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igital Models: An Introduction
atthew J. Peluso, Stuart D. Josell, Sam W. Levine, and Brian J. Lorei

Dental study models are a cornerstone in the armamentarium used by orthodontists to both
classify malocclusion and formulate treatment plans. Recent technological advances have
allowed the generation of digital dental models that can be saved and viewed three-
dimensionally on a computer. These new digital models solve many problems encountered
with conventional plaster study models. This article overviews the advent of digital models
and the advantages of their use. OrthoCAD™ and emodels™ will be compared relative to
the technology used to generate these models, software capabilities, additional services,
and available research.
Semin Orthod 10:226-238 © 2004 Elsevier Inc. All rights reserved.
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he procedures for taking dental impressions and
forming study models have progressed since their in-

roduction in the early 1700s. Philipp Pfaff first described
n impression-taking technique by using heated sealing
ax to obtain a negative representation of the dental

rches that was then used to pour a cast in Plaster of Paris.1

n 1839, Chapin A. Harris advocated using a calcined
laster to fabricate casts from wax impressions.1 In the
id-19th century, other materials such as Plaster of Paris,

utta-percha, and thermoplastic modeling compound be-
ame popular for taking impressions.1 Reversible hydro-
olloid alginate and later irreversible hydrocolloid alginate
evolutionized impression taking in the early 1900s by
liminating many of the inadequacies of the previously
sed materials. The new materials proved to be accurate,
imensionally stable, and easy to use, while maintaining
ost effectiveness. Later advances brought about even
ore accurate and dimensionally stable impression mate-

ials such as elastic polyether and polyvinylsiloxane; yet
rreversible hydrocolloid alginate has remained the most
ommon impression material used in the orthodontic of-
ce today with continued use of plaster, namely Type II
ental Stone, for fabrication of the casts.
Recent technological breakthroughs have enhanced the

rocess of cast fabrication and manipulation. This process
till requires traditional alginate impressions to be taken in
he orthodontic office. Instead of being poured by the orth-
dontist, impressions are shipped overnight to one of the
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ompanies offering digital models. There, a traditional plas-
er model is fabricated and, using CAD-CAM technology, is
ransformed into a digital, three-dimensional (3-D) image of
he dentition. Within a few days, an electronic file is available
o be downloaded from the Internet to a desired computer.
nce downloaded, software enables the digital models to be

iewed and manipulated.
In 2003, The American Association of Orthodontists

AAO) published a list of recommended basic orthodontic
ecords in their Clinical Practice Guidelines for Orthodontics
nd Dentofacial Orthopedics. According to the AAO, pre-
reatment and posttreatment records should include ex-
raoral and intraoral photographs, dental models, intraoral
nd/or panoramic radiographs, and cephalometric radio-
raphs, as well as any additional indicated tests or proce-
ures. Thus, study models are an integral part of the orth-
dontist’s armamentarium.
The information obtained from these dental casts is invalu-

ble to help the orthodontist classify malocclusions, identify
berrations, and to formulate treatment objectives. As a static
ecord of dental classification, models are used to visualize
he morphology and position of the teeth in their respective
ental arches, as well as the degree to which the teeth are
alpositioned. In addition, diagnostic set-ups of treatment

ptions are accomplished by using sectioned models. In fact,
tudy models appear to be the major record used for treat-
ent planning. Han and coworkers2 showed that there was

ittle difference between the treatment plan formulated by
rthodontists using only study models when compared with
sing models, photographs, panoramic and lateral cephalo-
etric radiographs, and a cephalometric tracing. Orthodon-

ic models document initial conditions, treatment progress,
nd the final treatment result. Orthodontists also use these

odels to present their treatment results to colleagues and
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Digital models 227
atients for the purposes of education, evaluation, and re-
earch.

Study models are a reliable and popular form of diag-
ostic record3 (Table 1). Since they are a dimensionally
ccurate representation of the dentition, a number of mea-
urements and analyses such as tooth size-arch length dis-
repancy and prediction of permanent tooth size can be
btained from plaster study models. Measurements of
ooth size-arch length discrepancies are recorded more
ccurately on the study model compared with intraorally,
liminating the need to estimate the amount of crowding.
dditional measurements include arch widths. Models are
lso mounted on articulators to visualize centric relation-
entric occlusion discrepancies.

