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IMPRESSIONLESS DENTAL MODELING SYSTEMS AND METHODS

TECHNICAL FIELD
[00681]  The present disclosure is divected to dental modeling systems and methods, and

more particularty relates to dental modeling systems operable without a dental impression.

BACKGROUND

{8002]  Creating a dental model from a mold of a person's tectit is a well-known
practice. Dental models are used for dental work siich as, for example, dental prosthesis {e.g.,
crowns and bridges), and orthodontics. A mold of a person's teeth is typically formed when a
paticat bites into a pliant casting material that cures to create & mold cavity defining 2 nogative
impression of the person's teeth and gums (i, a “dental meld” or “teeth impression™. The
dental mold can represent all or any portion of the person's teeth and gum Hne. ‘When forming a
dental model, a castable or meldable material is povered into the negative inspression of the dental
mald and the cured castable material provides a stone replica or dental model of the patient’s
toeth and gums.

JBU83T A dental model base may be concusrently connected to the dental model during
formation of the dental model from the dental inold. The dental model base typically inciudes at
least one removable pin that is associated with one of the teeth impressions in the dental mold
After formation of the dental model, individual teeth of the dental model {a “tooth model™) can
be separated from gach other by cudting. The removable pin provides a conmection hotween the
tooth model and the dental model base and provides structure for the technicias to handle the
tooth madel.

{0004]  Advances have been made in the area of impressionless tooth modeling.
Impressionless tooth modeling includes creating digital images of a person’s teeth using digital
imaging technelogy. In one example, data representing the digital image is input electronically
into a milking machine that uses lasers orpiher cutting technology to ot or mill & dental model
from a blank of cured model material. The model material may be, for example, porcelain or
hardened stone material.  In another example, data representing the digital fmage is input
electronically into a rapid prototyping type machine {e.g., a sterec-lithography nachine) thet
deposits small amounts of model material in layers, which layers when sceumulated resuitin the

dental model.
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{0803} Impressioniess tooth modeling eliminates the need to create the dental mold
{i.e.. dental impression) discussed above. Further, the electronic format of the di gital images of'a
person’s teeth makes it possible fo send the digital images electronically, such as over the
Taternet, to a dental iab where the dental model is created. Sending the digital images
electronically can save cost and time over the processes required when using dental molds.

{0086]  buproverents in impressionless tooth modeling systems and methods are

avatiable,

DISCLOSURE OF THE INVENTION

{8067]  The present disclosure is directed generally to dental modehing deviceg,
systems and methods. More specifically, the present disclosure relates to dental maodeling
devices, systemns and methods that provide impressiontess modelin g ofa person’s tooth or teetly
The term impressioniess model may relate to a mode! that is formed without taking a traditional
impression of a person’s feeth, which is usually accomplislied by {illing a tray with plaster or
other curable impression material, inserting the tray into a person’s mouth, and biling into the
plaster to form an impression of the person’s teeth, The impression is then filled with a model
forming material, which when cured, formis a model of the person’s teeth.

{6088 One aspect of the present disclosure relites to a dental modeling sysiem that
includes a dental model base and a mounting plate. The dental mode! base includes a plate
sapport serface and a plurality of pin receiving apertures formed in the support surface. The
mounting plate includes a plate portion positioned on the plate support surface and a plurality of
pins extending into the pin receiving apertures. The plate portion includes a model support
surface configured to support 4 model of a person’s teeth,

{98891 The mounting plate may include a plurality of markings on the model support
surface; wherein the tarkings represent average teeth positions from at least a portion of 4n arc
of teeth. The plate portion'may include polyvarethane. The plurality of pins may inciude a metal
niaterial, and the plate portion may include a polymer material. The dental model base may
include a first snap-fit feature formed ina first end surface thereof, and 4 second snap-fit feature
formed in a second end surface thereof arranged opposite the first end surface. The siap-iit
feature may inchude a ball-and-socket connection feature. The snap-fit feature may include a

latch member, such as a flexible arm having a nipple or protrusion at a distal end thereof

b
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{8018]  The dental modet base may include a plurality of indexing pins extending from
the plate support surface, and the plate portion of the mounting plate includes a pluratity of
indexing apertures formed in a botlom surface thereof, which are receptive of the plurality of
indexing pins. The dental model base and the mounting plate may eaclicomprise-an are-shaped
portion. The dental mode! base may include at least one articulating arm confi gured to pivotally
connect to at least one articnlating arm of another dental model hase,

[0311]  Anotheraspect ofthe present disclosures relates to a desital modelin o agsembly
that includes & dental model buse, a mounting plate, and an alignment jig. The mounting plate
may mclude a plate portion and a plurality of pins, wherein the platc portion is configured to
support a model of a person’s teeth. The alignment jig inchides 2 support base, a pedestal; a
support stand, and a pin locator. The pedestal extends vertically from the support base. The
support stand extends vertically from the support hase. The support stand extends vertically from
the support base and is arranged adjacent to the pedestal. The pin locator is mounted to the
support stand and includes a plurality of alignment pins. The dental model base is mounted to
the pedestal and the mounting plate is mounted to the dental mode! base with a plurality of pins
extending into the dental model hase. The aligament jig is operable to position the aligniment
pins adjacent to teeth portions of the mode! to orient the model relative to the dental model base
and mounting plate.

8912} The support stand may telescope in a vertical direction, The alignment jig may
inclade a support arm, the pin locator is connected to the support arm, and the support arm s
pivotally connected to the support stand. The support stand may include a housing member, a
screw member, and an inner slide. The screw member may contact a threaded portion of the
inwer slide, and the inner slide may be movable vertically relative to the housing by rotating the
screw member. The dental modeling assembly may also inelude an index plate (slso referred to
as a an attachment plate) interposed between the pedestal and the dental model plate. The index
plate may include-at Teast one snap-fit or other quick release cornection feature for releasably
meowiting the dental model base to the poedestal.

[0U33] A further aspect of the present disclosure relates to a method of forming a
dental model assembly. The method includes providing a dental model hase, a model of at least a
portion of an are of a person’s teeth, a mounting plate, and an alignment ji £. The raounting plate
includes « plurality of mounting pins, and the alignment jig includes a pin locator having &
plurality of alignment pins. The method also includes mounting the mounting plate to the dental

3
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modet base with a plurality of mounting pins extending into the dental model base, moumting a
dental mode! base to the alignment jig, positioning the model on the mounting plate, adjusting the
alignment jig and adjusting a position of the modei relative to the mounting plate to position the
alignment pins adjacent to teeth of the model, and connesting the model to the mounting plate
with the adhesive.

{0814]  The alignment jig may include 2 base portion and a pedestal extending
vertically from the base portion, and mounting the dental model based o the atipmment jig
includes mounting to the pedestal. The alignment jig may include a support stand, and adjusting
the alignment jig may inchide operating the support stand to adjust & vertical position of the pin
locator. The alignment jig may include a support arm pivotally mounted to the suppartstand, the
i locator may be mouvnted to the support arm, and adjusting the alignment jig mav include
rotating the support arm between a first position removed from the model and a second position
arvanged adjacent to and vertically above the model. Mounting the dental moedel base to the
alignment jig may include providing a snap-fit connection between the alignment digand the
dental modetl base.

{B815]  Oneaspect of the present disclosure relates to a dental device configured to
mount to a denfal model base having a model suppont surface. The dental device inchades a
sidewall, a first opening, and a second opening. The sidewsll defines a mold cavity, The first
opening provides access into the cavity and is sized fo receive a volume of curable modehing
material. The sccond opening provides access into the cavity and is sized 1o reccive a poriion of
the dental model base with the model support surface exposed within the cavity. The curable
modeling material when cured is mounted to the dental model base and bags a shape defined at
least in patt by the sidewall.

{8816]  Another aspect of the present disclosure relates to a dental modeling assembly
that includes a dental model base, a mold member, and a volume of eurahle muodeling material,
The dental model base includes a model support surface and at least one removable pin extending
from the model support surface. The mold member is releaseably mounted to the dental model
base and defines a cavity, The model support surface is positioned in the cavity. The volume of
curable modeling material is positioned in the mold member and is mounted to the dental model
base. The eurable modeling material when eured is configured to becutinto a madel of at least

one woth, The dental model base may include a mounting plate baving a plate portion and the at
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least one removable pins connected to the plate portion. The meunting plate may be remioviahie
and may define the model support sutface.

[WO37] A further aspect of the present disciosere relates to a dental modeling assembly
that includes a dendal model base and a mold cavity. The dental model base defines a model
suppost susface and includes at least one pin membier extending from the mindel support surface.
The mold member is releaseably mounted to the dental model base and defines a mold cavity that
is configured to receive a volume of curable modeling material. The model support surface and
pin member are exposed in the mold cavity.

{8018]  Anotheraspectofthe presestdisclosure relates to a dental modelia g assembly
that includes an opposing base, a dental model base, and at least one mold member. The
opposing base inclades a cavity and a plurality of retaining pins positioned in the cavity. The
dental model base includes a support surfsce and a plurality of removable pins extending from
the support surface. The at least one mold member is releascably mousnted to one of the opposing
base and the dental model base. The mold member includes at least one wall structure and a
conneetion feature, The wall stricture has an inuer surface that defines a cavity, wherein the
cavity being configured to retain a curable material. The connection feature is cortffighed to
mount the form member to one of the opposing base and the dental model base.

8191 Ancther aspect of the present disclosure relates 1o a method of fovining a déntal
modeling assembly. The method includes providing a dental model base and a mold member, the
dental model base having a model support surface and at Jeast one removable pin extending from
the model support surface, and the mold member defining a cavity. The methoed alse includes
mounting the mold member to the dental model base, and filling at Teast a portion of the Cavity
with a-curable modeling material, wherein the modeling material is in contact with the removable
pin and the model support surface. The method further includes curing the modeling material
and reinoving the mald member from the dental model base.

{89201 Another aspect of the present disclosure relates to a method of forming a dental
model that includes providing a dental model base, a mold member, and a model fonming
machine. The dental model base inclades a model support surface and at least one pin member
axtending ftom the model supportsurface; and the mold member defines s cavity. Themethod
includes releaseably mountiing the mold mémber to the dental model base with the modet support
surface and pin member positioned in the cavity, filling the cavity with a curable modeling
material, curing the modeling material to form a modeling blank that is mounted to the dental

.’.“
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model base, removing the mold member from the dental model base, and forming adental model
from the modeling blank with the modet forming machine.

H21}  Forming the dental modsl may include one of milling and lager cutting the
dental model blank. The method may include creating a digital tmage of at Teast a portion of a
person’s teeth, and forming the dental model may include creating a replica ol the at least a
portion of a person’s teeth from the digital image. The dental model base may iochide a
removahle mounting plate having the at least one pin mentber extending therefrom, and the
modcling blank is mounted to the mounting plate.

[#022]  Another method of present disclosure relates to a method of formin £ adental
model that inclades providing a dental model base and a digjtal image.of at least one tooth, the
dental model base including at Jeast ore removable pin, delivering data representing the digital
image to a rapid prototyping device, and forming a dental model on the dental model base with
the rapid prototyping device.

{00231 The dental model base may include a pluratity of removable pins seranged at
spaced apart localions that represent average spacing of teeth, Forming the dental model may
include depositing a phurality of layers of model material with the rapid prototyping device. The
dental model base may include a mounting plate, the mounting plate having the at least one
removable pin permanently mounted thereto and defining 2 model mounting surface, and forming
the dental model base may include forming directly onto the madel mounting surface.

{#924]  The above summary is not intended to describe each arrangement or every
unplementation of the present disclosure. The figuves and the detailed description that follow

more pagticulurly exemplify vartous aspects of the present disclosure.

BRIEF DESCRIPTION GF THE DRAWINGS

[BO25F  FIG. 1is a top perspective view of an example dental modeling assembly in
accordance with the present disclosure.

{0820]  FIG. 2 is a top perspective view of the dental modeling assemdly of FIG. 1.

[B827F  FIG. 3 is alef} side view of the dental modeling assembly of FIG. 1.

{0028]  FIG. 4 is a right side view of the dental modeling assembly of FIG. 1.

[0828]  FI1G. 5 is a front view of the dental modeling assembly of FIG. 1.

t0030]  FIG. 6 is arear view of the dental modeling assembly of FIG. 1.

{0031]  FIG. 7 is a top view of the dental modeling assembly of FIG. 1.
&
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{6832)  FIG. 8 is a bottom view of the demnial modeling assembly of FIG. 1.

33]  FIG. 9isanexploded top perspective view of the dental modeling asserably of
FIG. 1.

{0034} FIG. 10 is ancther exploded top perspective view of the dental modeling
assembly of FIG. 1.

[6838]  FIG. 11 is an exploded botiom perspective view of the dental modeting
assembly of FIG, 1.

10636]  FIG. 12 is 3 perspective view of a portion of an alignment jig of the dewal
modeling assembly of FIG. 1,

{0837} FIG. 13 isa perspective view of the alignment fig of FIG. 12 having additional
featurcs,

[0038]  FIG. 14 is a perspective view of the alignment jib of PIG. 13 having additional
features,

{08391 FIG. 15 is a perspective view of the alignment jig of FIG. 14 having a dental
model base and mounting plate mounted thereto.

