methods disclosed herein employ a combination of digital three-
dimensional modeling and rapid fabrication technologies to provide pre-indexed, pre-
registered, and/or precut components for articulated dental models. Dental
articulators and components of dental models as described herein may use a
positioning key to encode positional information for components of the dental model,
and/or a reference grid on mounting surfaces to enforce local accuracy of fabricated
parts against a fixed reference array.

[0009] In one aspect, a method disclosed herein may include acquiring a
digital surface representation of one or more intraoral structures, processing the digital
surface representation to obtain a three-dimensional model may include a plurality of
components, and fabricating the three-dimensional model to obtain a dental model of
the plurality of components.

[0010] In the method, the plurality of components may include a waxup of a
dental object, an investment chamber, a dental model, a die, or a component with a
die spacer. The die may include a die spacer integrated into the die, a layer of occlusal
relief integrated into the die, or a dental base. The plurality of components may
include at least one of a full arch dental model may include one or more tooth
preparations, a dental quadrant opposing the one or more tooth preparations, and a full
arch opposing the one or more tooth preparations. The dental model may include a
component having a mechanical registration feature. The mechanical registration

feature may orient the component in a dental tray. The dental tray may be further
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adapted to attach to an articulating mechanism in an assembled model wherein the
component and one or more other ones of the plurality of components articulate in a
manner corresponding to-the one or more intraoral structures.

[0011] In the method, the plurality of components may include the dental
tray. In the method, the mechanical registration feature may orient the component in
a base, it may include one or more grooves, or it may include one or more pins. The
mechanical registration feature may be adapted to position a die in a unique location
in the dental base. Processing the digital surface representation may include
incorporating one or more visual markings, and the dental model may include the one
or more visual markings. The visual markings may include three-dimensional
markings, or color markings. The plurality of components may further include a pair
of opposing bases with one or more pairs of matching beveled edges oriented so thata
plurality of teeth in the pair of opposing bases lie in occlusion when the pair of
opposing bases are placed on a level surface on any one of the one or more pairs of
matching beveled edges. Alternatively, the plurality of components may be pre-
indexed for mechanical assembly into the dental model. The at least one of the
plurality of components may be adapted to fit a pre-fabricated base. Alternatively, the
plurality of components may include a plurality of dies, each one of the plurality of
dies may include a mechanical registration feature may be adapted to fit a
predetermined location in a dental base. The adapted mechanical registration feature
may include one or more pins. Fabricating may include three-dimensionally printing,
computerized milling, three-dimensionally printing a physical model and milling
directly from the physical model, or fabricating with stereo lithography.

[0012] In another aspect, a system disclosed herein may include a means for
acquiring a digital surface representation of one or more intraoral structures, a
processor meauns for processing the digital surface representation to obtain a three-
dimensional model may include a plurality of components, and a fabrication means
for fabricating the three-dimensional model to obtain a dental model of the plurality
of components.

[0013] In the system, the plurality of components may include a waxup of a
dental object, an investment chamber, a die, a component with an integrated die
spacer, a dental model, or a dental tray. In the system, the die may include a die
spacer integrated into the die, a dental base, or a layer of occlusal relief integrated into

the die. The plurality of components may include at least one of a full arch dental
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model may include one or more tooth preparations, a dental quadrant opposing the
one or more tooth preparations, and a full arch opposing the one or more tooth
preparations. The dental model may include a component having a mechanical
registration feature. The mechanical registration feature may include a means for
orienting the component in a dental tray, the dental tray may include a means for
attaching to an articulating mechanism in an assembled mode!l which may include a
means for the component and one or more other ones of the plurality of components
to articulate in a manner corresponding to the one or more intraoral structures. The
mechanical registration feature may include a means for orienting the component in a
base, it may include one or more grooves, or it may include one or more pins. The
mechanical registration feature may include a means to position a die in a unique
location in the dental base. The processor means may include a means of
incorporating one or more visual markings into the three-dimensional model, and the
dental model may include the one or more visual markings. The visual markings may
include three-dimensional markings, or color markings. The plurality of components
may include a pair of opposing bases with one or more pairs of matching beveled
edges oriented so that a plurality of teeth in the pair of opposing bases lie in occlusion
when the pair of opposing bases are placed on a level surface on any one of the one or
more pairs of matching beveled edges. The plurality of components may include a
means of pre-indexing for mechanical assembly into the dental model. The at least
one of the plurality of components may include a means for fitting a pre-fabricated
base.

[0014] In the system, the plurality of components may include a plurality of
dies, each one of the plurality of dies may include a means for mechanically
registering to a predetermined location in the dental base. The fabrication means may
include a means for three-dimensionally printing, a means for computerized milling, a
means for three-dimensionally printing a physical model and milling directly from the
physical model, or a means for fabricating with stereo lithography.

[0015] In another aspect, a computer program product disclosed herein may
include computer executable code embodied in a computer readable medium that,
when executed on one or more computer devices, performs the steps of generating a
digital surface representation from one or more images of one or more intraoral

structures, processing the digital surface representation to obtain a three-dimensional
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model may include a plurality of components, and converting the three-dimensional
model into a format suitable for fabrication.

[0016] In the computer program product, the plurality of components may
include a waxup of a dental obj éct, an investment chamber, a die, a component with
an integrated die spacer, or a dental model. In the computer program product, the die
may include a die spacer integrated into the die, a dental tray, or a layer of occlusal
relief integrated into the die. The plurality of components may include at least one of
a full arch dental model may include one or more tooth preparations, a dental
quadrant opposing the one or more tooth preparations, and a full arch opposing the
one or more tooth preparaﬁons. The dental model may include a component having a
mechanical registration feature. The mechanical registration feature may orient the
component in a dental tray, the dental tray may be further adapted to attach to an
articulating mechanism in an assembled model wherein the component and one or
more other ones of the plurality of components articulate in a manner corresponding
to the one or more intraoral structures. The mechanical registration feature may orient
the component in a base, it may include one or more grooves, or it may include one or
more pins. The mechanical registration feature may be adapted to position a die in a
unique location in the dental base. Processing the digital surface representation may
include incorporating one or more visual markings, and the dental model may include
the one or more visual markings. The visual markings may include three-dimensional
markings, or color markings. The plurality of components may include a pair of
opposing bases with one or more pairs of matching beveled edges oriented so that a
plurality of teeth in the pair of opposing bases lie in occlusion when the pair of
opposing bases are placed on a level surface on any one of the one or more pairs of
matching beveled edges. The plurality of components may be pre-indexed for
mechanical assembly into the dental model. Alternatively, the at least one of the
plurality of components is adapted to fit a pre-fabricated base. The plurality of
components include a plurality of dies, each one of the plurality of dies may include a
mechanical registration feature which may be adapted to fit a predetermined location
in a dental base. The adapted mechanical registration feature may include one or more
pins. The format may be adapted for use with a three-dimensional printer, a
computerized milling machine, or a stereo lithography apparatus.

[0017] In another aspect, a device disclosed herein may include a first

portion adapted to removably attach to a dental articulator in a first fixed orientation,
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and a second portion may include at least one mechanical registration feature may be
adapted to receive a dental model in a predetermined orientation. The device may be
formed using injection molding.

[0018] The device may further include a dental model based upon one or
more teeth of a person, the dental model may be adapted to be received by the
mechanical registration feature such that one or more teeth of the dental model may
articulate within the dental articulator in a manner corresponding to articulation by the
person. In the device, the dental model may include a full arch, a quadrant, or at least
one tooth and one opposing tooth.

[0019] In another aspect, a method disclosed herein may include acquiring a
digital surface representation of one or more intraoral structures, processing the digital
surface representation to obtain a three-dimensional model of the one or more
intraoral structures, with the three-dimensional model including a mechanical
registration feature. The method may include fabricating the three-dimensional model
to obtain a dental model including the mechanical registration feature, the mechanical
registration feature may be adapted to orient the dental model in a dental articulator in
an occlusal relationship corresponding to an occlusal relationship of the one or more
intraoral structures.

[0020] In the method, the mechanical registration feature may orient the
dental model in a dental tray, the dental tray adapted to attach to a dental articulator in
a fixed relationship. The mechanical registration feature may include one or more
grooves, or one or more pins

[0021] In the method, the mechanical registration feature may be further
adapted tko position the dental model in the dental articulator such that a motion of the
dental model in the dental articulator may correspond to at least one aspect of
dynamic occlusion.

[0022] In the method, fabricating may include three-dimensionally printing,
computerized milling, three-dimensionally printing a physical model and milling
directly from the physical model, or fabricating with stereo lithography.

[0023] In another aspect, a system disclosed herein may include a means for
acquiring a digital surface representation of one or more intraoral structures, a
processor means for processing the digital surface representation to obtain a three-
dimensional model of the one or more intraoral structures, the three-dimensional

model may include a registration means for mechanical registration. The system may
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include a fabrication means for fabricating the three-dimensional model to obtain a
dental model including the registration means, the registration means may further
include a means to orient the dental model in a dental articulator in an occlusal
relationship corresponding to an occlusal relationship of the one or more intraoral
structures.

[0024] In the system, the registration means may include a means of
orienting the dental model in a dental tray, the dental tray may include a means for
attaéhing to a dental articulator in a fixed relationship. In the system, the registration
means may include one or more grooves, or one or more pins. Further, the registration
means may include a means to position the dental model in the dental articulator such
that a motion of the dental model in the dental articulator may correspond to at least
one aspect of dynamic occlusion.

[0025] In the system, the fabrication means may include a means for three-
dimensionally printing, a means for computerized milling, a means for three-
dimensionally printing a physical model and milling directly from the physical model,
or a means for fabricating with stereo lithography.

[0026] In another aspect, a computer program product disclosed herein may
include computer executable code embodied in a computer readable medium that,
when executed on one or more computer devices, performs the steps of generating a
digital surface representation from one or more images of one or more intraoral
structures, processing the digital surface representation to obtain a three-dimensional
model of the one or more intraoral structures, the three-dimensional model including a
mechanical registration feature, the mechanical registration feature may be adapted to
orient the dental model in a dental articulator in an occlusal relationship
corresponding to an occlusal relationship of the one or more intraoral structures, and
converting the three-dimensional model into a format suitable for fabrication.

[0027] In the computer program product, the mechanical registration feature
may orient the dental model in a dental tray, the dental tray adapted to attach to a
dental articulator in a fixed relationship. The mechanical registration feature may
include one or more grooves, or one or more pins

[0028] The computer program product may further include computer code to
perform the step of adapting the mechanical registration feature to position the dental
model in the dental articulator such that a motion of the dental model in the dental

articulator may correspond to at least one aspect of dynamic occlusion.
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[0029] The format may be adapted for use with a three-dimensional printer,
a computerized milling machine, or a'stereo lithography apparatus.

[0030] In another aspect, a method disclosed herein may include obtaining a
three-dimensional digital representation of a wax pattern for a dental appliance,
adding a sprue to the three-dimensional digital representation, the sprue providing a
channel for an investment material in a lost wax casting of the wax pattern, and
fabricating the wax pattern including the sprue.

[0031] In the method, fabricating may include three-dimensionally printing,
computerized milling, three-dimensionally printing a physical model and milling
directly from the physical model, or fabricating with stereo lithography.

[0032] In another aspect, a system disclosed herein may include a means for
obtaining a three-dimensional digital representation of a wax pattern for a dental
appliance, a feature means for adding a sprue to the three-dimensional digital
representation, the sprue providing a flow means for channeling investment material
in a lost wax casting of the wax pattern, and a fabrication means for fabricating the
wax pattern including the sprue.

[0033] In the system, the fabrication means may include a means for three-
dimensionally printing, a means for computerized milling, a means for three-
dimensionally printing a physical model and milling directly from the physical model,
or a means for fabricating with stereo lithography. ‘

[0034] In another aspect, a computer program product disclosed herein may
include computer executable code embodied in a computer readable medium that,
when executed on one or more computer devices, performs the steps of generating a
three-dimensional digital representation of a wax pattern for a dental appliance,
adding a sprue to the three-dimensional digital representation, the sprue providing a
channel for an investment material in a lost wax casting of the wax pattern, and
converting the three-dimensional digital representation into a format suitable for
fabrication.

[0035] The format may be adapted for use with a three-dimensional printer,
a computerized milling machine, or a stereo lithography apparatus.

[06036] In another aspect, a method disclosed herein may include obtaining a
three-dimensional digital model of one or more intraoral structures, processing the
three-dimensional digital model to obtain a model of a dental object, the dental object

including at least one of a dental restoration and a dental appliance, and fabricating a
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physical realization of the dental object in a medium capable of processing into a
material having at least one physical characteristic of human dentition.

[0037] In the method, the dental object may include a dental restoration, a
dental appliance, or a temporary restoration. The medium may include a curable resin,
a sinterable ceramic, or a sinterable metal. Fabricating may include three-
dimensionally printing, computerized milling, three-dimensionally printing a physical
model and milling directly from the physical model, or fabricating with stereo
lithography. '

[0038] In another aspect, a system disclosed herein may include a means for
obtaining a three-dimensional digital model of one or more intraoral structures, a
processor means for processing the three-dimensional digital model to obtain a model
of a dental object, the dental object including at least one of a dental restoration and a
dental appliance, a fabrication means for fabricating a physical realization of the
dental object in a medium capable of processing into a material having at least one
physical characteristic of human dentition.

[0039] In the system, the dental object may include a dental restoration, a
dental appliance, or a temporary restoration. The medium may include a curable resin,
a sinterable ceramic, or a sinterable metal. The fabrication means may include a
means for three-dimensionally printing, 2 means for computerized milling, a means
for three-dimensionally printing a physical model and milling directly from the
physical model, or a means for fabricating with stereo lithography.

[0040] In another aspect, a computer program product disclosed herein may
include computer executable code embodied in a computer readable medium that,
when executed on one or more computer devices, performs the steps of generating a
three-dimensional digital model from one or more images of one or more intracral
structures, processing the three-dimensional digital model to obtain a model of a
dental object, the dental object including at least one of a dental restoration and a
dental appliance, and converting the model of the dental object into a format suitable
for fabrication in a medium capable of processing into a material having at least one
physical characteristic of human dentition.

[0041] In the computer program product, the dental object may include a
dental restoration, a dental appliance, or a temporary restoration. The medium may

include a curable resin, a sinterable ceramic, or a sinterable metal. The format may be
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adapted for use with a three-dimensional printer, a computerized milling machine, or
a stereo lithography apparatus.

[0042] In another aspect, a method disclosed herein, performed during a
single dentistry visit of a dental patient, may include acquiring a first digital surface
representation of an intraoral structure from a mouth of the dental patient, preparing at
least one tooth of the intraoral structure for a dental restoration to obtain a prepared
intraoral structure, acquiring a second digital surface representation of the prepared
intraoral structure from the mouth of the dental patient, processing the first and
second digital surface representations to create a three-dimensional model of a
temporary dental restoration, fabricating the temporary dental restoration, and
attaching the temporary dental restoration to the prepared intraoral structure.

[0043] In the method, fabricating the temporary dental restoration may
include printing the three-dimensional model of the temporary dental restoration in a
first material to obtain a printed temporary dental restoration, and copy milling the
printed temporary dental restoration into a second material to obtain the temporary
dental restoration. The second material may include a ceramic. The method may
further include transmitting the first and second digital surface representations to a
remote facility for fabrication of a permanent dental restoration. F abricating may
include three-dimensionally printing, computerized milling, three-dimensionally
printing a physical model and milling directly from the physical model, or fabricating
with stereo lithography.

[0044] In another aspect, a system disclosed herein for preparing and
installing a temporary dental restoration during a single dentistry visit of a dental
patient may include a first means of acquiring a first digital surface representation of
an intraoral structure from a mouth of the dental patient, a manual means for
preparing at least one tooth of the intraoral structure for a dental restoration to obtain
a prepared intraoral structure, a second means for acquiring a second digital surface
representation of the prepared intraoral structure from the mouth of the dental patient,
a processor means for processing the first and second digital surface representations to
Create a three-dimensional model of a temporary dental restoration, a fabrication
means for fabricating the temporary dental restoration, and a means for attaching the
temporary dental restoration to the prepared intraoral structure.

[0045] In the system, the fabrication means may include a means of printing

the three-dimensional model of the temporary dental restoration in a first material to
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obtain a printed temporary dental restoration, and a means for copy milling the printed
temporary dental restoration into a second material to obtain the temporary dental
restoration.

[0046] In the system, the second material may include a ceramic. The
system may further include a means for transmitting the first and second digital
surface representations to a remote facility for fabrication of a permanent dental
restoration. The fabrication means may include a means for three-dimensionally
printing, a means for computerized milling, a means for three-dimensionally printing
a physical model and milling directly from the physical model, or a means for
fabricating with stereo lithography.

[0047] In another aspect, a method disclosed herein may include acquiring a
digital surface representation of one or more intraoral structures including a soft
tissue, processing the digital surface representation to obtain a three-dimensional
model of the soft tissue, and fabricating the three-dimensional model of the soft tissue
to obtain a physical soft tissue model.

[0048] In the method, the physical soft tissue model may be fabricated from
a material that, when cured, may include at least one property resembling the soft
tissue. The at least one property may include color, texture, or consistency. The
physical soft tissue model may be adapted for removably attaching to a dental cast of
the one or more corresponding intraoral structures. Fabricating may include three-
dimensionally printing, computerized milling, three-dimensionally printing a physical
model and milling directly from the physical model, or fabricating with stereo
lithography.

[0049] In another aspect, a system disclosed herein may include a means for

acquiring a digital surface representation of one or more intraoral structures including

a soft tissue, a processor means for processing the digital surface representation to
obtain a three-dimensional model of the soft tissue, and a fabrication means for
fabricating the three-dimensional model of the soft tissue to obtain a physical soft
tissue model. )

[0050] In the system, the physical soft tissue model may include at least one
property resembling the soft tissue. The at least one property may include color,
texture, or consistency. The physical soft tissue model may include a means for
removaBly attaching to a dental cast of the one or more corresponding intraoral

structures. The fabrication means may include a means for three-dimensionally
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printing, a means for computerized milling, a means for three-dimensionally printing
a physical model and milling directly from the physical model, or a means for
fabricating with stereo lithography.

[0051] In another aspect, a computer program product disclosed herein may
include computer executable code embodied in a computer readable medium that,
when executed on one or more computer devices, performs the steps of generating a
digital surface representation from one or more images of one or more intraoral
structures including a soft tissue, processing the digital surface representation to
obtain a three-dimensional model of the soft tissue, and converting the three-
dimensional model into a format suitable for fabrication.

[0052] The computer program product may further include computer code to
perform the step of adapting the three-dimensional model for removably attaching to a
dental cast of the one or more corresponding intraoral structures. The format may be
adapted for use with a three-dimensional printer, a computerized milling machine, or
a stereo lithography apparatus.

[0053] In another aspect, a method disclosed herein may include obtaining a
digital surface representation of one or more intraoral structures, processing the digital
surface representation to obtain a digital dental model, adding a marking to the digital
dental model, and fabricating the three-dimensional model including the marking to
obtain a marked dental model. The dental model may include a dental cast.