Although traditional plaster study models have been used
or many years, they have many limitations. For one, plaster
tudy models break. Continued use for measurements and
isplay can wear away plaster, decreasing accuracy and in-
reasing the likelihood of fracture. Storage is another concept
resenting both space and time problems. Models are usually
ept in boxes for easy retrieval while keeping them from
hysical and chemical damage. A busy orthodontic office
ay start upward of 300 cases in 1 year, requiring an entire

oom for model storage. Time is an exacerbating factor as
ell. The shortest amount of time that records should be kept

s based on the applicable statute of limitations period during
hich a malpractice suit may be filed.4 This period of time
aries from state to state and ranges from 5 to 15 years. This
tatute may start at the last day of treatment or may be de-
ayed until the patient reaches the age of maturity. Either
ay, long-term storage is required. Three hundred cases per
ear for 10 years equal 6000 sets of pretreatment and post-
reatment models. This might necessitate an off-site storage
acility, increasing cost. Another problem is portability. Trav-
ling with even a few sets of fragile study models is a difficult
ask. Communication is difficult when only one set of models
xist. The treating orthodontist might have to duplicate a
atient’s models, a process that is both costly and time con-
uming, to communicate with other dentists and specialists.

Digital models alleviate many of the obstacles encountered
ith using plaster models (Table 1). They are not subject to
hysical damage and do not create any dust or other mess.
hey also require negligible storage space. The digital infor-

able 1 Comparison of Plaster and Digital Models

ost Les
iagnostic setups Lab
torage space Larg
torage costs Cos
ast and efficient retrieval Yes
etrieval at multiple locations No
ubject to physical damage Yes
ransfer of models Lab
ntegration with office management software No
atient education Yes
ation for each case can be stored on an office computer’s h
ard drive, on portable storage devices such as CDs, or on a
entral server. Digital information of a set of orthodontic
tudy models is less than 1 megabyte in size. The software
rograms required to view these digital models are 8 to 12
egabytes in size. A typical 700-megabyte CD-R, which costs

ess than one dollar, holds over 700 cases. A 20-gigabyte hard
rive that costs around one hundred dollars can hold around
4,000 cases. Retrieval is fast and efficient because the mod-
ls are stored by patient name and number. Another advan-
age is that it is possible to view digital models at multiple
ocations from any office computer linked to the practice’s
entral server,5 allowing patients to be treated at multiple
ites with easy access to their records. The electronic files in
PEG format contain all of the model information of numer-
us views of the models and can be transferred electronically
o colleagues, specialists, and insurance companies. This de-
reases the time and expense of model duplication and ship-
ent.
Digital models also minimize problems when purchasing a

ractice. It is in the best interest of patients in active treat-
ent that both the incoming and outgoing clinicians have

omplete copies of the patients’ records. With digital models,
ach orthodontist can have a copy for their archives without
he expense of model duplication. In addition to all of these
dvantages, digital models are also an excellent presentation
ool. From the first-year resident creating a case presentation,
o the experienced practitioner presenting cases to a study
lub, digital models enable the projection of the model im-
ges for all in the audience to see without the concern of
amage.
Digital models are also an excellent tool for patient educa-

ion. The younger generation of patients currently in treat-
ent are familiar with computers and are comfortable with

omputer-generated images. They can relate to digital mod-
ls and probably expect to see this technology when they visit
heir orthodontists. Digital models can be shown to the pa-
ient and their guardians during treatment conferences, dur-
ng treatment, and at the conclusion of treatment to illustrate
he improvement in their dentition. There are also services
hat will set up secure Web sites that contain patient records
nd treatment information so that the patient can view these
mages from their home. Ultimately, digital models improve
ommunication between the clinician and the patient, en-

laster Models Digital Models

nsive More expensive
y procedure Virtual on computer
ce required Negligible

Negligible
Yes
Yes
No

y duplication and shipping Transfer of digital file
Yes
Yes
P

s expe
orator
e spa
tly

orator
ancing informed consent.
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228 M.J. Peluso et al.
As a result of these advantages and the advances in quality
nd affordability of digital radiographic and photographic
echnology, many orthodontic offices have implemented
omputerized practice management and imaging systems.
he digital models available today offer seamless integration

