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printed models, indirect bonding trays, and custom-made 
brackets to robotically bend wires or aligners. Furthermore, 
it is becoming possible to remotely monitor treatment and 
to control it.5

The introduction of  aligners in the orthodontics field 
led the digital evolution in orthodontics. The two nouns 
evolution and revolution both refer to a change; however, 
there is a distinctive difference between the change im-
plied by these two words. Evolution refers to a slow and 
gradual change, whereas revolution refers to a sudden, 
dramatic, and complete change. What has been claimed 
as the “digital revolution” in orthodontics should be 
claimed as the “digital evolution” in orthodontics. Ortho-
dontics and biomechanics have always had the same  
definitions, and we as clinicians should remember that 
technology is an instrument, not the goal. This differenti-
ates orthodontists from marketing people.

The diagnosis and problem list is the framework that dic-
tates the treatment objectives for the patient. Once formu-
lated, the treatment plan is designed to address those objec-
tives.2 In aligner orthodontics, CAD software displays 
treatment animations, helping the clinician to visualize the 
appearance of  teeth and face that is desired as treatment 
outcome; however, those animations should be decon-
structed by the orthodontist frame by frame or stage by 
stage, to define how to address the treatment goal from me-
chanics to sequence. Only an accurate control of  every sin-
gle stage of  the virtual treatment plan can produce reliable 
results. As usual, it is the orthodontist rather than the tech-
nique itself  that is responsible for the treatment outcome.

Contemporary records should facilitate functional and 
aesthetic 3D evaluation of  the patient.

Intraoral Scans and Digital 
Models

IOSs are quickly replacing traditional impressions and plas-
ter models. These scanners generally contain a source of  
risk for inaccuracy because multiple single 3D images are 
assembled to complete a model. Recent studies, however, 
have shown that the trueness and precision of  IOSs of  com-
mercially available scanning systems are excellent for orth-
odontic applications.6 Digital models are as reliable as tradi-
tional plaster models, with high accuracy, reliability, and 
reproducibility (Fig. 1.3).

Introduction

Orthodontics and dentofacial orthopedics is a specialty area 
of  dentistry concerned with the supervision, guidance, and 
correction of  the growing or mature dentofacial structures, 
including those conditions that require movement of  teeth 
or correction of  malrelationships and malformations of  
their related structures and the adjustment of  relationships 
between and among teeth and facial bones by the applica-
tion of  forces and/or the stimulation and redirection of  
functional forces within the craniofacial complex.1

To accurately diagnose a malocclusion, orthodontics has 
adopted the problem-based approach originally developed 
in medicine. Every factor that potentially contributes to the 
etiology and that may contribute to the abnormality or in-
fluence treatment should be evaluated. Information is gath-
ered through a medical and dental history, clinical exami-
nation, and records that include models, photographs, and 
radiographic imaging. A problem list is generated from the 
analysis of  the database that contains a network of  inter-
related factors. The diagnosis is established after a continu-
ous feedback between the problem recognition and the da-
tabase (Fig. 1.1). Ultimately, the diagnosis should provide 
some insight into the etiology of  the malocclusion.2

Orthodontics diagnosis and treatment planning are deeply 
changing in the last decades, moving from two-dimensional 
(2D) hard tissue analysis and plaster cast review toward soft 
tissue harmony and proportions analyses with the support 
of  three-dimensional (3D) technology. A detailed clinical ex-
amination remains the key of  a good diagnosis, where many 
aspects of  the treatment plan reveal themselves as a function 
of  the systematic evaluation of  the functional and aesthetic 
presentation of  the patient.3

The introduction of  a whole range of  digital data acquisi-
tion devices (cone-beam computed tomography [CBCT], 
intraoral and desktop scanner [IOS and DS], and face scan-
ner [FS]), planning software (computer-assisted design and 
computer-assisted manufacturing [CAD/CAM] software), 
new aesthetic materials, and powerful fabrication machines 
(milling machines, 3D printers) is changing the orthodon-
tic profession (Fig. 1.2).