[0054] In the method, the marking may include a three-dimensional
marking, a two-dimensional marking printed with pigment, or a two-dimensional
marking etched by a laser. The marking may include an identification aid. The
identification aid may identify a patient, a dentist, or a dental laboratory. It may
include a logo of a dental laboratory, a bar code, a 2D matrix code. The identification
aid may uniquely identify the marked dental model. The marking may include a
treatment aid. The treatment aid may include a restoration margin, a soft tissue
boundary, alignment marks for two arches of the marked dental model in occlusion,
orthodontic bracket position marks, a landmark, a calibration mark, or a fiducial. The
method may further include adding an RFID tag to the marked dental model. The
marking may identify a position of a piece of the marked dental model in a tray.
Fabricating may include three-dimensionally printing, computerized milling, three-
dimensionally printing a physical model and milling directly from the physical model,

or fabricating with stereo lithography.
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[0055] In another aspect, a system disclosed herein may include a means for
obtaining a digital surface representation of one or more intraoral structures, a
processor means for processing the digital surface representation to obtain a digital
dental model, a marking means for adding a marking to the digital dental model, and a
fabrication means for fabricating the three-dimensional model including the marking
to obtain a marked dental model. In the system, the dental model may include a dental
cast.

[0056] In the system, the marking may include a three-dimensional marking,
a two-dimensional marking printed with pigment, or a two-dimensional marking
etched by a laser. The marking may include a means of identification. The means of
identification may include a.means for identifying a patient, a means for identifying a
dentist, a means for identifying a dental laboratory, a logo of a dental laboratory, a bar
code, a 2D matrix code, or a means for uniquely identifying the marked dental model.
The marking may include a treatment aid. The treatment aid may include a means for
determining a restoration margin, a means for determining a soft tissue boundary, a
means for aligning two arches of the marked dental model in occlusion, a means for
positioning an orthodontic bracket, or a landmark. The landmark may include a
calibration means for determining calibration status, or a fiducial means for
determining orientation visually. The system may further include a means of adding
an RFID tag to the marked dental model. The marking may include a means for
identifying position of a piece of the marked dental model in a tray. The fabrication
means may include a means for three-dimensionally printing, a means for
computerized milling, 2 means for three-dimensionally printing a physical model and
milling directly from the physical model, or a means for fabricating with stereo
lithography.

[0057] In another aspect, a computer program product disclosed herein may
include computer executable code embodied in a computer readable medium that,
when executed on one or more computer devices, performs the steps of generating a
digital surface representation from one or more images of one or more intraoral
structures, processing the digital surface representation to obtain a digital dental
model, adding a marking to the digital dental model to obtain a marked digital dental
model, and converting the market digital dental model into a form suitable for

fabrication.
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[0058] In the computer program product, the digital dental model may
include a dental cast. The marking may include a three-dimensional marking, or a
two-dimensional marking. The marking may include an identification aid. The
identification aid may identify a patient, a dentist, or a dental laboratory.
Alternatively, the identification aid may include a logo of a dental laboratory, a bar
code, or 2D matrix code. The identification aid may uniquely identify the marked
dental model. The marking may include a treatment aid. The treatment aid may
include a restoration margin, a soft tissue boundary, alignment marks for two arches
of the marked dental model in occlusion, orthodontic bracket position marks, or a
landmark. The landmark may include a calibration mark, or a fiducial. The marking
may identify a position of a piece of the marked dental model in a tray. The format
may be adapted for use with a three-dimensional printer, a computerized milling
machine, or a stereo lithography apparatus.

[0059] In another aspect, a method disclosed herein may include obtaining a
digital surface representation of one or.more intraoral structures including at least one
tooth surface prepared for a dental restoration, processing the digital surface
representation to obtain a three-dimensional model of a casting model for the dental
restoration, and fabricating the three-dimensional model to obtain the casting model.

[0060] In the method, the casting model may include an investment mold, an
investment cast, or a pressed ceramic mold. The casting model may correspond to a
coping, or the casting model may correspond to a full anatomical form of a tooth.
Fabricating may include three-dimensionally printing, computerized milling, three-
dimensionally printing a physical model and milling directly from the physical model,
or fabricating with stereo lithography.

[0061] In another aspect, a system disclosed herein may include a means for
obtaining a digital surface representation of one or more intraoral structures including
at least one tooth surface prepared for a dental restoration, a processor means for
processing the digital surface representation to obtain a three~-dimensional model of a
casting model for the dental restoration, and a fabrication means for fabricating the
three-dimensional model to obtain the casting model.

[0062] In the system, the casting model may include an investment mold, an
investment cast, or a pressed ceramic mold. Alternatively, the casting model may
correspond to a coping or a full anatomical form of a tooth. The fabrication means

may include a means for three-dimensionally printing, a means for computerized
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milling, a means for three-dimensionally printing a physical model and milling
directly from the physical model, or a means for fabricating with stereo lithography.

[0063] In another aspect, a computer program product disclosed herein may
include computer executable code embodied in a computer readable medium that,
when executed on one or more computer devices, performs the steps of generating a
digital surface representation from one or more images of one or more intraoral
structures including at least one tooth surface prepared for a dental restoration,
processing the digital surface representation to obtain a three-dimensional mode! of a
casting model for the dental restoration, and converting the three-dimensional model
into a format suitable for fabrication.

[0064] In the computer program product, the casting model may include an
investment mold, an investment cast, or a pressed ceramic mold. The casting model
may correspond to a coping or a full anatomical form of a tooth. The format may be
adapted for use with a three—dimensional printer, a computerized milling machine, or
a stereo lithography apparatus.

[0065] In another aspect, a method disclosed herein may include obtaining a
digital surface representation of one or more intraoral structures from a mouth of a
dental patient including at least one tooth surface prepared for a dental restoration,
processing the digital surface representation to obtain a three-dimensional model of a
wax model for a lost wax fabrication process, and fabricating the three-dimensional
model to obtain the wax model.

[0066] The method may further include creating an investment mold from
the wax model. The investment mold may include a mold for a coping, a dental
restoration in final anatomy form, a substructure for a dental restoration, or a full
metal crdwn. The method may further include creating a pressable from the wax
model. The pressable may include a press-to-zirconium restoration, a press-to-
alumina restoration, or a ceramic restoration. Fabricating may include three-
dimensionally printing, computerized milling, three-dimensionally printing a physical
model and milling directly from the physical model, or fabricating with stereo
lithography.

[6067] In another aspect, a system disclosed herein may include a meané for
obtaining a digital surface reﬁresentation of one or more intraoral structures from a
mouth of a dental patient including at least one tooth surface prepared for a dental

restoration, a processor means for processing the digital surface representation to
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obtain a three-dimensional model of a wax model for a lost wax fabrication process,
and a fabrication means for fabricating the three-dimensional model to obtain the wax
model. The system may further include a means for creating an investment from the
wax model.

[0068] In the system, the investment may include a coping, a dental
restoration in final anatomy form, a substructure for a dental restoration, or a full
metal crown. The system may further include a means for creating a pressable from
the wax model. The pressable may include a press-to-zirconium restoration, a press-
to-alumina restoration, or a ceramic restoration. The fabrication means may include a
means for three-dimensionally printing, a means for computerized milling, a means
for three-dimensionally printing a physical model and milling directly from the
physical model, or a means for fabricating with stereo lithography.

[0069] In another aspect, a computer program product disclosed herein may
include computer executable code embodied in a computer readable medium that,
when executed on one or more computer devices, performs the steps of generating a
digital surface representation from one or more images of one or more intraoral
structures from a mouth of a dental patient including at least one tooth surface
prepared for a dental restoration, processing the digital surface representation to
obtain a three-dimensional model of a wax model for a lost wax fabrication process,
and converting the three-dimensional model into a format suitable for fabrication.

[0070] The wax model may be for an investment. The investment may
include a coping, a dental restoration in final anatomy form, a substructure for a
dental restoration, or a full metal crown. The wax model may be for a pressable
restoration. The pressable restoration may include a press-to-zirconium restoration, a
press-to-alumina restoration, or a ceramic restoration. The format may be adapted for
use with a three-dimensional printer, a computerized milling machine, or a stereo
lithography apparatus.

[0071] In another aspect, a method disclosed herein may include obtaining a
digital surface representation of one or more intraoral structures, processing the digital
surface representation to obtain a three-dimensional digital model of an item of
removable dental hardware, and fabricating the item of removable dental hardware
from the three-dimensional digital model.

[0072] In the method, the item of removable dental hardware may include a

stent, a surgical guide, a night guard (bruxism or snoring), or a denture. Fabricating
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may include three-dimensionally printing, computerized milling, three-dimensionally
printing a physical model and milling directly from the physical model, or fabricating
with stereo lithography.

[0073] In another aspect, a system disclosed herein may include a means for
obtaining a digital surface representation of one or more intraoral structures, a
processor means for processing the digital surface representation to obtain a three-
dimensional digital model of an item of removable dental hardware, and a fabrication
means for fabricating the item of removable dental hardware from the three-
dimensional digital model.

[0074] In the system, the item of removable dental hardware may include a
stent, a surgical guide, a night guard (bruxism or snoring), or a denture. The
fabrication means may include a means for three-dimensionally printing, a means for
computerized milling, a means for three-dimensionally printing a physical model and
milling directly from the physical model, or a means for fabricating with stereo
lithography.

[0075]) In another aspect, a computer program product disclosed herein may
include computer executable code embodied in a computer readable medium that,
when executed on one or more computer devices, performs the steps of generating a
digital surface representation from one or more images of one or more intraoral
structures, the one or more images received from a scanner, processing the digital
surface representation to obtain a three-dimensional digital model of an item of
removable dental hardware, and converting the three-dimensional digital model into a
format suitable for fabrication.

[0076] In the computer program product, the item of removable dental
hardware may include a stent, a surgical guide, a night guard (bruxism or snoring), or
a denture. The format may be adapted for use with a three-dimensional printer, a
computerized milling machine, or a stereo lithography apparatus.

[6077] In another aspect, a method disclosed herein includes obtaining a
digital surface representation of one or more intraoral structures; processing the
digital surface representation to obtain a three-dimensional digital model including a
dental arch and at least one die for the dental arch; three-dimensionally printing the
dental arch; and milling the die. ' :

[0078] In another aspect, a method disclosed herein includes acquiring a

digital surface representation of one or more intraoral structures; processing the

17
ClearCorrect Exhibit 1010, Page 19 of 112



10

15

20

25

30

WO 2007/084768 PCT/US2007/001652

digital surface representation to obtain a three-dimensional model of the one or more
intraoral structures; creating at least one void siaace within the three-dimensional
model to provide a voided digital model, the at least one void space having sufficient
volume to substantially reduce material costs of fabricating the three-dimensional
model; and fabricating the voided digital model to obtain a dental model of the one or

more intraoral siructures.

BRIEF DESCRIPTION OF THE FIGURES

[0079] The invention and the following detailed description of certain
embodiments thereof may be understood by reference to the following figures.

[0080] Fig. 1 shows a dental image capture system.

[0081] Fig. 2 is a block diagram of a generalized manufacturing process for
dental objects.

{0082] TFig. 3 shows a milling machine.

[0083]) Fig. 4 shows a stereo lithography apparatus.

[0084] Fig. 5 shows a three-dimensional printer.

[0085] Fig. 6 is a high-level flow chart of a dental object fabrication process.

[0086] Fig. 7 illustrates a number of dental objects that can be fabricated
from a three-dimensional representation of dentition.

[0087] Figs. 8A-8C show a number of dental objects that can be fabricated
from a three-dimensional representation of dentition. .

[0088] Fig. 9 shows a dental object that can be fabricated from a three-
dimensional representation of dentition. .

[0089] Fig. 10 shows a dental object that can be fabricated from a three-
dimensional representation of dentition.

[0090] Fig. 11 is a top view of a digital representation of a digital dental
model.

[0091] Fig. 12 shows a restoration that can be fabricated from a three-
dimensional representation of dentition,

[0092] Fig. 13 shows a dental articulator.

[0093] Fig. 14 shows a digital dental model with two partial arches in
occlusion. .

[0094] Fig. 15 depicts a cross section of an alignment geometry including a

positioning key.
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[0095] Fig. 16 shows a virtual application of an articulator geometry to a
dental model.

[0096] Fig. 17 shows a dental model including alignment geometry.

[0097] Fig. 18 shows pieces of a dental model fabricated from a digital
dental model.

[0098] Fig. 19 shows a dental model assembled on an articulator.

[0099] Fig. 20 shows a dental articulator.

DETAILED DESCRIPTION

[00100] Described herein are systems and methods of fabricating dental
objects for use in dental articulators based upon three-dimensional digital data
captured from an intraoral scan. While the description emphasizes certain scanning
technologies and certain combinations of fabrication techniques, it will be understood
that additional variations, adaptations, and combinations of the methods and systems
below will be apparent to one of ordinary skill in the art, such as fabrication of dental
restorations not specifically described, or use of three-dimensional output or
fabrication technologies not specifically identified herein, and all such variations,
adaptations, and combinations are intended to fall within the scope of this disclosure.
Further, while the techniques described herein are particularly useful for mechanical
alignment of pieces of an articulating dental model, and manufacturing and design of
same, it will be understood that the techniques described herein may be more
generally applied to any environment where it is desired to capture the alignment and
relative motion of a number of separately manufactured rigid bodies.

[00101] In the following description, the term “image” generally refers to a
two-dimensional set of pixels forming a two-dimensional view of a subject within an
image plane. The term “image set” generally refers to a set of related two
dimensional images that might be resolved into three-dimensional data. The term
“point cloud” generally refers to a three-dimensional set of points forming a three-
dimensional view of the subject reconstructed from a number of two-dimensional
views. In a three-dimensional image capture system, a number of such point clouds
may also be registered and combined into an aggregate point cloud constructed from
images captured by a moving camera. Thus it will be understood that pixels generally
refer to two-~dimensional data and points generally refer to three-dimensional data,

unless another meaning is specifically indicated or clear from the context.
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[00102] The terms “three-dimensional surface representation”, “digital
surface representation”, “three-dimensional surface map”, and the like, as used herein,
are intended to refer to any three-dimensional surface map of an object, such as a
point cloud of surface data, a set of two-dimensional polygons, or any other data
representing all or some of the surface of an object, as might be obtained through the
capture and/or processing of three-dimensional scan data, unless a different meaning
is explicitly provided or otherwise clear from the context.

[00103] A “three-dimensional representation” may include any of the three-
dimensional surface representations described above, as well as volumetric and other
representations, unless a different meaning is explicitly provided or otherwise clear
from the context.

[00104] In general, the terms “render” or “rendering” refer to a two-
dimensional visualization of a three-dimensional objéct, such as for display on a
monitor. However, it will be understood that three-dimensional rendering
technologies exist, and may be usefully employed with the systems and methods
disclosed herein. As such, rendering should be interpreted broadly unless a narrower
meaning is explicitly provided or otherwise clear from the context.

[00105] The term “dental object”, as used herein, is intended to refer broadly
to subject matter specific to dentistry. This may include intraoral structures such as
dentition, and more typically human dentition, such as individual teeth, quadrants, full
arches, pairs of arches which may be separate or in occlusion of various types, soft
tissue, and the like, as well bones and any other supporting or surrounding structures.
As used herein, the term “intraoral structures” refers to both natural structures within
a mouth as described above and artificial structures such as any of the dental objects
described below that might be present in the mouth. Dental objects may include
“restorations”, which may be generally understood to include components that restore
the structure or function of existing dentition, such as crowns, bridges, veneers,
inlays, onlays, amalgams, composites, and various substructures such as copings and
the like, as well as temporary restorations for use while a permanent restoration is
being fabricated. Dental objects may also include a “prosthesis” that replaces
dentition with removable or permanent structures, such as dentures, partial dentures,
implants, retained dentures, and the like. Dental objects may also include
“appliances” used to correct, align, or otherwise temporarily or permanently adjust

dentition, such as removable orthodontic appliances, surgical stents, bruxism
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appliances, snore guards, indirect bracket placement appliances, and the like. Dental
objects may also include “hardware” affixed to dentition for an extended period, such
as implant fixtures, implant abutments, orthodontic brackets, and other orthodontic
components. Dental objects may also include “interim components™ of dental
manufacture such as dental models (full and/or partial), wax-ups, investment molds,
and the like, as well as trays, bases, dies, and other components employed in the
fabrication of restorations, prostheses, and the like. Dental objects may also be
categorized as natural dental objects such as the teeth, bone, and other intraoral
structures described above or as artificial dental objects such as the restorations,
prostheses, appliances, hardware, and interim components of dental manufacture as
described above.

[00106]. Terms such as “digital dental model”, “digital dental impression” and
the like, are intended to refer to three-dimensional representations of dental objects
that may be used in various aspects of acquisition, analysis, prescription, and
manufacture, unless a different meaning is otherwise provided or clear from the
context. Terms such as “dental model” or “dental impression” are intended to refer to
a physical model, such as a cast, printed, or otherwise fabricated physical instance of
a dental object. Unless specified, the term “model”, when used alone, may refer to
either or both of a physical model and a digital model.

[00107] Fig. 1 shows an image capture system. In general, the system 100
may include a scanner 102 that captures images from a surface 106 of a subject 104,
such as a dental patient, and forwards the images to a computer 108, which may
include a display 110 and one or more user input devices such as a mouse 112 or a
keyboard 114. The scanner 102 may also include an input or output device 116 such
as a control input (e.g., button, touchpad, thumbwheel, etc.) or a display (e.g., LCD or
LED display) to provide status information.

[00108] The scanner 102 may include any camera or camera system suitable
for capturing images from which a three-dimensional point cloud may be recovered.
For example, the scanner 102 may employ a multi-aperture system as disclosed, for
example, in U.S. Pat. Pub. No. 20040155975 to Hart et al., the entire contents of
which is incorporated herein by reference. While Hart discloses one multi-aperture
system, it will be appreciated that any multi-aperture system suitable for
reconstructing a three-dimensional point cloud from a number of two-dimensional

images may similarly be employed. In one multi-aperture embodiment, the scanner
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102 may include a plurality of apertures including a center aperture positioned along a
center optical axis of a lens and any associated imaging hardware. The scanner 102
may also, or instead? include a stereoscopic, triscopic or other multi-camera or other
configuration in which a number of cameras or optical paths are maintained in fixed
relation to one another to obtain two-dimensional images of an object from a number
of slightly different perspectives. The scanner 102 may include suitable processing
for deriving a three-dimensional point cloud from an image set or a number of image
sets, or each two-dimensional image set may be transmitted to an external processor
such as contained in the computer 108 described below. In other embodiments, the
scanner 102 may employ structured light, laser scanning, direct ranging, or any other
technology suitable for acquiring three-dimensional data, or two-dimensional data that
can be resolved into three-dimensional data.

{00109] In one embodiment, the scanner 102 is a handheld, freely
positionable probe having at least one user input device 116, such as a button, lever,
dial, thumb wheel, switch, or the like, for user control of the image capture system
100 such as starting and stopping scans. In an embodiment, the scanner 102 may be
shaped and sized for dental scanning. More particularly, the scanner may be shaped
and sized for intraoral scanning and data capture, such as by insertion into a mouth of
an imaging subject and passing over an intraoral surface 106 at a suitable distance to
acquire surface data from teeth, gums, and so forth. The scanner 102 may, through
such a continuous acquisition process, capture a point cloud of surface data having
sufficient spatial resolution and accuracy to prepare dental objects such as prosthetics,
hardware, appliances, and the like therefrom, either directly or through a variety of
intermediate processing steps. In other embodiments, surface data may be acquired
from a dental model such as a dental prosthetic, to ensure proper fitting using a
previous scan of corresponding dentition, such as a tooth surface prepared for the
prosthetic.