nto most of these management and imaging systems. Digital
odels are part of the totally digital orthodontic office.
There are three basic requirements needed to utilize digital
odels. A personal computer (PC) with Internet access is the
ost basic requirement.6 Internet access can be DSL, cable,

r dial-up. It is important to note that DSL and cable Internet
ccess can provide a fast download time of the electronic
nformation from the company that produces the digital

odels. Once the equipment and internet access are set up, a
esignated folder must be made in the computer for the

ncoming digital information. Finally, a software program is
eeded that allows the electronic information to be retrieved
nd generates the images of the digital models. This software
s usually provided free of charge by the company chosen to
enerate the digital models.

The two major computerized model systems creating dig-
tal models are OrthoCAD™ (Cadent, Inc, Fairview, NJ) and
models™ (GeoDigm, Corp, Chanhassen, MN) (Table 2). A
hort summary of each follows:

rthoCAD™
rthoCAD™ was the first company to introduce a digital

able 2 Comparison of the OrthoCAD™ and emodels™ Serv

ost of basic file Less ex
ile size Slightly
echnology used Proprie
oftware charge None
ee for return of metal impression trays None
laster copies available for additional cost Yes
iles saved on company’s Web server 10 Year
hips plaster to lab for appliance fabrication Yes
oint-to-point measurements Yes
urve-length measurements Yes
olton analysis Yes
anaka-Johnson analysis Yes
ross-sectioning tool Yes
isualized occlusal contacts Yes
irtual diagnostic setup (extra cost) Yes

ntegration with office management software Dolphin
Siron
Imagi
Ortho
and O

oftware size 8 mb
hipping FedEx n
laster models fabricated at a later date Possibl
bility to create digital models from preexisting
plaster models

Yes
odel service to the orthodontic market in early 1999. Or- t
hoCAD™ is operated by Cadent, Inc, located in Fairview,
J. This company was started by two CAD/CAM engineers
ho consulted with doctors and other experts to develop

heir 3-D system. The startup software for OrthoCAD™ is
ree of charge and is about 8 megabytes in size. There are no
ervice contracts required to allow OrthoCAD™ to generate
igital models.
A practitioner can get started with OrthoCAD™, log onto

ww.orthocad.com or call 800-577-8767. The software can be
ownloaded directly from the Internet or the company can send
CD at no charge. The cost of a set of digital models from
rthoCAD™ is approximately the laboratory charge for a set of

rimmed study casts. At the request of the orthodontist, Orth-
CAD™ will send postage-paid next-day shipping kits for ship-
ing impressions and a bite registration. Orthodontists could
ither send disposable or metal trays. OrthoCAD™ recom-
ends using specific disposable trays, alginate, and wax bites.
When OrthoCAD™ receives the impressions and bite

egistration, the models are poured and scanned through a
roprietary process. The maxillary and mandibular digital
asts are articulated by using the bite registration that was
ent with the impressions. Although a wax bite is said to be
cceptable, it is strongly recommended that a fast setting
olyvinylsiloxane be used for bite registration since its
ccuracy is critical especially when making measurements
f interarch relationships, digital images are fabricated
rom the digital models using stereo lithography. Within 5
ays of receiving the impressions, the electronic informa-

hoCAD™ emodels™

ve than emodels™ More expensive than OrthoCAD™
800 kb About 800 kb
anning process Nondestructive laser scanning