[0848]  FIG. 16isaperspective view of the alignment jig of FIG. 15 with a pin locator
arranged adjacent to the mounting plate.

{6041} FIG. 17 13 a perspective view of the alignment jig of FIG. 16 with the pin
tocator remeved from the mounting plate.

H0842]  FIG. 18 is a perspective view of the alignment jig of FIG. 17 with a dentsl
model positioned on the mounting plate.

{00437 FI1G. 19 is a perspective view of the alignment jig of FIG. 18 with the pin
locator positioned adjacent to the dental model.

18644 TIG. 20 is a perspective view of the alignment jig of FIG. 19 with the pin
locator adjusted vertically relative to the dental model.

{0845]  FIG. 2148 a perspective view of the alignment jig of FIG. 20 with markines
added to the dental mode] and mounting plate.

{0846]  FIG. 22 is a perspective view of the alignment jig of FIG. 21 with the pin
lotator moved away from the dental model,

{9047} TIG. 23 is a perspective view of the aligiment jig of FIG. 22 with an adhesive

added between the mounting plate arid dental model.
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0048 FIG. 24 is a perspective view showing the dental model secured to the
mounting plate with the adhesive,

[0U49]  FIG. 24A is a perspeetive view showing the dental model secured to the
mosnting plate with the adhesive and removed from the alignment fig.

B058]  FIG. 25 shows the assembly of the dental model, dental model base and
mounting plate of FIG. 24 with euts to separate individual teeth of the dental model.

[0853]  FIG. 26 15 a perspective view of the gssembly of FIG. 25-with some of the
individual teeth models removed,

8052} FIG. 27 1 a perspective view of another example dental modeling asscrubly
having an alternative attachment plate,

[0853]  FIG.I8isaperspective view of the dental modeling assembly of FIG. 27 with
a triple tray quadrant articulator arranged for mounting to the attachment plate.

{90841 FIG. 29 is a perspeciive view showing the trinle tray articulator mounted to the
attackument plate.

[8955]  FIG. 301s a perspective view of the dental modeling assembly of FIG. 29 with
a portion of a dental model positioned on the quadrant triple tray articulator and the pin locator
aligned with the model.

{M56) FIGS. 31A31F show varicus views of the attachsnent piate shown in FIGS. 27-
Rt

[B857]  FIG. 32 1s a perspective view of another example dental modeling assembly
having an alternative.attachment plate.

{0058]  FIG. 33 shows the dental modeling assembly of FIG. 32 with an arc triple tray
articulator mounted fo the attachment plate and a dental model positioned on the articulator.

{B05%)  FIGS. 34A-34F show various views of the attachment plate shiown in FIGS.32-

[0860]  FIGS, 35-36 show perspective views of the dental model base and mounting
plate of FIG. 1 assembled topether.

{DBsl}  FIGS. 37-38 are exploded perspective visws of the dental model baseé and
mounting plate of FIGS, 35-36.

{0062}  FIGS. 39A-309F show plan views of the assembled dental model base and

mounting plate of FIGS. 35-36.
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[663]  FIGS. 40A-401 are plan views of the dental niodel baseand mounting plaie of
PGS, 3738

{8964}  FIG. 414 is a perspective view of the dental mode! base of FIG. 3% having a
plurality of mounting pins positioned therein with the dental model base enclosed in a mold.

[0065]  FIG. 41Bis an expluded perspective view of the dental mode! base, mounting
pins, and mold of FIG, 414,

[0866]  FIGS. 42-43 are perspective views of the assembly of FIG. 414 showing the
mold filled to form a plate portion of the mounting plate.

[B0467]  FIGR. 44-43 are exploded perspective vigws of the assembiies of FIGS . 42-43
showing the formed mounting plate.

{06681 FIGS. 46-47 ave perspective views of another example dental model base and
mounting plate assembled together

{60691  FIGR. 48-49 are exploded perspective views of the dental model base and
mounthing plate of FIGS: 46-47,

{0676]  FUGS. SO0A-50F are plan views of the dental model base and mounting plateof
FIGS. 46-47.

{8878 FIGS. S1A-51D are planned views of the dental model base and mounting plate
of FIGS. 48-49,

H872)  FIGO52A s a perspective view of the dental base of FIG. 46 having a plurality
of mounting pins inserted therein with the dental mode! base positioned in a mold.

$0073)  FIG. 528 is an exploded perspective view of the deutal model base, mounting
ping, and mold of FYG. 532A.

{8074}  FIGS. 53234 are perspective views of the assembly of FIG, 52 A with themeld
filled to form a plate portion of the monnting plate.

FOD75]  FIGS. 55-536 are exploded perspective views of the asserably of FIGS. 53-54,

976]  FIGS. 57-38 are perspective views of'the quadrant tripletray articudator shown
in FIGS. 28-30 assembled together,

{B077]  FIGS. 59-60 are exploded perspective views of the quadrant triple. tray
articulator of FIGS. §7-58.

{078 FIGS. 61A-61F ave plan views of the quadrant triple tray articilator of FIGS,
57-58.

g
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{BE79] FIGS. 62A-62D are plan views of the quadrant triple fray articulator of FIGS.
58-64.

{BU88}  TIG. 63A is a perspective view of another example dental model base having a
pluraiity of mounting pins positioned therein with the dental model base enclosed in a maold.

{0081} FIG. 638 isan exploded perspective view of the dental model base, mounting
pins, and mold of F1G. 63A.

{6682}  FIGS. 04-63 are perspective views of the assembly of FIG: 63 A with themold
filled to form a plate portion of the mounting plate.

[BE83]  FIGS. 66-67 are exploded perspective views of the assembly of FIGS. 64-65.

{0984}  FIG, 68 is a perspective view of an ar¢ triple tray articulator with mounting
plate assembled thereto in acenrdance with the present disclosure.

[0O8S]  FIG. 69 is a side view of the arc triple tray articulator of FIG. 68,

{9986]  FIG. 70A is a perspective view of the are triple tray articulator of FIG. 68
having a plurality of mounting pins positioned therein with the articulator enciosed in 2 mold.

{8087} FIG. V0B is an exploded perspective view of the dental model base, mounting
pins, and mold of FIG. 70A.

{0088F  FIGR. 71-72 ave perspective views of the assembly of FIG, 70A with the mold
filted to forn: a plate portion of the mounting plate.

{0089)  FIGS. 73-74 are exploded perspective views of the assembly of FIG. 71.

[9890]  FIG. 75 is a rear perspective view of an example mounted madeling block in
accardance with the present disclosure.

{0091]  FIG. 76 is a front perspective view of the mounted modeling block in FIG. 75.

[0321  FIG. 77 is an exploded rear perspective view of an example dental modeling
assembly including the mounted modeling biock of FIG: 75.

{00831 FG. 78 is anexploded front petspective view of the deatal modeling assembly
of FIG. 77,

[0094]  FIG. 79 is another exploded front perspective view of the dental modeling
assembly of FIG. 77,

H089S]  FIG. 80 is another exploded rear perspective view of the dental modeling
assembly of FIG. 77,

80961  FIG. 81 is an exploded side view of the dental modeling assembly of FIG. 77.

0097]  FIG. 82 is an exploded rear vigw of the dental modeling assembly of FIG. 77.
10
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(098] FIG. 83 is an exploded front view of the dental modeting assembly of FIG, 77.

06991 FIG. 84 s g front perspective view of an example mold and base assembly in
acegordance witlvthe present disclosure.

{B0T08]  FIG. 85 is an exploded front perspective view of the mold and base assembly of
FIG. 84.

{0188]  FIG. 86 is another exploded front perspective view of the mold and hase
assembly of FIG. 84,

WiGl]  FIG. 8748 a wop view of the mold and base assembly of FIG, 84,

18152} FIG. 58 is an exploded side view of the meld and base assembly of FIG. 84.

{91631 TG B9 s a bottom perspetctive view of an example mold member in
accordance with the present disclosure.

[RIB4]  FIG. 90 is a bottem view 0f the mold member of FIG. 89,

F3E88}  FIG. 91 isarearview of the mold member of FIG. 89.

[9106]  FIG, 92 is a side view of the mold member of FIG, 9.

[8107f  FIG, 93 isarear perspective view of another example mounted medeling block
in accordance with the present disclosure,

[B108]  FIG. 94 s a font perspective view of the mounted molding block of FIG. 93,

[0189]  FIG. 95 is another rear pesspective view of the mounted moiding block of FIG.
W18 FIO.96 is another front perspective view of the mounted molding bleck of

{6181} FIG. 97 is an exploded rear perspective view of another dental modeling
asserably that ibcludes the mounted molding block of FIG, 93.

0112}  FIG. 9% isan exploded front perspective view of the dental modeling assenibly
if F1G. 97.

{0113} FIG. 99 is another front perspective view of the dental modeling assembly of
FIG. 97

[o114]  FIG. 100 is another rear perspective view of the dental modeling assembly of
FIG. 97

[B115f  FIG. 101 is-an exploded rear view of the dental modeling assembly of FIG. 97,

{6116}  FIG. 102 15 an exploded font view of the dental modeling assembly o FIG. 97,

{9117 FIG. 103 13 an exploded side view of the dental modeling assembly of FIG. 97,
i1
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{01EB]  FIG. 10415 a front perspective view of a mold and base assembly in accordance
with the present disclosure.

[OTI%]  FIG. 103 s an exploded front perspective view of the mold and base assembly
of FIG. 104,

18128 FIG. 106 is another front perspective view of the siold and base assembly of
FIG, 104,

F9I21]  PIG. 107 1s another eéxploded front perspective view of the mold and hase
assembly of FIG. 104,

101221 FG. 108 isan exploded side view of the mold and base assembly of FIG. 104,

{9123} FIG. 109 s a top view of the mold and base assembily of FIG. 104,

{63247 FIG. 11615 a front perspective view of another mold member is accordance

o

with the present disclosure:

{125 FIG. 1] isa bottom view of the mold member of FIG. 110.
[0R26)  FIG. F2asatopviéw of the mold memberaf FIG, 110,

{0827} FIG. 113 s a front view of the mold member of FIG. 116
{0128}  FHS. 114 is arear view of the mold member of FIG. 110,

i FIG 113 s afront perspective view of the mounting molding block of FIG. 94
at least partially milled to form s dental model.

f0136]  FIG. 116 is a reat perspective view of another exaniple mounted molding block
it accordance with the present disclosure.

§0131)  FIG. 117 1a front perspective view of the mowsted molding block of FIG. 116,

{8132}  FIG. 118 15 another front perspective view of the mounted molding block of
FIG. 16,

[8133]  FIG. 119 &5 an exploded rear perspective view of another example dental
raedeling assembly that ingludes the mounted molding block of FIG, 116 in accordance with the
present disclosure.

[9E34]  FIG. 120isan exploded front perspective view ol the dental mounted assembly
of FIG. 119,

{0135}  FIG. 121 is another exploded front perspective view of the dental snounting
assembly 6 FIG., 119,

[6136f  FHG. 122 s another exploded rear perspective view of the dental mounting

asseniblv.of FG. 119,
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{B137)  FIG. 123 v an exploded rear view of the dental mounting assembly of FIG.

123

[0338]  FIG. 124 is an exploded front view of the dental mounting assembly of FIG.
119

{139} FIGL 125 s an exploded side view of the dental mounting assembly of FIG.
119,

18148]  FIG. 126 is a front perspective view of another example mold and base
assembly in-accordance with the present disclosure.

[0343]  FIG. 127 is an expleded front perspective view of the mold and base assembly
of FIG, 126.

{63421 FIG. 128 is another front perspective view of the mold and base assembly of
FIG. 126.

{8143]  FIG. 129 is another exploded front perspective view of the mold and base
assembly of FIG, 126,

f0144]  FIG. 1301is an exploded side view of the mold and base assembly of FIG, 126.

§0E45]  FIG. 131 is d top view of the mold and base assembly of FIG. 126,

{01461 FlG. 132 s a front perspective view of anather example mold member in
accordance with the present disclosure,

(9147,  FIG. 133 is a bottom view of the mold member of EIG. 132,

{8348]  FIG. {341y a frent view of the mold member of FIG. 132,

{149]  FIG. 135 ts a rear view of the mold member of FIG. 132,

0130f FIG. 136 is.a top view of the mold member of FIG. 132,

{0I51} PG 137 is 4 pin hole layout for upper and fower are teeth artangements.