[00110] Although not shown in Fig. 1, it will be appreciated that a number of
supplemental lighting systems may be usefully employed during image capture. For
example, environmental illumination may be enhanced with one or more spotlights
illuminating the subject 104 to speed image acquisition and improve depth of field (or
spatial resolution depth). The scanner 102 may also, or instead, include a strobe,
flash, or other light source to supplement illumination of the subject 104 during image

acquisition.
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[00111] The subject 104 may be any object, collection of objects, portion of
an object, or other subject matter. More particularly with respect to the dental
fabrication techniques discussed herein, the object 104 may include human dentition
captured intraorally from a dental patient’s mouth. A scan may capture a three-
dimensional representation of some or all of the dentition according to particular
purpose of the scan. Thus the scan may capture a digital model of a tooth, a quadrant
of teeth, or a full collection of teeth including two opposing arches, as well as soft
tissue or any other relevant intraoral structures. In other embodiments where, for
example, a completed fabrication is being virtually test fit to a surface preparation, the
scan may include a dental prosthesis such as an inlay, a crown, or any other dental
prosthesis, dental hardware, dental appliance, or the like. The subjéct 104 may also,
or instead, include a dental model, such as a plaster cast, wax-up, impression, or
negative impression of a tooth, teeth, soft tissue, or some combination of these.

[00112] The computer 108 may be, for example, a personal computer or other
processing device. In one embodiment, the computer 108 includes a personal
computer with a dual 2.8GHz Opteron central processing unit, 2 gigabytes of random
access memory, a TY AN Thunder K8WE motherboard, and a 250 gigabyte, 10,000
rpm hard drive. This system may be operated to capture approximately 1,500 points
per image set in real time using the techniques described herein, and store an
aggregated point cloud of over one million points. As used herein, the term “real
time” means generally with no observable latency between processing and display. In
a video-based scanning system, real time more specifically refers to processing within
the time between frames of video data, which may vary according to specific video
technologies between about fifteen frames per second and about thirty frames per
second. More generally, processing capabilities of the computer 108 may vary
according to the size of the subject 104, the speed of image acquisition, and the
desired spatial resolution of three-dimensional points. The computer 108 may also
include peripheral devices such as a keyboard 114, display 110, and mouse 112 for
user interaction with the camera system 100. The display 110 may be a touch screen
display capable of receiving user input through direct, physical interaction with the
display 110.

[00113] Communications between the computer 108 and the scanner 102 may
use any suitable communications link including, for example, a wired connection or a

wireless connection based upon, for example, IEEE 802.11 (also known as wireless
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Ethernet), BlueTooth, or any other suitable wireless standard using, e.g., a radio
frequency, infrared, or other wireless communication medium. In medical imaging or
other sensitive applications, wireless image transmission from the scanner 102 to the
computer 108 may be secured. The computer 108 may generate control signals to the
scanner 102 which, in addition to image acquisition commands, may include
conventional camera controls such as focus or zoom.

[00114] In an example of general operation of a three-dimensional image
capture system 100, the scanner 102 may acquire two-dimensional image sets at a
video rate while the scanner 102 is passed over a surface of the subject. The two-
dimensional image sets may be forwarded to the computer 108 for derivation of three-
dimensional point clouds. The three-dimensional data for each newly acquired two-
dimensional image set may be derived and fitted or “stitched” to existing three-
dimensional data using a number of different techniques. Such a system employs
camera motion estimation to avoid the need for independent tracking of the position
of the scanner 102. One useful example of such a technique is described in
commonly-owned U.S. App. No. 11/270,135, filed on November 9, 2005, the entire
contents of which is incorporated herein by reference. However, it will be
appreciated that this example is not limiting, and that the principles described herein
may be applied to a wide range of three-dimensional image capture systems.

[00115] The display 110 may include any display suitable for video or other
rate rendering at a level of detail corresponding to the acquired data. Suitable
displays include cathode ray tube displays, liquid crystal displays, light emitting diode
displays and the like. In some embodiments, the display may include a touch screen
interface using, for example capacitive, resistive, or surface acoustic wave (also
referred to as dispersive signal) touch screen technologies, or any other suitable
technology for sensing physical interaction with the display 110.

[00116] Fig. 2 is a conceptual block diagram of participants in a generalized
manufacturing process for dental objects. The system 200 may begin with a patient
202 being scanned by a scanner 204, such as the scanner 102 and image capture
system 100 described above, to obtain a digital surface representation 206 of one or
more intraoral structures. This may include scans before and/or after a surface has
been prepared to receive a dental restoration or other dental object. So, for example, a
pre-preparation scan may be taken to capture a shape of the original anatomy and any

occlusion information useful in creating a restoration, and a prepared surface scan
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may be taken to use as a basis for creating the restoration, and in particular for
shaping the restoration to the prepared surface. Articulation data relating to the
orientation and/or relative motion of an upper and lower arch may also be obtained
through one or more scans of the arches in occlusion, or through other techniques
such as still images or video of the arches in various orientations, or various
dimensional measurements captured directly from the arches, or a physical bite
registration captured on a thin sheet of material.

[00117] In one embodiment, a second scanner such as a PMD{vision] camera
from PMD Technologies, may be employed to capture real-time, three-dimensional
data on dynamic articulation and occlusion. While this scanner employs different
imaging technology (time-of-flight detection from an array of LEDs) than described
above, and produces results with resolution generally unsuitable for reconstruction of
dental models, such a scanner may be employed to infer motion of, e.g., opposing
dental arches with sufficient resolution to select an axis for articulation or otherwise
capture dynamic information that can be applied to two or more rigid bodies of a
dental object scan. This data may be supplemented with more precise alignment data
statically captured from digital or manual bite registration to provide reference or
calibration points for continuous, dynamic motion data.

[00118] The digital surface representation 206 may be processed with one or
more post-processing steps 208. This may include a variety of data enhancement
processes, quality control processes, visual inspection, and so forth. Post-processing
steps may be performed at a remote post-processing center or other computer facility
capable of post-processing the imaging file, which may be, for example a dental
laboratory. In some cases, this post-processing may be performed by the image
capture system 100 itself. Post-processing may involve any number of clean-up steps,
including the filling of holes, removing of outliers, etc.

[00119] Data enhancement may include, for example, smoothing, truncation,
extrapolation, interpolation, and any other suitable processes for improving the quality
of the digital surface representation 206 or improving its suitability for an intended
purpose. In addition, spatial resolution may be enhanced using various post-
processing techniques. Other enhancements may include modifications to the data,
such as forming the digital surface representation 206 into a closed surface by
virtually providing a base for each arch, or otherwise preparing the digital surface

representation for subsequent fabrication steps.
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[00120] In a quality control process, the digital surface represent.ation 206
may be analyzed for the presence of holes or regions of incomplete or inadequate scan
data. The digital surface representation 206 may also be automatically examined for
unexpected curvature or asymmetry to a scanned arch, or other apparent defects in the
acquired data. Other quality control processeé may incorporate additional data. For
example, a current scan may be compared to previous scans for the same patient. As
another example, a selection of a dental restoration may be analyzed along with a scan
of a tooth surface prepared for the restoration in order to evaluate the suitability of the
surface preparation and any surrounding dentition for receiving the restoration. More
generally, any process for evaluating data in the digital surface representation 206
with respect to its quality, internal consistency, or intended use, may be used in a
post-processing quality control process.

[00121] The digital surface representation 206 may also be displayed for
human inspection, such as by providing a perspective rendering of a point cloud of
acquired surface data on a display.

[00122] Following any manual or automated post-processing, the resulting
digital model may be transmitted to a rapid fabricationAfacility 216, as indicated by an
arrow 209. In addition, articulation data 218 in any suitable form may be transmitted
for use in subsequent processing steps, as well as a prescription or other specification

for manufacture of a restoration, appliance, hardware, and the like. The rapid

' ‘fabriéyeition facility 216 may be a dental Iaborétory, an in-house dental laboratory at a

dentist’s office, or any other facility with machinery to fabricate physical models from
digital models. The rapid fabrication facility 216 may, for example, include a milling
system 210, a stereo lithography system 212, Digital Light Processing (not shown), or
a three-dimensional printer 214, or some combination of these. The milling system
210 may fnclude, for example, a CNC milling machine. Milling systems may be used
to take a block of material and create a variety of outputs, including full-arch models,
dies, wax-ups, investment chambers or a final restoration or appliance. Such blocks
may include ceramic-based, particle-board, wax, metals or a variety of other
materials. Dental milling systems such as Procera from Nobel Biocare Inc. or Cerec
from Sirona Inc. may also be used to create a~ﬁnal dental hardware component. The
stereo lithography system 212 may include, for example, a Viper System by 3D
Systems, Inc. The three-dimensional printer 214 may include, for example, an

InVision HR printer from 3D Systems. Each of these fabrication techniques will be
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described in greater detail below. Other techniques for three-dimensional
manufacturing are known, such as Fused Deposition Modeling, Laminated Object
Manufacturing, Selective Laser Sintering, and Ballistic Particle Manufacturing, and
may be suitably be adapted to use in certain dental applications described herein.
More generally, three-dimensional fabrication techniques continue to become
available. All such techniques may be adapted to use with the systems and methods
described herein, provided they offer suitable fabrication resolution in suitable )
materials for use with the various dental objects described herein.

[00123] The rapid fabrication facility 216 may use the articulation data 218
and the digital model to generate one or more dental objects, such as one or more full
arch models 220, one or more dies 222, one or more waxups 224, one or more
investment chambers 226, and/or one or more final restorations or appliances 228.
Some components, such as the dies 222 and arches 220, may be inserted into an
articulated model 234 such as an articulator with a standard base 230 or a custom base
232. Articulators and articulated models are described in greater detail below. A
dental laboratory may employ these various components to complete a restoration
236, which may be returned to a dentist for placement into/onto the dentition of the
dental patient.

[00124] Various aspects of this system and process will now be described in
greater detail, beginning with the rapid fabrication techniques that may be employed
with the systerhs and methods described herein.

[00125] Fig. 3 shows a milling machine that may be used with the systems
and methods herein. In particular, Fig. 3 illustrates a Computerized Numerically
Controlled (“CNC”) miiling machine 300 including a table 302, an arm 304, and a
cutting tool 306 that cooperate to mill under computer control within a working
envelope 308. In operation, a workpiece (not shown) may be attached to the table
302. The table 302 may move within a horizontal plane and the arm 304 may move
on a vertical axis to collectively provide x-axis, y-axis, and z-axis positioning of the
cutting tool 306 relative to a workpiece within the working envelope 308. The cutting
tool 306 may thus be maneuvered to cut a computer-specified shape from the
workpiece.

[00126] Milling is generally a subtractive technology in that material is
subtracted from a block rather than added. Thus pre-cut workpieces approximating

commonly milled shapes may advantageously be employed to reduce the amount of
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material that must be removed during a milling job, which may reduce material costs
and/or save time in a milling process. More specifically in a dental context, it may be
advantageous to begin a milling process with a precut piece, such as a generic coping,
rather than a square block. A number of sizes and shapes (e.g., molar, incisor, etc.) of
preformed workpieces may be provided so that an optimal piece may be selected to
begin any milling job. Various milling systems have different degreés of freedom,
referred to as axes. Typically, the more axes available (such as 4-axis milling), the
more accurate the resulting parts. High—speed milling systems are commercially
available, and can provide high throughputs.

[00127] In addition a milling system may use a variety of cutting tools, and
the milling system may include an automated tool changing capability to cut a single
part with a variety of cufting tools. In milling a dental model, accuracy may be
adjusted for different parts of the model. For example, the tops of teeth, or occlusal
surfaces, may be cut more quickly and roughly with a ball mill and the prepared tooth
and dental margin may be milled with a tool resulting in greater detail and accuracy.
In general, milling systems offer the advantage of working directly with a finished
material so that the final product is free from curing-related distortions or other
artifacts. As a disadvantage, a high precision requires smaller cutting tools and
correspondingly slower fabrication times.

[00128] CNC milling and other milling technologies can be employed for
manufacturing dental models, dental model cémponents, wax-ups, investment
chambers, and other dental objects, some of which are described in greater detail
below. In addition specialty dental milling equipment exists, such as the Cerac
system from Sirona Dental. Another useful milling system for the dental fabrication
processes described herein is a copy milling system that permits manual or automated
transfer of a three-dimensional form from a physical object to a milled target.

[00129] All such milling systems as may be adapted to use in the dental
applications described herein are intended to fall within the scope of the term “milling
system” as used herein, and a milling process may employ any of the milling systems
described herein.

[00130] Fig. 4 shows a stereo lithography apparatus (“SLA”) that may be
used with the systems and methods described herein. In general, the SLA 400 may
include a laser 402, optics 404, a steering lens 406, an elevator 408, a platform 410,
and a straight edge 412, within a vat 412 filled with a polymer. In operation, the laser
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402 is steered across a surface of the polymer to cure a cross-section of the polymer,
typically a photocurable liquid resin, after which the elevator 408 slightly lowers the
platform 408 and another cross section is cured. The straight edge 412 may sweep the
surface of the cured polymer between layers to smooth and normalize the surface
prior to addition of a new layer. In other embodiments, the vat 412 may be slowly
filled with liquid resin while an object is drawn, layer by layer, onto the top surface of
the polymer. One useful commercial embodiment of an SLA is the SCS-1000HD
available from Sony Corporation.

[00131] Stereo lithography is well-suited for the high volume production of
dental models and dies, because parts may be batched on machines for rapid
production. When optimized, these parts may be used in lieu of plaster dental models
and other dental objects. An SLA may be usefully employed for fabrication of dental
models, arches and cast-able parts, as well as for other high-accuracy and/or high-
throughput applications. In some embodiments an SLA may receive a digital surface
representation directly from a clinician’s intraoral scan, and manufacture a dental
model corresponding to the patient’s dentition with or without surrounding soft tissue.
Where groups of related objects are manufactured, they may be physically
interconnected during the SLA process so that a complete set or kit is readily handled
after fabrication. Individual pieces of the kit may be separated and trimmed or

finished as appropnate, such as by a qualified technician in a dental laboratory. In

f"such embodlments dental ob_] ects may be oriented so that the interconnecting frame

or other mechanical infrastructure only contacts objects on non-critical surfaces.
Thus, for exa;nple, connections might be avoided on opposing surfaces of a dental
arch where fine detail is to be preserved.

[00132] An SLA may require significant optimization of operating
parameters such as draw speeds, beam diameters, materials, etc. These parameters
may be stored in a “style” file, which may also vary accuracy and speed in different
areas of a model. So, for example, a tooth within an arch that contains a surface
prepared for a dental prosthetic may be optimized for detail/accuracy, while a distant
tooth on a different arch may be optimized for speed.

[00133] A related technology, Digital Light Processing (“DLP”), also
employs a container of curable polymer. However, in a DLP system, a two-
dimensional cross section is projected onto the curable material to cure an entire

transverse plane at one time. DLP fabrication currently provides resolution on the

29
ClearCorrect Exhibit 1010, Page 31 of 112



10

15

20

25

30

WO 2007/084768 PCT/US2007/001652

order of 40 microns, with further sub-pixel accuracy available using a number of
techniques.

[00134] Fig. 5 shows a three-dimensional printer. The three-dimensional
printer 500 may include a print head 502, a material supply 504, a platform 506, and
positioning mechanisms (not shown) such as elevators, arms, belts, and the like that
may be used to position the print head 502 relative to a printed item 508 during a
printing operation. In operation, the print head 502 may deposit curable
photopolymers or powders in a layer-by-layer fashion.

[00135] Various types of three-dimensional printers exist. Some printers
deposit a polymer in conjunction with a support material or a bonding agent. In some
systems, the stage may move as well to control x-y motion of the print head 502
relative to the platform 506 and printed item 508. Models printed on such systems
may require finishing steps, such as removal of wax supports and other cleaning
processes. Three-dimensional printers are well suited to rapid fabrication of small
parts such as wax patterns or wax-ups, as well as dies and other relatively small dental
objects. One commercial system suitable for three-dimensional dental printing
applications is the InVision HR printer from 3D Systems.

[00136] Three-dimensional printing may be usefully employed for fabricating
a variety of dental objects including wax-ups that may be cast by a dental laboratory
to create a traditional metal substructure restoration, often referred to as a Porcelain-
Fused-to-Metal (“PFM?”) restoration. Direct three-dimensional printing of the wax-up
(much of the shape of which may be directly inferred from a digital surface
representation of a patient’s dentition) may omit intermediate processing steps in
conventional dentistry, where the shape of the dentition travels from an impression to
a model to a wax-up. This approach advantageously prevents loss or corruption of
data between the source (the patient’s dentition) and the target wax-up by
transitioning directly from an intraoral scan to a waxup, bypassing intermediate
processing steps. Other useful applications of three-dimensional printing are
described below in greater detail.

[00137] It will be appreciated that other rapid prototyping systems are known
in the art. Thus, the terms fabricate, fabricating, and fabrication, as used herein, will
be understood to refer to the fabrication technologies above, as well as any other rapid
prototyping or other manufacturing technology that might be adapted to manufacture

of custom dental objects, including, without limitation, selective laser sintering
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(“SLS”), fused deposition modeling (“FDM?”), laminated object manufacturing
(*LOM?”), and so forth, unless a different meaning is explicitly pro‘;ided or otherwise
clear from the context. Similarly, any of the above technologies, either alone or in
combination, may operate as a means for fabricating, printing, manufacturing, or
otherwise creating the dental objects described herein. It will be appreciated that the
fabrication steps described above with reference to particular technologies may be
followed by additional steps such as curing, cleaning, and so forth to provide a final
product,

[00138] The manufacturing techniques described above may be combined in
various ways to provide a multimodal fabrication process. Thus, for example, a CNC
milling machine may be used to create a die for a tooth requiring greater detail than an
SLA can provide, while the SLA may be employed for a model of a dental arch that
contains the die. This multimodal approach may deploy the advantages of various
technologies in different aspects of the fabrication process, such as using stereo
lithography for speed, milling for accuracy, and three-dimensional printing for high-
speed fabrication of small parts. In addition, as described in one of the examples
below, other mass production techniques such as injection molding may be employed
for certain standardized parts, such as an articulator.

[00139] Fig. 6 is a high-level flow chart of a dental object fabrication process.
This process 600 employs a three-dimensional representation of dentition acquired
directly from an intraoral scan, and advantageously bypasses a number of processing
steps used in conventional dentistry.

[00140] In general the process 600 may begin with data acquisition, as shown
in step 602. Data acquisition may include any acquisition of a digital surface
representation, or other three-dimensional or other representation of dentition suitable
for use in a dental object fabrication process. The data acquisition may be performed
using, for example, the scanner 102 and image capture system described above with
reference to Fig. 1. In certain embodiments, a number of different scans may be
acquired, such as scans to establish articulation and occlusion of arches, or scans
before and after a surface preparation, which may be used jointly to create a prosthetic
or the like. For example, to establish articulation and occlusion of arches, scans may

be made of the upper and lower arches, and a bite scan may be taken with the upper

and lower arches in various types of occlusion and so forth.” Used jointly, these scans
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may provide full detail for an upper and lower arch, along with static and dynamic
data concerning the alignment and motion of the arches.

[00141] Once suitable data has been acquired, one or more modeling
operations may be performed, as shown in step 604. This may include modeling steps
such as ditching a virtual die of a digital dental model, specifying a tooth for
treatment, filling holes or otherwise correcting data, bite registration, and/or fully
designing a restoration, prosthetic, hardware or other dental objeci(s), as well as any
other modeling or digital model manipulation useful in a dental context. Modeling
may be performed using commercially available Computer Automated Design
(“CAD”) or other three-dimensional modeling tools, or special-purpose dental
modeling software such as the inLab CAD/CAM system from .Sirona.

[00142] For example, modeling may include bounding the surface
representation to form a solid, and then creating a void space, or collection of void
spaces within the solid that do not affect dentally significant surfaces such as the
dentition or surrounding soft tissue. This may advantageously result in significant
reductions in material required to fabricate a dental model from the voided digital
model, thus reducing material costs as well as time to manufacture dental models.