None
Yes
Yes
Indefinitely
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes

adent, Walrus,
ctice Works
r. Views, Oasys,
rthochart, Televox,
esame

Dolphin, IMS, and Vistadent

12 mb
y shipping UPS next-day shipping
fee Possible for a fee

Yes
ices

Ort

pensi
over

tary sc

s

, Vist
a, Pra
ng, D
II, O
rthoS

ext-da
e for a
ion is posted on the OrthoCAD™ server as an electronic

http://www.orthocad.com
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Digital models 229
le. The file, which is typically 400 to 800 kilobytes for
hildren and a little larger for adults, is then downloaded
o a designated folder on the practitioner’s PC or server,
ither automatically or manually. OrthoCAD™ saves the
le on their server for 10 years.
Plaster copies of these models can be ordered at an addi-

ional price and can be shipped to either the orthodontist or
o a laboratory of choice for appliance fabrication at the time
he impression is submitted. OrthoCAD™ also offers a ser-
ice by which digital models can be generated from previ-
usly trimmed plaster casts.
OrthoCAD’s 3-D browser software allows the clinician

ve simultaneous views of the models7 (Fig 1). This en-
bles the models to be viewed from multiple perspectives
t the same time. These views of the models can be rotated
r enlarged to evaluate tooth position and make meas-
rements in any plane of space. Bolton analyses,8 Tanaka-
ohnson analysis, tooth width, curve-length, point-to-plane
easurements, and any point-to-point measurements can be
erformed (Fig 2). OrthoCAD™ also features a cross-sec-
ioning tool that can slice the digital models in any vertical or
orizontal plane to check symmetry, overjet, overbite or to

Figure 1 OrthoCAD™ five simu
easure any location (Fig 3). The “Jaws Alignment Tool” c
an be used to move the lower jaw in different directions,
hus enabling assessment of the occlusal contacts (Fig 4).
he Occlusogram feature is a visual multicolor represen-

ation of these occlusal contacts that displays the distance
etween opposing teeth. OrthoCAD’s Virtual Set-Up9 (Fig
) enables the clinician to simulate and visualize any de-
ired treatment option including virtual extractions, inter-
roximal reduction, expansion leveling, and to apply var-

ous fixed appliances. The Virtual Set-Up service option
as an additional charge, which does not include the dig-

tal study models.
A new innovation introduced by OrthoCAD™ is their

racket Placement System. The clinician generates a digital
odel of the desired treatment objective by using the Virtual

et-Up software. Based on this model, the clinician then
laces each bracket in the desired position virtually on the
igital model (Fig 6). A bracket placement wand has a min-

ature video camera that transmits high resolution images of
he intraoral environment and a removable sleeve that can be
terilized (Fig 7). The system determines the relative position
f the wand versus the actual tooth and gives the practitioner
positioning target and signals when the virtual placement

us views of the digital models.
ltaneo
oincides with the actual placement (Fig 8). A bracket is then
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230 M.J. Peluso et al.
acked in place by using the wand’s internal curing light.
hus, bracket placement becomes more accurate and time
fficient. There are a number of bracket systems that are
rogrammed into the software to correspond to the size and
hape of the actual brackets. This bracket placement service
lso has an additional charge. The cost for this bracket place-

Figure 2 OrthoCAD™ measurement too

Figure 3 OrthoCAD™ cross-sectioning tool demonstrati

overbite.
ent system must include a cart, CPU, flat panel monitor,
ntraoral wand with tips, wireless connection, battery
ackup, onsite training, and all travel expenses for the
rainer.

The OrthoCAD™ digital models may be retrieved
ithin many practice management and imaging software

onstrating tooth width measurements.

rtical cutting of the digital models to check overjet and
l dem
ng a ve
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Digital models 231
rograms. Currently Dolphin, Vistadent, Walrus, Sirona,
racticeWorks Imaging, Dr. View, Oasys, Ortho II, IMS,
rthochart, Televox, and OrthoSesame are compatible
ith the OrthoCAD™ software. As the products are con-

inually enhanced and the company grows, OrthoCAD™
lans to continue to add additional services to their cur-

Figure 4 OrthoCAD™ Jaws Alignment Tool demonstrati
different directions.
Figure 5 OrthoCAD™ Vi
ent suite of services. Those new services include con-
truction of retainers with the final records either through
rthoCAD™ or through the orthodontist’s laboratory of

hoice. One of the new innovations that OrthoCAD™ is
urrently testing is a centric occlusion-centric relation
CO-CR) feature in their software. OrthoCAD™ is work-

occlusal contacts after moving the mandibular model in
ng the
rtual Set-Up tool.
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232 M.J. Peluso et al.
ng with the American Board of Orthodontics (ABO) to-
ard the acceptance of their digital models for the Phase

II certification process. Cadent, OrthoCAD’s parent com-
any, has developed a Crown and Bridge fabrication prod-
ct that is currently in alpha testing.

