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Abstract: Digital models and three-dimensional technology in orthodontics have become an integral
part of everyday clinical practice. Nevertheless, there is currently no consensus regarding in which
cases a digital model is really necessary. Therefore, this scoping review aims to identify and assess
which orthodontic procedures require a digital model. This review’s reporting was based on PRISMA
guidelines. A literature search was undertaken using five electronic databases on 17 February 2024. A
total of 87 studies met the inclusion criteria and were qualitatively analyzed by three reviewers. The
following aspects of orthodontic treatment were identified and discussed with regard to digital model
application: diagnosis, treatment procedures, retention, and outcome evaluation in orthodontics.
Based on the studies assessed, despite some limitations regarding radiation exposure justification
and the accuracy of the integration methods of 3D data, there is evidence that digital models lead to
more accurate orthodontic diagnosis and treatment planning. In cases of impacted canines, aligner
treatment, mini-implants insertion (when angle definition and orientation are essential), and primary
care for cleft lip and palate, a partial digital model produced by an integration of some of the 3D data
(face scan, intraoral scan, CBCT) that we can acquire is beneficial. A full digital model that combines
all the 3D information should be used in orthognathic surgery cases, in which prediction and accurate
performance are highly advocated.

Keywords: orthodontics; digital model; digital planning; imaging; three-dimensional

1. Introduction

The analysis of the dentition along with the patient’s face is of paramount importance
for a proper orthodontic diagnosis and effective treatment planning. Traditional methods
for evaluating dentofacial morphology rely on two-dimensional (2D) imaging obtained
from photographs and 2D radiography [1]. However, the complexity of the human face as
a geometric structure renders realistic recreation with merely a 2D image challenging. Thus,
orthodontics is currently transitioning from a two-dimensional (2D) to a three-dimensional
(3D) approach due to advancements in digital technology. The introduction of cone-beam
computed tomography (CBCT), 3D intraoral, and face scanners into everyday clinical
practice has not only contributed to enhanced diagnostic and performing workflow, with
improved speed and accuracy of the treatment, but also has elevated treatment outcomes in
facial esthetics. Creating the digital model of the patient and the final smile design enables
better patient communication [1,2].

The ideal patient file would ideally consist of a complete 3D craniofacial record with
individual and conjunctive access to facial soft tissue, craniofacial bone, and dentition.
We can only have such a record in digital format [3]. Therefore, to obtain a complete
3D digital model for orthodontic purposes, adequate and precise image acquisition is
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essential. Images of the maxillofacial region are generated in DICOM (Digital Imaging
and Communications in Medicine) files obtained from CBCT; images of the dentition and
occlusion are produced in STL (stereolithography) files using intraoral scanning; and image
acquisition of soft facial tissues is achieved with facial 3D scanning [4,5].

The most common imaging methods for extraoral (facial) scanning are magnetic
resonance imaging, 3D ultrasound, 3D surface laser scanning, and stereophotogrammetry.
Stereophotogrammetry is considered the most indicated system, as it can capture the correct
geometry and texture of the face in an accurate and photorealistic perspective without
the drawbacks of the other techniques, i.e., ionizing radiation or movement artifacts. This
method involves photographing an object from two coplanar planes; namely, two cameras
are arranged as a stereo pair, and software can dynamically analyze various geometric
relationships between facial points to produce a 3D reconstruction of the images. Facial
models can be acquired by one or more stereo pairs of photographs simultaneously. As a
result, a polygonal mesh with textured color information is obtained [4,5].

Since the human face is highly dynamic and deformable, dynamic 4D facial image
acquisition has been recently introduced using video or functional records to facilitate
achieving highly demanding treatment outcomes, such as in orthognathic cases. Functional
records include jaw range of motion, jaw path of opening–closing, smile animation, speech,
muscle tonicity, and soft tissue evaluation. These data, if considered essential for a specific
case, should be thoroughly recorded and synchronized to the rest of the database in order
to establish a comprehensive virtual setup that allows for meeting treatment objectives [5].

Several systems have been developed to automatically merge data provided by CBCT,
intra-oral and facial scanning, or any combination of them in order to create a full or partial
digital model, respectively. Individual digital records of the face, craniofacial structures,
and dentition of the patient must be synchronized to create a 3D digital combined model.
Consequently, a clinician can easily generate a “virtual patient” or “digital clone” [1] that
allows the development of a personalized 3D digital treatment plan and improved patient
assessment and communication [2,5].