[00143] Modeling for articulated models may include using scan data
together with bite registration and other data to position two rigid bodies
corresponding to opposing arches in a relative orientation corresponding to the
position of the arches in a dental patient’s mouth. Once so aligned, the arches may be
mechanically registered to a common reference surface that corresponds to, e.g., the
top and bottom of a dental articulator. This process is described in greater detail
below.

[00144] As another example, modeling may include the computer aided
design of an item of removable dental hardware. This may account for the shape of
teeth and soft tissue, jaw position, occlusal and/or articulating relationships, soft
palette and any other spatial or dynamic characteristics of a patient’s mouth, as well
as any objectives for the hardware. For example, a bruxism night guard may simply
serve to separate opposing arches slightly, and may be designed to permit or prohibit
breathing through the mouth. A suitable device may be virtually designed that fits the
teeth, provides a small amount of intervening material, and conforms to any other
aspects of the patient’s mouth such as the tongue, lips, and the like. As another

example, a snore night guard may be virtually designed to displace one arch slightly
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in a manner that provides greater clearance for the palette. Other items of removable
hardware, such as a surgical guide, removable denture, or stent may similarly be
virtually designed within a digital modeling environment. Once a design has been
established, the resulting digital model may be fabricated using any of the fabrication
techniques described below. A number of other modeling steps are described with
reference to specific fabrication processes below. It will be appreciated that the term
“modeling” as used herein may refer to any processing of a digital dental model
including fully automated, semi-automated, and/or manual processes such as those
noted throughout this description.

[00145] As shown in step 606, a prescription may be prepared. This specifies
a type of restoration, prosthetic, or the like, and may include a variety of additional
information related to a manufacturer, color, finish, die spacing, and so forth. It will
be appreciated that the prescription step 606 may be performed before the modeling
step 608, such as in a process where a dentist transmits the initial digital surface
representation from a patient to a dental laboratdry along with a prescription, leaving
some or all of the modeling to the dental laboratory.

[00146] As shown in step 608, one or more dental objects may be fabricated.
Fabrication may be performed using any of the fabrication technologies described
above, either alone or in various combinations, using data from one of the modeling
systems described above, which may be reformatted or otherwise adapted as
necessary for a particular printing, milling, or other fabrication technology. Also, as
will be clear from some of the examples below, fabrication may include a
combination of different fabrication technologies. For example, dental model may be
three-dimensionally printed with a space for a die, and the die may be milled of a
different material for use in subsequent processing steps. Thus, the term “fabrication”
as used herein is intended to refer to any suitable fabrication technology unless a
specific fabrication technology is explicitly identified, or otﬁerwise clear from the
context. A number of specific fabrication examples are discussed below in greater
detail.

[00147] As shown in step 610, a prosthetic or other dental object may be
returned to a dentist for placement into a patienf’s dentition.

[00148) It will be appreciated that the above processes may be realized in
hardware, software, or any combination of these suitable for the data acquisition and

fabrication technologies described herein. This includes realization in one or more
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microprocessors, microcontrollers, embedded microcontrollers, programmable digital
signal processors or other programmable devices, along with internal and/or external
memory. The may also, or instead, include one or more application specific
integrated circuits, programmable gate arrays, programmable array logic components,
or any other device or devices that may be configured to process electronic signals. It
will further be appreciated that a realization may include computer executable code
created using a structured programming language such as C, an object oriented
programming language such as C++, or any other high-level or low-level
programming language (including assembly languages, hardware description
languages, and database programming languages and technologies) that may be
stored, compiled or interpreted to run on one of the above devices, as well as
heterogeneous combinations of processors, processor architectures, or combinations
of different hardware and software. At the same time, processing may be distributed
across devices such as a camera and/or computer and/or fabrication facility in a
number of ways or all of the functionality may be integrated into a dedicated,
standalone device. All such permutations and combinations are intended to fall
within the scope of the present disclosure.

[00149] It will also be appreciated that means for performing the steps
associated with the processes described above may include any suitable components
of the image capture system 100 described above with reference to Fig. 1, as well as
any components of the fabrication facilities described with reference to Figs. 3-5,
along with any software and/or hardware suitable for controlling operation of same.
All such realizations and means for performing the processes disclosed herein are
intended to fall within the scope of this disclosure.

[00150] Fig. 7 illustrates a number of dental objects that can be fabricated
from a three-dimensional representation of dentition. A full arch modei 700 may
include an upper arch 702, a lower arch 704, a die 706 with a prepare surface 708 and
a ditched region 710, and an articulator 712 that maintains the upper arch 702 and the
lower arch 704 in a desired occlusal relationship. It will be appreciated that, while
Fig. 7 depicts a single die 706 in the upper arch 702, a dental model 700 may include
any number of dies 706, some or all of which may be in the lower arch 704.

[00151] Generally, the die 706 is manually cut from a dental model by a
dental technician for preparation of a restoration or the like from the prepared surface

708 thereof. However, applying the principles described herein, the die may be
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virtually cut during the modeling step above, and separately fabricated using any of
the techniques above. Thus in one embodiment, a technique for fabricating pre-cut
dental models is disclosed. As a significant advantage, this.approach removes a
manual processing step from conventional dentistry. While the arches 702, 704 may,
in general be fabricated using a process selected for high speed or low cost, the die
may be fabricated using a process selected for hardness, or more generally, for
suitability for subsequent processing steps. Thus in one embodiment the arches 702,
704 of the model may be fabricating using three-dimensional printing or DLP and the
precut die 706 may be fabricated using computerized milling. The die 706 may also,
or instead, be pre-indexed using, e.g., a pair of posts on the die 706 and matching
boles on the upper arch 702, so that, although manufactured separately, the die 706
may be mechanically registered to the upper arch 702.

[00152] In conventional dental fabrication, a die spacer (not shown) such as a
thin painted film is often used to provide spacing between a model surface preparation

and a dental component such as a crown or other restoration. The spacing may

" accommodate cement used to attach the final restoration to the actual surface

preparation in a patient’s mouth. The spacing may also account for dimensional
changes that occur to various materials during drying, curing, or other handling during
various fabrication steps and may provide a margin of error for a final restoration. In
one aspect, a restoration may be virtually mbdeled directly from a digital surface
representation of dentition before and after a surface preparation, which may
advantageously remove the need for manually applied die spacers. In some
embodiments where control of die spacer thickness is desired, or various types of
intermediate physical modeling are anticipated, a die spacer may be virtually cr\eated
and integrated into a model. The die spacer may be integrated directly into a printed
component such as a die to acCount for any physical displacement or offset that the
die spacer would have provided. In addition to virtual integration of dies spacers for a
cementation voids or dimensional variation, the modeling step may include the
addition of a layer of occlusal relief to provide similar accommodation for occlusal
spacing between a restoration and a prepared surface (and by extension, between the
restoration and a tooth of an opposing arch).

[00153] In various processes, it may be faster and/or cheaper to fabricate
components of a dental model in a hollow form, that is, omitting any material not

required for creating a prosthetic or fitting the prosthetic within occlusal surfaces of

35
ClearCorrect Exhibit 1010, Page 37 of 112



10

15

20

25

30

WO 2007/084768 PCT/US2007/001652

the arches 702, 704. Thus, portions of the upper arch 702, the lower arch 704, and/or
the die 706 may be hollowed during the modeling step(s) in preparation for
fabrication. Other modeling steps may usefully be performed. For example, it is
common practice to “ditch” the die(s) of a dental model for increased physical
exposure of the surface preparation, and in particular, the margin, for subsequent
inspection, manipulation, and processing. This may be performed virtually such as
through a modeling tool that permits automatic, semi-automatic, or manual ditching
of a die in a digital surface representation or other digital model of dentition. In
general, the degree of automation will depend on the ability to either automatically
detect or provide by way of electronic annotation, a demarcation of the margin line
for a surface preparation below which the die may be ditched.

[00154] Modeling may provide additional useful features to the dental model
700. For example, if articulation and/or occlusion data is provided with the digital
version of the dental model, attachment interfaces 716 such as slots, holes, notches,
alignment guides, or the like, may automatically added during the modeling step that
properly orient the arches 702, 704 in the articulator 712 (provided, of course, the
type or dimensions of the articulator are known). The mechanical interface between
the articulator 712 and the arches 702, 704 may include screws, interlocking tongue
and groove regions, or other mechanical components to removably attach the arches
702, 704 to the articulator. Where a commercial articulator 712 also includes
positioning adjustments, the output of the modeling step(s) may also specify one or
more settings for these adjustments, which may be included along with a digital dental
model, or directly physically marked onto the model for reproduction during
fabrication. In another useful technique for aligning the arches 702, 704 one or more
outside edges of the upper arch 702 model and the lower arch 704 model may be
beveled so that, when placed on a flat surface along that edge, the teeth of the arches
702, 704 remain in their occluded orientation. This may be accomplished by, for
example, virtually placing the arches 702, 704 in occlusion within a modeling
environment, and then defining a plane within the environment that crosses both
arches 702, 704. As illustrated in Fig. 7, a rear edge where the articulator 712
attaches to the model 700 defines such a plane, however one or more additional areas
of the edge may be similarly modified, such as the side edges, the front edge, or

intermediate regions of the edge of the model 700.
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[00155] More generally, the fabrication technologies described above may be
used in combination with a variety of digital modeling tools to directly fabricate
dental objects such as restorations, prosthetics, appliances, and hardware, as well as a
variety of interim components of dental manufacture used to create ainy of the
foregoing. A more detailéd description of ;echniques for fabricating articulated dental
models is provided below with reference to Fig. 12 et seq.

[00156] Fig. 8 shows a number of dental objects that can be fabricated from a
three-dimensional representation of dentition. In particular, Fig. 8 A shows a tray 800
for a dental model and Fig. 8B shows a base 850 for a dental model, and Fig. 8C
shows a pre-articulated arch 870 for use with the tray 800 of Fig. 8A.

[00157]) The tray 800 of Fig. 8A may include a mass 802 with a receptacle
804 such as a groove or indentation and one or more mechanical registration features
806, such as ridges, grooves, slots, or any other physical features that might be used to
receive a base (Fig. 8B) into the tray 800 in a predetermined orientation. The mass
802 may be shaped and sized for use with an articulator. In certain embodiments, the
mass 802 may be shaped and sized for a particular commercially available articulator.
The receptacle 804 and the mechanical registration features 806 may be custom
designed for a particular dental model, or they may be standardized so that any base
850 (Fig. 8B) may be modeled with a mating form to the standardized tray 800. In
such embodiments, the tray 800 may be mass produced using a process such as
injection molding, or any other suitable high volume, low cost manufacturing process.
The tray 800 may be mass produced in a number of sizes, such as small, medium, and
large, to accommodate various rough sizes of dentition, or the tray 800 may be mass
produced in a number of sizes adapted for specific commercially available
articulators, or the tray 800 may be mass produced in a single size. Thus, the tray 800
may be created from a three-dimensional digital model of dentition in the modeling
step(s) described above, or the tray 800 may be mass produced.

[00158] It will be appreciated that, while the physical registration features
806 of the tray 800 may be adapted to receive a base (Fig. 8) for an entire arch of
dentition, the physical registration features 806 may also, or instead, be used to orient
a single die (not shown), or a number of dies within a dental model such as an
articulated dental model. In one embodiment, an entire arch may be precut and
preindexed within a virtual environment in the modeling step(s) described above,

using varying degrees of automation.  Thus, while Fig. 8B shows a unitary base 850
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for a dental model, the base 850 may actually consist of one or more precut,
preindexed dies, and/or a unitary base for any remaining dentition from a digital
model.

[00159] The base 850 of Fig. 8B may be created from a three-dimensional
digital model of dentition in the modeling step(s) described above. The base 850 may
include one or more physical registration features 852 such as ridges, grooves, slots,
or any other physical features that might be used to fit the base to the tray into the tray
800 in a predetermined orientation. The base 850 may also include one or more keys
854 for receiving individual teeth or groups of teeth in a dental model. Each key 854
may have a unique shape and or size so that each tooth or group of teeth in the dental
model is uniquely indexed to a location on the base 850. While the keys 854 are
depicted as cylindrical posts, it will be appreciated that any mechanical registration
scheme may be employed to provide a unique location on the base 850 for each tooth
or group of teeth in a dental model, including pairs of pins, grooves, slots, varying
shapes or impressions, and so forth.

[00160] The base 870 of Fig. 8C may be created from a three-dimensional
digital model of dentition in the modeling step(s) described above. The base 870
may, in general function resemble thé base 850 of Fig. 8B, and may be precut, pre-
indexed, and/or pre-articulated as deséribed herein, except that the base 870 of Fig.
8C includes a surface model of dentition registered to the tray 800, rather than
indexed sites for individual teeth of the model as with the base 850 of Fig 8B.

[00161] Although not depicted in Fig. 8, it will be understood that individual
teeth or groups of teeth may also be created in a modeling step such that they mate to
the keys 854 of the base in a unique arrangement. Varying degrees of automation
may be provided for such modeling steps in which, for example, a computerized
process fully automates the location of natural teeth and/or surface preparations
within the digital model of dentition, or a human identifies some teeth or portions of
teeth to assist a computerized process, or a fully manual process in which a human
operator places a base 850 and keys within a volumetric representation of dentition.
Thus for example, a dental model may be virtually created and directly fabricated that
includes a base 850 with holes preprinted for one or more corresponding pins on one
or more dies, which may also be directly fabricated from the digital dental model with

preprinted, matching pins. In this example, the dental model may be directly printed
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from the digital model as a plurality of preindexed components ready for assembly at
a dental laboratory.

[00162] In addition, as noted above, the model may be prearticulated so that
the fabricated dental model assembles on an articulator into a model that articulates in
a manner corresponding to articulation of the source dentition. This may include
various aspects of static articulation such as occlusal contact points and arch positions
in various types of occlusion, as well as dynamic occlusion such as (where available
from the digital model or supporting data) lateral excursions, jaw motion, and the like.

[00163] In one embodiment, the base 850 may be used to orient a dental
model within an articulator. Articulated models are used by a dental laboratory
technician to determine how to contour the anatomy of a crown or other prosthetic so
as to maintain, or in some cases, improve the bite of a patient. By pre-articulating the
models during a modeling and fabrication process, a laboratory may save considerable
time and effort. In the traditional process, labs are forced to prepare plaster dental
arch models from physical impressions taken by a dentist, and manually mount dental
arch models into a face bow, a hinged apparatus that simulates the jaw of the patient.
The alignment is then manually performed on the mounted models with reference to
articulation paper -- wax paper on which the patient bites -- received from a dentist.

[00164] Using information concerning a particular articulator, such as a
predetermined commercially available articulator, a particular tray 800, such as a
mass-produced tray shaped for use with the articulator, and a three-dimensional
representation of dentition that includes articulation and/or occlusion information, the
base 850 may readily be adapted to orient teeth within the articulated dental model in
their natural occlusion and/or with their natural articulation. In general, this may be
achieved by positioning the arches of the digital model in occlusion‘ and locating a
hinge or pivot point for an articulator relative to the digital model. The base 850 may
then be adapted to bridge any space between a virtual model of the mass-produced
tray, as oriented relative to the hinge of the articulator, and the teeth of the digital
model of dentition. When the resulting base 850 and any teeth or groups of teeth are
fabricated, the articulated model can be assembled using the registration features
discussed above to obtain a properly articulated dental model, that is, a model with
articulation and/or occlusion corresponding to the source of the digital dental model

such as a dental patient.
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[00165] Tt will be understood that, while a full arch model is depicted in Fig.
8, the tray 800 and base 850 may be for a quadrant, or one or more teeth of a
quadrant, along with one or more opposing teeth, for use in an articulator that does
not require a full arch.

[00166] Leveraging rapid fabrication technologies such as milling, stereo
lithography, and digital light processing allows for the virtual creation and direct
fabrication of the individual components of a precut, preindexed, and/or prearticulated
dental model. Thus in one embodiment, disclosed herein is a method and system for
fabricating a dental model including a plurality of components. While this may
include the components of a dental model described above, it may also, or instead,
include other components such as investment molds, waxups, and so forth, which may
be modeled with varying degrees of automation and transmitted to a dental laboratory
or rapid manufacturer as a virtual model of a kit of cooperating dental components.
Some or all of the components of the kit may then be directly fabricated from the
virtual model, which may be fabricated with an interconnecting wireframe or other
structure to maintain components of the kit in a connected relationship until finishing
and assembly by a dental technician. Additional examples of these general techniques
are provided below.

[00167] Fig. 9 shows a dental object that can be fabricated from a three-
dimensional representation of dentition. More particularly, a waxup 900 of a typical
single tooth dental die is shown. Waxups may be employed in a lost wax fabrication
process to form restorations or an investment casting chamber or other interim
components of dental manufacture. For example, the waxup may instead be
employed to create a pressable mold for use with a press-to-zirconium restoration, a
press-to alumina restoration, or a pressable ceramic restoration. Waxups may be
cosmetic or diagnostic models used first to test a restoration (or other dental object)
design, and then to physically fabricate the final restoration in a lost wax process. Ina
conventional dental fabrication process, a waxup is formed by placing wax directly on
a dental model — applied to a surface prepared for a restoration -- and hand-crafting a
desired restoration. Using the techniques described herein, a waxup may be
fabricated directly from a digital three-dimensional representation. For example, the
form of the waxup may be inferred through a direct spatial comparison of a scan of
dentition before a preparation to a scan of the dentition after a surface has been

prepared for a dental object. Where the prosthetic is cosmetic, rather than simply
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restorative, a tooth may be automatically, semi-automatically, or manually designed,
with the waxup inferred from a spatial comparison of the design to the prepared
surface. The digital model of the waxup may then be fabricated using any of the
techniques described above.

[00168] In addition to capturing the correct form for a waxup, a modeling
step for a waxup may include the addition of one or more sprues that provide paths
into (for investment material) and/or out of (for venting) an investment chamber used
with the waxup. Thus, one or more sprues may be added to the waxup and directly
fabricated using any of the techniques described herein. While a waxup of a single
die is depicted in Fig. 9, it will be appreciated that a number of variations, such as a
waxup for a restoration bridging two or more teeth, are also intended to fall within the
meaning of the term waxup as used herein.

[00169] Fig. 10 shows a dental object that can be fabricated from a three-
dimensional representation of dentition. More specifically, Fig. 10 illustrates an
investment casting chamber 1000 for a single unit pressed or metal restoration.
Investment chambers are used in a lost wax process to create metal or ceramic-
pressed copings or final restorations. The investment chamber 1000 includes a first
mold 1002 and a second mold 1004 which, when placed together, enclose a space
defining a restoration geometry. The molds 1002, 1004 may also include a path 1008
for investment. In a conventional dental fabrication procedure, the investment casting
chamber 1000 is physically formed from a model such as the waxup described above.
However, applying the principles described herein, the investment chamber 1000 may
be virtually created from a digital three-dimensional representation of dentition and
directly fabricated using the techniques described above. In one embodiment, a
computerized milling machine may be employed to fabricate an investment chamber
from a suitable material for investment or pressing.

[00170] It will be understood that, while the waxups and investment
chambers described above may be used to fabricate full restorations such as crowns in
their entirety, they may also, or instead, be employed to fabricate a coping or other
substructure for use in a Porcelain-Fused-to-Metal (“PFM™) restoration, or any other
technique in which the final restoration is fabricated in a number of steps that include
creation of a substructure.

[00171] Thus there is disclosed herein a method of fabricating casting models

from three-dimensional surface data captured during an intraoral scan of a dental
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patient’s mouth. While any number of suitable virtual modeling steps may be
performed to obtain a digital version of the casting model, the entire process may
advantageously be performed without resort to intermediate physical modeling. The
casting model may include the investment chamber described above or other
investment molds or pressed ceramic molds, as well as an investment cast for an
investment mold such as a model of a full restoration, a coping, or a full anatomical
form of one or more teeth.