Figure 6 OrthoCAD™ Bracket Placement demonstrating
the digital model.
Figure 7 OrthoCAD™ Bracket P
models™
models™ by GeoDigm was founded in 1996 as Interactive
eflective Imaging System. It has since changed its name and
as grown considerably. emodels™ became available to the

cement of a bracket in the desired position virtually on
the pla
lacement System wand.
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Figure 8 OrthoCAD™ Bracket Placement System visual targeting indicator.
Figure 9 emodels™ models can be moved, rotated, and enlarged.
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rofession at the American Association of Orthodontists
AAO) National Meeting in 2001. To get started with emod-
ls™, one could either log onto www.geodigmcorp.com or
all 866-436-6335. The software, which is about 12 mega-
ytes, is downloaded over the net or will be sent on CD at no
harge. Geodigm will send postage-paid next-day shipping

Figure 10 emodels™ measureme
Figure 11 emodels™ cross-sectioning tool used to s
its for the impressions and a bite registration. The orthodon-
ist could either send disposable trays or metal trays.

When the impression is received by GeoDigm, a plaster
odel is fabricated. That plaster model is then scanned by
sing a nondestructive laser scanning process that digitally
aps the geometry of the cast’s anatomy with an accuracy of

l performing a Bolton analyses.
nt too
lice the digital models’ overjet and overbite.

http://www.geodigmcorp.com
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Digital models 235
0.1 mm.10 A laser strip is projected onto the cast and its
istortion is read by multiple cameras while the cast is ori-
nted on multiple axes to expose all surfaces for scanning.
he maxillary and mandibular digital casts are articulated
ased on the wax bite sent with the impressions. Within 5
ays, the electronic information, which is about 800 kilo-

Figure 12 emodels™ Color Bite Mapping feature that is
adjusted by the clinician.
Figure 13 emodels™ articulation feature allows either a prede
ytes, is posted on the GeoDigm Web server and is accessible
4 hours a day. The company maintains a copy of the elec-
ronic file on its server.

Download speeds depend on the type of Internet connec-
ion to the orthodontist’s computer. A dial-up modem will
ake 2 to 3 minutes to download, while a DSL or cable con-

al representation of occlusal relationships that can be
a visu
termined or a custom center of rotation to be chosen.
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236 M.J. Peluso et al.
ection will take about 10 seconds. Referring dentists can
ownload, at no charge, the digital model software. The ortho-
ontist can then give the dentist the digital files for a patient
hat can be viewed on this software. For an additional fee,
eoDigm will send the plaster model directly to the ortho-
ontist or to a laboratory of the orthodontist’s choice for
ppliance fabrication. The original plaster models are kept for
weeks before being discarded. Plaster models can be gen-

Figure 14 (A, B, and C) emodels™ eplan™ demons
rated after this time for an additional fee. GeoDigm also c
ffers a service by which digital models can be generated
rom previously trimmed plaster casts.

The emodels™ software allows the models to be moved,
otated, or enlarged to evaluate tooth position and make mea-
urements in any plane of space (Fig 9). Bolton analyses,
ooth width, curve-length measurements, and any point-to-
oint or point-to-plane measurements can be performed
Fig. 10). emodels™ also feature a cross-sectioning tool that

the simulation of an extraction treatment option.
an slice the digital models in any vertical or horizontal plane



t
a
t
1
c
c
t

i
c
v
t
t
s
u
t
t
u
o
p
d
t

i
a
t
i
G
n
p

E
I
b
m
e
a
p
O
s
a
D
f
s
s
M
d
w
d
t
f
c
o

i
O
p
H
n
a

Digital models 237
o check symmetry, overjet, and overbite and to help measure
ny location (Fig 11). There is a Color Bite Mapping feature
hat is a visual representation of occlusal relationships (Fig.
2). An articulation feature allows either a predetermined or
ustom center of rotation option (Fig. 13). This allows the
linician to animate articulation and evaluate occlusal con-
acts during jaw closing.