To create a 3D digital combined model, rigid registration, with or without markers
based on points, surfaces, or voxels, must be performed [5,6]. Integration of digital dental
casts into the CBCT scan can be achieved with a surface matching method, especially
by using an open mouth posture, small voxel size, and specific segmentation threshold
selection [7]. Intraoral reference devices, or bite jigs, can be used to locate fiducial markers
outside the occlusal area. Although this process improves the integration of digital dental
casts into CBCT scans, ultimately, it is time-consuming [8]. Alternatively, titanium markers
can be glued onto the gingiva, which may then be used for the matching process [7].

Surface-based automatic registration of 3D facial images on CBCT scans provides a
precise and photorealistic digital 3D dataset of a patient’s face [5]. It has been recommended
that consecutively taken CBCT scans and 3D facial surface scans, which are then integrated
to correct any discrepancies in the facial surface rendering, could provide more reliable
diagnostic information for complex treatment planning that affects the aesthetic appearance
of the face [9].

Additionally, accurate matching of intraoral and facial scans can be achieved without
the risks of radiation exposure from CBCT. The facial image can be registered with the
corresponding intra-oral image by superimposing the area of the dental arches acquired
by a face scanner with the same area derived by an intraoral scanner [10]. Tooth surfaces
must be acquired with a facial scanner, at least from the upper right first premolar to the
upper left first premolar, to generate a 3D alignment between the facial and intraoral scans,
and not only from the frontal aspect. This can resolve problems of misfit and error in the
alignment of the occlusal plane, rotation, and palatal inclination of the teeth, which are
very common in orthodontic cases [2].

Digital models’ applicability is versatile in the field of orthodontics, from facilitating
diagnostic processes and decision-making to enhancing several orthodontic procedures.
Segmentation and evaluation of specific teeth, arch form, crowding or spacing, type of
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malocclusion, as well as measurements of overjet, overbite, transverse distances, and Bolton
discrepancy, are feasible. Thus, the clinician can obtain a virtual diagnostic setup, present
recommended treatment plans, and perform bracket placement and indirect bonding [11].
Furthermore, the superimposition of study casts on facial scans can be especially useful
for closely monitoring longitudinal therapy and growth controls in children and adoles-
cents [12]. CBCT and digital models can be incorporated to aid in the treatment planning
of orthognathic cases, the manufacture of surgical guides, the placement of mini-implants,
and the exposure of impacted teeth. Digital models can also be 3D printed into a physical
model of the dentition when the fabrication of orthodontic appliances is required [11].

Although digital models and 3D technology in the craniofacial field have now become
an indispensable part of everyday clinical practice, there is no consensus on when they are
really needed. It is crucial to recognize the value of well-established traditional approaches
rather than hastily discard them in pursuit of new technologies. Therefore, the aim of
this scoping review was to examine the necessity and applications of the digital model in
terms of diagnosis, treatment procedures, treatment monitoring, retention, and outcome
evaluation in orthodontics.

2. Materials and Methods

The present scoping review was conducted according to PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines for the Scoping Reviews
Checklist [13]. The following five electronic databases were comprehensively searched
without additional filters up to 17 February 2024: PubMed, Cochrane Library, Web of
Science, ScienceDirect, and Google Scholar.

The systematic search was performed by two examiners (I.P. and M.V.) using ap-
propriate medical subject headings (MeSH) and free text words. The following search
terms were utilized: “digital combined model”, “CBCT”, “intraoral scan”, “face scan”, and
“orthodontics”. A partial gray literature search was undertaken using Google Scholar to
identify additional eligible studies with the first 50 relevant results to be considered for
inclusion. Hand-searching of reference lists of selected articles and relevant reviews was
conducted to identify any possible pertinent studies that may not have been detected by
the electronic search. Details of the complete electronic search strategy are provided in
Supplementary Table S1.

Articles included in this review were studies (research, reviews, or case reports) that
presented a digital model that combined DICOM files (CBCT) and/or STL files (intraoral
scanning) and/or files from face scanning or any combination of them for diagnostic
reasons or any kind of treatment type in orthodontics. Studies written in any language
other than English were not eligible for this review.