[00172] While not depicted in Fig. 10, it will be understood that other molds
may be fabricated using the techniques described herein. For example, a bruxism or
snoring night guard may be fabricated from a soft plastic or rubber. The guard may
be virtually designed during the modeling step(s) described above, and a
corresponding mold may be virtually created based upon the digital design for the
guard. The mold may then be fabricated from any suitable material using the
techniques described herein, and the mold may be filled with a pourable, curable
polymer or other substance that will dry or cure into the night guard. Still more
generally, any dental object suitable for fabrication in a casting or molding process
may advantageously be fabricated using a mold, cast, or other similar device created
directly from a digital model of corresponding human dentition.

[00173] Fig. 11 is a top view of a digital representation of a digital dental
model. The digital dental model 1100 may include a three-dimensional digital surface
representation of a plurality of teeth 1102 in a dental arch, such as used for a dental
cast or other dental object. The digital dental model 1100 may also include a number
of features added during a modeling step as described above.

[00174] For example, the digital dental model 1100 may include one or more
beveled edges 1104, as described above in reference to Fig. 7. These edges 1104 may
serve to align, e.g., top and bottom arches of a full dental model in an occluded
relationship when the two pieces of the model are placed on a flat surface. This
feature may aid in handling and working with a physical realization of the full dental
model. The edges 1104 may be added to an initial digital representation of scan data
from an intraoral scan of dentition, and reproduced in a dental model fabricated from
the digital model using any of the techniques described above.

[00175] As another example, the digital dental model 1100 may include one
or more markings 1106. While depicted as printed text, it will be understood that a

variety of markings may be added to the digital dental model 1100 including coloring
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or text created with pigment, embossment or other three-dimensional surface
markings, bar codes, graphics, and so forth. The marking may perform a number of
functions such as specifying a physical arrangement of model components or
specifying a location of a component within a model, identifying a source or intended
destination of the digital dental model 1100, identifying a stock keeping unit (“sku™)
or other inventory number of a component, or highlighting a region of dental
significance. For example, the markings 1106 may identify features such as a
restoration margin, a soft tissue boundary, an alignment or occlusion point for a pair
of arches, an undercut area for design of a removable prosthetic framework, an
orthodontic bracket position or positioning guide, and the like. The markings 1106
include an identification aid concerning the model such as a marking that identifies a
patient, a dentist, or a dental laboratory. The marking 1106 may include a logo, such
as of a dental laboratory, a bar code, a stock keeping unit code, or any other code that
uniquely identifies the model or associates the model with a category of models. The
markings 1106 may provide conceptual guides such as a fiducial or a calibration
landmark. The markings 1106 may also include a void space to receive, e.g., an RFID
tag or other tracking device that may be used to manage an inventory of dental
models.

[00176] The markings 1106 may, as a specific example, show a margin as a
highly contrasted line around a prepared tooth surface. As another example, the
prepared surface may itself be marked in a different color from the rest of the model
for easy visual identification. These and other markings may be added to a digital
dental model 1100, which may be fabricated using any of the techniques described
above to provide a marked dental model.

[00177] The digital dental model 1100 may also include soft tissue 1108 such
as gums, palate, and so forth. In some embodiments, the soft tissue 1108 may be
independently modeled and fabricated. This may entail a degree of estimation
concerning the shape of teeth below the gumline, which may be supplemented by one
or more direct measurements or scans of sub-gumline dentition or models of
characteristic tooth shapes. The soft tissue 1108 may be fabricated using any of the
techniques described above, and in particular, fabrication techniques that can yield a
pliable fabricated model adapted for removal and reattachment to a corresponding
model of the hard dentition. The physical soft tissue model may be fabricated from a

material that includes a property of live soft tissue such as color, texture, or
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consistency, or from a material that can be cured to have such properties. The
physical soft tissue model may usefully serve to simulate planned soft tissue contour
after healing, or to provide a template or surgical guide to aid a clinician during a
surgical procedure.

[00178] Fig. 12 shows a restoration that can be fabricated from a three-
dimensional representation of dentition. It will be understood that, while a multi-
tooth bridge is depicted, the restoration 1200 may be any indirect restoration or
appliance — as distinguished from direct restorations such as amalgams that are
created directly within a dental patient’s mouth -- suitable for manufacture using the
techniques described herein. Thus the restoration 1200 may include an array of
components that restore the structure and/or function of existing dentition, such as
crowns, bridges, veneers, inlays, onlays, composites, temporary restorations, and
various substructures such as copings and the like. Other dental objects such as
dentures, partial dentures, implants, retained dentures and so forth may also be
directly fabricated from a suitably manipulated model of human dentition and/or any
surface preparations of the dentition for the restoration(s).

[00179] The modeling step(s) may include inferring a model from a

comparison of pre-preparation and post-preparation scans of a restoration site. Where

_ cosmetic or clinically indicated enhancements or other alterations are indicated, the

modeling step(s) may also, or instead, included the virtual creation of a target three-
dimensional form for one or more teeth according to aesthetic or other dental
principles. The creation of a target form may be automated, semi-automated, or
manual, although at least some degree of automation is likely to be used for creation
of a full three-dimensional structure. In addition, the modeling step(s) may include
adapting the target form to any surrounding dentition including opposing and adjacent
teeth. A model for the restoration 1200 (or other dental object as described above)
may then be inferred from a comparison of surface preparation (if any) obtained from
a scan of a dental patient’s mouth to the target form for the restoration 1200.

[00180] Fabrication may include any of the fabrication techniques described
above. For example, the restoration 1200 may be fabricated using computerized
milling of a pre-formed ceramic blank, such as a zirconia ceramic having a nano-
crystalline porous structure. The resulting product may then be sintered into a hard
ceramic structure. Sintering may cause some shrinkage — uniform in all dimensions

for suitable starting materials — and the milled product may be modeled with a
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correspondingly larger size in order for the final product to sinter to suitable
dimensions for the restoration site. A veneer may then be applied to achieve a
restoration that resembles natural human dentition. As above, the model may be sized
to account for a thickness of veneer applied to the milled and sintered product.

[00181] As another example, fabrication may include three-dimensional
printing or fabricating with a stereo lithography apparatus. The fabrication may be
performed with a material that inherently posseéses, or cures to possess, or can
otherwise be processed to possess one or more characteristics of human dentition,
such as color, hardness, strength, wear resistance, texture, and biocompatibility. For
example, the material may include a sinterable metal and/or ceramic, or an
appropriate resin or other polymer, along with any additives suitable for printing or
stereo lithography processes. Suitable materials are known in the three-dimensional
printing and stereo lithography arts. In one embodiment, a biocompatible veneer may
be applied to the fabricated model.

[00182] In one embodiment, a temporary restoration may be three- .
dimensionally printed into a printed model of any suitable material, and the printed
model may be used with a copy milling machine — i.e., a milling machine for
transferring a physical form from one material such as the printed model to another
material such as a ceramic or other material suitable for a temporary restoration. The
digital source for the printed model may, at the same time or any other convenient
time for the dentist, be transmitted to a remote facility such as a rapid manufacturer or
a dental laboratory for manufacture of a permanent restoration. The temporary
restoration may be replaced with the permanent restoration at a subsequent dental visit
by a dental patient.

[00183] An application of the foregoing techniques and technologies is now
described in greater detail with respect to a dental articulator with an alignment grid.

[00184] Fig. 13 illustrates an articulator 1300 that may be used with objects
fabricated from a three-dimensional representation of dentition. The articulator
includes a first arm 1302 and a second arm 1322 each having a mounting surface end
1306, 1326 and an opposing pivot end 1304, 1324 respectively. The second arm 1322
and the first arm 1302 may slidably and detachably engage at their respective pivot
ends 1304, 1324 through a lateral motion as indicated by an arrow 1350. The arms
1302, 1322 may, once so engaged, pivot on a pin, an axle, bearings, or other structure

suitable for rotational engagement of the arms 1302, 1322. In the depicted
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embodiment, the arms engage and pivot through an interlocking pin 1352 on the
second arm 1322 which is received into a circular retainer 1354 on the first arm 1302.
Opposite of their pivot end, each arm 1302, 1324 may have a mounting surface 1308,
1328 to receive one or more dental objects that have a corresponding geometry in a
predetermined orientation and position.

[00185]) While a simple rotational engagement is one convenient technique
for moveably attaching the arms 1302, 1322 to one another, it will be understood that
other techniques may be employed including rotational engagement having a more
complex or varied rotational or curvilinear path controlled by a number of
interconnected parts, as well as a sliding engagement, such as along posts, that
accommodates straight, linear engagement and disengagement of the opposing
mounting surfaces 1308, 1328 and any workpieces attached thereto.

[00186] The mounting surfaces 1308, 1328 may include a raised surface with
a regular geometry or reference grid such as a regular pattern of hexagons, circles,
triangles, squares, or the like. A regular geometry with centers spaced at a pitch of,
e.g., 2 mm, or in other embodiments, between about 1 mm and 5 mm, or more
generally, between .5 mm and 10 mun, may provide significant advantages. Unlike
the dental objects attached thereto (which are typically specific to a dental patient),
the articulator 1300 may be mass produced with very high accuracy. The injection
molded parts may be further refined with computerized milling or the like to improve
local and global accuracy of the reference grid relative to an electronic model thereof.
The resulting mounting surfaces 1308, 1328 may provide accuracy on the order of 25
microns for center placement of a repeating geometry. Thus, each hexagon (or circle,
square, etc.) may be accurately centered.

[00187] By contrast, the corresponding dental objects (not shown) may be
produced using a process with, e.g., pliable materials or an unavoidable degree of, for
example, curing or thermal deformation that may affect overall geometry. The use of
a highly accurate reference grid for placement of objects that repeats within a small
range (e.g., less than 2 mm) ensures localized accuracy for objects attached to the
grid. That is, when the corresponding grid is applied to a digital model and a physical
object is fabricated from the digital model, dimensional accuracy of the physical
object can be confirmed (in at least two dimensions) by mating the object to a known,
accurate reference grid. By embedding this reference grid into the articulator 1300, a

localized accuracy check is implicitly performed each time an object is attached to the
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grid. It will be understood that, while a repeating, hexagonal reference grid is
depicted in Fig. 13 et seq., any number of variations may be employed including
regular and irregular spacing (which may also register each object in a unique location
on the grid), and a variety of repeating or non-repeating shapes. Thus, in general,
terms such as grid, regular grid, regular geometry, alignment grid, reference grid, and
the like will be understood to refer to any geometric pattern that can be imposed on an
articulator in a mass production process with éufﬁcient accuracy to ensure localized
accuracy of objects mated thereto. Where irregular patterns, such as random patterns
or varying shapes, are employed, it will be understood that a relevant characteristic
may be feature size rather than center spacing. Thus, individual shapes may be used
within a pattern that has relatively large center spacing, relatively small center
spacing, or varying center spacing, provided features of the shapes within the
reference grid provide features that locally verify accuracy of a corresponding model.
The features may include holes, arcs, angles, spurs, or any combination of these, or
any other suitable geometric pattern or patterns. The spacing of these features may be
any distance suitable for the desired localization of accuracy, such as 2 mm, 3mm,
between about 1 mm and 5 mm, or more generally, between .5 mm and 10 mm, and
each shape may include one or more features.

[00188] In other embodiments, similar alignment grids may be applied along
other plane surfaces of fabricated dental objects, provided they do not interfere with
the creation of final dental works, such as along sides or other handling surfaces
thereof. These may serve as additional dimensional checks even where they are not
used for alignment of various pieces in an articulator or the like.

[00189] It will also be understood that additional advantages may accrue
from such an alignment grid. By using a significant number of mating surfaces, a
good tension or friction fit may be maintained between the articulator 1300 and pieces
attached thereto. This may simplify handling of workpieces by mitigating or
removing the need for additional fasteners and the like. Further, by distributing this
fit along the entire mating surface, or a significant portion thereof, lateral stability of
the inserted pieces may be increased for improved handling of the assembled model.
Further, the articulator 1300 may be fabricated in a material such as
polyphenylsulfone (“PPSF”) that provides sufficient hardness and thermal resistance

to be washed and reused numerous times.
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[00190] Fig. 14 shows a digital dental model with two partial arches in
occlusion. The model 1400 may include two opposing surfaces such as a partial
upper arch 1402 and a partial lower arch 1404 with at least one tooth surface 1404
prepared for an artificial dental object. It will be understood that the depiction of Fig.
14 is an example only. While the figure depicts a partial upper and lower arch with a
single tooth prepared for a crown, the digital dental model may include more or less
of each opposing arch, and may include a tooth surface prepared for any one or more
dental objects suitable for fabrication using the techniques described herein. The
opposing surfaces 1402, 1404 may be virtually aligned using, for example digital bite
registration, such as by registering the digital objects to a surface scan that spans both
arches while the arches are in occlusion, as generally described above.

[00191] It will be understood that, while a partial arch model including a
prepared tooth surface is depicted in this and the following figures, the techniques
described herein may also, or instead, be suitably applied to models with or without
prepared tooth surfaces, single tooth models, quads, partial arches, full arches, and so
forth.

[00192] Fig. 15 depicts a cross section of an alignment geometry including a
regular geometry and a positioning key. As discussed above, the alignment geometry
may include a regular geometry 1500 of hexagons 1502 or other shapes, along with a
positioning key 1504 or other mechanical registration feature adapted for unique
positioning of one or more dental objects in a plane. In general, the positioning key
1504 mechanically encodes positional information and the regular geometry 1500
enforces local accuracy against a fixed reference array as described above. The
regular geometry 1500 and/or positioning key 1504 may be embedded in raised and/or
recessed surfaces of mating components such as dental articulators (or bases, and so
forth) and components of dental models to capture relative position and orientation of
the components.

[00193] It will be understood that, while the positioning key 1504 is depicted
as an orthogonal line pair, and such a key may be usefully employed with the systems
and methods described herein, a variety of other keys and registration schemes may
be usefully employed to uniquely position objects in an x-y plane of a mounting
surface. Any such technique that would be apparent to one of skill in the art may be
employed with the systems described herein, provide it offers suitable scale and detail

for the dental models described herein.
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[00194] When constructing an articulator such as the articulator 1300
described above for use with objects containing the alignment geometry, a number of
features may be included to improve ease of use and assembly. For example, the
surface on the articulator corresponding to the positioning key 1504 may be raised
slightly (e.g., .1 mm, .5 mm, 1 mm, 2 mm, or any distance between these distances, or
any other distance) to provide tactile feedback during assembly. As another example,
a single circular element may extend substantially above the surface of the articulator
(or above the mating surface of the dental object) as an alignment post, with a
corresponding hole in the mating surface. This permits convenient centering of an
object by a user during assembly with both visual and tactile feedback. Once centered
on the alignment post, further assembly requires only rotational alignment to the
alignment geometry and any associated positioning keys. As another example, the
opposing surfaces of the articulator and dental object(s) may be provided with a three-
dimensional contour (such as a rectangular pyramid) that urges the opposing pieces
into alignment during assembly. That is by providing a cone or pyramid shape on one
side, and an inverted duplicate of same on the other, the two pieces will tend to move
into alignment as they are pressed together, providing gross tactile feedback on proper
alignment.

[00195] Fig. 16 shows a virtual application of an articulator geometry to a
dental model. In this digital model 1600, an alignment geometry 1602 such as any of
the alignment geometries described above, may be positioned in two separated,
parallel planes corresponding to the operative positions of two halves of a dental
articulator having the same geometry. A dental model, which may include an upper
surface 1604 and a lower surface 1606 in occlusion as described generally above, may
be positioned within the planes of the alignment geometry 1602, either manually or
automatically (e.g., by alignment relative to top and bottom planes of the dental
model).

[00196] The dental model may then be extended (again, either automatically
or manually) to intersect the planes of the alignment geometry 1602. A three-
dimensional model of the alignment geometry 1602 may then be added to the digital
model that mechanically corresponds to the alignment geometry of an articulator,
such as any of the articulators described above. Where the planes of the alignment
geometry 1602 represent innermost bounds of the articulator surfaces, the dental

model may then be further extended or extruded to a length corresponding to an
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outermost bound of the articulator. Where the planes of the alignment geometry 1602
represent outermost bounds of the articulator surfaces, the alignment geometry may
be projected inward on the surfaces of the dental model (using, e.g., an exclusive or
(“XOR”) or other operation) to a depth reaching to the innermost bounds of the
articulator surfaces. The resulting digital model 1600 is prefit and prealigned to a
dental articulator having corresponding alignment geometry and positioning keys.

[00197] It will be understood that, while the articulator described above
employs two plane surfaces that are parallel when arches of the model are occluded,
this is not strictly required, and any alignment or positioning may be employed that
suitably presents occlusion and alignment data to a technician who is fabricating a
dental object therefrom. It will also be understood that additional process may be
required as will be readily appreciated by one of ordinary skill in the art. For
example, the side walls of a PPSF injection molded part may require a pitch of 1° to
insure that the part can be removed from a mold. A corresponding pitch may be
added to the three-dimensional alignment geometry of the digital model 1600 for a
good fit, In addition, tolerances may be varied to increase or decrease the tightness of
fit between assembled parts, which may be specified on a part by part, customer by
customer, or global basis. In another aspect, the shape of the mating three-
dimensional surface of the model need not correspond to the shape of the dental
model. That is, the mating surface of the dental model may be digitally fashioned as a
base plate larger than the cross-section of the dental object, or as a regular geometry
small than the dental model, such as a square or rectangle fit within the cross-
sectional bounds of the dental model, or some other shape independent of the cross-
sectional shape of the dental model. All such variations are intended to fall within the
scope of this disclosure.

[00198] Fig. 17 shows a dental model including alignment geometry. An
upper arch 1701 and a lower arch 1702 generally present features such as a regular
geometric array and positioning keys that will mechanically register a physical model
fabricated therefrom in correct orientation within a dental articulator such as the
articulator 1300 described above. It will be noted that the digital dental model 1700
may be further processed prior to fabrication as described generally above. For
example, in conventional dentistry, dies are manually cut from a dental model by a
dental technician for preparation of a restoration. However, applying the principles

described herein, a die 1708 may be virtually cut from a first and second adjacent
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regions 1704, 1706 of the lower arch 1702 during a modeling step (as described
generally above). Each portion of the model may be separately manufactured, which
permits, for example manufacture of the die 1708 from a different material and/or
using a different process, as described for example with reference to Fig. 9 above.
Thus the die 1708 may be milled from a ceramic while the other regions 1704, 1706
may be fabricated using DLP, stereo-lithography, or three-dimensional printing. For
computerized milling or the like, a billet may be preformed with the regular geometry
and/or positioning key integrated therein. This may provide an additional advantage
of orienting the workpiece in the milling environment, such as through use of a
support device with a surface corresponding to the surface(s) of an articulator. Thus
in one embodiment, a technique for fabricating pre-cut dental models directly from a
digital model is disclosed.

[00199] Other modeling techniques described above may also be employed to
assist in transitioning from a digital dental model to a physical dental model, such as
the virtual die spacing, occlusal relief, ditching of the die, and so forth.

[00200] Fig. 18 shows pieces of a dental model fabricated from a digital
dental model. Fig. 18A shows a first portion of a lower arch corresponding to a first
adjacent region 1706 of a lower arch 1702 in Fig. 17 above. Fig. 18B shows a cut die
corresponding to the die 1708 of Fig. 17 above. Fig. 18C shows a second portion of a
lower arch corresponding to the second adjacent region 1704 of Fig. 17 above. Fig.
18D shows an upper arch corresponding to the upper arch 1701 of Fig. 17 above.