As a result, clinical practice is shifting to virtual-based 
workflows.4 Today it is common to perform virtual treat-
ment planning and to translate the plans into treatment 
execution with digitally driven appliance manufacture and 
placement using various CAD/CAM techniques from 
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Fig. 1.2  Integration of cone-beam computed tomography data, facial three-dimensional scan, digital models from 
intraoral scans, and virtual orthodontic setup. Courtesy of dr. Alain Souchet, Mulhouse, France.
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Fig. 1.1  Steps in diagnosis and treatment planning in the digital orthodontics era. (Modified from Uribe FA, Chandhoke 
TK, Nanda R. Individualized orthodontic diagnosis. In: Nanda R, ed. Esthetics and Biomechanics in Orthodontics. 2nd ed. 
St Louis, MO: Elsevier Saunders; 2015:1-32.)
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Furthermore, the models can also be used in various 
orthodontic software platforms to allow the orthodontist 
to perform virtual treatment plans and explore various 
treatment plans within minutes as opposed to expensive 
and time-consuming diagnostic setups and waxups. Per-
forming digital setups not only allows the clinician to ex-
plore a number of  treatment options in a simple manner 
but also facilitates better communication with other den-
tal professionals, especially in cases that require combined 
orthodontic and restorative treatments. The virtual treat-
ment planning also allows for better communication with 
patients and allows them to visualize the treatment out-
come and understand the treatment process.5

Further advantages of  virtual models of  the dental 
arches are related to study model analysis, which is an es-
sential step in orthodontic diagnostics and treatment plan-
ning. Compared to measurements on physical casts using a  

measuring loop and/or caliper, digital measurements on 
virtual models usually result in the same therapeutic deci-
sions as evaluations performed the traditional way.7 Fur-
thermore, with their advantages in terms of  cost, time, and 
space required, digital models could be considered the new 
gold standard in current practice.6

Digital impressions have proven to reduce remakes and 
returns, as well as increase overall efficiency. The patient 
also benefits by being provided a far more positive experi-
ence. Current development of  novel scanner technologies 
(e.g., based on multipoint chromatic confocal imaging and 
dual wavelength digital holography) will further improve 
the accuracy and clinical practicability of  IOS.7

Recently near infrared (NIR) technology has been inte-
grated in IOS. The NIR is the region of  the electromagnetic 
spectrum between 0.7 and 2 mm (Fig. 1.4). The interaction 
of  specific light wavelengths with the hard tissue of  the 

A

B
Fig. 1.3  (A) Digital models and measurements obtained from cone-beam computed tomography data. (B) Digital 
models and measurements obtained from intraoral scans.
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NIRI - A reflective concept of light and its mechanism of action

The iTero Element 5D intraoral
scanner uses light of 850nm that 

penetrates into the tooth structure to
produce a NIRI image

NIRI image of a healthy tooth

A

Enamel is mostly
transparent to 
NIRI and appears 
dark

Dentin is mostly
scattering
to NIRI and
appears bright

Image interpretation - Healthy tooth

Image interpretation - Tooth with caries

Healthy enamel
appears dark

Proximal carious
lesions of the
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Fig. 1.4  New generation of intraoral scanners with integrated near infrared (NIR) technology. (A) Itero Element 5D 
(Align Technology, San José, CA, USA) decays detection scheme. 
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tooth provides additional data of  its structure. Enamel is 
transparent to NIR due to the reduced scattering coefficient 
of  light, allowing it to pass through its entire thickness and 
present as a dark area, whereas the dentin appears bright 
due to the scattering effect of  light caused by the orienta-
tion of  the dentinal tubules. Any interferences/pathologic 
lesions/areas of  demineralization appear as bright areas in 
a NIR image due to the increased scattering within the re-
gion. Therefore IOS provides information regarding possible 
decays without any x-ray exposure.8

Through the use of  digital impression making, it has 
been determined that laboratory products also become 
more consistent and require less chair time at insertion.9

3D Imaging

CONE-BEAM COMPUTED TOMOGRAPHY

3D imaging has evolved greatly in the last two decades and 
has found applications in orthodontics as well as in oral and 
maxillofacial surgery. In 3D medical imaging, a set of  ana-
tomic data is collected using diagnostic imaging equip-
ment, processed by a computer and then displayed on a 2D 
monitor to give the illusion of  depth. Depth perception 
causes the image to appear in 3D.10 Over the last 15 years, 
CBCT imaging has emerged as an important supplemental 
radiographic technique for orthodontic diagnosis and treat-
ment planning, especially in situations that require an un-
derstanding of  the complex anatomic relationships and 
surrounding structures of  the maxillofacial skeleton. From 
the introduction of  the cephalostat, Broadbent stressed the 
need for a perfect matching of  the lateral and posteroante-
rior x-rays to obtain a perfect 3D reproduction of  the 
skull.11 CBCT imaging provides unique features and advan-
tages to enhance orthodontic practice over conventional 
extraoral radiographic imaging.12 Lateral cephalometrics 
provides information on the sagittal and vertical aspects of  
the malocclusion with little contribution about unilateral 
or transversal discrepancies. The latter seem to be related to 

urbanization and industrialization becoming more frequent 
in the last decades.13-15 Therefore, the need for a diagnostic 
tool providing information on the 3D aspects of  the dento-
skeletal malocclusion is increasing. While the clinical ap-
plications span from evaluation of  anatomy to pathology of  
most structures in the maxillofacial area, the key advantage 
of  CBCT is its high-resolution images at a relatively lower 
radiation dose.16