{8152} FIG. 138 s a pin hole fayout with a linear array of pin holes determined by
overlaying one of the pin hele layouts of FIG, 137

{#153]  Throughow the drawings, identical reference numbers designate similar; but

not necessarily :dentical, elements,

BEST MODE(R) FOR CARRYING QUT THE INVENTION
[0i54] A model of a person’s teeth(a “dental model”} is commonty used in the dentat
industyy for preparation of, for example, crowns, bridges, ete. The dental model typically has the

same shape, size and spacing between teeth as the actual teeth represented by the model. The
13
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dental model is often mounted to a dental mode! base for improved ease in handiing the dental
medel. Some types of dental model bases include apertures along amodel support surface that
are sized 16 receive dowel ping (also referved to hercinas “dental pins”}. The dowel ping, when
mserted into the apertures, extend partially into the destal model base and partially into the dental
model that is suppoerted en the dental model base. Typically, at least one dowel pif s arranged
on the dental model base in alignment with a particular tooth of the dental model. When
individual tecth of the dental model are separated from adjacent teeth by, for example, cutting
through the dental model, that tooth can be removed from the dental model bass. The dowel pin
attached fo the removed tooth can be used to handie the removed tooth and can be used later fo
reposition the removed tooth on the dental model hase at the same location.

{0155)  The present disclosure is applicable to dental modeling systems used in the
formation of dental models. An example dental modeling svstom includes an articulator
associated with the dental modeling bases that can be used to position upper and lower sets of
teeth relative fo each other and provide soie articulation between the upper and lower teeth. In
one example, the dental modeling system includes dental model bases having integral articulator
components. The dental modeling systera may also inchude opposing hases.

{8156  Dental models can be formed in a variety of ways. One standard way of
generating & dental model includes first taking an impression of a person’s teeth by inserting a
person’s teeth info @ mass of mold material to form an impression of the person’s teeth. The
impression is later fitled with a curable moldable material, which when cured into a solid state
resuits in the dental model. Methods exist for mounting a dental model formed from an
impression of a person’s teeth to a dental model base,

{157} Recently, more advanced technigues for creating a denial model have been
developed. One such technique inctudes scanning a person’s teeth (or a model of a person’s
teeth} to create digital images of the person’s teeth. The digital images are converted into a
digital model. Electronic data representing the digital model is input into a milling machine that
cuts the dental model from a block of model material. In another recently developed techiique,
the digital model of the person’s teeth is input into a rapid prototyping or rapid manufacturing
device, and the dental model is formed by depositing Jayers ofmaterial with the rapid prototyping
device, which when built up over time resulis in a dental model.

{0158]  The present disclosure relates in part to dental model bases, cuted modeling
blocks mounted to dental mndcl bases (referred to hevein as mousnted modeling blocks), mold
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members used to create the cured modeling blocks, mold and base assemblies that incdisde mold
members and dental model bases, and dental modeling assemblics that include dental model
bases, mold members and cured modeling blocks. The present disclosure also relates t6 the
formation of a dental model directly onto a dental model base using rapid prototyping or rapid
manuiacturing technigues. The preseat disclosure also relates to formarion of & dental model on
a dental model base using milling, cutting or related processes to form a dental model in a biock
of cured niodeling material that is mounted to dental model base. Some aspects of the present
disclosure generally refate to the formation of dental models on a dental model base without the
use of dental impressions. The present disclosure also relates to the formation of dental modeis
iy 3 dental model base using digital images of at {east 2 portion of a person’s teeth,

[OES9) Inat least some example, the dental model base includes a plurality of pre-
positioned removable pins that are spaced apart based on average spacing of teeth common to
lavge, medium, or small sized mowths. The remavable pins may be coupled together as partofa
mounting plate that is interposed between the dental model base and the dental model. The
mounting plate may include a plate portion, which interconnects the removable pins and provides
a mounting surface configured to support the dental model, The dental mode! mav be connected
ta the mounting surface of the plate portion esing, for example, an adhesive or other bonding
agent. The remoevable ping extend from the plate portion in an opposife dircctionr.  The
removable pins extend into pin apertures of the dental model base as part of releasabie mounting
the dental model and mounting plate to the dental model base.

(0160  The bonding sgert msy comprise, for example, an adhesive material such as
cyanpacrylate, polyurethane, epoxy or any other suifable bondiny agent,

f6161]  In some examples, the modeling blocks mentioned above may be directly
formed on the mounting plate, and the deotal model is formed from the modeling biock. Inother
examples, the dental model s formed directly on the mounting plate using, for example, rapid
protofyping or rapid manufactiwing technique.

{8162]  Although many of the examples disclosed herein relate to the formation of'a
dental model directly on a dental medel base, it may be possible to create the dental model in a
separate step using, for example, rapid prototyping or milling based on a digital image of a
person’s teeth, and later mounting the completed dental model to a dental model base. The
dental model base to which tiie completed dental model is mounted in a separate step may

include, for example, a plurality of removable dowel pinsthat arg positinned onthe dental modet
5 Pic, A p ) P
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base at average locations for a particular mount size (7. ¢, small, medium, and farge mouth sizes),

The dowel pins may be pre-positioned at such average locations by the fonmaton of an array of
apertures on the dental model base that represent the average location of teeth. In some cases, the
dowel pins may be permanently attached to the dental maodal base, while in other cases at least
some of the dowel pins may be removably mounted o the dental model base. As discussed
above, the dowel pins may be connected together with a plate portion of 2 mounting plate so that
the dowel pins can be mounted to and removed from the dental model base concurrently as &
single unit.  The dowel pins may include a tapered portion that facilitates mounting and
dismounting of the dowel pins from the dental model base. The dowel pins may also include an
attachment portion, which may include a knurled surface, for connecting the dowel pinsdirectly
to the dental model or to the plate portion of the mounting plate. The dental model bases may
include at least @ portion of an are shape and the dowel pins are arranged along at least a portion
of the arc. In other examples, the dental model base is generally linear shaped and includes a
generally linear array of dowel pins and/or aperfures sized to receive dowsl pins.

{0163]  The use of dental model bases having pre-positioned dowel pins arranged at
average locations for teeth of a given mouth size with the advanced dental modeling techniques
available (ie., rapid prototyping and milling based on a digital image of the person’s toeth
without the use of an Impression) {5 an advance inn the art. The use of adhesives and other
honding agents to connect a pre-formed dental model, which is formed using any of a number of
forming technigues, including impressionless forming techniques, o an arrangenient of
removable pins arranged at sverage locations for teeth of a piven mouth size is also an adyvancein
the art. A stll further advance is the use of an alignment jig to orient the pre-formed dental
model to the dental model base and/or the mounting plate discussed sbove is also an advance in
the art. The atigrment jig may provide consistent placement of dental models on dental model
bases (o provide improved articulation of mating {i.e;, upper and lower) dental models. While the
present disclosure should not be so limited, an appreciation of various aspects of the present
disclosure will be gained through a discussion of the examples provided below,

[8164f Refering now to FIGS. 1-11, an example dental modeling assembly 10 is
shown including a dental model base 12, a mounting plate 14, an attachment plate 16 and an
alipiinent jig 18, The mounting plate 14 is receptive of a dental model of & person’s teeth sush
as, for example, a full are or a portion of an arc of a person’s upper orlower teeth. The mounting
plate 14 is removably mounted to the dental model base 12. The dental mode! base 12 is
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refeasably mounted to the alignment jig 18 with the attachment plate 16, The alignnient jig 18
may operate to align the dental made? relative to the mounting plate 14 1o provide consistent
placement of the dental model vefative to dental model bases using the alignment jig 18, This
consistent placement may be helpful in providing proper articulation between two sets of dental
models such as, for example, upper and lower dental wodels from the same persnn.

[0165]  The mounting plate may include & plurality of mounting pins, which may also
be referred to as fapered pins or removable tapered pins, which extend into the dental model base
12 to provide attachunent there between. The mounting pins may be arranged at average looations
of teeth for sither the upper or lower portion of a person’s mauth and based on the size of the
person’s mouth (e.g, small, medium or large}. After mounting the dental madel to the mounting
plate 14, an operator may cut between individual teeth of the dental model and cut through the
mouwstting plate such that individual teeth, or groups of teeth of the dental model ave carried bya
purtion of the mounting plate 14 and « separate mounting pin is associated with each tooth.

{0166]  Thealignment jig |8 may be especially usefs! for mountin o adentdl model toa
dental model base when the dental model is formed separately and independent of the dental
model base by any of a number of different modeling processes. Some example modeling
processes include impressionless modeling, which involve, for exaniple, rapid protolyping and
rapid manufacturing buildup of the tooth based on a 31 image of the teeth collected by, for
exampie, & digital scanner. Another example impressionless method includes milling, culingor
otherwise creating a dental model from a block of cured model material also based en a 3D image
of a person’s testh collected by, for example, a digital scanner. The model may be formed using
traditional methods such as taking an impression of a person’s teeth using-a tray-of gurable
material that a patient bites into to form a negative impression, and the negative impression is
later filled with a curable modeling material to form the dental model. After the dental model is
formed using onc of these methods, the dental model is mounted fo the dental model base or a
mounting plate that s pre-mounted to the dental madel base.

f6167]  The dental model base 12 and mounting plate 14 may be used independent
from the alignment jig 18 as part of an impressionless modeling system. For exampie, a rapid
prototyping or rapid manufacturing method may be used to build up and create a dental niodel
directly on the mounting plate 14 or directly on the dental model base 12 when the plurality of
mounting pins are pre-positioned in the dental model base 12, In another example, a block of
cured modeling material is attached to the mounting plate 14 using a bonding agent such as
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adhesive, or the cured block of modeling material 1s mounted directly to the dental model base
12, which has mounted thercto the plurality of mounting pins, A method such as milling, eutting
or forming device may be used to create the dental mode! from the block of modeling material.

{03168]  The dental model hase 12 and at least the mounting pins of the mounting plate
14 may provide advantages of the systems and methods disclosed in U.S. Patent No. 7,108,507
and U.S. Patent Publication No. 2006/028 1043, which are incorporated herein in their entireties
by this reference. In some examples, the combination of the dental mode! base 12 and the
mounting plate 14 is referred to as a dental model base or a dental model base assenthly.

{03697 Referring to FIGS. 37 and 38. the dental model base 12 includes a top side 20,
4 bottom side 22, a front end 24, a rearend 26, a model support sirface 28, a side wall 30, and &
cavity 32, FIGS, 35-38 and 39A-40D show addisional views of the dental model base 12, A
plurality of pin apertures 34 are formed on the model support surfice 28 and are aligned with a
plucality of pin support protrusions 36 that extend into the cavity 32. The indexing members 338,
40 are positioned oa the model support surface 28, A different size and number of indexing
members 38 may be associated with each pin aperture 34 as compared to the size and number of
the indexing members 4G,

(91791 The dental model base 12 may also include a lateh feature 42 positioned at the
front end 24 and at least one socket feature 44 pogitioned at the rear end 26. The latch 42 and
socket 44 may interface with features of the attachment plate 16 to provide a quick release motnt
of the dental model base 12 to the attachment plate 16 aud to whatever device or structure the
attachment plate 16 is mounted to.{e.g., the alignment jig 18 or an articulator structure). A slot
46 nray atso be formed in the rearend 26. The slot 46 may be used to mount the dental model
base 12:to 2 support structure such as, for example, an agticulator,

(8371 The pin support protrusions 36 may define a channel or bore, which has a
tapered construction and s sized 10 receive themountinip pins of the muinting plate 14 described
above. The pin support protrusions 36 may have a length within cavity 32 that is less than a
distance that the mounting pins extend so that distal tips of the mounting pins protrude from a
distal open end of the pin suppert protrusions 36, as shown in FIG. 36, This arrangement
provides exposure of a portion of the mounting pins so that the mounting pins may be more
easily removed by applying an axial force to the exposed portion of the mounting pins.

{6472} The dental model base 12 may alse inctude markers 31, 33 on the side wall 30
{see FIG. 37}, The marker 31 may be aligned with a position of a cuspid tooth of the dental
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model, and the miarker 33 may be sligined with a first molar of the dental model. The markers 31,
33 are aligned with an pin aperture 34 and pin support protrusion 36 associated with the cuspid
and frst molar.

(91731 Referring again to FIGS. 37 and 38, the mounting plate 14 includes a plate
portion 50, a plurality of mounting pins 52, and a plurality of pin markings 54. The plate portion
50 inchudes top and bottom surfaces 56, 58. The mounting pins 52 may extend from the battont
surface 58 and include a tapered portien 60. The tapered portion 60 extends jnto and mates with
the tapered internal bore of the pin apertures 34 and pin support protrusions 36 of the densal
model hase 12.

{8174}  The pin markings 54 may extend away from the mounting pins 32 to he
exposed along the top surface 56 and possibiy along the opposing inner and outer side surfaces
55,57, The pinmarkings 54 may provide a visual indicator of a position of each of the mounting
pins 32 even when the top surface 56 s at least partially covered with a dental model.

{0178]  During formation of the mpunting plate 14, the top surface 56 roay be
machined to achieve a desired thickness efthe plate portion 50, The machining may inclode, for
example, milling to remove a portion of the plate portion 50 and a portion of the mounting pins
52, This machining may tesult in the mounting pins 52 being exposed along the top surface 56,
Typically, the mounting pirts 52 comprise a different material front the plate portion 50, The
difference in materials between the plate portion 50 and the monnting pins 52 may provide a
visual indicator of the positions of the mounling pins 52 on the plate portion 50, which may assist
in wrranging a dental model on the mounting plate 14 with or without the pin markings 54.