[00201] It will be understood that the pieces of a dental model illustrated in
Figs 18A-18D may be fabricated in a number of ways. For example they may be
fabricated as a kit using, e.g., stereo-lithography or digital light processing as
described above, and may include an interconnecting wire frame or other structure to
keep the pieces joined together until they reach a dental technician or other handler.
They may be fabricated from different materials or using different processes as
described generally above. They may include bar codes, embedded radio-frequency
identification (“RFID”) tags, color coding, or other markings or identification
technologies to assist in tracking and handling large numbers of parts.

[00202] Fig. 19 shows a dental model assembled on an articulator. In
general, the assembled model may include a first section 1902 and a second section
1904 of an articulator, a first arch 1906 (or partial arch), and a second arch precut into
a first piece 1908, a second piece 1910, and a third piece 1912 for use in fabrication of
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an artificial dental object such as a crown, prosthesis, and the like. A regular
geometric array and/or positioning keys molded into the sections 1902, 1904 of the
articulator may physically mate with corresponding surfaces of the model pieces
1906, 1908, 1910, 1912 to providing an articulating model that reproduces the
orientation of dental structures from a dental patient. The assembled model may
capture various aspects of static articulation such as occlusal contact points and arch
positions in various types of occlusion, as well as dynamic occlusion such as lateral
excursions, jaw motion, and the like.

[00203] It will be appreciated that, the mechanical registration features 802
may also, or instead, be used to orient a single die (not shown), or a number of dies
within a dental model. In one embodiment, an entire arch may be precut and pre-
indexed within a virtual environment in the modeling step(s) described above, using
varying degrees of automation.

[00204] Fig. 20 shows another embodiment of a dental articulator. The
articulator 2000 may include a first arm 2002 and a second arm 2004, such as the
arms described above. Each arm 2002, 2004 may ihclude a mounting surface 2006
with a reference grid surrounded by a retaining wall 2007 that includes a positioning
key comprised of a number of alignment guides 2008. Each arm 2002, 2004 may also
include visual markings 2010 such as letters or other markings to assist a user in
assembling components of a model on the arms 2002, 2004. It will be understood that
while visual markings 2010, the retaining wall 2007, the alignment guides 2008, and
the regular geometry of the mounting surface 2006 are illustrated only for the first
arm 2002, that some or all of these features may also, or instead, be on the opposing
second arm 2004 even though they are not visible in the perspective drawing of Fig.
20.

[00205] The retaining wall 2007 may provide lateral stability to object
inserted into the articulator 2000, or may enhance stability provided by the reference
grid as described above. The alignment guides 2008 may provide a positioning key to
support unique positioning of separate components within a dental (or other) model.
Thus, for example, as depicted in Fig. 20, the alignment guides 2008 may have a
gradually increasing width from guide to guide along the retaining wall 2007 in order
to provide mechanical registration for a number of pieces. Similarly, variations in
spacing, shape, and size may be employed to mechanically register model

components within the space defined by the retaining wall 2007. In addition to this
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mechanical registration, the visual markings 2010, which may be letters, numbers,
symbols, or the like, may provide visual indicators of object positioning that are
correlated to similar or identical visual markings printed on model components. In
this manner, a user assembling objects to the articulator 2000 is provided with visual
indicators of position, reinforced with mechanical registration of the alignment guides
2008. .

[00206] It will also be appreciated that the embodiments described above are
by way of example and not limitation. Dental models fabricating using the techniques
described herein may include, without limitation, a pre-manufactured base upon
which dental models are aligned. More generally, the fabrication technologies
described above may be used in combination with a variety of digital modeling tools
to directly fabricate dental objects such as restorations, prosthetics, appliances, and
hardware, as well as a variety of interim components of dental manufacture used to
create any of the foregoing. The dental model, or portions thereof, may. be directly
printed from the digital model as a plurality of preindexed components ready for
assembly at a dental laboratory.

[00207] Leveraging rapid fabrication technologies such as milling and stereo
lithography allows for the virtual creation and direct fabrication of the individual
components of a precut, preindexed, and/or prearticulated dental model such as
described above with reference to Figs. 13-20. Thus in one embodiment, disclosed
herein is a method and system for fabricating a dental model including a plurality of
components. While this may include the components of a dental model described
above, it may also, or instead, include other components such as investment molds,
waxups, and so forth, which may be modeled with varying degrees of automation and
transmitted to a dental laboratory or rapid manufacturer as a virtual model of a kit of
cooperating dental components. Some or all of the components of the kit may then be
directly fabricated from the virtual model.

[00208] Thus there is disclosed herein direct fabrication of restorations and
appliances from digital models such as digital surface representations acquired from
human dentition. This fabrication, and any of the other fabrication processes
described herein may be performed, for example, at a dental laboratory or at an in-
office dental laboratory at a dentist’s office.

[00138] While the invention has been disclosed in connection with certain

preferred embodiments, other embodiments will be recognized by those of ordinary
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skill in the art, and all such variations, modifications, and substitutions are intended to
fall within the scope of this disclosure. Thus, the invention is to be understood with

reference to the following claims, which are to be interpreted in the broadest sense

allowable by law.
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CLAIMS

What is claimed is:

1. A method comprising:
acquiring a digital surface representation of one or more intraoral structures;
processing the digital surface representation to obtain a three-dimensional model
including a plurality of components; and
fabricating the three-dimensional model to obtain a dental model of the plurality of

components.

2. The method of claim 1, wherein the plurality of components includes a waxup of a

dental object.

3. The method of claim 1, wherein the plurality of components includes an investment
chamber.

4, The method of claim 1, wherein the plurality of components includes a die.

5. The method of claim 4, wherein the die includes a die spacer integrated into the die.
6. The method of claim 4, wherein the plurality of components includes a component

with an integrated die spacer.

7. The method of claim 4, wherein the die includes a layer of occlusal relief integrated

into the die.
8. The method of claim 1, wherein the plurality of components include a dental model.

9. The method of claim 1, wherein the plurality of components includes at least one of a
full arch dental model including one or more tooth preparations, a dental quadrant opposing
the one or more tooth preparations, and a full arch opposing the one or more tooth

preparations.

10. The method of claim 1, wherein the dental model includes a component having a

mechanical registration feature.
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11. The method of claim 10, wherein the mechanical registration feature orients the
component in a dental tray, the dental tray further adapted to attach to an articulating
mechanism in an assembled model wherein the component and one or more other ones of the

plurality of components articulate in a manner corresponding to the one or more intraoral

structures.
12. The method of claim 11, wherein the plurality of components includes the dental tray.
13. The method of claim 10, wherein the mechanical registration feature orients the

component in a base.

14. The method of claim 10, wherein the mechanical registration feature includes one or

More grooves.

15. The method of claim 10, wherein the mechanical registration feature includes one or
more pins.
16. The method of claim 10, wherein the component includes a die, the mechanical

registration feature adapted to position the die in a unique location in a dental base.

17. The method of claim 16, wherein the plurality of components includes the dental
base.
18. The method of claim 1, wherein processing the digital surface representation includes

incorporating one or more visual markings, the dental model including the one or more visual

markings.

19. The method of claim 18, wherein the visual markings include three-dimensional

markings.
20. The method of claim 18, wherein the visual markings include color markings.

21. The method of claim 1, wherein the plurality of components includes a pair of
opposing bases with one or more pairs of matching beveled edges oriented so that a plurality
of teeth in the pair of opposing bases lie in occlusion when the pair of opposing bases are

placed on a level surface on any one of the one or more pairs of matching beveled edges.
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22. The method of claim 1, wherein the plurality of components are pre-indexed for

mechanical assembly into the dental model.

23. The method of claim 1, wherein the at least one of the plurality of components is

adapted to fit a pre- fabricated base.

24. The method of claim 1, wherein the plurality of components include a plurality of
dies, each one of the plurality of dies including a mechanical registration feature adapted to fit

a predetermined location in a dental base.

25. The method of claim 24, wherein the mechanical registration feature includes one or
more pins.

26. The method of claim 1, wherein fabricating includes three-dimensionally printing.
27. The method of claim 1, wherein fabricating includes computerized milling.

28. The method of claim 1, wherein fabricating inclucies three-dimensionally printing a

physical model and milling directly from the physical model.

29.~  The method of claim 1, wherein fabricating includes fabricating with stereo

lithography.

30. A system comprising:

a means for acquiring a digital surface representation of one or more intraoral
structures;

a processor means for processing the digital surface representation to obtain a three-
dimensional model including a plurality of components; and

a fabrication means for fabricating the three-dimensional model to obtain a dental

model of the plurality of components.

31. The system of claim 30, wherein the plurality of components includes a waxup of a

dental object.

32. The system of claim 30, wherein the plurality of components includes an investment

chamber.

57
ClearCorrect Exhibit 1010, Page 59 of 112



10

15

20

25

30

35

WO 2007/084768 PCT/US2007/001652

33. The system of claim 30, wherein the plurality of components includes a die.
34. The system of claim 33, wherein the die includes a die spacer integrated into the die.
35. The system of claim 33, wherein the plurality of components includes a component

with an integrated die spacer.

36. The system of claim 33, wherein the die includes a layer of occlusal relief integrated
into the die. ' '

37. The system of claim 30, wherein the plurality of components include a dental model.
38. The system of claim 30, wherein the plurality of components includes at least one of a

full arch dental model including one or more tooth preparations, a dental quadrant opposing
the one or more tooth preparations, and a full arch opposing the one or more tooth

preparations.

39. The systemn of claim 30, wherein the dental model includes a component having a

mechanical registration feature.

40. The system of claim 39, wherein the mechanical registration feature includes a means
for orienting the component in a dental tray, the dental tray including a means for attaching to
an articulating mechanism in an assembled model including a means for the component and

one or more other ones of the plurality of components to articulate in a manner corresponding

to the one or more intraoral structures.
41. The system of claim 40, wherein the plurality of components includes the dental tray.

42. The system of claim 39, wherein the mechanical registration feature includes a means

for orienting the component in a base.

43. The system of claim 39, wherein the mechanical registration feature includes one or

more grooves.

44. The system of claim 39, wherein the mechanical registration feature includes one or

more pins.
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45, The system of claim 39, wherein the component includes a die, the mechanical

registration feature including a means to position the die in a unique location in a dental base.
46. The system of claim 45, wherein the plurality of components includes the dental base.
47. The system of claim 30, wherein the processor means includes a means of

incorporating one or more visual markings into the three-dimensional model, the dental model

including the one or more visual markings.

48. The system of claim 47, wherein the visual markings include three-dimensional
markings.

49. The system of claim 47, wherein the visual markings include color markings.
50. The system of claim 30, wherein the plurality of components includes a pair of

opposing bases with one or more pairs of matching beveled edges oriented so that a plurality |
of teeth in the pair of opposing bases lie in occlusion when the pair of opposing bases are

placed on a level surface on any one of the one or more pairs of matching beveled edges.

51. The system of claim 30, wherein the plurality of components includes a means of pre-

indexing for mechanical assembly into the dental model.

52. The system of claim 30, wherein the at least one of the plurality of components

includes a means for fitting a pre-fabricated base.

53. The system of claim 30, wherein the plurality of components include a plurality of
dies, each one of the plurality of dies including a means for mechanically registering to a

predetermined location in a dental base.

54. The system of claim 53, wherein the mechanical registration feature includes one or
more pins.
55. The system of claim 30, wherein the fabrication means includes a means for three-

dimensionally printing,.

56. The system of claim 30, wherein the fabrication means includes a means for

computerized milling.

59
ClearCorrect Exhibit 1010, Page 61 of 112



10

15

20

25

30

35

WO 2007/084768 PCT/US2007/001652

57. The system of claim 30, wherein the fabrication means includes a means for three-

dimensionally printing a physical model and milling directly from the physical model.

58. The system of claim 30, wherein the fabrication means includes a means for

fabricating with stereo lithography.

59. A computer program product comprising computer executable code embodied in a
computer readable medium that, when executed on one or more computer devices, performs
the steps of:

generating a digital surface representation from one or more images of one or more
intraoral structures;

processing the digital surface representation to obtain a three-dimensional model
including a plurality of components; and

converting the three-dimensional model into a format suitable for fabrication.

60. The computer program product of claim 59, wherein the plurality of components

includes a waxup of a dental object.

61. The computer program product of claim 59, wherein the plurality of components

includes an investment chamber.

62. The computer program product of claim 59, wherein the plurality of components

includes a die.

63. The computer program product of claim 62, wherein the die includes a die spacer

integrated into the die.

64. The computer program product of claim 62, wherein the plurality of components

includes a component with an integrated die spacer.

65. The computer program product of claim 62, wherein the die includes a layer of

occlusal relief integrated into the die.

66. The computer program product of claim 59, wherein the plurality of components

include a dental model.
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67. The computer program product of claim 59, wherein the plurality of components
includes at least one of a full arch dental model including one or more tooth preparations, a
dental quadrant opposing the one or more tooth preparations, and a full arch opposing the one

or more tooth preparations.

68. The computer program product of claim 59, wherein the dental model includes a

component having a mechanical registration feature.

69. The computer program product of claim 68, wherein the mechanical registration
feature orients the component in a dental tray, the dental tray further adapted to attach to an
articulating mechanism in an assembled model wherein the component and one or more other
ones of the plurality of components articulate in a manner corresponding to the one or more

intraoral structures.

70. The computer program product of claim 69, wherein the plurality of components
includes the dental tray.

71. The computer program product of claim 68, wherein the mechanical registration

feature orients the component in a base.

72. The computer program product of claim 68, wherein the mechanical registration

feature includes one or more grooves.

73. The computer program product of claim 68, wherein the mechanical registration

feature includes one or more pins.

74. The computer program product of claim 68, wherein the component includes a die,
the mechanical registration feature adapted to position the die in a unique location in a dental

base.

75. The computer program product of claim 74, wherein the plurality of components

includes the dental base.

76. The computer program product of claim 59, wherein processing the digital surface
representation includes incorporating one or more visual markings, the dental model including

the one or more visual markings.

61
ClearCorrect Exhibit 1010, Page 63 of 112



10

15

20

25

30

35

WO 2007/084768 PCT/US2007/001652

717. The computer program product of claim 76, wherein the visual markings include

three-dimensional markings.

78. The computer program product of claim 76, wherein the visual markings include

color markings.

79. The computer program product of claim 59, wherein the plurality of compenents
includes a pair of opposing bases with one or more pairs of matching beveled edges oriented
so that a plurality of teeth in the pair of opposing bases lie in occlusion when the pair of
opposing bases are placed on a level surface on any one of the one or more pairs of matching

beveled edges.

80. The computer program product of claim 59, wherein the plurality of components are

pre-indexed for mechanical assembly into the dental model.

81. The computer program product of claim 59, wherein the at least one of the plurality

of components is adapted to fit a pre-fabricated base.

82. The computer program product of claim 59, wherein the plurality of components
include a plurality of dies, each one of the plurality of dies including a mechanical registration

feature adapted to fit a predetermined location in a dental base.

83. The computer program product of claim 82, wherein the mechanical registration

feature includes one or more pins.

84. The computer program product of claim 82, wherein the format is adapted for use

with a three-dimensional printer.

85. The computer program product of claim 82, wherein the format is adapted for use

with a computerized milling machine.

86. The computer program product of claim 82, wherein the format is adapted for use

with a stereo lithography apparatus.

87. A device comprising:
a first portion adapted to removably attach to a dental articulator in a first fixed

orientation; and
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a second portion including at least one mechanical registration feature adapted to

receive a dental model in a predetermined orientation.

88. The device of claim 87, wherein the device is formed using injection molding.

89. The device of claim 87, further comprising a dental model based upon one or more
teeth of a person, the dental model adapted to be received by the mechanical registration
feature such that one or more teeth of the dental model articulate within the dental articulator

in a manner corresponding to articulation by the person.

90. The device of claim 87, wherein the dental model includes a full arch.
91. The device of claim 87, wherein the dental model includes a quadrant.
92. The device of claim 87, wherein the dental model includes at least one tooth and one

opposing tooth.

93. A method comprising:

acquiring a digital surface representation of one or more intraoral structures;

processing the digital surface representation to obtain a three-dimensional model of
the one or more intraoral structures, the three-dimensional model including a mechanical
registration feature; and

fabricating the three-dimensional model to obtain a dental model including the
mechanical registration feature, the mechanical registration feature adapted to orient the
dental model in a dental articulator in an occlusal relationship corresponding to an occlusal

relationship of the one or more intraoral structures.

94. The method of claim 93, wherein the mechanical registration feature orients the
dental model in a dental tray, the dental tray adapted to attach to a dental articulator in a fixed
relationship.

95. The method of claim 93, wherein the mechanical registration feature includes one or

more grooves.

96. The method of claim 93, wherein the mechanical registration feature includes one or

more pins
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97. The method of claim 93, wherein the mechanical registration feature further adapted
to position the dental model in the dental articulator such that a motion of the dental model in

the dental articulator corresponds to at least one aspect of dynamic occlusion.
98. The method of claim 93, wherein fabricating includes three-dimensionally printing.
99. The method of claim 93, wherein fabricating includes computerized milling.

100.  The method of claim 93, wherein fabricating includes three-dimensionally printing a

physical model and milling directly from the physical model.

101.  The method of claim 93, wherein fabricating includes fabricating with stereo

lithography.

102. A system comprising:

a means for acquiring a digital surface representation of one or more intraoral
structures;

a processor means for processing the digital surface representation to obtain a three-
dimensional model of the one or more intraoral structures, the three-dimensional model
including a registration means for mechanical regisiration; and

a fabrication means for fabricating the three-dimensional model to obtain a dental
model including the registration means, the registration means further including a means to
orient the dental model in a dental articulator in an occlusal relationship corresponding to an

occlusal relationship of the one or more intraoral structures.

103.  The system of claim 102, wherein the registration means includes a means of
orienting the dental model in a dental tray, the dental tray including a means for attaching to a

dental articulator in a fixed relationship.

104,  The system of claim 102, wherein the registration means includes one or more

grooves.

105. The system of claim 102, wherein the registration means includes one or more pins
106.  The system of claim 102, wherein the registration means includes a means to position
the dental model in the dental articulator such that a motion of the dental model in the dental

articulator corresponds to at least one aspect of dynamic occlusion.
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107.  The system of claim 102, wherein the fabrication means includes a means for three-

dimensionally printing.

108.  The system of claim 102, wherein the fabrication means includes a means for

computerized milling.

109.  The system of claim 102, wherein the fabrication means includes a means for three-

dimensionally printing a physical model and milling directly from the physical model.

110.  The system of claim 102, wherein the fabrication means includes a means for

fabricating with stereo lithography.

111. A computer program product comprising computer executable code embodied in a
computer readable medium that, when executed on one or more computer devices, performs
the steps of:

generating a digital surface representation from one or more images of one or more
intraoral structures;

processing the digital surface representation to obtain a three-dimensional model of
the one or more intraoral structures, the three-dimensional model including a mechanical
registration feature, the mechanical registration feature adapted to orient the dental model in a
dental articulator in an occlusal relationship corresponding to an occlusal relationship of the
one or more intraoral structures; and

converting the three-dimensional model into a format suitable for fabrication.

112.  The computer program product of claim 111, wherein the mechanical registration
feature orients the dental model in a dental tray, the dental tray adapted fo attach to a dental

articulator in a fixed relationship.

113.  The computer program product of claim 111, wherein the mechanical registration

feature includes one or more grooves.

114.  The computer program product of claim 111, wherein the mechanical registration

feature includes one or more pins

115.  The computer program product of claim 111, further comprising computer code to

perform the step of adapting the mechanical registration feature to position the dental model
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in the dental articulator such that a motion of the dental model in the dental articulator

corresponds to at least one aspect of dynamic occlusion.