A total of 345 records was retrieved from the five databases. After duplicates’ removal
(18 studies), 327 studies were thoroughly screened for eligibility based on their title and
abstract independently by two reviewers (I.P. and M.V.), of which 250 studies were excluded.
Six records could not be retrieved for full-text evaluation and were removed. As a result,
71 full-text articles were assessed for inclusion based on the eligibility criteria independently
by two reviewers (I.P. and M.V.). Any disagreement concerning study inclusion was
resolved with discussion until a consensus was reached. Seven studies were eliminated for
various reasons, as agreed by the two reviewers, while 23 records were identified through
citation searching. Finally, 87 studies met the eligibility criteria and were included in the
qualitative analysis. The PRISMA flowchart is shown in Figure 1.
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Figure 1. Flowchart of study selection according to PRISMA statement.

3. Diagnosis

During the last decades, rapid advancements in the field of digital dentistry have
made possible applications of three-dimensional technologies and digital combined models
in orthodontics. The development of cone-beam computed tomography (CBCT) offers
numerous significant advantages as far as orthodontics is concerned. The craniofacial
structure can be evaluated in more detail with a CBCT exam. CBCT allows the clinician
to easily detect and accurately measure craniofacial asymmetries, longitudinal growth,
and mild occlusal alterations, as well as improve the localization of impacted teeth and
provide visualization of pharyngeal airway abnormalities, including enlarged adenoids
that might lead to the development of pathological conditions like obstructive sleep apnea
(OSA) [14–16].

The use of a 3D scanner is another technological modality that is crucial in the treat-
ment, diagnosis, and planning of orthodontic cases. The clinician can create a three-
dimensional image of the dental arches from plaster models or impressions or by directly
scanning the oral cavity. The digital model that is produced may be preferred when com-
pared to a conventional setup due to higher tolerance, increased comfort, a lesser risk of
allergic reactions, and ease of data storage, recovery, and transfer [14,17,18]. However, the
prediction of dental arch widths in cases of crowded or spaced dentition and class II or
class III malocclusions is an area that requires further research [19].

Digital technology has greatly enhanced the field of dentistry and orthodontics in par-
ticular. Recent studies have confirmed the diagnosis precision and measurement sensitivity
of orthodontic digital models when compared to conventional techniques. Digital models
(Figure 2) are not only highly accurate and reliable but also easy to reproduce as they have
high repeatability and are overall more efficient than plaster models [14,17].
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Figure 2. A digital model of the patient was created by combining intraoral scanning and CBCT
imaging. The blue color represents the STL model of the intraoral scan, while the gray color represents
the 3D model acquired by CBCT imaging.

4. Orthodontic Treatment

Clinicians may implement digital technology not only as a diagnostic tool but also
in numerous procedures during orthodontic treatment. These procedures will be further
analyzed in the following sections and include designing and producing indirect bonding
trays, orthodontic braces, clear aligners, surgical guides or splints (manufactured with 3D
printed CAD-CAM technology), planning placement sites for orthodontic mini-implants,
localization of impacted canines, management of cleft lip and palate cases, and even
predicting the postoperative outcomes of orthognathic treatment [14].

4.1. Treatment Procedures
4.1.1. Direct—Indirect Bonding

Proper bracket placement is of paramount importance for an effective orthodontic
movement; however, this process is subject to human error. Indirect bracket bonding
techniques have been developed with the aim of minimizing human errors associated with
variations in the anatomy and morphology of crowns.

Three-dimensional images of each bracket in a bracket kit and of the patient that will
undergo treatment are obtained from CBCT scanning. The teeth are then isolated in the
software to gain a clear view of the roots. Afterward, each bracket is accurately positioned
on the designated crown and thoroughly adjusted in order to achieve post-treatment root
parallelism. An image of a U-shaped molding tray is then added to the projection and
subsequently adapted to cover the occlusal half of the teeth and brackets while leaving the
other half uncovered. In the next step, the images of brackets and teeth are subtracted so
that a negative replica ready for printing is produced. Following printing and adjusting the
bonding tray, indirect bonding can take place, minimizing human error [20].

Digital positioning of the brackets and indirect bonding techniques, which utilize
digital setup models, may greatly facilitate the application of lingual orthodontic appli-
ances. The development of techniques for CAD/CAM fabrication of lingual orthodontic
appliances based on 3D models and CBCT scans is emerging, as it provides improved
design accuracy [21].

4.1.2. Designing and Manufacturing of Devices

Traditional metallic-based orthodontic appliances, such as hyrax, Herbst appliances,
and lingual and transpalatal arches, can be manufactured via CAD/CAM technology
without analog impressions and conventional models. The workflow (Figure 3) includes
intraoral scanning, digital design of the appliance and incorporation of any additional part,
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for instance, an expansion screw, direct 3D metal printing via laser melting, welding of any
additional part, insertion, and finally activation in the patients’ oral cavity [22,23].
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Figure 3. (a) The design of a metal device (blue color) for traction of an impacted canine (brown
color) on a digital model (green color). (b) The device, after 3D printing and implementation in the
patient’s mouth.