{#8176]  The pin markings 34 may be formed using, for example, a stenciling method
that applies a visual indicator along an outer surface of the plate portion 50. Other methods may
be used to form pin markings 54 including, for cxample, forming a stight protrusion or recess,
erubedding & member within the material of the plate portion 50, or providing the pin maskings
54 along the bottont surface 38 instead of'the {op surface 56 and forming the plate portion 50 out
of a transparent material that permits visualization of the pin markings 54 from the top surface
56.

{8177} The mounting plate 14 may also include a plurality of indexing apertures 85
{se¢ FG. 11}, The indexing aperiures $5 maybe aligned with the plurality of indexing members
38, 40 positioned on the top surface of the dental model base 12. Tn at lcast one example, the
mdexing apertures 55 are formed concurrently with forming the plate portion 50 directly on the
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top surface of the dental model base 12, or a surface that represents the top surface and indexing
rnumbers 38; 40 of the dental model base 12, The arrangentent of the indexing members 38, 40
and the indexing apertures 35 is unique for each one of ihe pin apertures 34 and OUNLING pins
32, This unique arrangement of indexing menmbers and irdexing apertures substantially
eliminates the possibility of positioning 8 mounting pia 52, and associated portionof the dental
model, inthe wrong pin aperture 34.

{0178  Theattachment plate 16 i3 now described with reference to FIGS. §-11. The
attachment plate 16 includes a top surface 64, a bottom surface 66, a latch- member 68, at least
one ball attachment member 70, fastener apertures 72, and a plurality of first fastoners 74, The
top surface 64 is ennfigured to receive and support the dental model base 12, The bottom surface
06 rests against a pedestal feature of the alignment jig 18. The latch member 68 engagesthe latch
42 of the dental model base 12, and the ball attachment member 70 an gages the sockets 44 of the
dental model base 12. The latch member 68 and ball attachment member 70 may provide a
releasable {e.g.. snap-fit) connection of the dental model base 12 to the attachment plate 16, The
{irst fastener 74 may extend through the fastener aperture 72 to provide areleasable connection of
the attachment plate 16 to the aligament jig 18. Other attachment featores may be possible to
releasably mount the attachment plate 16 to the alignment jig 18. The attachment plate 16 may
be configured to mount to other devices such as, for example, pouring jigs and articulators.
Furthermore, different types of releasable connection features may be used in place of latch
member 08 (e.g., snap-fit} and ball attachment member 70 {e.g., ball and socket) to provide a
quick release attachment of the dental model base 12 {o the attachment plate 16 or the alignment
jig 18,

{01781 Reforingagain to FIGS. 1-11, generally, the alignment jig 18 includes a base
76, a pedestat 78, a support stand 80, and a pin focator 90, The base 76 supports the pedestal 78
and support stand 80. The support stand 80 jucludes a housing 82, a screw 84, a slide 86, and a
support arm 85, The support stand 80 is adjustable to alter a position of the pin locator 90
relative to the pedestal 78, which supports the dental model base 12, mounting plate 14 and
attachment plate 16.

[#180]  The base 76 includes a top surface 92 to which the pedestal 78 and support
stand 50 are mounted. The base 76 also includes a plurality of support pads 94 along a bottom

surface thereof. The support pads 94 may provide a high friction interface with a support surface,
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such as a countertop, to limit movement of the alignment jig 18 relative fo the support surface
during use.

{0181}  Thepedestal 78 includes a pedestal plate 96, a mounting surface 98, a base 99
and a plurality of pedestal fasteners 100 {see FIGS, 8-11). The base 99 may comprise different
materials from the pedestal plate 96. In one cxample, the base 99 comprises a polymer material
and the pedestal plate 96 comprisesa metal material. The pedestal plate 96 provides an interface
for attaching the attactument plate 16 to the alignment jig 18. The pedestal fasteners 100 may be
used 1o secure the pedestal plate 96 to the base 99, The pedestal plate 96 may include the
mounting surface 98 and a plurality of fastenér openings 1071 confipured o receive the frst
fasteners 74 of the attachment plate 16.

{0182}  Thehousing 82 includes @ top opening 102 and a screw opening 104 {see FIGS.,
9-11). The top opening 102 Is sized 1o receive the slide 86, The screw apening 104 provides
access 10 the serew 84 when assembled. The serew may include a plurality of serew threads 106
and an axel member 108, The screw 84 may be assembled with the housing 82 by removing the
axel 108 from the screw 84, positioning the screw 84 within the screw opening 104, and
advancing the axel 108 up through a bottom surface of the housing 82 when the housing 82 is
detached from the base 76, This arrangement may provide secure attachment of the screw 84 o
the honsing 82 wntil the housing 82 {5 removed from the base 76,

{4583  Theslide 86 shown in FIGS. 9-11 includes a pluralitvof slide threads 116, an
axel opening 112 and a plurality of stop or pad members 114, The screw threads 106 of the
screw 84 interface with the slide threads 110, Rotating the screw B4 maves the stide 56 wpand
down relative to housing 82, The screw threads 106 of screw 84 may include stop surfaces 107
{see FIGS. 9 and 11}, which provide maximum raised and lowered. positions of the slide 86
refative 1o housing 82,

{0184]  The axel openings 112 are sized to receive an axel pin 120 to secure the
support armL838 to the slide 86, The stop members 114 provide position stops for the support arm
88, which is rotatable between a first position shown in FIG. | and arranged adjacent to the
mounting plate 14 and a second or removed position shown in FIG. 2 rotated away frony the
mounting plate 14. The stop members 114 may define a-180” rotation angle for the siipport sdrm
88. The stop members 114 may be positionad at any desired location or angle to define a

different rotation angle of the suppost arm &8,
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[#185]  While a portion of the slide 86 is shown extending into the housing 82 to
provide contact with the screw 84. other emibodiments are possible wherein the siide 86 extends
along an exterior of the housing 82 and provides a similar fimetion. In one example, the screw 84
may be mounted 1o the slide 86 rather than being mounted to the housing 82 so asto move
vertically with the slide 86 relative to housing 82. In other arrangements, different adjusting
features may be used to move the support arm 88 vertically relative to pedestal 78. In semc
examples, the pedestal 78 may include features that provide vertical movement of the dental
model basc 12 and mounting plate 14 relative to the pin locator 90 carried by the support arm 88,

{0186]  The support arm 88 includes distal and proximal ends 116, 118, the axel pin
120 mentioned above, and 2 pin opening 122 {see FIGS. 9-11), The pin locator 199 includes a
pluratity of locator pins 124, The locator pins 124 extend in the same direction and typically
have the same size and shape and extend the same distance. The pin locator 90 is mounted to the
distal end 116 of support arm 88, The support arm 88 is connected ic the slide 86 at the proximal
end 118, The axcl pin 120 extends through the axel openings 112 of the shide 86 and through the
pin openings 122 of the support arm 8% to provide a pivotal connection between the support arm
88 and the slide 85.

{5187} In some arrangements, the support amm 88 is formed integral with the pin
locator 90, In other arrangements, the pin locator 90 is formed separate from the suppott arm 88
and assembled theroto using a fastener or other attachment feature.

[0E88]  The pinlocator 90 may have a construction that matches the size ofthe dental
model base 12 and mounting plate 14. For example, whea a dental model base 12 and mounting
plate 14 having a medium size for an upperset of teeth, the pin locator 90 also has a medium
upper size. As discussed above, the aftachment plate 16 muay also have a matching size (e.g.. a
medivm upper size or a size configured to accommodate a medium upper dental mode! base 12),
An operator may check the size of the pin locator 90 to make sure it matches the size of the
dental maodef base 12 and mounting plate 14 by rotating the pin locator 90 inte- the position
shown in FiG. 1 and lowering the slide 86 until the locator pins 124 touch the top surface of the
mounting plate 34, The loeator pins 124 should align with the mounting ping 52 {egz.
substantially cover the mounting pins 52) along the top surface 56 of the plate portion 50. If the
logator pins 124 do net properly align, the pin locator 90 may be replaced with the proper size to

match the size of the dental model base 12 and mounting plate 14.
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[018%]  Referring now to FIGS, 12-26, an example method of mounting a déntal model
toadental moded base and forming individual teeth models that can be removably mounted to the
dental model base is described in detail. FIG. 12 shows the alignment jiz 18 in its most basic
form. The screw 84 is adjusted to elevate the slide 86 to its maximum height position. A pin
locator 90 and associated support arm 88 are selected to mateh the size for the dental modet! that
is being handled. For example, if the dental model is a medium upper, the pin locator 90 is
selected to be a medium upper pin locator. The support arm 88, which carries the pin locator 90,
is mounted to the slide 86 using the axel pin 120 as shown in FIG. 13. The support ann 88 is
rotated into-the second or removed position away from the pedestal 78.

[0180] Refernng to FIG. 14, the attachment plate 16 is selected to match thesize ofthe
dental mndel {e.g, a medivm ppper size). The first fhsteners 74 are used to-connect the
aitachiment plate 10 to the pedesial plate 96 with pedestal 78,

{8191}  Refemng to FIG. 15, the dental model base 12 and mounting plate 14 are
selected to match the size of the dental model (¢, g, a medium upper), and the mounting plate 14
is mounted to the dental model base 12 by inserting the mounting pins 52 into the pin apernures
34, The dental model] bage 12 is mounted to the attackment plate 16 using an interface between
the latch 42 and latch member 68 and ‘the socket 44 with the ball antachrent member 70,
Referring to FIG. 16, the support arm 88 is rotated into the first or adjacent position, which is
vertically above the rmounting plate 14, to confirm that the pin locator 90 and the mounting plate
14 have amating size. The serew 84 iy beoperated to adjust ihe slide 86 downward to contact
the locater pins 124 againstthe top surface of the mounting plate 14, The locator pins 124 sheuld
align with the mounting pins 52 and the pin markings 54. Once the mating size is confirmed, the
support amm 88 is rotated back 1o the second or removed position shown i FIG. 16 and the sfide
56 is adjusted vertically upward (e.g., 10 its maximum height position},

{0192} Refeming to FIG. 18, a dental mode! 8 is positivned on top of the mounting
plate 14. A rough adjustinent of the dental moedel 8 may be performed fo align the cuspid with
the matking 31 and the first molar with the marking 33.. The opetator may check to confirm
whether there 15 excess gum portion of the-dental medel that is extending over the peripheral
edges-of the wmounting plate 114 and that reeds 1o be trimined.

{8158y Reforring o FIG. 19, the support arm 88 is rotated back to the first or adjacent
position vertically above the dental modet 8. FIG. 20 shows the screw 84 operated to lower the

slide 86 until the locator pins 124 are positioned adjacent 1o ocelusal surfaces of the teeth of the
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dental model 8. In at lpast one example, the locator pins 124 are positioned within about 0.5
millimneterss toabdut S millimeters, andmore preferably about I millimetertoabout 2 millimeters
of the teeth’s occlusal surface. The dental modet 8 is adjusted on the nwounting plate 14t align
the locator pins 124 with individual tecth of the dental model 8.

{8194  Oncethe alighment is completed precisely as pussible, the operator may mark
an outer surface of the dental mode! 8 with model markings 6A, 6B as shown in FIGS. 21 and 22,
wherein the model markings 6A, 6B-are-aligned with some of the pin markings 54 orthe markers
i1, 33, The markings may be made using, for example, a permanent matker, paint, or stickers.
The model markings 6A; 6B may provide a quick referénce for realigning the dental model &
relative to the mounting plate 14 after applying a bonding agent {e.g., adhesive) as will be
described below,

[0E95]  Reforring to FIG. 22, the support arm 48 1s rotated back to the second or
removed position so that the pperator can easily access the dental model § for removal of the
dental miodel 8. FIG. 23 shows an adhesive 4 applied to 4 botiom surface of the dental modal 8
and to the top surface of the mounting plate 14, The achesive 4 may be applied along an entirety
of the bottony surface of the dental model ¥ and along an entirety of the top surface of the
mounting plale 14, or along only portions thereof,

{6196f  The dental model 8 is then retumed to-a position oit top of the mounting plate
14 and the model niarkings 6A, 6B are aligned with associated roarkings on a mounting plate 14
{e.g.. certain. of the pin markings 54, markers 31, 33 or markings made by the operator). The
operater rotates the support anm 88 back into the first or adjacent pesition, which should position
the Tocater ping 124 adjacent to individual teeth of the dental model 8 as described above with
reference to FIG. 21, The operator may maeke any fine tuning adjustinents to align the locator
pins 124 cenirally on each footh of the dental model 8. Typically, due to the fast setting
properties of the adhesive 4, the opetator has only a few seconds {e.g., less than 60 seconds) to
muake any adjustments of the dental model 8 relative to the mounting plate 14.