116.  The computer program product of claim 111, wherein the format is adapted for use

with a three-dimensional printer.

117.  The computer program product of claim 111, wherein the format is adapted for use

with a computerized milling machine.

118.  The computer program product of claim 111, wherein the format is adapted for use

with a stereo lithography apparatus.

119. A method comprising:

obtaining a three-dimensional digital representation of a wax pattern for a dental
appliance;

adding a sprue to the three-dimensional digital representation, the sprue providing a
channel for an investment material in a lost wax casting of the wax pattern; and

fabricating the wax pattern including the sprue.
120.  The method of claim 119, wherein fabricating includes three-dimensionally printing.
121.  The method of claim 119, wherein fabricating includes computerized milling.

122.  The method of claim 119, wherein fabricating includes three-dimensionally printing a

physical model and milling directly from the physical model.

123. The method of claim 119, wherein fabricating includes fabricating with stereo

lithography.

124, A system comprising:

a means for obtaining a three-dimensional digital representation of a wax pattern for a
dental appliance;

a feature means for adding a sprue to the three-dimensional digital representation, the
sprue providing a flow means for channeling investment material in a lost wax casting of the
wax pattern; and

a fabrication means for fabricating the wax pattern including the sprue.
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125.  The system of claim 124, wherein the fabrication means includes a means for three-

dimensionally printing.

126.  The system of claim 124, wherein the fabrication means includes a means for

computerized milling.

127.  The system of claim 124, wherein the fabrication means includes a means for three-

dimensionally printing a physical modei and milling directly from the physical model.

128.  The system of claim 124, wherein the fabrication means includes a means for

fabricating with stereo lithography. \

129. A computer program product comprising computer executable code embodied in a
computer readable medium that, when executed on one or more computer devices, performs
the steps of:

generating a three-dimensional digital representation of a wax pattern for a dental
appliance;

adding a sprue to the three-dimensional digital representation, the sprue providing a
channel for an investment material in a lost wax casting of the wax pattern; and

converting the three-dimensional digital representation into a format suitable for

fabrication.

130.  The computer program product of claim 129, wherein the format is adaptéd for use

with a three-dimensional printer.

131.  The computer program product of claim 129, wherein the format is adapted for use

with a computerized milling machine.

132.  The computer program product of claim 129, wherein the format is adapted for use

with a stereo lithography apparatus.

133. A method comprising:
obtaining a three-dimensional digital model of one or more intraoral structures;
processing the three-dimensional digital model to obtain a model of an dental object,
the dental object including at least one of a dental restoration and a dental appliance; and
fabricating a physical realization of the dental object in a medium capable of

processing into a material having at least one physical characteristic of human dentition.
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134.  The method of claim 133, wherein the dental object includes a dental restoration.
135.  The method of claim 133, wherein the dental object includes a dental appliance.

136.  The method of claim 133, wherein the dental object includes a temporary restoration.
137. The method of claim 133, wherein the medium includes a curable resin.

138.  The method of claim 133, wherein the medium includes a sinterable ceramic.

139, The method of claim 133, wherein the medium includes a sinterable metal.

140.  The method of claim 133, wherein fabricating includes three-dimensionally printing.
141.  The method of claim 133, wherein fabricating includes computerized milling.

142.  The method of claim 133, wherein fabricating includes three-dimensionally printing a

physical model and milling directly from the physical model.

143.  The method of claim 133, wherein fabricating includes fabricating with stereo

lithography.

144. A system comprising:

a means for obtaining a three-dimensional digital model of one or more intraoral
structures;

a processor means for processing the three-dimensional digital model to obtain a
model of an dental object, the dental object including at least one of a dental restoration and a
dental appliance; and

a fabrication means for fabricating a physical realization of the dental object in a
medium capable of processing into a material having at least one physical characteristic of

human dentition.
145.  The system of claim 144, wherein the dental object includes a dental restoration.

146.  The system of claim 144, wherein the dental object includes a dental appliance.
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147.  The system of claim 144, wherein the dental object includes a temporary restoration.
148.  The system of claim 144, wherein the medium includes a curable resin.

149.  The system of claim 144, wherein the medium includes a sinterable ceramic.

150.  The system of claim 144, wherein the medium includes a sinterable metal.

151.  The system of claim 144, wherein the fabrication means includes a means for three-

dimensionally printing. -

152.  The system of claim 144, wherein the fabrication means includes a means for

computerized milling.

153.  The system of claim 144, wherein the fabrication means includes a means for three-

dimensionally printing a physical model and milling directly from the physical model.

154. The system of claim 144, wherein the fabrication means includes a means for

fabricating with stereo lithography.

155. A computer program product comprising computer executable code embodied in a
computer readable medium that, when executed on one or more computer devices, performs
the steps of:

generating a three-dimensional digital model from one or more images of one or more
intraoral structures; ‘

processing the three-dimensional digital model to obtain a model of an dental object,
the dental object including at least one of a dental restoration and a dental appliance; and

converting the model of the dental object into a format suitable for fabrication in a
medium capable of processing into a material having at least one physical characteristic of -

human dentition.

156.  The computer program product of claim 155, wherein the dental object includes a

dental restoration.

157.  The computer program product of claim 155, wherein the dental object includes a

dental appliance.
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158.  The computer program product of claim 155, wherein the dental object includes a

temporary restoration.

159.  The computer program product of claim 155, wherein the medium includes a curable

resin.

160.  The computer program product of claim 155, wherein the medium includes a

sinterable ceramic.

161.  The computer program product of claim 155, wherein the medium includes a
sinterable metal.

162.  The computer program product of claim 155, wherein the format is adapted for use
with a three-dimensional printer.

163.  The computer program product of claim 155, wherein the format is adapted for use

with a computerized milling machine.

164.  The computer program product of claim 155, wherein the format is adapted for use

with a stereo lithography apparatus.

165. A method comprising the following steps performed during a single dentistry visit of
a dental patient:

acquiring a first digital surface representation of an intraroral structure from a mouth
of the dental patient; .

preparing at least one tooth of the intracral structure for a dental restoration to obtain
a prepared intraoral structure;

acquiring a second digital surface representation of the prepared intraoral structure
from the mouth of the dental patient;

processing the first and second digital surface representations to create a three-
dimensional model of a temporary dental restoration;

fabricating the temporary dental restoration; and

attaching the temporary dental restoration to the prepared intraoral structure.

166. The method of claim 165, wherein fabricating the temporary dental restoration

includes printing the three-dimensional model of the temporary dental restoration in a first
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material to obtain a printed temporary dental restoration, and copy milling the printed

temporary dental restoration into a second material to obtain the temporary dental restoration.
167. The method of claim 166, wherein the second material includes a ceramic.
168.  The method of claim 166, wherein the copy milling includes automated copy milling.

169. The method of claim 165, further comprising transmitting the first and second digital

surface representations to a remote facility for fabrication of a permanent dental restoration
170.  The method of claim 165, wherein fabricating includes three-dimensionally printing.
171.  The method of claim 165, wherein fabricating includes computerized milling.

172. The method of claim 165, wherein fabricating includes three-dimensionally printing a

physical model and milling directly from the physical model.

173.  The method of claim 165, wherein fabricating includes fabricating with stereo

lithography.

174. A system for preparing and installing a temporary dental restoration during a single
dentistry visit of a dental patient, the system comprising:

a first means of acquiring a first digital surface representation of an intraroral
structure from a mouth of the dental patient;

a manual means for preparing at least one tooth of the intraoral structure for a dental
restoration to obtain a prepared intraoral structure;

a second means for acquiring a second digital surface representation of the prepared
intraoral structure from the mouth of the dental patient;

a processor means for processing the first and second digital surface representations
to create a three-dimensional model of a temporary dental restoration;

a fabrication means for fabricating the temporary dental restoration; and

a means for attaching the temporary dental restoration to the prepared intraoral

structure,

175.  The system of claim 174, wherein the fabrication means includes a means of printing

the three-dimensional model of the temporary dental restoration in a first material to obtain a
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printed temporary dental restoration, and a means for copy milling the printed temporary

dental restoration into a second material to obtain the temporary dental restoration.
176.  The system of claim 175, wherein the second material includes a ceramic.
177.  The system of claim 175, wherein the means for copy milling is automated.

178.  The system of claim 174, further comprising a means for transmitting the first and
second digital surface representations to a remote facility for fabrication of a permanent

dental restoration

179.  The system of claim 174, wherein the fabrication means includes a means for three-

dimensionally printing.

180.  The system of claim 174, wherein the fabrication means includes a means for
computerized milling.

}
181.  The system of claim 174, wherein the fabrication means includes a means for three-

dimensionally printing a physical model and milling directly from the physical model.

182.  The system of claim 174, wherein the fabrication means includes a means for

fabricating with stereo lithography.

183.. A method comprising:

acquiring a digital surface representation of one or more intraoral structures including
a soft tissue;

processing the digital surface representation to obtain a three-dimensional model of
the soft tissue; and

fabricating the three-dimensional model of the soft tissue to obtain a physical soft

tissue model.

184.  The method of claim 183, wherein the physical soft tissue model is fabricated from a

material that, when cured, includes at least one property resembling the soft tissue.
185.  The method of claim 184, wherein the at least one property includes color.
186.  The method of claim 184, wherein the at least one property includes texture.
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187.  The method of claim 184, wherein the at least one property includes consistency.

188.  The method of claim 183, wherein the physical soft tissue model is adapted for

removably attaching to a dental cast of the one or more corresponding intraoral structures.
189. The method of claim 183, wherein fabricating includes three-dimensionally printing.
190.  The method of claim 183, wherein fabricating includes computerized milling.

191.  The method of claim 183, wherein fabricating includes three-dimensionally printing a

physical model and milling directly from the physical model.

192.  The method of claim 183, wherein fabricating includes fabricating with stereo

lithography.

193. A system comprising:

a means for acquiring a digital surface representation of one or more intraoral
structures including a soft tissue;

a processor means for processing the digital surface representation to obtain a three-
dimensional model of the soft tissue; and

a fabrication means for fabricating the three-dimensional model of the soft tissue to

obtain a physical soft tissue model.

194.  The system of claim 193, wherein the physical soft tissue model includes at least one

property resembling the soft tissue.

195.  The system of claim 194, wherein the at least one property includes color.

196.  The system of claim 194, wherein the at least one property includes texture.
197.  The system of claim 194, wherein the at least one property includes consistency.

198. The system of claim 193, wherein the physical soft tissue model includes a means for

removably attaching to a dental cast of the one or more corresponding intraoral structures.
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199. The system of claim 193, wherein the fabrication means includes a means for three-

dimensionally printing.

200.  The system of claim 193, wherein the fabrication means includes a means for

computerized milling.

201.  The system of claim 193, wherein the fabrication means includes a means for three-

dimensionally printing a physical model and milling directly from the physical model.

202. The system of claim 193, wherein the fabrication means includes a means for

fabricating with stereo lithography.

203. A computer program product comprising computer executable code embodied in a
computer readable medium that, when executed on one or more computer devices, performs
the steps of: A

generating a digital surface representation from one or more images of one or more
intraoral structures including a soft tissue;

processing the digital surface representation to obtain a three-dimensional model of
the soft tissue; and

converting the three-dimensional model into a format suitable for fabrication.

204. The computer program product of claim 203, further comprising computer code to
perform the step of adapting the three-dimensional model for removably attaching to a dental

cast of the one or more corresponding intraoral structures.

205. The computer program product of claim 203, wherein the format is adapted for use

with a three-dimensional printer.

206. The computer program product of claim 203, wherein the format is adapted for use

with a computerized milling machine.

207. The computer program product of claim 203, wherein the format is adapted for use

with a stereo lithography apparatus.

208. A method comprising:
obtaining a digital surface representation of one or more intraoral structures;

processing the digital surface representation to obtain a digital dental model;
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adding a marking to the digital dental model; and

fabricating the three-dimensional model including the marking to obtain a marked
dental model.
209. The method of claim 208 wherein the dental model includes a dental cast.

210.  The method of claim 208 wherein the marking includes a three-dimensional marking.

211.  The method of claim 208 wherein the marking includes a two-dimensional marking

printed with pigment.

212. The method of claim 208 wherein the marking includes a two-dimensional marking

etched by a laser.

213.  The method of claim 208 wherein the marking includes an identification aid.

214.  The method of claim 213, wherein the identification aid identifies a f)étient.

215.  The method of claim 213, wherein the identification aid identifies a dentist.

216. The method of claim 213, wherein the identification aid identifies a dental laboratory.

217.  The method of claim 213, wherein the.identification aid includes a logo of a dental

laboratory.
218.  The method of claim 213, wherein the identification aid includes a bar code.
219. The method of claim 213, wherein the identification aid includes a 2D matrix code.

220.  The method of claim 213, wherein the identification aid uniquely identifies the

marked dental model.

221.  The method of claim 208, wherein the mgrking includes a treatment aid.

222.  The method of claim 221, wherein the treatment aid includes a restoration margin.
223.  The method of claim 221, wherein the treatment aid includes a soft tissue boundary.
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7294.  The method of claim 221, wherein the treatment aid includes alignment marks for two

arches of the marked dental model in occlusion.

225.  The method of claim 221, wherein the treatment aid includes orthodontic bracket

position marks.

226. The method of claim 221, wherein the treatment aid includes a landmark.
227.  The method of claim 226, wherein the landmark includes a calibration mark.
228.  The method of claim 226, wherein the landmark includes a fiducial.

229.  The method of claim 208, further comprising adding an RFID tag to the marked

dental model.

230.  The method of claim 208, wherein the marking identifies position of a piece of the

marked dental model in a tray.
231. The method of claim 208, wherein fabricating includes three-dimensionally printing.

232.  The method of claim 208, wherein fabricating includes.computerized milling.
\
233. The method of claim 208, wherein fabricating includes three-dimensionally printing a

physical model and milling directly from the physical model.

234. The method of claim 208, wherein fabricating includes fabricating with stereo

Jithography.

235. A system comprising:

a means for obtaining é digital surface repreéentation of one or more intraoral
structures; '

a processor means for processing the digital surface representation to obtain a digital
dental model;

a marking means for adding a marking to the digital dental model; and

a fabrication means for fabricating the three-dimensional mode! including the

marking to obtain a marked dental model.
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236.  The system of claim 235, wherein the dental model includes a dental cast.
237.  The system of claim 235, wherein the marking includes a three-dimensional marking.

238.  The system of claim 235, wherein the marking includes a two-dimensional marking

printed with pigment.

239. The system of claim 235, wherein the marking includes a two-dimensional marking

etched by a laser. -
240.  The system of claim 235, wherein the marking includes a means of identification.

241.  The system of claim 240, wherein the means of identification includes a means for

identifying a patient.

242.  The system of claim 240, wherein the means of identification includes a means for

identifying a dentist.

243.  The system of claim 240, wherein the means of identification includes a means for

identifying a dental laboratory.

244.  The system of claim 240, wherein the means of identification includes a logo of a

dental laboratory.
245.  The system of claim 240, wherein the means of identification includes a bar code.
246. The system of claim 240, wherein the means of identification includes a 2D matrix code.

247.  The system of claim 240, wherein the means of identification includes a means for

uniquely identifying the marked dental model.
248.  The system of claim 235, wherein the marking includes a treatment aid.

249.  The system of claim 248, wherein the treatment aid includes a means for determining

a restoration margin.
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250. The system of claim 248, wherein the treatment aid includes a means for determining

a soft tissue boundary.

251.  The system of claim 248, wherein the treatment aid includes a means for aligning two

arches of the marked dental model in occlusion.

252.  The system of claim 248, wherein the treatment aid includes a means for positioning

an orthodontic bracket.
253.  The system of claim 248, wherein the treatment aid includes a landmark.

254.  The system of claim 253, wherein the landmark includes a calibration means for

determining calibration status.

255.  The system of claim 253, wherein the landmark includes a fiducial means for

determining orientation visually.

256.  The system of claim 235, further comprising a means of adding an RFID tag to the

marked dental model.

257.  The system of claim 235, wherein the marking includes a means for identifying

position of a piece of the marked dental model in a tray.

258.  The system of claim 235, wherein the fabrication means includes a means for three-

dimensionally printing.

259.  The system of claim 235, wherein the fabrication means includes a means for

computerized milling.

260.  The system of claim 235, wherein the fabrication means includes a means for three-

dimensionally printing a physical model and milling directly from the physical model.

261. The system of claim 235, wherein the fabrication means includes a means for

fabricating with stereo lithography.
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262. A computer program product comprising computer executable code embodied in a
computer readable medium that, when executed on one or more computer devices, performs
the steps of:

generating a digital surface representation from one or more images of one or more
intraoral structures;

processing the digital surface representation to obtain a digital dental model;

adding a marking to the digital dental model, to obtain a marked digital dental model;
and

converting the market digital dental model into a format suitable for fabrication.

263.  The computer program product of claim 262 wherein the digital dental model

includes a dental cast.

264.  The computer program product of claim 262 wherein the marking includes a three-

dimensional marking.

265. The computer program product of claim 262 wherein the marking includes a two-

dimensional marking,.

266.  The computer program product of claim 262 wherein the marking includes an

identification aid.

267. The computer program product of claim 266, wherein the identification aid identifies

a patient.

268. The computer program product of claim 266, wherein the identification aid identifies

a dentist.

269.  The computer program product of claim 266, wherein the identification aid identifies

a dental laboratory

270.  The computer program product of claim 266, wherein the identification aid includes a

logo of a dental laboratory

271.  The computer program product of claim 266, wherein the identification aid includes

a bar code.
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272. The computer program product of claim 266, wherein the identification aid includes a

2D matrix code.

273.  The computer program product of claim 266, wherein the identification aid uniquely
identifies the marked dental model.

274.  The computer program product of claim 262, wherein the marking includes a

treatment aid.

275.  The computer program product of claim 274, wherein the treatment aid includes a

restoration margin.

276.  The computer program product of claim 274, wherein the treatment aid includes a

soft tissue boundary.

277.  The computer program product of claim 274, wherein the treatment aid includes

alignment marks for two arches of the marked dental model in occlusion.

278.  The computer program product of claim 274, wherein the treatment aid includes

orthodontic bracket position marks.

279.  The computer program product of claim 274, wherein the treatment aid includes a

landmark.

280.  The computer program product of claim 278, wherein the landmark includes a

calibration mark.

281.  The computer program product of claim 278, wherein the landmark includes a
fiducial.

282.  The computer program product of claim 262, wherein the marking identifies position

of a piece of the marked dental model in a tray.

283. The computer program product of claim 262, wherein the format is adapted for use

with a three-dimensional printer.
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284.  The computer program product of claim 262, wherein the format is adapted for use

with a computerized milling machine.

285.  The computer program product of claim 262, wherein the format is adapted for use

with a stereo lithography apparatus.
286. A method comprising:

obtaining a digital surface representation of one or more intraoral structures, the one
or more intraoral structures including at least one tooth surface prepared for a dental
restoration;

processing the digital surface representation to obtain a three-dimensional model of a
casting model for the dental restoration; and

fabricating the three-dimensional model to obtain the casting model.
287.  The method of claim 286, wherein the casting model includes an investment mold.
288.  The method of claim 286, wherein the casting model includes an investment cast.

289.  The method of claim 286, wherein the casting model corresponds to a coping.

290.  The method of claim 286, wherein the casting model corresponds to a full anatomical

form of a tooth.

291,  The method of claim 286, wherein the casting model includes a pressed ceramic

mold,
292.  The method of claim 286, wherein fabricating includes three-dimensionally printing.
293.  The method of claim 286, wherein fabricating includes computerized milling.

294.  The method of claim 286, wherein fabricating includes three-dimensionally printing a

physical model and milling directly from the physical model.