Exposing patients to x-rays implies the existence of  a 
clinical justification and that all the principles and proce-
dures required to minimize patient exposure are consid-
ered. The ALARA concept should always be kept in mind: 
ALARA is an acronym used in radiation safety for as low as 
reasonably achievable. This concept is supported by profes-
sional organizations as well as by government institu-
tions.17,18 Recognizing that diagnostic imaging is the single 
greatest source of  exposure to ionizing radiation for the US 
population that is controllable, the National Commission 
on Radiation Protection and Measurements has introduced 
a modification of  the ALARA concept.19 ALADA represents 
as low as diagnostically acceptable. Implementation of  this 
concept will require evidence-based judgments of  the level 
of  image quality required for specific diagnostic tasks as 
well as exposures and doses associated with this level of  
quality. Little research is currently available in this area.

For 2D imaging modalities used in orthodontics, the ra-
diation dose for panoramic imaging varies between 4 and 
10 µSv, while a cephalometric exam range is between 3 and 
5 µSv. A full mouth series ranges from 12 to 58 µSv based 
on the type of  collimation used.16 While 2D and 3D radia-
tion doses are often compared for reference, they cannot 
truly be compared because the acquisition physics and the 
associated risks are completely different and cannot be 
equated. The actual risk for low-dose radiographic proce-
dures such as maxillofacial radiography, including CBCT, is 
difficult to assess and is based on conservative assumptions 
as there are no data to establish the occurrence of  cancer 
following exposure at these levels. However, it is generally 
accepted that any increase in dose, no matter how small, 

B
(B) 3Shape Trios 4 (3Shape A/S, Copenhagen, Denmark) fluorescent technology for surface decay 

detection (left) and NIR technology for interproximal decay detection (right).
Fig. 1.4, cont’d 
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results in an incremental increase in risk.20 Therefore there 
is no safe limit or safety zone for radiation exposure in orth-
odontic diagnostic imaging.12 A recent meta-analysis about 
the effective dose of  dental CBCT stated that the mean adult 
effective doses grouped by field of  view (FOV) size were 
212 µSv (large), 177 µSv (medium), and 84 µSv (small). 
Mean child doses were 175 µSv (combined large and me-
dium) and 103 µSv (small). Large differences were seen 
between different CBCT units.19

The American Dental Association Council on Scientific 
Affairs (CSA) proposed a set of  principles for consideration 
in the selection of  CBCT imaging for individual patient care. 
According to the guidelines, clinicians should perform radio-
graphic imaging, including CBCT, only after professional 
justification that the potential clinical benefits will out-
weigh the risks associated with exposure to ionizing radia-
tion. However, CBCT may supplement or replace conven-
tional dental x-rays when the conventional images will not 
adequately capture the needed information.17

Recently, a number of  manufacturers have introduced 
CBCT units capable of  providing medium or even full FOV 
CBCT acquisition using low-dose protocols. By adjustments 
to rotation arc, mA, kVp, or the number of  basis images or 
a combination thereof, CBCT imaging can be performed at 
effective doses comparable with conventional panoramic 
examinations (range, 14–24 µSv).21 This is accompanied by 
significant reductions in image quality; however, viewer 
software can be helpful in improving the clinical experience 
with low-quality images. Even at this level, child doses have 
been reported to be, on average, 36% greater than adult 
doses.21 The use of  low-dose protocols may be adequate for 
low-level diagnostic tasks such as root angulations.