[0597]  The opevator inay then move the support arm 88 indo the second or retnoved
position and apply a downward foree on the dental model 8 to fix a position of the deptal model &
relative to the mounting plate 14. The application of pressure may secure the fixed interface and
may accelerate setting of the adhesive 4. The operator may wipe away excess adhestve 4 that
nozes out between the interface of the mounting plate 14 and dental modet 8. The operator may
apply the downward force F io the dental model § while the denial model base 12 remains
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mounted to the alignment jig 18 as shown in FIG. 24. Alternatively, as shown in FIG. 24A, the
operator may remove the dental model base 12 from the alignment jig 18 and apply the
downward force F at a location separate from the alignment jig 18,

[0198] Refaringto FIG. 25, the opevalor may then sut the dental model % between
individual teeth of the dental model with cuts 7. The cuts 7 may extend through the mousting
platc 14, The operator may wish to form the cuts 7 at a location between the pin markings 54 to
ensure that the cut 7 does overlap one of the mounting ping 52

{0198  After making the cuts 7, the operator may remove the individual tecth models 2
from the dental model base 12. The individual teeth models 2 may include a portion of the dental
model 8, a portion of the mounting platc 14, and a separate mounting pin 52, The tapered
construction of the mounting pins 52 may provide improved ease in removing and reinserting the
mounting pins 52 rélative (o the dental model base 12,

{0L08]  Roferring now to FIGS, 27-31F, another example dental modeling assembly
200 is shown with an aiternative dental mode! base 212 aud mounting plate 214. The dental
model base 212 is configured as a quadrand shaped triple tray articulator component, The dental
maodel base 212 has a generally linear construction rather than the arch shape construction of the
dental model base 12 described above, Thedental model base 212 includes a pair of alignment
recesses 249 at opposing ends thereof, which are used to mount the dental model base 212 to an
attachinent plate 216, The dental model base 212 also includes an attachment arm 247, The
attachment arm 247 may be configured to pivotally connect to another triple tray articulator
component. The articulator features of the dental model base 212 are shown and described with
teference to U.S. Patent No. 7,690,919, which is incorporated herein by reference in its entirsty.

{0281 Referringto FIGS. 31 A-31F, the attachment plate 216 comprises a top surfice
264, a bottom surface 266, upper and lower peripheral lips 271, 273, and a piurality of aligniment
posts 275, The alignment posts 273 interface with' the aliymyment recesses 249 of the dental
model base 212 to retain the dental model base 212 on the top surface 264 of the attachiment plate
216. The alignment posts 275 may be positioned on and extending from both the top swrface 264
and bottont surface 265. The position of the alignment posts 2735 may accommodate ditferent
sizes of the dental model base 212, For example, the arrangement of alignment posts 275 on the
top surface 264 may be configured to accommodate a medium-sized upper dental model base
112, Thearangement of slignment posts 275 with the bottom surface 266 may be configured to
accommodate a medium-sized lower dental model base 213,
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[82082]  Theupperand lower peripheral Hps27%, 273 may help retain the destal model
bage 212 on'a respective top-or bottors surface 264, 266,

[0203]  Refemning to FIGS. 27-30, an example method of ysing the dental modeling
assembly 200 to mount a dental moded to a dental modet base is shown in various stages. FIG.
27 shows the alignment jig 18 assembled with the attachment plate 216 mounted to the pedestal
78, Referring to FIG. 28, the support arm 88 is rotated into the remove pusition and the dental
model base 212 with mounting plate 214 is alipned with the aliznment posts 275, FIG. 29 shows
the dental model base 212 mounted to the attachment plate 216 with the alignment posts 275
contacting the aligniment recesses 249 of the dental model base 212, As deseribed above with
reference to FIGS, 12-26, other steps may occur as part of connecting a dental miodel to the destal
model base 212 and mounting plate 214 such as, for example, positioning a pin locator 90
adjacent to the mounting plate 214 to confirm a proper size of the pin locator 94,

(9204  FIG 30 showsadenial medel 208 pesitioned on the mounting plate 214, The
dental model 208 may nclude only a portion of an arc of a person’s upper or lower teeth. The
operator may align feeth of the dental model 208 with pig markings on the mounding plate 214,
The support arm 88 may berotated into the fivst or adjacent position to position the locator pins
124 adjacent to-teeth of the dental model 208, The slide 86:is moved downward by eperating
serew 84 10 potition the locator pins 124 in close proxinity to the teeth of dental model 208, The
operator aligns thelocatorpins 124 centrally in alienment with each individual tooth of the dental
model 208, The operator then may meke markings such as model markings 6.4, 68 discussed
above with reference 1o FIGS. 12-26 to provide arough indicator of the relative position batween
the dental model 208 and the mounting plate 214 for realigning the dental model 208 after
applying a bopding agent such as adhesive 4 betweer the mounting plate 214 and the dental
model 208, After applying theadhesive and repositioning the dental model 208 on the mounting
plate 214, the operator may again confurm slignment of the dental model 208 using the pin
locater96, followed by applying a pressure foree in & downward divection-on the dental model
208 to 1ix the dental model 208 1o the mounting plate 214,

[8295]  The alignmentjig 18 may be sived {0 accommodale positioning of the dental
niodel base 212 with attachunent arm 247 while still being able to operate the slide 86 up and
down and rotating the support anm 88 between the first and second positions. A relative position
betweean the support stand 80 and the pedestal 78 may beadjusted o aceommodate dental modei
bases having various constructions and features such as different shaped attachment arms 247,
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The support arm 88 may be adjusted in length to accommaodate any changes in relative position
between the support stand 80 and pedestal 78,

[6266]  Referring now o FIGS. 32-34F, another example destal modeling assembly
300 is shown including a dental model hase 312, a mounting plate 314, an attachmyent plate 316,
and the alignment jig 18, FIGS. 34A-34F show the attachment plate 316 having a top surface
364, a hottom surface 366, and upper and lower peripheral lips 371, 373. "The upper and lower
peripheral Hips 371, 373 'may be sized to accommodate differént sizes for the dental mode! base
312, For example, the upper peripheral lip 371 may be sized to accommodate @ medivm-sized
upper dental model base, and the lower peripheral lip 373 may be sized to accommodate a
mediam-sized lower dental modal base.

{9267 FIG. 32 shows the attachment plate 316 mounted to the pedestal 78 of the
altgnmient jig 18. The support arm 88 isrotated Into the remove position to move the pin locator
90 out of the way from obstructing the attachiment plate 316, The slide 86 may be moved
verticaily upward using serew 84, FIG. 33 sliows the deatal model base 312 with mounting plats
314 maomted to the attachment plate 316. Additional methods steps may include positioning the
pin locator 90 adjacent to or evenin contaet with the p surface of the mounting plate 31410
vonfirm a proper size has been selected for the pin locator 90,

19208f  FIG. 33 shows a denial model 308 positioned on the mounting plate 314, An
initial adjustiment may be made by the operator to aligs teeth of the dental model 308 with pin
markings on the mounting plate 314, The operator may then rotate the support arm 88 info the
first position to position the locator pins 124 adjacent to teeth of the dental model 308, The slide
86 mav be adjusted vsing screw 84 to position the locator pins 124 adjacent to an occlusional
surface of the dental modet 308. The operator may adjust a position of the dental model 308
refative to the locator pins 124 and the mounting plate 314 to align a separate tocator pin 124
oeatrally and vertically above each footh of the dental model 308, The operator may then rotate
the support arth 88 into the removed position, and apply a marking tothe dental model 308 fo
provide « rough indicator {e.g., s alighment with one of the pin markings on-a mounting plate
314} for a guick repositioning of the dental model 308 afier applying a bonding agent {e.g.
adhesive 4}, After applyving the adhesive 4 to the dental model 308 and mounting plate 314, the
operater-repasitions the dental model 308 on a mounting plate 314 and alipns (he manually
applied markings {e. g, model markings 64, 6B) with the pin markings. The operator then rotates
the support arm 88 back fnto the first position to align the locator ping 124 withindividusl teeth
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of the dental mode] 308, Once alignment is confirmed, the operator moves the pin locator 90
back to the second position and applies a pressure force in a downward direction to fix the dental
model 308 to the mounting plate 314.

[8208]  FIG8. 35-40D show the dental model hase 12 and mounting plate 14 described
gbove with references to FIGS, 1-26, The mounting plate 14 inchudes a separate mounting pin 52
associated with each pin aperture 34 and pin support protrusion 36of the deital mode! base 12,
In &l Jeast some arrangements, the plate portion 50 of the dental model base 12 COMpPrises a
polymer material such as polyurethane. The materials for the mcunting pins 52 may have a
different material compasition inchuding, for example, & metal material. The materials of the
dental mode! base 12 mudy have a different material compaosition from materials of the mounting
plate 14. In at least one exarnple, a difference in materials between the dental model base 17 and
plate portion 50 is sufficient o provide molding of the plate portion 50 directly-onto the dental
mode} base 12 and release of the plate portion 50 from the dental medel base 12 afier the
materials of the plate portion 30 are cured. Using this tvpe of molding, theindexing apertures 53
{see FIG. 38) may be formed to exactly match the layout and size of the indextng members 38,
40

0210} FIGS. 41A-45 show an example method of forming the mounting plate 4.
FIG. 41 A shows a plurality of mounting pins 32 positionad in the pin apertwres 34 of the dental
modet base [2. FIG, 418 shows the mounting pins 52 aligned with the pinapertures 34 before
insertion. The dental model base 12 with the mousting pins 52 is then positioned in a plate mold
member 130, The model support surface 28 of the dental model base 12 is positioned spaced
apart from a top surface 138 of the plate mold member 130, The plate mold merber 130 also
includes g bottom opening 132, throughwhich the dental model base 12 is inserted, a top opening
134, and a base cavity 136. Inat least some amrangements, 2 model en gagement portion 62 ofthe
mounting pins 52 (also roferred to as & knurled end or an end baving & knurled surface), is
positioned within the base cavity 136 and may extend vertically ahove the topsurface 138, The
base cavity 136 may be filled with & material used to form the plate portion 50 directly on the
maodef support surface 28 of the dental mode! base 12 {see FIG. 42) while the dental model base
12 ts pusitioned within the base cavity 136 (sec also FIG. 43). After the plate portion 30 is cured,
the mold member 130 is removed and the plate portion 50 is permanently connected to cach of
the mounting pins 52 {¢.g., the model engagement portion 62 of the each of the mounting pins
52} {see FIGS. 44 and 45).
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{8213} After forming the mounting plate 14 using the plate mold member 1 34, the top
surface of the attachment plate 16 may be machised o a finished condition. In one example, the
top surface 56 is machined to remove any imperfection or discontinnitics slong the top surface
36. The machining may include milling and may involve removing a portion of the model
engagement portion 62 of the mounting pins 52. In af least one example, the model engagement
portions 62 of the mounting pins 52 re machined flush with the top-surface 36, Thismachining
way provide a specitic thickness for the plate portion 50, The thickness may be in the range of]
for exarnple, about 0.15 tnch to about 0.3 inches, and more preferably about 0.1 8 inches o about
0.2 inches. Thethickness of the plate portion 50 may be ori ginally formed at about 0.2 inches to
about 0.3 inches and the model engagement portion 62 may extend to a len pthotabout 0.2 inches
to about .3 inches from the top surface of the denital imodel base 12

8212 Referrng now to FIGS. 46-31D, another ex ample dental model base 412 and
mousnting plate 414 is shown and described. The dental model base 412 has a guadrant shape
that tracks a portion of the full arc of the dental model base 12 described above. The mpunting
plate 434 may have a shape that tracks the partial or quadrant arc shape of the dental model base
412, The dental model hase 412 may include fatch and ball and socket connection festures that
may provide 4 quick release (e.g., snap-1it) connection of the dental model base 412 to the
attachment plate 16 described above. The dental mode! base 412 snd mounting plate 314 may
have many similas features as the dental model base 12 and mounting plate 14 described above,
bat limited to a partial arc constriction.

{1213}  The mounting plate 414 may be formed in a similar manner to ow the
mounting plate is formed using the plate mold member 130 described above. FIG, 52A shows
the dental model hase 412 having 2 plurality of mounting pins 2 positioned therein and the
dental model base 412 positioned in a plate meold member 530, FIG. 528 shows the IBOMIHINRG
pins 52 aligned with the pin apertures of the dental model base 412 before insertion. The plate
mold member $30 includes a bottom opening 532, a top opening 534, a base cavity'336,and a
top surface 538, The dental model base 412 is inserted jnto the bottom opening 532 with a fop
mold support surface of the dental model base 412 spaced from the top surface 538, This portion
of the base cavity 536 may be filled with material that forms the plate portion of the mounting
plate 414, The model engagement portions of the mounting pins are exposed within this aCeso
that the plate portion is permanently connected to the mounting pins as part of formuing the plate
portion;
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{8214]  FIGS. 33 and 34 shows the plate portion 450 formed within the base cavity
336, FIGR. 55-and 56 show the-dental model base 412 and mounting plate 414 removed from the
plate mold member 530.