Following testing of these appliances, it has been concluded that they can withstand
the stress generated during activation. Therefore, digitally produced orthodontic appliances
can clinically function as conventional ones. The application of the digital model offers
many advantages, including faster workflow, high predictability, and quicker replacement
in case of loss or breakage of appliances. Finally, by facilitating and enhancing communica-
tion between the laboratory technician and the orthodontist during appliance design, this
approach may ultimately result in a better course of treatment for the patient [22].

4.1.3. Orthodontic Treatment Using Custom-Made Brackets

The development of computer-aided design software has enabled the clinician to
design and print in-office orthodontic brackets customized for a specific patient. The design
workflow is quick and easy as it follows a standard protocol. The protocol consists of the
following steps: intraoral scanning, import of dental scans in the software, teeth segmenta-
tion and setup, customized brackets positioning on the teeth, positioning keys designing,
bracket files export, ceramic resin 3D printing or zirconia slurry 3D printing, resin brackets
UV curing or zirconia brackets sintering, and finally bonding. Three-dimensional printing
of brackets can help to deliver a more predictable orthodontic outcome and treat the patient
as a unique individual [24].

4.2. Treatment of Impacted Canines

In cases of impacted canines, it is crucial to carefully plan and execute an effective
treatment after a meticulous assessment of the exact localization of the impacted teeth,
the arrangement of the adjacent teeth, and the condition of the soft tissues. Treatment
may consist of either an orthodontic approach or a combination of surgical exposure
and orthodontic traction. The utilization of an orthodontic digital model that represents
teeth, alveolar bone, and gingiva (Figure 4) would be a valuable tool in the process of
comprehensive treatment planning. In order to digitally reconstruct full dentition, gingiva,
and alveolar bone into an accurate model, we should integrate data from two imaging
techniques. Tooth crowns and gingiva data are obtained from intraoral optical scanning,
and tooth roots and bone are obtained from CBCT imaging [25]. This 3D model can be
utilized in the exact spotting of the impacted tooth and in deciding the direction of traction.
Even a 3D-printed metal device has been proposed for proper traction of palatal-impacted
canines [23].
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However, the benefits of CBCT scans must be carefully balanced against the radiation
risk to pediatric patients and the intricacy of the underlying pathology [15].

4.3. Cleft Lip and Palate Treatment

Three-dimensional reconstruction for patients with cleft lips and palates is useful for
both preoperative and therapeutic assessments. Preoperative evaluations of the cleft palate
involve an assessment of the volume and location of the bone defect, the presence of super-
numerary teeth, and an evaluation of permanent teeth and alveolar bone morphology [15].
Prior to surgical intervention for alveolar bone defects, patients with cleft lip and palate
are subjected to a primary repair, which consists of an acrylic intra-oral passive molding
plate called Nasoalveolar Molding (NAM). This device is delivered early in the patient’s
life in order to separate the oral cavity from the nasal cavity, allow feeding, and reorient the
growth process of misaligned bone and soft tissue in the maxilla. The latter contributes
to better results following surgery, as NAM can minimize the space across the cleft, hence
alleviating the tension throughout the final healing [26,27].

Digital models can also be utilized before the orthognathic surgery of cleft cases in
order to establish a 3D surgical occlusion setup. This digital approach may minimize errors
from conventional analog models, the risks of dental casts breaking, and the requirement for
dental cast storage space. Furthermore, it improves the efficiency and accuracy of the setup,
which is crucial for the proper prediction of tooth movements required and the development
of the occlusal splint/guide used during orthognathic surgical procedures [28].

4.4. Mini-Implant Placement

Data from CBCT imaging for creating a replica of teeth and surrounding bone in
conjunction with plaster models have been used for template fabrication for mini-implant
placement [29]. A CBCT-guided surgical stent for a mini-implant was tested for accuracy
more than a decade ago [30].

Furthermore, 3D models with the integration of CT scans and intraoral scans for
designing templates for accurate mini-implant placement have been proposed. The stere-
olithography templates are fabricated with CAD/CAM procedures using a stereolithogra-
phy apparatus (SLA), which is the process of using photosensitive resins cured by a laser
layer by layer [31].