Probably the most useful feature of the emodels™ software
s the eplan™ (Fig 14 A, B, and C). This feature enables the
linician to simulate any desired treatment option by using a
irtual diagnostic setup. Once a desired setup is entered,
here is an animation function that can be used to illustrate to
he patient how the teeth will move to correct the malocclu-
ion. There are two different options that the clinician has to
tilize this virtual diagnostic setup technology. The first op-
ion is to have the teeth of the digital model sectioned so that
he orthodontist can manipulate the position of each individ-
al tooth, simulating various treatment outcomes. The sec-
nd option is the eplan™ service. The orthodontist simply
rescribes a treatment outcome and the tooth position is
etermined by GeoDigm. Currently, Dolphin, IMS, and Vis-
adent (GAC) are compatible with the GeoDigm software.

One of the newest innovations that is offered by GeoDigm
s a system by which the orthodontist places brackets virtu-
lly on the teeth of the digital models. An indirect bonding
ray is then fabricated and sent to the orthodontist. This
nnovation allows more accurate bracket placement.
eoDigm also has Icon crowns, which utilize their core tech-
ology (software and laser scanning) to digitize the crown

Figure 1
roduction process. t
valuation
f diagnosis, treatment goals, and mechanics are to be made
ased on these digital models, they must be as accurate, if not
ore, than conventional plaster models. A few studies have

valuated the accuracy of digital models. A study by Garino
nd Garino11 showed that there was a reduction in the dis-
ersion of the variance around the means when using the
rthoCAD™ software compared with a digital caliper on a

tone model. Measurements included tooth size and various
rch dimensions. DeLong and coworkers,12 using the Virtual
ental Patient System, compared standard measurements

rom the actual object and from the stone model to the mea-
urements obtained from a digitized model. The results
howed that the digital models were clinically acceptable.
ost recently, Santoro and coworkers13 showed a significant

ifference between plaster and digital model measurements
ith respect to both tooth width and overbite. While the
igital model measurements were consistently smaller than
he plaster model measurements, the magnitude of these dif-
erences was so small that they were not considered to be
linically significant. There was no significant difference in
verjet measurement.
Ease of use is another consideration when evaluating dig-

tal model systems. This, however, is highly subjective. Both
rthoCAD™ and emodels™ software programs are self-ex-
lanatory and do not require any special training sessions.
owever, it takes some time to become familiar with the
uances of each program, such as rotating the models to view
desired aspect of the models and manipulating the denti-

tinued)
4 (con
ion to perform a virtual diagnostic setup.
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238 M.J. Peluso et al.
At this time both companies are in the process of develop-
ng programs for scoring the American Board of Orthodon-
ics (ABO) objective cast grading system, which is used to
valuate case finishing on the Phase III clinical examination.
he ABO is currently monitoring development of these pro-
rams and may in the future be able to accept digital models
or case presentations. Several university studies are in
rogress to test the accuracy of these programs and to com-
are them to manual scoring of casts. Again, it must be
tressed that the accuracy of the bite registration is of the
tmost importance in evaluating interarch relationships such
s overbite, overjet, occlusal contacts, and so on, which must
e measured to evaluate case finishing.
HIPPA regulations impact the management of all orth-

dontic offices utilizing digital records. Patient informa-
ion must be kept private. OrthoCAD™ and emodels™
bide by HIPPA guidelines. Both use encryption software
o transmit patient information and have a number of
rewalls protecting their databases. An orthodontist
hould not leave confidential patient information on the
omputer screen in plain view of others before, during, or
fter treatment.

Digital models are an accurate, efficient, and easy-to-use
lternative to plaster models. With the current technology
nd future applications, digital models have the potential to
dvance the practice of orthodontics. They allow precise
easurements and visualization of proposed treatment out-

omes. The ability to quickly perform diagnostic setups, to
chieve ideal bracket placement from the onset of treatment,

nd to facilitate better communication between patient and
linician have positive impacts on treatment. Ultimately, this
rocess leads to higher quality of treatment and greater pa-
ient satisfaction.
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