{8215 FIGE. 57-62D show the dental model base 212 and mounting plate 214
deseribed above with reference te FIGS, 27-31F, The mounting plate 214 is shown ncluding a
plusality of mounting pins arranged to oxténd mto cotresponding pin apertures of the dental
model base 212, The attachment armi 247 includes female connector recesses for attaching to
another triple tray articulator compontent. Other triple fray articulator components may comprise
a male connection feature insertable into the fomale recess feature of the attachment arm 247,

9218]  FIG. 63A shows a plate mold member 630 used to form a plate portion of the
mounting plate 214. The mounting ping 32 of the mounting plate 214 are positioned in the dengal
model base 212, and the dental model base 212 1s inserted through a bottom opening 632 into &
base cavity 636 of the plate mold member 630, FIG. 3B shows the mounting pins 32 aligned
with the pin apertures of the dental model base 212 prior to insertion. A top model support
surface of the dental model base 212 isspaced from atop surface 638 o provide a portion of the
hase cavity 636 aceessible through a top opening 634 to insert material to form the plate portion.
FIGH. 64 and 65 show the plate portion formed within the base cavity 636 and permanently
connected o the model engapement portions of the mounting pins. FIGS. 66 and 67 show the
dental model base 212 and mounting plate 214 separated from the plate miold member 630.

[6217] PG5, 68-69 show another example dental model base 712 and mounting plate
714. The dental model base s in a-tormyvef a full are triple tray articulator having an attachment
arm 747, The attachment anm 747 may be configured for attachipent {o another triple tray
articulator component having, for example; a male connection feature that is inserted into a
female connection feature of the attachment arm 747, The mounting plate 714 may have the
same or similar construction as the mountisig plate 14 described above. Themountingplate 714
may be formed using a plate mold member as shown and deseribed with referenes to FIGS. 70-
74. The plate mold member 830 may include a bottom opening 832, a top opening 834, a base
cavity 836, and a top surface 838, The plate portion of the moimting plate 714 may be formed
using similar methods steps as described above with reference to FIGS,41-435,

(52881 The plate mold members shown and described with reference to the figures
may havea resilient construction that perntits easier tnsertion of and removal of the dental model
bass and roounting plate as part of forming the plate portion of the mounting plate. Other types
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of molds may be used, and may be better suited for mass produetion of the mounting plate. In
one example, themold comprises a dual cavity construction that surrounds pertions of the dental
medel base from ditferent directions and may assist in forming a2 plate portion having more
precise dimensions and improved surface finish. In one example, the mold comprises at least two
parts, which when assembled together around portions of the dental model hase forn a mold
cavity that is filled by injection molding.

{219]  Referring now to the attached figures, several exguple embodiments wre
disclosed. The embodiments of FIGS. 73-92 and 116-138 refate to dental modeling assemblics
having quadrant and full art instnections, respectively, wherein the dental mode! bases associated
with the dental modeling assemblies are configured for attachment to a separate articulator
device.  An example separate articulator device is disclosed in U.S. Pafens No. 4,734.033
commenty marketed as the Vertex® articulator sold by DENTSPLY of Burlington, New Jersey.
Another example separate articulator is disclosed in FIGS. 18-19 ol U.S. Published Application
No. 2006/0251,043, which articulator includes the capability of mounting 4 dental model base
therein using an atiachment plate having a ball and socket and Jatch connection arangement.
U.S. Patent No. 4,734,033 and L8, 2006/028 1,043 are hereby incorporated in their entireties by
this referehee,

{6228}  The embodiment of FIGS; 93-115 s directed to a dental modeling dssembly
having what is commenly reforred to as a wiple tray articulator, Triple tray articalators include
hinge attachment features that are formed integral with the dental model base. The embodiment
of FIGS, 83-115 includes a guadrant-style dental model base. Other dental model base
constnictions having integral articulator components in related methods of use are disclosed in
U.5. Patent No. 7,690,919, which is hereby incorporated in its entirety by this reference.

{02211  The example dental model bases disclosed hersin may be configured for use
with the impressionless dental modefing system methods disclosed herein, as well as being
configured for use with systems and methods of former dental models using s impression ofa
person’s tocth, While the dental model bases disclosed herein with reference to the attached
figures emphasive the use of a pluratity of removable dowel pins, other types of dental model
bases may be uwsed such as, for example, the opposing bases discloséd in U.S. Published
Application No. 2006/0283 043, which is incorporated by reference above: In one example; a
dental model of a persen’s.upper teeth may be formed on a dental model base with removable
dowel pins using an impressionless modeling method, and a dental model of a person’s lower
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tecth (i.e., the opposing teeth) may be formed on an opposing model base that is veid of
removable dowel pins using one of the impressionless modcehing systenss disclosed herein.

8222 Referring now to FIGS. 75-115, an example of dental modeling assembly 900
is shown and described. Adental model base 912 and cured modeling bioek 914 are arcanged as
amounied modeling block 911 in FIGS. 73 and 76. The cured madeling block 914 is mounted to
a model support surface 928 of the dental model base 912, A plurality of removal dewel pins
may be moanted to the dental model base and-extend frony themodel support surface 928 into the
cured modeling block 914, A dental medel may be formed from the gured modeling block 914
using, for example, a milling machine or other forming device 1019 as shown in FIG. 115
Individual teeth of 3 dental model may be aligned with one of the removable dowel pins
suppoited i the dental model base 912, Other forming devices such as laser cutters, thermal
cutters, sandblasters, and other cotting devices may be tised (e form a destal modet in the cured
modeling block 914, An advantage of using the dental model base 912 with the cured modeling
block 914 when forming the dental'model using a forming deviee is that the dental model base
912 includes pre-positioned dowel pins that are aligned with cach tooth of the dental model. The
use of pre-positioned removable dowel pins on & dental model base may eliminate multiple steps
previcusly needed in order to associate cach tooth of the dental model with a removable dowel
pin and mounted dental model base to the dental model.

[0223] FIGS. 77-B3illustrate several exploded views of the dental modehng assembly
006, Thedental mddeling assembly 900 includes the dental model base 912, the cured modeling
block 914, and a mold member 916. The mold member 916 is confipnred to mount o the dental
model base 912 as shown in, for example, FIGS. 84 and 87. The mold member 216 defines a
cavity within which the model support surface 928 of denial model base 912 is positioned. A
¢urable medeling material is filledin the cavity to a depth sufficient to cover exposed portions of
the removable dowel pins extending from the model support surface 928, The modeling material
cures into thecured modeling block 914, The cured modeling block 914 includesthe dowel pins
mounted thereto. The cured modeling block 914 with at least one of the ping 918 extending from
a bottom side thereof can be removed from the dental model base 912 as shown in FIGS. 77-83.

[0224]  Referring primarily to FIGS, 77 and 79, the dental modet bage 912 inchudes top
and bottom sides 920, 922, front and rear ends 924, 926, the model support surface 928, a wall
930 extending from the mode! support surface 928 und defining a cavity 932 opposite the model
support surface 928. The dental model basa 912 also includes a plurality of pin aperfures 934
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pesitioned along the model support surface 928, A pluratity of pin support protrusions 936 are
aligned with the pin apertures 934 and extend {nto the cavity 932 in a direction opposite. the
model support surface 928, A plurality of small and Yarge indexing shenibers 938, 940 may be
posttioned adjacently pin apertures 934, The indexing members 938, 940 may have different
arrangernents for adjacent pin-apertares 934 tohelp redice the incidence of inproperty retiring
a tooth roodel to an incorrect location on the dental model base 912,

{82251  Thedental model base 912 may alse include a Jatch 942 and at least one socket
944 at opposing front and rear.cnds 924, 926, respectively. The latchand socket 942, 944 may be
generally referred to as a connection arrangement, The lateh and socket 942, 944 may be useful
for mounting the dental model base 912 to another device such 43, for example; an attachment
plate that inchudes mating latch and ball attachment features. The lateh and socket 942, 944 may
provide a snap-fit eonnection between the dental model base 912 and another device. The lateh
and socket 942, 944 may be characterized as providing a quick release attachment 1o another
device using a latch and ball and socket connection arangement.

{8226]  The dental model base may further include a slot 946 along the rear end 926,
The slot 946 miay be defined 18 an extension 948 that extends laterally from a portion of the
dental maodel base 912, The slot 946 may be sized to receive a mating protrusion feature of, for
example, the articulator disclosed in U8, Patent No. 4,734,033, which patent is incorporated
herein by reference in its entivety.

{8227}  The dental model base 912 may include different attachment features. for
mounting to additional deviees such as, for example, attachment plates and articulators. The
latch @42, socket 944, slot 946 and other attachment features of the dental model base 912 may
be interchanged with cach other, elininated, or used in combination with other attachiment
features.

{0228}  The dental model base 912 typically has & width Wy {see FIG. 87) measured
across the model support surtace 928, The dental model base €12 may also have aheight Hy {(see
FIG. 81). Theheight Hy may be measured fronythe model support surfice 928 along the top side
920 to the botfom side Y22, The bottom side 922 is typically defined by the wall 930 at alocation
furthest away from the model support surface 928,

[022%9]  Refemingto FIG. 77, the pinapertures 934 are defined along the model support
service 928 at predetermined spaced apart locations. Each of the pin apertures 934 15 positioned
at an average losation for a given mouth size {7 e, smail, medium, large mouth sizes typically
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associated with child, youth and adult size mouths). The location of cach of the pin apertures 934
has been determined based on hundreds of samples of tooth locations for each mouth size for
bath the upper and lower tecth. Referring to FIG, | 37, an example layout of pin apertures 934 is
shown for upper (U) and lower (L) teeth. Bach of the lnes marked CL, TR, B, B2, M1, M2, M3
extend from a centerline (CL) vutward through ove of the pin apertures 934, The average
location ofteeth for small, medivm and large-sized mouths is positioned alongeach one of these
livtes that extend from the centerline (CL) (.e.. the location of pin aperture 934 is positioned
further from the centerfine CL for larger mouth sizes).

{8238]  The dental model base 912 shown in FIG. 87 includes a portion of one of the
upper or lower ares shown in FIG. 137, The pint apertires 934 are positioned along an arc or
include an arc-shaped arrangement, The arcangement of pin apertures 934 follows a natural
curvature of a person’s mouth and gum line.

{0233} Referring again to FIGS. 77 and 79, the cured modeling block 914 includes top
and botton surfaces 970, 972, inner and auter side stefices 974976, front and rear end 978 980,
and a plurality of indexing apertures 984, The ndexing apertures 984 define at least in part by
the indexing members 938, 940 extending from the model support surface 928 of the dental
mode! base 912, The cured modeling block 914 may include at least one of the dowel pins 918
extending from the bottom surface 972, The dowel pins 918 mayv include a tapered portion 990
that extends from the cured modeling block 914 and is exposed for positioning within the pin
aperture 934, The dowel pins 918 may also include a modeling engagement portion 992 (see
FIG. 81} that is engaged within the cured modeling block 914. The modeling sngagément
portion 992 may include a knurled or roughened surface to promote engagement between the
cured modeling block 914 and the dowel pin 918, The modeling engagement portion 992 is
typically positioned extending from the model support surface 928 of a dental mode] base 912
prior to formation of the cured modeling block 914.

{9232 The cured modeling block 914 has a height Hs {see FIG. & 1ymeasured between
the top and bottom surfaces 970, 972, The cured modeling block 914 may also have a width Wy
measured between inner and outer side surfaces 974, 976 {see FIG, 77}, Typically, the height Hy
is sutficient to provide formation of the dental model without exposing the dowel pins 915,

{0233} The cured modeling block 914 typically takes on a size and shape that
corresponds to at least a portion of amold cavity 960 of the mold member 916 {sec FIG. 77). In
at least some arrangements, a periphery of the cured modeling block §14 substantiall ymatches a
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periphery of the model support surface 928, In at least some arranpenients, the width Wy ix
substantially equal to the width Wi of the dental mode base 312,

{6234}  The mold member 16 includes a side wall 950, top and bottem sarfaces 932,
854, front and rear ends 956, 958, a mold cavity 960, top and bottors openings 962, 904 intothe
mold cavity 960, and a slot 8067stzed o receive the extension 848 of the dental mode] base 912,
The mold cavity 960 has a width Wi The width W; tivay be similar in size to tha width W, The
mold member 916 may have a height H; (see FIG. B1) measured hetween the top-and botiom
surfaces 957 854, The height H is typically greater than the height Hy of the cured modeling
block 914, In at least some arrangements, the height H; is greater than the height Hy.

{6235]  Themold cavity 966 1s typically sized {o substantially match the periphery of
the model support surface 928 of the dental model base 912, In some arrangements, the mold
member 916 crestes g sedl around a periphery of the model support surface 928 that Timits the
passage of a curable modeling material that s in an uncured state. In some arrangements, the
mold member 916 may be mounted to the dental model base 912 such that at least a portion of
themodel support surface 928, including the modeling engagement portion 992 of the dowel pins
918 {which are mounted in the pin aperture 934), 1s exposed within the mold cavity 960,

[6236]  Mold member 916 may be mounted {o the dental model base 912 1n a number
of different acrangentents, In onc arrangement, the dental model base isinserted into the mold
cavity 960. FIG. 88 illustrates insertion of the dental model base 912 1ato the bottom opening
964 of the mold savity 960, FIG. 88 Hlustrates the dental model hase 912 positioned within the
mald cavity 960 with only the extension 948 extending through the slot 966 being positioned

owside of the nold cavity 960.

e

$237]  Inother arrangements, the dental mnodel base 912 may be inserted through the
topropening 962, In othier examples, the mold member 216 may be positioned sitting on the
maodel sapport surface 928 with the bottom surface 954 contacting the miodel support surface 92K,

In one example, the mold member 916 comprises an elastic material such as, for cxample,
rubber. The maold member 916 may he deformable to promote insertion of the dental model base
912 into the mold cavity 960, and then be deformable again to remaove the mold member 916
after the cured inodeling block 914 has been formed withib the mold cavity 960. In one example,
the elastic material used for the mold member 916 comprises onie of a vulcanizing rubber,
silicone rubber, and wrethane rubber, Inone example, the meold member 916 1s formed using a
heated press. The properties of the mold meraber 910 {2, color, ozone protection, stitiness,
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et} can be altered using an elastomizer formulate. The material selected for creating the meld
member 916 may be dependentat least in part on the type of material being used as to cresie the
eured modeling block 914.