CBCT data and 3D laser-scanned images from cast models imported into special soft-
ware using several points on occlusal dental surfaces for accurate superimposition were also
used for surgical stent fabrication with photopolymerized resin using a stereolithographic
appliance (SLA) [32].
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The same method, after designing the optimal insertion of mini-implants on 3D images
created by the fusion of CBCT and digital model data, was used by some researchers [33],
while others [34], after creating a digital model of the patient, proposed a special 3D printed
surgical guide (Figure 5) incorporating grooves and holes leading to accurate positioning
of the mini-implant and convenient release of the guide.
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Concerning the exact positioning of mini-implants in the palate as an adjunct proce-
dure for fabricating special orthodontic devices for molar distalization or widening the
median suture of the palate, templates advocating information from CBCT data and STL
models of the oral cavity have been fabricated with CAD/CAM procedures [35,36].

All these methods lead to accurate positioning of mini-implants regarding adjacent
teeth, anatomic structures, and even positioning at exact angles regarding the occlusal
plane for enhanced stability.

4.5. Orthognathic Surgery

Designing an orthognathic surgery case is one of the most challenging procedures in
orthodontics. Up until recent years, this was mostly conducted by using conventional 2D
radiographic examinations such as lateral and anteroposterior cephalograms, panoramic
X-rays, and photographs of the patient for surgery treatment planning. The surgery splints
that reproduced the planned surgery reposition of the upper and lower jaw anatomic
structures were manufactured with auto- or photo-polymerized resins and acrylic materials
after articulation of the patient’s casts on a semi-adjustable articulator and the performance
of the model surgery [37].

Nowadays, the full digital model of the patient created by the integration of the
CBCT images with the face scan (acquired by stereophotogrammetry, laser scanning, or
structured light scanning) and the intraoral scanning allows for the more accurate and
predictable design of the surgery [5]. Several methods for merging 3D intraoral models and
3D facial models have been proposed [38]. Rigid registration of the 3D acquired images is
of great importance in surgery cases and is performed by point-based, surface-based, and
voxel-based registration, which are the three most commonly used methods [39].

In the designing stage of the surgery, a 3D model with the new anatomic relationships
and a prediction of facial appearance can help the orthodontist communicate the whole
treatment plan to the patient and present the procedure in detail. However, caution should
be taken, as the patient must be warned that this is a rough and not exact simulation
of his face appearance. Today, special algorithms (called approximation models) are
used for three-dimensional simulations of soft tissues, and though the result is satisfying,
improvements must be made [40].
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Acquiring a digital model of the dentition and the occlusion enables the clinician
to evaluate in detail the current situation and the predicted final occlusion. In that field,
techniques for virtual bite registration in order to inspect bones and teeth simultaneously
with the lower jaw in a central relationship have been proposed [41].

In CAD/CAM procedures, the wafer that the surgeon will use to reposition the bony
segments is 3D-designed and printed. This leads to more accurate and predictable dental
relationships [42]. In addition, the wafer itself is more precise in transferring the maxillary
surgical plan to the true operating procedure room and needs fewer adjustments in order
to fit on the teeth without any collisions [43]. A meta-analysis in that field reported that 3D
surgical cutting guidance ensured precise positioning of the maxillomandibular complex
as the virtual plan [44].

Inspection of some anatomic structures like the inferior alveolar nerve, interdental
spaces, and the dimensions of the upper and lower jaw, which is easy to do in the digital
patient, is of great importance as it may lead the surgeon to differentiate the osteotomy
cuts. In special surgeries in which teeth are not involved, such as genioplasty, a digitally
created surgical template can help clinicians achieve a more aesthetic result [5].

In cases that present asymmetry, a better outcome is feasible through repositioning
the maxillomandibular complex with translational and rotational (pitch, yaw, and roll
directions) movements in order to achieve an ideal occlusion and a symmetric and balanced
facial appearance. Additionally, identifying possible bony overlaps or gaps during virtual
surgery is essential in order to avoid failures and unfavorable situations and thus reduce
the possibility of revisionary surgical interventions [45].

It is even proposed that with the use of a surgical splint (that is 3D designed during
virtual surgery and computer-aided manufactured), the lines of the Le Fort I osteotomy are
marked with a piezoelectric saw to enhance safety. In addition, the digital model on which
the surgery is designed enables proper positioning and angulation of fixation screws in
areas with the biggest bone thickness. It is also estimated that the accuracy between virtual
planning and final surgical results is around 1 mm [46].