295.  The method of claim 286, wherein fabricating includes fabricating with stereo
lithography.

297. A system comprising:
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a means for obtaining a digital surface representation of one or more intraoral
structures, the one or more intraoral structures including at least one tooth surface prepared
for a dental restoration;

a processor means for processing the digital surface representation to obtain a three-
dimensional model of a casting model for the dental restoration; and

a fabrication means for fabricating the three-dimensional model to obtain the casting

model.

298.  The system of claim 297, wherein the casting model includes an investment mold.
299.  The system of claim 297, wherein the casting model includes an investment cast.
300. The system of claim 297, wherein the casting mode! corresponds to a coping.

301. The system of claim 297, wherein the casting model corresponds to a full anatomical

form of a tooth.
302. The system of claim 297, wherein the casting model includes a pressed ceramic mold.

303. The system of claim 297, wherein the fabrication means includes a means for three-

dimensionally printing.

304. The system of claim 297, wherein the fabrication means includes a means for

computerized milling.

305.  The system of claim 297, wherein the fabrication means includes a means for three-

dimensionally printing a physical model and milling directly from the physical model.

306. The system of claim 297, wherein the fabrication means includes a means for

fabricating with stereo lithography.

307. A computer program product comprising computer executable code embodied ina
computer readable medium that, when executed on one or more computer devices, performs
the steps of:

generating a digital surface representation from one or more images of one or more
intraoral structures, the one or more intraoral structures including at least one tooth surface

prepared for a dental restoration;
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processing the digital surface representation to obtain a three-dimensional model of a
casting model for the dental restoration; and

converting the three-dimensional model into a format suitable for fabrication.

308.  The computer program product of claim 307, wherein the casting model includes an

investment mold.

309.  The computer program product of claim 307, wherein the casting model includes an

investment cast.

310.  The computer program product of claim 307, wherein the casting model corresponds

to a coping.

311.  The computer program product of claim 307, wherein the casting model corresponds

to a full anatomical form of a tooth.

312.  The computer program product of claim 307, wherein the casting model includes a

pressed ceramic mold.

313.  The computer program preduct of claim 307, wherein the format is adapted for use

with a three-dimensional printer.

314.  The computer program product of claim 307, wherein the format is adapted for use

with a computerized milling machine.

315.  The computer program product of claim 307, wherein the format is adapted for use

with a stereo lithography apparatus.

316. A method comprising:

obtaining a digital surface representation of one or more intraoral structures from a
mouth of a dental patient, the one or more intraoral structures inéluding at least one tooth
surface prepared for a dental restoration;

processing the digital surface representation to obtain a three-dimensional model of a
wax mode] for a lost wax fabrication process; and

fabricating the three-dimensional model to obtain the wax model.
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317.  The method of claim 316, further comprising creating an investment from the wax

model
318. The method of claim 317, wheréin the investment includes a coping,

319.  The method of claim 317, wherein the investment includes a dental restoration in

final anatomy form.

320. The method of claim 317, wherein the investment inciudes a substructure for a dental

restoration.
321. The method of claim 317, wherein the investment includes a full metal crown.

322.  The method of claim316, further comprising creating a pressable from the wax

model.

323.  The method of claim 322, wherein the pressable includes a press-to-zirconium

restoration.

324. The method of claim 322, wherein the pressable includes a press-to-alumina

restoration.

325.  The method of claim 322, wherein the pressable includes a ceramic restoration.

326.  The method of claim 316, wherein fabricating includes three-dimensionally printing.
327.  The method of claim 316, wherein fabricating includes computerized milling.

328.  The method of claim 316, wherein fabricating includes three-dimensionally printing a

physical model and milling directly from the physical model.

329.  The method of claim 316, wherein fabriéating includes fabricating with stereo

lithography.

330. A system comprising;:
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a scanning means for obtaining a digital surface representation of one or more
intraoral structures from a mouth of a dental patient, the one or more intraoral structures
including at least one tooth surface prepared for a dental restoration;

a processor means for processing the digital surface representation to obtain a three-
dimensional model of a wax model for a lost wax fabrication process; and

a fabrication means for fabricating the three-dimensional model to obtain the wax

model.

331.  The system of claim 330, further comprising a means for creating an investment from

the wax model
332.  The system of claim 331, wherein the investment includes a coping.

333.  The system of claim 331, wherein the investment includes a dental restoration in final

anatomy form.

334.  The system of claim 331, wherein the investment includes a substructure for a dental

restoration.
335.  The system of claim 331, wherein the investment includes a full metal crown.
336.  The system of claim330, wherein the wax model is for a pressable restoration.

337.  The system of claim 336, wherein the pressable includes a press-to-zirconium

restoration.

338.  The system of claim 336, wherein the pressable includes a press-to-alumina

restoration.
339.  The system of claim 336, wherein the pressable includes a ceramic restoration.

340.  The system of claim 330, wherein the fabrication means includes a means for three-

dimensionally printing.

341.  The system of claim 330, wherein the fabrication means includes a means for

computerized milling.
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342.  The system of claim 330, wherein the fabrication means includes a means for three-
dimensionally printing a physical model and means for milling directly from the physical

model.

343,  The system of claim 330, wherein the fabrication means includes a means for

fabricating with stereo lithography.

344. A computer program product comprising computer executable code embodied in a
computer readable medium that, when executed on one or more computer devices, performs
the steps of:

generating a digital surface representation from one or more images of one or more
intraoral structures from a mouth of a dental patient, the one or more intraoral structures
including at least one tooth surface prepared for a deﬁtal restoration;

processing the digital surface representation to obtain a three-dimensional model of a
wax model for a Jost wax fabrication process; and

converting the three-dimensional model into a format suitable for fabrication.

345.  The computer program product of claim 344 wherein the wax model includes an

investment.

346.  The computer program product of claim 345, wherein investment includes a coping.

347.  The computer program product of claim 345, wherein the investment includes a

dental restoration in final anatomy form.

348.  The computer program product of claim 345, wherein the investment includes a

substructure for a dental restoration.

349.  The computer program product of claim 345, wherein the investment includes a full

metal crown.

350.  The computer program product of claim 344, wherein the wax model is for a

pressable restoration.

351.  The computer program product of claim 350, wherein the pressable restoration

includes a press-to-zirconium restoration.
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352. The cBmputer program product of claim 350, wherein the pressable restoration

includes a.press-to-alumina restoration.

353.  The computer program product of claim 350, wherein the pressable restoration

includes a ceramic restoration.

354.  The computer program product of claim 350, wherein the format is adapted for use

with a three-dimensional printer.

355.  The computer program product of claim 350, wherein the format is adapted for use

with a computerized milling machine.

356. The computer program product of claim 350, wherein the format is adapted for use

with a stereo lithography apparatus.

357. A method comprising:
obtaining a digital surface representation of one or more intraoral structures;
processing the digital surface representation to obtain a three-dimensional digital
model of an item of removable dental hardware; and
fabricating the item of removable dental hardware from the three-dimensional digital

model.

358. The method of clairﬁ 357, wherein the item of removable dental hardware includes a

stent.

359. The method of claim 357, wherein the item of removable dental hardware includes a

surgical guide.

360. The method of claim 357, wherein the item of removable dental hardware includes a

night guard.
361. The method of claim 360 wherein the night guard includes a bruxism guard.
362. The method of claim 360 wherein the night guérd includes a snore guard.

363. The method of claim 357, wherein the item of removable dental hardware includes a
denture.
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364. The method of claim 357, wherein fabricating includes three-dimensionally printing,.
365. The method of claim 357, wherein fabricating includes computerized milling.

366. The method of claim 357, wherein fabricating includes three-dimensionally printing a

physical model and milling directly from the physical model.

367. The method of claim 357, wherein fabricating includes fabricating with stereo

lithography.

368. A system comprising:

a means for obtaining a digital surface representation of one or more intraoral
structures;

a processor means for processing the digital surface representation to obtain a three-
dimensional digital model of an item of removabie dental hardware; and

a fabrication means for fabricating the item of removable dental hardware from the

three-dimensional digital model.

369. The system of claim 368, wherein the item of removable dental hardware includes a

stent.

370. The system of claim 368, wherein the item of removable dental hardware includes a

surgical guide.

371.  The system of claim 368, wherein 'the item of removable dental hardware includes a

night guard.
372.  The system of claim 371 wherein the night guard includes a bruxism guard.
373.  The system of claim 371 wherein the night guard includes a snore guard.

374. The system of claim 368, wherein the item of removable dental hardware includes a

denture.

375. The system of claim 368, wherein the fabrication means includes a means for three-

dimensionally printing.
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376.  The system of claim 368, wherein the fabrication means includes a means for

computerized milling.

377.  The system of claim 368, wherein the fabrication means includes a means for three-

dimensionally printing a pl;xysical model and milling directly from the physical model.

378.  The system of claim 368, wherein the fabrication means includes a means for

fabricating with stereo lithography.

379. A computer program product comprising computer executable code embodied in a
computer readable medium that, when executed on one or more computer devices, performs
the steps of: '
generating a digital surface representation from one or more images of one or more
intraoral structures, the one or more images received from a scanner;
processing the digital surface representation to obtain a three-dimensional digital
model of an item of removable dental hardware; and

converting the three-dimensional digital model into a format suitable for fabrication.

380.  The computer program product of claim 379, wherein the item of removable dental

hardware includes a stent.

381. The computer program product of claim 379, wherein the item of removable dental

hardware includes a surgical guide.

382.  The computer program product of claim 379, wherein the item of removable dental

hardware includes a night guard.

383.  The computer program product of claim 382 wherein the night guard includes a

bruxism guard.

384. The computer program product of claim 382 wherein the night guard includes a snore

guard.

385. The computer program product of claim 379, wherein the item of removable dental

hardware includes a denture.
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386. The computer program product of claim 379, wherein the format is adapted for use

with a three-dimensional printer.

387.  The computer program product of claim 379, wherein the format is adapted for use

with a computerized milling machine.

388.  The computer program product of claim 379, wherein the format is adapted for use

with a stereo lithography apparatus.

389. A method comprising:
obtaining a digital surface representation of one or more intraoral structures;
processing the digital surface representation to obtain a three-dimensional digital
model including a dental arch and at least one die for the dental arch;
three-dimensionally printing the dental arch; and

milling the die.

390. A method comprising:

acquiring a digital surface representation of one or more intraoral structures;

processing the digital surface representation to obtain a three-dimensional model of
the one or more intraoral structures;

creating at least one void space within the three-dimensional model to provide a
voided digital model, the at least one void space having sufficient volume to substantially
reduce material costs of fabricating the three-dimeqsional model; and

fabricating the voided digital model to obtain a dental model of the one or more

intraoral structures.

391. A method comprising:

acquiring a digital surface representation of one or more intraoral structures;

processing the digital surface representation to obtain a three-dimensional
digital model including a plurality of components, each one of the plurality of
components including a mechanical registration feature to orient the component in a
dental articulator; and

fabricating the three-dimensional digital model to obtain a dental model of the

plurality of components.
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392. The method of claim 391 wherein the mechanical registration feature includes

a reference grid.

393. The method of claim 392 wherein the reference grid includes a regular

geometry having centers spaced at a pitch of less than 3 mm.

394, The method of claim 392 wherein the reference grid includes an irregular

geometry having a feature size of less than 3 mm.

395. The method of claim 391 wherein the mechanical registration feature includes

a positioning key.

396. The method of claim 395 wherein the positioning key provides tactile
feedback during assembly of the dental model onto the dental articulator.

397. The method of claim 391 wherein the three-dimensional digital model
includes one or more visual markings corresponding to one or more other visual

markings on the dental articulator.

398. The method of claim 391 wherein fabricating the three-dimensional digital
model includes fabricating at least one of the plurality of components with digital

light processing.

399. The method of claim 391 wherein fabricating the three-dimensional digital
model includes fabricating at least one of the plurality of components with one or

more of stereo-lithography, three-dimensional printing, and computerized milling.

400. The method of claim 391 wherein processing the digital surface representation

includes creating a digital model of at least one die.

401. A device comprising a component of a dental model, the component of the
dental model including a recessed surface having a positioning key that mechanically

encodes positional information for the component in a dental articulator, the recessed
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surface further having a reference grid that enforces local accuracy of the component

against a fixed reference array.
402. The device of claim 401 wherein the component is a dental die.

403. The device of claim 401 wherein the fixed reference array is embedded in the

dental articulator.

404. The device of claim 401 wherein the reference grid is a regular geometry

having centers spaced at a pitch of less than 3 mm.

405. The device of claim 401 wherein the reference grid has features spaced at

between .5 mm and 5 mm.

406. The device of claim 401 further comprising a radio frequency identification
tag embedded therein.

407. The device of claim 401 further comprising a visual identification marking

including one or more of text, a bar code, a logo, and a sku.

408. The device of claim 401 wherein the component includes a full arch or a

partial arch.

409. A dental articulator comprising:

a first arm having a first mounting surface, the first mounting surface
including a first raised surface including a first reference grid adapted to receive one
or more components of a dental model in a predetermined orientation; and

a second arm rotatably engaged to the first arm, the second arm having a

second mounting surface opposed to the first mounting surface.

410. The dental articulator of claim 409 wherein the second mounting surface
includes a second raised surface having a second reference grid adapted to receive one

or more components of the dental model in a predetermined orientation.
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411. The dental articulator of claim 409 wherein the second arm is detachably

engaged to the first arm.

412. The dental articulator of claim 409 wherein the first arm and the second arm

are constructed from polyphenylsulfone.

413. The dental articulator of claim 409 wherein the first reference grid includes

features with centers spaced at between .5 mm and 5 mm.

414.  The dental articulator of claim 409 wherein the first mounting surface includes

a positioning key adapted to receive one or more dental objects in a specific location.

415. A computer program product comprising computer executable code that, when
executing on one or more computing devices, performs the steps of:

aligning a first digital dental model of at least a portion of an upper arch with a
second digital dental model of at least a portion of a lower arch using a digital bite
registration to obtain an occluded model;

extending the occluded model to meet a digital three-dimensional model of a
dental articulator at two mounting surfaces thereof, each mounting surface including a
raised surface with a reference grid and a positioning key to provide a mechanically
registered digital dental model; and

converting the digital dental model into a form suitable for fabrication.

93
ClearCorrect Exhibit 1010, Page 95 of 112



WO 2007/084768

100

112

PCT/US2007/001652
1715
G e
S 2 4 ) ™
(1251 /
gr J
»\.
A
d
© ‘k
=
T
.20
R

ClearCorrect Exhibit 1010, Page 96 of 112



PCT/US2007/001652

WO 2007/084768

2/15

¢ 51

82¢
4
JONVIIddY
INOILYHO LS
VNI
922 60¢
N
HIAWYHO
912 W
IN3IWLS3AN
_ <
3sve
WOLlsSno NOILYDIYaY4
aldvy
AN 0g¢ SdN"XYM
g
vee {_(a3sva xvmiar
NOILYHO1S3Y | | J13a0W s310 ONILNIMd Qg
SALITNOD avi| | aalvInolyy biz
< z 252 AHAYNOOH LI
9
9¢ge 1454 ! oREls
S1300ON
HOYY TIN4 cle
\cl\
Oce
viva 0le
NOILYINIILYY
8le ™

¢0c ™1

— ONISS300Hd

-180d Y1vd

\.L

80¢

V1va3ov4uns
Y9I ae

\l.\
90¢

H3INNYOS

P
y0¢C

IN3lLYd

oowl\

ClearCorrect Exhibit 1010, Page 97 of 112



WO 2007/084768 PCT/US2007/001652

3/15

ClearCorrect Exhibit 1010, Page 98 of 112



WO 2007/084768 PCT/US2007/001652

4/15

ClearCorrect Exhibit 1010, Page 99 of 112



WO 2007/084768 PCT/US2007/001652

5/15

MATERIAL
SUPPLY

5
PLATFORM

ClearCorrect Exhibit 1010, Page 100 of 112



WO 2007/084768 PCT/US2007/001652

6/15
600
DATA ACQUISITION |—~_602
Y
MODELING 604
'
PRESCRIPTION  |—~_606
'

FABRICATION —~—608

PLACEMENT —~—610

Fig. 6

700

712

ClearCorrect Exhibit 1010, Page 101 of 112



WO 2007/084768 PCT/US2007/001652

ClearCorrect Exhibit 1010, Page 102 of 112



WO 2007/084768 PCT/US2007/001652

8/15

900

1000 1008

ClearCorrect Exhibit 1010, Page 103 of 112



WO 2007/084768 PCT/US2007/001652

9/15

1104

1102

Fig. 12

ClearCorrect Exhibit 1010, Page 104 of 112



WO 2007/084768 PCT/US2007/001652

10/15

ClearCorrect Exhibit 1010, Page 105 of 112



WO 2007/084768 PCT/US2007/001652

11/15

1402 1400

1406

Fig. 14 140

ClearCorrect Exhibit 1010, Page 106 of 112



PCT/US2007/001652

WO 2007/084768

12/15

ClearCorrect Exhibit 1010, Page 107 of 112



WO 2007/084768 PCT/US2007/001652

13/15

ClearCorrect Exhibit 1010, Page 108 of 112



WO 2007/084768 PCT/US2007/001652

14/15

Fig. 18C

Fig. 18B

ClearCorrect Exhibit 1010, Page 109 of 112



PCT/US2007/001652

WO 2007/084768

15/15

‘\\Nl\'\l\\ll\\ll\‘\lll\lll\ll\\lﬂ\l\‘\lu U

1904

ClearCorrect Exhibit 1010, Page 110 of 112



International application No.

PCT/US2007/001652

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER

GO6T 17/00(20006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC 8 A61, GO6T

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean Utility models and applications for utility models since 1975
Japanese Utility models and applications for utility models since 1975

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

eKIPASS(KIPO internal) "three dimension", "articulator"

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2005/0070782 A1 (DMITRI BRODKIN) 21 MARCH 2005 1,2
A See claims 1, 17, 21, 26, paragraphs [0030]-[0032] and figures 1-5 3-415
A US 2006/0003292 A1 (LAUREN et al.) 5 JANUARY 2006 1-415
See paragraphs [0039]-[0053] and figure 1
A US 6409504 B1 (JONES et al.) 25 JUNE 2002 1-415
See column 8, line 9 - column 9, line 9 and figures 5, 6
A US 4270901 (COMPARETTO) 2 JUNE 1981 1-415

See the abstract and figure 1

|:| Further documents are listed in the continuation of Box C. & See patent family annex.

25 JUNE 2007 (25.06.2007)

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report

25 JUNE 2007 (25.06.2007)

Name and mailing address of the ISA/KR

Facsimile No. 82-42-472-7140

Korean Intellectual Property Office
920 Dunsan-dong, Seo-gu, Daejeon 302-701,
Republic of Korea

HAN, Choong Hee

Telephone No.

Authorized officer

82-42-481-8475

Form PCT/ISA/210 (second sheet) (April 2007)

ClearCorrect Exhibit 1010, Page 111 of 112




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2007/001652

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 20050070782 A1 21-03-2005 NONE

US 20060003292 A1 05-01-2006 NONE

US 6409504 B1 25—06-2002 WO 0019935 A1 13-04-2000
AU 199964229 A1 26-04-2000
EP 1119312 A1 01-08-2001
EP 1119312 A4 16-05-2007
JP 2003521014 A 03-07-2003
US 20020037489 A1 28-03-2002
US 20030039389 A1l 27-02-2003
US 7110594 B2 19-09-2006
US 7123767 B2 17-10-2006

US 4270901 02-06-1981 NONE

Form PCT/ISA/210 (patent family annex) (April 2007)

ClearCorrect Exhibit 1010, Page 112 of 112