{9238]  In other examples, the mold member 916 is mounted to the dental model base
912 using, for example, an adhesive, fasteners, brackets, clamps, interference fits, of sny
combination of attachment features. Typically, the mold meniber 916 1s mounted o the dental
model base 912 in ananner in which the mold member 916 may be dismounted from the dental
model base 912 without permanent damage-to the mold member $16. However, it may be
possible to provide mounting of the moeld member 91610 the dental model base 9172 in.a way that
requires some permanent damage {7.¢., cutting, cracking, etc.} of the mold member 916 in cider
to dismount from the dental model bage 912

{6239 With the mold miember 916 mounted to the dental model base 912, at leasta
portion of the mold cavity 966 of the moid member 916 is arranged ahove and adjacent to the
mode] support surface 928 A volmoe of curable modeling material is inserted into the mold
cavity 900 typically through the top opening 962, The curable modeling material is typically
filled to a sufticient depth within the mold cavity 960 to eompletely cover the portions of dowel
ping 91 & and indexing members 938, 940 that are exposed within the mold eavity 960. Inother
arrangements, the curable modeliog matestal niay e inserted into the mold cavity 960 through a
diffevent opening such as an opening defined in the side wall 950 or through one of the pin
support protousions 936 that dees not include a dowel pin 918 inserted thergin,

{02487 After the curable modeling material has cured to form the cured modeling
block 914, the mold member 916 is removed from the dental model base 9127to providethe
mounted modeling block 911 shown in FIGS. 75 and 76. The combination of the dental model
base 912 and mold member 916 prior to creating the cured modeling block €14 maybe referred
to-asa mold and base assernbly 913 as shown in FIGS. 84-88. The mold member 916 is shown
by itself in various views in FIGE, 8992,

[624%] The cured modeling block 914 may comprise various materials such as, for
example, epoxy, polymer material such as plastic, hardened stone, casting resin, foam, and
commercial products such as duoMatrix™.  Any plastic materizl used as the cured modeling
block 914 may have different properties thaa the material used for the dental model base 612

such as, for exampie, a lower melting point than the plastic material used for dental model base
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912. Varicus methods of filling at least a-portionof the mold civity 960 with a material that
defines the cured modeling block 914 may be used depending on the type of matcrial,

[0242]  Referrng now to FIGS. 93-115, another example dental modeling assembly
100015 shown and described, The dental modeling assembly 1000 provides a mounted modeling
block 1011 és shown in FIGR. 93-96. The mounted modelinng block 1011 includes a cured
modeling block 1G4 mounted to a dental model base 1012, A dental model 1082 may be forimed
from the cured modeling block 1014 while mounted to the dental model base 1012 (see FIG. 115)
using, for example, a forming device 1019, The forming device 1019 may be, for example, a
milling machine or cutting device such as, for example, a laser, heat, or other cutting device.
Each tooth of the dental model 1082 may be aligned with a dowel pin mounted to the dental
miodel base 1012, The dowel pins are pre-positioned on a dental model base 1012 to be aligmed
with teeth of the dental model 1082 so that separation of any one of the teeth of the dental model
1082 from the remaining portions of the dental model has at least one dowel pin connected
thereto.

{02431  The dental modeling assembly 1000 is shown in various exploded views in
FIGS. 97-103. The dental modeling assernbly 1000 includes the dental modet base 1012, the
cured modeling block 1014, and 4 mold member 1016, Prior to the formation of the cured
modeling block 1014, the dental model base 1012 and mold member 1016 maybe used together
as-a mold and base assemibly 1013 a5 showst in FIGS. 104-109.

{6244]  The dental model base 1612 includes top and bottom sides 1020, 1022, front
and rear ends 1024, 1026, a model support surface 1028, & wall 1030 extending in a direction
opposite the model support sarface 1028, and a cavity 1032 defined by the wall 1030 and
positioned opposite the model support surface 1028, A plurality of pin apertures 1034 may be
defined along the model support surface 1028, A plurality of pin suppost protrusions 1036 may
extend into the cavity 1032 in & direction oppusite the model support surface 1028 and in
alignment with each of the pinapertures 1034, A plurality of small and farge indexing members
1038, 1040 may be arranged along the model support surface 1028 in association with at least
some of the pin apertures 1034,

[8248]  The dental model base 1012 mayinctude a plurality of articulator components
such as, for example, ot leastone attachinent arny 1042, a connection feature 1044 sssoetated with

each of the attachment arms 1042, and a separation post 1046, The attachment anms 1042 and
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connector features 1044 may be configured to mate with articulator components of another dental
model base or oppoesing base such as desertbed 1n ULS. Pyblished Apolication No. 2006/0281643,

{8246]  The attachment arnms 1042 and eonnector features 1044 may cotnect to another
dental model base or oppasing base with a hinged connection that provides relative pivotal or
hinged movement between the connected dental incidel bases. The separation post 1046 may be
arranged to contact a portion of the dental model base or opposing base that is connected to the
dental model base 1012 (L2, contact an opposing separation post af that device) to provide a
position stop for such relative rotation.

§02471  Various aspects of the dental model base 1012 may be modified to increase or
decrease flexibility of the aftachment arms 1042 to provide modification of the amount of
articuiation that is possible between dental model base 1012 and another base connected to the
attachment arin 1042, In one example, portions of the attachment arm 1042 may be modified in
shape or size to alter flextbility. In other cxamples, portions of the attachment aom 1042 may
have a different materizl composifion than the renaining portion of the dental model base 1012,
in other examples, the angle which the attachmoent arm 1042 extend from the rear end 1026, or
the length and thickaess of the support structures extending between attachmient arms 1042 may
be modified to offer the flexibility and/or articulation possible for the dental model base 1012,

[3248]  The dental model hase 1012 may also include at Teast one marker along an
exterior therenf that is visible when the cured modeling block. 1014 is mounted to the dental
mode! base 1312, The marker may be a molar marker 104% as shown in FIG. 115 that indicates
the position of a Hrst molar of a pre-positioned pin aperture 1034 and a dowel pin 1018 that 15
positioned in the pin aperture 1034, The molar marker 1048 may be used as an initial position
marker {i.e., a zero or starting location} during formation of a dental model using, for example,
the-forming device 1019 shown s FIG. 115,

{6249]  The cured modeling block 1014 may include top and bottom surfaces 1070,
1072, first and second side surfaces 1074, 1076, front and rearends 1078, 1080, and a plurality of
indexing apertures 1084 {see FIGE. 97 and ¥9). Thecwred modeling biock 1014 may have 3
height Hy and a width W (see FIGS. 97 and 103). The cured modeling block 1014 may have
matyy of the same features, properties and fmdtionality as the cured modeling bloek 1014
deseribed above with references to FIGS. 75-92. The cured modeling block 1014 may have a
shape, particularly at the front end 1078, which scconumodates the possible location of dowel
pins {018 on the dental madel hase 1012, For example, the denfal model base 1012 may inchude
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pairs 1033 and 1033 of antorior pin apertures near the front end 1024 (see FIG. 109} Dowel pins
1018 positioned in one of the anterior pairs el openings 1033, 1035 may be aligned with anterior
teeth of the teeth model. There may be some separation of the cured modeling block 1014 at the
front end L1078 {7.¢:, a flared portion) that also provides coverage of dowel pins 1818 positioned
iy ihe anterior pairg of apertures 1033, 1035 with enough separation to permnit cotfing between
adjacent teeth models separately that eorrespond to pairs of openings 1033, 1034,

19250 The pin apertures 1034 of dental model base 1012 are pre-positioned to
represent average teeth locations for different mouth sizes (i.e., small, medium, and large mouth
sizes). Referring to FIGS. 137 and 138, the spacing and orientation of pin apertures 1034 muy be
determiined by an average locationof pin apertures when averlapping, for example, the upper arc
(UYof pinapertures from FIG. 137 as showndn FIG. 138, The rear most five pin apertures in the
dental moedel base 1012 are aligned lineaely ing straipht Hncoreating by taking such-averaged
pasttions. The pairs of anterior aportures 1033, 1035 may follow the arced portion of apertures of
thefull arc beyond the five rear most pinapertures (see' FIG: 138). Thefive teat most apertures
are amranged Hnearly along the line (F) in FIG. 138 while the pairs 1033, 1033 are positioned
along the ares (L), The five rear most Hnearly artanged apertures maintain the same Hnear of
longitudinal space relative to each-other while having some variation in a lateral or sideto-side
direction as compared to the are grrangement shown in FIG. 138,

{#251]  Themold mentber 016 may melude an outer side wall 1850, a top and bottom
susrfaces 1052, 1054, front and rear ends 1035, 1058, a mold cavity 1060, and top and battom
dpenings 1062, 1064 into the mold cavity 1060, The wiold member 1016 may also include at
least one slot 1066 sized to aeconunodate portions of the attachment anm’ 1042 of the dental
model base 1312 when mserting at least a portion of the dental model biase 1012 into the mold
cavity 1060, Thesize and shape of the slot 1066 may define at least in part a maxiinum distance
of the dental model Base 1022 can be inserted o the myold cavity 1060

§0252]  Themold member 1016 may also include an extension 1068 that protrudes into
the mold cavity 10606 (see FIG. 97} The extension 1068 defines at least in part the flared or
diverging pertions of the cured modeling block 1014 at its front end 1078, The extension 1068
may extend only partially from the top surface 1052 to the bottom surface 1054 as shown by
corparison of, for example, the censtructions shown in FIGS. 97 and 99, FIG. 108 illustrates in

broken Lite the extension Y068, The extension 1068 may also define al least in part a maximum
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distance in which the dental model base 1012 may be inserted into the mold cavity 1060 as the
model support surface 1028 of the dental model base 1012 conlacts the extension $058.

{82531 Themoldmember may comiprise various materials, features and functionality,
and be mounted to the dental model base 1012 similar to mold member 916 and dental model
hase 912 described above with refererice to FIGS, 75:92,

{0254]  Referring now to FIGS. 116-137, another example dental modeling assembly
1100 is shown and described. The dental modeling assemibly 1100 mayinclude a cured modeling
biock 1114 mounted to a dental model base 1112 in the form of a mounted modeling block 1113
{see FIGS. 116-118). A dental made] may be forfned directly into the cured modeling block 1114
while mounted to the dental model base 1112, Tn one example; the dental mode] may be formed
using a mitling or cutting device that creates the dental model from the cured modeling block
1114 based on data vepresenting a digital model of a person’s teeth, The digital model may be
formed by scanning a person’s teeth to create a plurality of digital images, using software to
combine the digital images fo form a digital 3-I model ofthe testh:

{8255  The dental modeling assembly 1106 includes the dental model base 1112, the
cured modeling block 1114, and a mold meraber 1116 as shown in the various exploded views of
FIGS. 119-125. The dental model base 1112 and mold member 1116 may be arranged as an
assemnbly prier to formation of a cured modeling block 1114 as a mold and basc assembly 1113
{see FIGS. 126-131).

[0256]  The deatsl model base 1112 may include top and bottom sides 1126, $122,
front and rear ends 1124, 1126, a model support surface 1128, and a wall 1130 extending
opposite the model support surface 1128, The dental model base 1120 may also include a cavity
1132 defined by the wall 1130 opposite the model support surface 1128, a plurality of pin
apertures 1134 defined in the model support surface 1128, and a plurality of pin support
protrusions 1136 positioned in the cavity 1132 that extend opposite the model support sorface
1128 and in aligiment with the pin aperfures 1134, A plurality of small and large indexing
members 1138, 1140 maybe positioned on the model support surface 1138 in association with
the pin apertures 1134,

32377 The dentalmodel base 1112 may include latch and socket features 1142, 1144
positioned at front and rear ends 1124, 1126, respectively, A slot 1346:may be defined in a

surface at the rear end 1126, Similar to the dental model base 912 described above, the lateh and
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socket 1142, 1144 and slot 1146 may assist in mounting the dental modet hase 1112 to an
articulator or other device such as an attachment plate.