BENEFITS OF CBCT FOR ORTHODONTIC 
ASSESSMENT

The benefits of  CBCT for orthodontic assessment include 
accuracy of  image geometry. CBCT offers the distinct ad-
vantage of  1:1 geometry, which allows accurate measure-
ments of  objects and dimensions. The accuracy and reli-
ability of  measurements from CBCT images have been 

demonstrated, allowing precise assessment of  unerupted 
tooth sizes, bony dimensions in all three planes of  space, 
and even soft tissue anthropometric measurements—
things that are all important in orthodontic diagnosis and 
treatment planning.22-24

The accurate localization of  ectopic, impacted, and su-
pernumerary teeth is vital to the development of  a patient-
specific treatment plan with the best chance of  success. 
CBCT has been demonstrated to be superior for localization 
and space estimation of  unerupted maxillary canines com-
pared with conventional imaging methods.25,26 One study 
indicated that the increased precision in the localization of  
the canines and the improved estimation of  the space con-
ditions in the arch obtained with CBCT resulted in a differ-
ence in diagnosis and treatment planning toward a more 
clinically orientated approach.25 CBCT imaging was proven 
to be significantly better than the panoramic radiograph in 
determining root resorption associated with canine impac-
tion.27,28 One study supported improved root resorption 
detection rates of  63% with the use of  CBCT when com-
pared with 2D imaging.28 When used for diagnosis, CBCT 
has been shown to alter and improve the treatment recom-
mendations for orthodontic patients with impacted or  
supernumerary teeth.29,30

Based on the findings of  a recent review30 and in accor-
dance with the DIMITRA (Dentomaxillofacial Paediatric 
Imaging: An Investigation Towards Low Dose Radiation 
Induced Risks) project,31 CBCT can be considered also in 
children for diagnosis and treatment planning of  impacted 
teeth and root resorption (Fig. 1.5).

Maxillary transverse deficiency may be one of  the 
most pervasive skeletal problems in the craniofacial re-
gion. Its many manifestations are encountered daily by 
the orthodontist.32

Although many analyses of  the lateral cephalometric 
headfilm have been developed for use in orthodontic and 
orthognathic treatment planning, the posteroanterior 
cephalogram has been largely ignored. The diagnosis of  
transverse discrepancy is quite challenging in the daily 
practice because of  several methodologic limitations of  the 
proposed methods.33

Fig. 1.5  Cone-beam computed tomography data elaboration for enhancing diagnosis and treatment planning.
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The maxillary and mandibular skeletal widths at differ-
ent tooth level, buccolingual inclination of  each tooth, and 
root positions in the alveolar bone can be determined and 
evaluated from the CBCT (Fig. 1.6). With this information, 
the clinician can make a proper diagnosis and treatment 
plan for the patient.

The temporomandibular joint (TMJ) can be assessed for 
pathology more accurately with CBCT images than with 
conventional radiographs. The CBCT volume for orthodon-
tic assessment will generally include the TMJ and therefore 
is available for routine review. Several retrospective analy-
ses of  CBCT volumes indicate 15% to 18% of  incidental 
findings are related to TMJ (Fig. 1.7), which is significant 
enough for further follow-up or referral.34

CBCT data can also be used to obtain the volumetric ren-
dering of  the upper airways. Studies of  the upper airway 
based on CBCT scans are considered to be reliable in defining 
the border between soft tissues and void spaces (i.e., air), 
thus providing important information about the morphol-
ogy (i.e., cross-sectional area and volume) of  the pharyngeal 
airway35 (Fig. 1.8). However, despite the potentials offered 
by the technique in this field and the potential role of  ortho-
dontists as sentinel physicians for sleep breathing disorders, 
limited, poor quality, and low evidence level literature is 
available on the effect of  head posture and tongue position 
on upper airway dimensions and morphology in 3D imag-
ing. Natural head position at CBCT acquisition is the sug-
gested standardized posture.36 However, for repeatable mea-
sures of  upper airway volumes it may clinically be difficult to 
obtain. Indications and methods related to tongue position 
and breathing during data acquisition are still lacking. Fur-
thermore, a recent study focusing on the reliability of  air-
way measurements stated that the oropharyngeal airway 
volume was the only parameter found to have generalized 
excellent intra-examiner and inter-examiner reliability.37

In orthognathic surgery, Digital Imaging and Communi-
cations in Medicine (DICOM) data from CBCT can be used to 
fabricate physical stereolithographic models or to generate 
virtual 3D models. The 3D reconstructions are extremely 
useful in the diagnosing and treatment planning of  facial 

asymmetry cases. They can also be used to generate substi-
tute grafts when warranted. CBCT can be useful as a valu-
able planning tool from initial evaluation to the surgical 
procedure and then the correction of  the dental component 
in the surgery-first orthognathic approach.16

In addition, databases may be interfaced with the ana-
tomic models to provide characteristics of  the displayed tis-
sues to reproduce tissue reactions to development, treat-
ment, and function. The systematic summarization of  the 
results presented in the literature suggests that computer-
aided planning is accurate for orthognathic surgery of  the 
maxilla and mandible, and with respect to the benefits to 
the patient and surgical procedure it is estimated that 
computer-aided planning facilitates the analysis of  surgical 
outcomes and provides greater accuracy38 (Fig. 1.9).