0258 The dental mode! base 1112 may have a width W, {see FIG. 119} and a hei gt
H; (see FIG. 125}, The width W may be measured between inner and outer edges of the model
support surface 128, The width Wrnay remain substantially constant around the full arc of the
wiodel support surface 1128,

{0259 The pin apertures 1134 may be arranged at predetermined spaced apart
locations around the model support swrface 1128, The spacing and orientation of the pin
apertures 1134 may coincide with the lavout of apertures illustrated in FIG, 137, As discussed
above, FIG. 63 illustrates upper and lower arcs with pin apertures positioned alang each of the
arcs (Uy and (L), The dental mode! base 1112 may be either an upper or lower dental model
base. Other dental mode! bases may represent the other of fhe nppér of lower arrangeent of
holes shown in FIG. 137, The plurality of tapered pins 1118 positioned in the pin apertures 1134
may correspond with average positions of tecth or different mouth sizes (.., small, medivm and
large size mouths) as discussed above. The pins 1118 may be aligned with individual teeth of the
teeth model formed from the cured modeling block 1114,

[9266]  The cured modeling block 1114 may include top and bottom surfaces 1170,
1372, opposing inner and outer side surfaces 1174, 1176, front and rear ends 1178, 1180, and 2
plurality of indexing apertures 1184 {see FIG, 121). The cured modeling block 1114 may also
have a height Hy (see FIG. 125) and a width W3 (see FIG. 119). Width W, may be substantially
simiilar to the width Wy The height Hs is typically greater than a height of that portion of the
dowel pins 1118 that extends above the model support surface 1128 of dental modcl base 1119,

{6261}  The shape and size of the cured modeling block 1114 may correspond to a size
and shiape of at feast a portion of the mold cavity of the mold member 1 116 as described in detail
below. Thematerials, size, shape, functionality of various aspects of the cured modeling block
1114 may comespond at least in part with the cured modeling block 914 desiribed in fusther
detail above.

{B262]  The meld member | 116 may include an-outer side wall 1150, an inner side
wall 1151, top and bottom surfaces 1152, 1154, front and rear ends 1156, 1158, a mold cavity
1160, and top and bottom openings 1162, 1164 into the mold cavity 1160, The.meold member
1116 may also include at least one slot feature 1166 sized for insertion of a portion of the dental
model base 1112 {see FIG. 121).
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{263 The mold cavity 1160 may have a width W2 defined hetween the outer and
inner side walls 1150, 1151 {see FIG. 119), The mold member 1116 may also have a height Hs
{see FIG. 31). Typically, the height H; is greater than the height H; of the cured modeling block
1114 In at least some examples, the height Ho is greater thar the height Hy of the dental model
base 1142,

{8264]  Themold cavity 1160 may be sized to receive at Jeast a partion of the deéntal
mndel hase 1112, FIG. 128 iHlustrates the dental model base 1112 entirely enclosed within the
mold cavity 1160. The mold member 1116 may be mousted to the dental model base 1112 in
other ways such as those ways discussed above related to dental model base 1112 and mold
member 1115, In at least some arrangements, the mold member 1116 (as with the mold meniber
1116 described above) may comprise an clastic material that permits easier mounting and
dismounting of the mold member 1116 to the dental model base 1112, Various aspects related to
the shape, size, material composision of the mold member 1116 may be similarto mold member
1116

§8265]  The dental model bases 912, 1012, 1112 iHustrated in FIGS. 75-136 and
described above may be used in other dental modeling methods and systems. In one example, the
dental modei bases 912, 1012, 1112 have a dental modet formed thereon by the process of rapid
prototyping avherein tayers of modeling material are deposited on the model support surface of
the dental mode! base until the full dental model is completed. Many different types of rapid
prototyping and rapid manufacturing methods and techriques are possible for the creation of 2
dental model by building up of material on the denital model base. An advantage of using the
dental model bases disclosed herein with such rapid prototyping or rapid manufacturing
processes is the 1eclasion of pre-positioned removabie pins with the dental model base, wherein
the removable pins are aligned with individual teeth of the dental model, This use of pre-
positioned dowel pits may climinate time-consuming aid sometimes complicated methods of
mounting a pin fo a completed dental model in association with a teoth of the dental moedel and
then mounting the teeth model to a base in separate steps.

{6266]  In one example method, a plurality of removable dowel pins are mounted to
anc of the dental medel bases 912, 1812, 1112, The model eppagenient portion of 3 least some
of the removable dowel pins is covered with an epoxy or other bonding agent to promote
adhesion betweet the dental model and the dowel pins. In some arrangements, epoxy orother
bonding agent is also applied fo al least some of the indexing members {i.¢., indexing members
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38,40}, which may be particularly useful for connection between the dental model hase and that
portion of the dental model to be formed that is not to removed from the dental model base. na
following step, the dentat model is formed by depositing layers of model material on the model
support surface using & rapid prototyping or other rapid manufacturing process until the dental
model is completely formed. The dental model may be coinpletely formed after completion of
formation ef a particular tooth or teeth of interest and is not inclusive of all feeth of, for example,
& person’s upper or tower set of teeth,

0267 The use of epoxy or other bending material on the model engagement portion
of the dowel pins may help in locating or identifving portions of the dowel pins by the rapid
prototyping device or when later identifying the particular teeth of interest to be removed from
the dental model base,

WZ68]  Other examples of dental maodel bases, attachment plates, and other dental
devices that may be useful with the inventive principles disclosed herein or shown and described
in, for example, US. Pat. Nos. D429,815, D430,672, D433,136, 433,754, D444 559, D443,363,
456,904, D457,964, D457.963, D456,903. D457.636, D457,243, D456,902, DA57.637.
464,432, D465.027, D464,431, D457,455, D464,732, D469,151, 1468432, DI68.018,
D481,797, D409,537, 5,788,490, 5,800,166, 5,868,569, 5,934,901, 6,471,513, 0.884,0068,
7,044,734 and 7,210,931, which are incorporated herein by reference in their entirety, This
family of patents and patent applications relate {o, but is not limited to, aftachment plates, dental
madel bases, opposing bases and other devices for full and quadrant dental applications. These
devices may include removable or fixed pins. At least some of these devices are capable of
attachment to an articulator or attaclunent plate with a ball and socket and latch connection. At
teast some of the devices are also configured for attachment to pouring jigs and other articulator
and mounting devices.

{0269} It is noted that ot all of the foatures characterized herein need to be
incorporated within a given arrangement, for the arrangement to include improvemerts according
to the present disclosure. Furthermore, since many arrangements of the prescat disclosure can be
made without departing from the spirit and scope of the invention, the invention resides in the

elaims hereinafter appended.



WO 2013/056219 PCT/US2012/060227

WHAT IS CLAIMED IS:

1. A dental modeling system, comprising:

a dental model base comprising a plate support surface and a plurality of pin receiving
apertures formed in the plate suppuoit surface;

a mounting plate having a plate portion positioned on the plate suppont swrface and
plurality of pins extending into the pin receiving apertures, the plate portion having a modecl

support surface configured to support a model of @ person’s teeth.

2. The dental modeling system of claim 1, wherein the mouiting plate comprises a
plurality of markings on the model support surface, the markings representing average teeth

positions from at least a poriion of an are of teeth.

3. The dental modeling system of cladin 1, wherein the plite portion comprises
polyurethane.
4, The dental modeling system of claim 1, wherein the plurality of pins comprise a metal

material and the plate portion comprises a polymer material,
3. The dental modeling systern of clatii 1, wherein the dental model base comprises a
firsi spap-fit feature formed in a first end surface thereof, and & second snap-fit feature formed

in a second end surface thereof arrariged opposite the first end surfdce,

6, The dental modeling system of claiim T, whetein the dental medel base comprises a
plurality of indexing pins exiending from the plate support surface, and the plate portion of
the mounting plate comprises a plurality of indexing apertures formed in a bottom surface

thereot and receptive of the plurality ef indexing pins.

7. The dental modelinig system of ¢latm 1, wherein the dental model base and the

mounting plate each comprise-an are shaped portion,
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8. The dental modeling system of claim 1, wherein the dental model base comprises at
least ongarticulating arm configured to pivotally connect to at least one articulating arm of

another dental model bass.

9, A dental modeling assembly, comprising:
a dental model base;
a mounting plate comprising a plate portion and a plurality of pins, the plate portion
being configured t0 support a model of a person’s teeth;
an alignment jig, comprising:
a support base;
a pedestal extending vertically from the support base;
a support'stand extending vertically from the support base;
a pin focator mounted to'the support stand and comprising a plurality of
alighment pins;
wherein the dental model base is mounted to the pedestal, the mounting plale is
mourited to the dental model buse with the pluralisy of pins extending into the dental model
base, and the alighment jig is operable to position the alignment pins adjacent to teeth

pottiong of the model.

10.  The dental modeling assembly of claim 9, wherein support stand telescopes in a

vartical direction,

11.  'The dental modeling assembly of claim 9, wherein the alignment jig comprises a
support arm, the pit locator being cormected fo the support anm. and the support arm belng

pivetally connected to the support stand.

12, TFhe dental modeling assombly of claim 9, wherain the support stanid comprizses 2
housing, a screw member, and an inner slide, the screw member contacting o threaded purtion
of the inner slide, and the inner slide being moveable vertically rélative to the housing by

rotating the screw member.
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13, 'The dental modeling assembly of claim 9, further comprising in index plate
interposed between the pedestal and the dental moded base, the index plate comprising at least

one siap-fit connection feature for releasably mounting the dental model base to the pedestal,

4. Amethod of forming a dental model assembly, comprising:

providing a dental model base, a model of at Ieast a portion of an arc of a person’s
teeth, a mounting plate, and an alignment jig, the mounting plate comprising a plurality of
mounting pins, and the alignment jig comprising a pin locator having a plurality of alignment
ping:

mounting the meunting plate to the dental model base with the plurality of mounting
pins extending into the dental model base;

mouynting the dental medel base to the alignment jig;

posifioning the model on the mounting plate;

adjusting the alignment jig and adjusting a position of the model relative to the
mounting plate to position the aligniment pins adizcent to teeth of the model;

connecting the model to the mounting olate with an adhesive,
15, The method of claim 14, wherein the alignmesnt Hg comprises a base portion and a
pedestal extending vertically from the base portion, and mounting the dental model base fo

the alignment jig includes mounting to the pedestal.

1o, The method of claim 14, wherein the alignment jig comprises a support stand, and
adjusting the alignment jig comprises operating the support stand to adjust a vertical position

of the pin locator.

7. The method of claim 16, wherein the aligniment jig comprises a sapport arm pivotally
mounted te the support stand, the pin locator being mounted to the support arm, and adjusting
the alignment jig comprises rotating the support arm between a first position removed from

the model and a second position arranged adjacent to and vertically above the model.
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18.  Theé method of claim 14, wherein moounting the dental model base to the alignment jig

comprises providing a snap-fit connection between the alignment jig and the dental inodel

hase.
19. A miethod of forming a mounting plate of a dental eodeling svstem, the method
comprising:

providing a dental model base, a mold, and a plurality of pins, the dental model base
having a mounting surface with a plurality of pin apertures formed therein;

positioning the plurality of pins in the pin apertures with a portion of each of the
plusality of pins-extending from the mounting surface;

positioning the dental model base in the mold;

filling the mold with a polymer material, the polymer material covering the mounting
surface and at least partially covering the postion of the plurality of pins extending from the
mounting surface to connect the polymer material to the pluralisy of pins;

curing the polymer material to farm a mounting plate;

remnoving the dental model base and mouiting plate from the mold;

disconnecting the mounting plate from the dental model hase.

20 A method of forming a dental model, comprising:

providing a dental model base, & mold member, and a model forming mackine, the
dental inodel base including a modsl suppott surface and at least one pin mernber extending
from the model support surface, the mold member defining a cavity;

releaseably mounting the imold member to the dental model hase with the model
support surface and pin member posifioned in the cavity;

filling the cavity with a curable medeling matenial;

curing the modeling material to forny a modeling blank that is mounted to the dental
mode] base;

removing the mold member from the dental modet bage;

forming a dental model from the modeling blank with the model forming machine.

21, The method of clabim 20, wherein forming the dental model includes one of milling
and aser cutting the modehing blank.
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22, The method of claim 20, further comprising creating a digital image of at least
portion of & person’s teeth, and forming the dental model includes creating & replica of the at

least & portion of a person’s teeth from the dipital image,

23, The method of claim 20, wherein the dental model base comprises 4 removable
mounting plate having the at least one pin member extending therefrdm, and e modeling

blank is mounted to the mounting plate.

24, Amethod of forming a-dental model, comptising:

providing a dental model base and a digital inage of at jeast one tooth, the dental
model base incloding at least one removable pin;

delivering data representing the digital image o a rapid prolotyping device;

forming a dental model on the dental model base with the rapid prototyping dévice,

25, The method of claim 24, wherein the dental madel base includes a plurality of

removable pisairanged at spaced apart locations that represent average spacing of teeth.

26 Themethod of claim 24, wherein forming the demtal model includes depositing a
plurality of layers of model nwaterial with the rapid prototyping device,

27 “The method of claim 24, wherein the dental model base further comprises a mounting
plate, the mouating plate having the al least one removable pin permanently mounted thereto
and defining a model mounting surface, and forming the dental model bage includes forming

directly onto the model mounting surface.
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