A recent systematic review39 was conducted to evaluate 
whether CBCT imaging can be used to assess dentoalveolar 
relationships critical to determining risk assessment and 
help determine and improve periodontal treatment needs in 
patients undergoing orthodontic therapy. The conclusion 
was that pretreatment orthodontic CBCT imaging can as-
sist clinicians in selecting preventive or interceptive peri-
odontal corticotomy and augmentation surgical require-
ments, especially for treatment approaches involving buccal 
tooth movement at the anterior mandible or maxillary pre-
molars to prevent deleterious alveolar bone changes. This 
assumption seems more suitable for skeletally mature pa-
tients presenting with a thin periodontal phenotype prior to 
orthodontic treatment (Fig. 1.10).

3D FACIAL RECONSTRUCTION TECHNIQUES

The accurate acquisition of  3D face appearance character-
istics is important to plan orthognathic surgery, and excel-
lent work is based on an exact 3D face modeling. A precise 
approach to 3D digital face profile acquiring, which is ap-
plied to simulate and design an optimal plan for face sur-
gery by modern technologies such as CAD, is required.

Three types of  3D face modeling methods are currently 
used to extract human face profiles: CT technology,40,41 

Fig. 1.6  Case of impacted lower canine in which the cone-beam computed tomography data are helpful in defining 
the right mechanics.
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Fig. 1.7  Occasional report of misunderstood right condyle neck fracture results in a 9-year-old child being pre-
scribed cone-beam computed tomography for orthodontic reasons.

Fig. 1.8  Airway measurements from cone-beam computed tomography data.
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and digital models with specific simulation software will 
provide useful indications in relation to orthodontic treat-
ment results and the eventual need of  interdisciplinary in-
tervention.

VIRTUAL SETUP

Several software programs are available on the market to 
create virtual setups able to produce the sequence of  physi-
cal models on which thermoforming plastic foils are used to 
create aligners.

Setup accuracy is improved when virtual teeth segmen-
tation is applied on digital models obtained by IOS or digiti-
zation of  plaster casts, reducing the loss of  tooth structure 
observed during the cutting process of  the plaster in con-
ventional plaster and wax setups.

The segmentation process starts with marking mesial 
and distal points on each tooth or simply indicating the 
center of  the crown on the occlusal view of  the arches, de-
pending on the software used. Then the software generally 
identifies the gingival margin. Teeth segmentation and the 
tooth-tooth-gingiva segmentation are executed semiauto-
matically, but the operator can always correct the auto-
matic process. Once teeth are segmented they are separated 
from the gingiva, and a mean virtual root (shape and 
length are derived from proprietary databases) is applied. 
Recently, virtual setup software programs are starting to 
use real root morphologies derived from patient CBCT data 
when available. Tooth segmentation from CBCT images  
in those cases is a fundamental step. Recent engineering 
innovations made the process simple and timesaving with 
respect to the past.48

the passive optical 3D sensing technique,42 and the active 
optical 3D sensing technique.43 The 3D reconstruction 
method based on CT technology is sensitive to the skeleton 
and can be conveniently utilized for craniofacial plastics, 
as well as the oral and maxillofacial correction of  abnor-
malities.44 Soft tissue data extraction, or segmentation, 
can be created using a dedicated software. For orthodontic 
purposes, the image should be recorded with eyes open 
and with the patient smiling. The smiling image will per-
mit the use of  dental landmarks to superimpose the digital 
models on the 3D face reconstruction for treatment plan-
ning purposes. Novel technologies aiming at acquiring 
facial surface are available. Stereophotogrammetry and 
laser scanning allow operators to quickly record facial 
anatomy and to perform a wider set of  measurements45 
not exposing patients to radiation (Fig. 1.11). Stereopho-
togrammetry still represents the gold standard with  
respect to laser scanning at least for orthodontic applica-
tions since it is characterized by good precision and repro-
ducibility, with random errors generally less than  
1 mm.45 With this method, 3D images are acquired by 
combining photographs captured from various angles 
with synchronous digital cameras, with the main advan-
tage of  reducing possible motion artifacts. The main limi-
tation at this stage is represented by the high cost of  the 
instrumentation.

According to Sarver and Jacobson46 and Sarver and Ack-
erman,47 it may be inappropriate to place everyone in the 
same esthetic framework and even more problematic to at-
tempt this based solely on hard tissue relationships since the 
soft tissues often fail to respond predictably to hard tissue 
changes. Integrating CBCT data, facial 3D reconstruction, 

Fig. 1.9  Example of cone-beam computed tomography data integration in a surgery three-dimensional planning 
software. (Dolphin Imaging, Chatsworth, CA, USA.)
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Fig. 1.10  Cone-beam computed tomography data used to plan an orthodontic expansion in a subject with poor 
periodontal support (upper). Orthodontic expansion, corticotomies, and bone grafts were planned to obtain an ex-
cellent final result without bone dehiscence (lower).

A B

Fig. 1.11  Stereophotogrammetry (A) and laser scan (B) three-dimensional reconstructions of the face of the same 
patient. (From Gibelli D, Pucciarelli V, Poppa P, et al. Three-dimensional facial anatomy evaluation: reliability of laser 
scanner consecutive scans procedure in comparison with stereophotogrammetry. J Craniomaxillofac Surg. 2018;46:
1807-1813.)
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Once the teeth have been segmented and the interproxi-
mal contacts defined, the arch form is adjusted using soft-
ware tools that can create an individual arch form. Digital 
arch templates are also available, while several software pro-
grams consider the WALA (an acronym for Will Andrews 
and Larry Andrews) ridge.

The occlusal plane as well as the original vertical plane 
are used as reference.49 Each tooth can be moved in the 
space since the required final position has been achieved. It 
is important to mention that tooth movements on comput-
ers are unlimited. Tooth alignment and leveling can be 
planned on the computer screen, but this result may not be 
realistic for that specific patient. Obviously, tooth movement 
has its biologic limitations. On the basis of  the used system 
the virtual setup could be prepared by a trained dental tech-
nician or by a software expert; however, every setup should 
be based on biologic principles and on a biomechanics 
background making the orthodontist the initial designer 
and the final reviewer of  every setup.

As progress in digital imaging techniques accelerates and 
tools to plan medical treatments improve, the use of  virtual 
setups in orthodontics before and during treatment will 
become the mainstream in orthodontics (Fig. 1.12).

3D DATA INTEGRATION

The creation of  a virtual copy of  each patient is dependent 
upon the integration of  3D media files and the possibility 
of  their fusion into a unique and replicable model. CBCT 
data can be used as a platform onto which other inputs can 
be fused with acceptable clinical accuracy. These data 
sources include light-based surface data such as photo-
graphic facial images and high-resolution surface models 
of  the dentition produced by direct scans intraorally or in-
directly by scanning impressions or study models. The inte-
gration of  hard and soft tissues can provide a greater un-
derstanding of  the interrelationship of  the dentition and 
soft tissues to the underlying osseous frame.12 Individual 
3D models of  tooth are needed for the computer-aided 
orthodontic treatment planning and simulation. With the 

Fig. 1.12  Superimposition of the virtual setup on the smile picture of a patient with unilateral agenesis, visualizing 
from left to right the initial situation, the postorthodontic situation, and the final smile with restorative simulation.

Fig. 1.13  The virtual patient in which cone-beam computed tomogra-
phy data, facial three-dimensional reconstruction, and virtual setup 
obtained after teeth segmentation are superimposed. Courtesy of dr. 
Alain Souchet, Mulhouse, France.

novel 3D superimposition techniques, clinicians are able to 
simulate the outcome of  both the osseous structures and 
the soft tissue posttreatment.

The 3D data integration makes the diagnostic process 
and the treatment planning more accurate and complete, 
provides an effective communication tool and a method for 
patients to visualize the simulated outcomes, instills moti-
vation, and encourages compliance to achieve the desired 
treatment outcome (Fig. 1.13).16

What technology is providing to orthodontists is amaz-
ing; however, what is still missing is the fourth dimension 
(i.e., the dynamic movements of  the mandible and the sur-
rounding tissues integrated in the virtual model). Idealisti-
cally, the capture of  digital data for virtual modeling should 
happen in a one-step, single-device approach to improve 
accuracy. Future research will fill this gap and will realize 
the dream of  the real virtual patient.
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