In order to overcome problems that arise in designing digital wafers for orthognathic
surgery in the vertical direction (z-axis), repositioning guides are used instead. Those are
computer-aided designed guides and 3D printed in resin or metal that are embedded in
the patient’s bone during surgery and are accurate in transferring the virtual surgery plan
to the operating field [39].

4.6. Clear Aligner Design and Printing

The use of digital technology in orthodontics has become increasingly widespread
nowadays, especially in allowing planning and carrying out treatment using aligners [47].
Measuring the amount and direction of tooth movement has been considered challenging
as it has to be conducted in three different planes of space. Furthermore, three-dimensional
superimposition of the initial and final models, tooth segmentation, and landmark reg-
istration are necessary for a more accurate quantitative assessment of the orthodontic
modifications in all dimensions for each tooth. Automated methods using deep learning
technology allow orthodontists to make precise assessments of each tooth movement in a
three-dimensional manner with a significant quantity of measurements, a measurement
strategy that is very difficult to accomplish using manual methods. This approach was
developed to reduce human error and save time [48].

Since the invention of aligners, manufacturing processes have been developed to
include vacuum forming, plaster molding, and—most recently—3D printing. Comparing
3D printing with traditional methods reveals several benefits: faster manufacture, better
patient fit, less invasive modeling methods, etc. Digital light processing (DLP), stere-
olithography (SLA), polyjet (PJ), and other specialized vat polymerization (VP) methods
are commonly used to print aligners. In these applications, safety and strength are of
utmost importance [49].
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When 3D printing, computer-aided design (CAD) software, and 3D scanning were
brought to the field of orthodontics, the creation of aligners underwent a significant change.
Initially, the only resin used in 3D printing was for dental models. However, as the years
passed, more resins were added for occlusal splints, indirect bonding trays (IDB), and,
most recently, brackets. Up until now, numerous companies have produced plastic foils of
varying thickness and composition to be used in the creation of aligners [50]. Furthermore,
via 3D printing, orthodontics are able to produce aligners more quickly, accurately, and
efficiently than conventional methods.

As directly printed aligners are digitally defined, undercuts do not exist, borders
are replicated exactly on each aligner set, and the edges are smooth and do not require
polishing or trimming [51]. Color stability and customizable intra-aligner thickness are
also some of the benefits that 3D printing provides. It is finally important to mention that
3D-printed aligners provide higher geometric precision and can be tailored to any patient’s
needs. Continuous contact between the aligner and the teeth is necessary to ensure its
ideal performance since any gaps could prevent the aligner from reaching its maximum
mechanical capability [49]. A printed aligner should ideally be recyclable [50].

5. Retention and Outcome Evaluation
5.1. Retainer Fabrication Using Digital Technology

As mentioned previously, doubling a digital model of teeth with the suitable 3D
software offers numerous possibilities, one of which is the designing and manufacturing of
a retainer after the end of the orthodontic treatment [52].

Permanent retention has lately been recommended by a growing percentage of clin-
icians. As a consequence, the demands placed on retaining appliances are accordingly
increasing. The use of computer-aided design and manufacturing (CAD/CAM) is gradu-
ally replacing manual, technician-made retention wires. With this approach, the position,
form, and contact of the retainers with the teeth can be enhanced, thereby improving both
the retentive effect and the patient’s comfort. Specifically, a 3D analysis of the available
space and a deliberate assessment of local conditions enable a fabrication procedure that
can enhance the precision of fixed retainer placement in an area with restricted space or
unusual tooth shapes, as frequently observed in the upper anterior segment [53].

After performing intraoral scanning or scanning of the impressions of the dental arches,
data are transferred to special software, and an orthodontist designs a virtual draft of the
retainer. Precise data on the retainer’s distance from the gingiva or opposing dentition
might be collected, which would help the doctor plan the bonding connection, especially
in cases where there is a significant overbite that creates difficult occlusal relationships.
Following virtual retainer planning in 3D modeling software, the retainer is laser-cut from
a nitinol blank and electropolished to create a refined, bacteria-resistant surface. A high-
precision vinyl polysiloxane transfer coping facilitates handling and serves as a positioning
aid for clinical insertion. The retainer’s proper position is obvious due to its excellent
passive adaptation [53].

Precise data on the retainer’s distance from the gingiva or opposing dentition might
be collected, which would help the doctor plan the bonding connection, especially in cases
where there is a significant overbite that creates difficult occlusal relationships. Due to a
high risk of bonding-site defects, significant wire-tooth distances, decreased patient comfort,
and limited access to hygiene instruments (since there are thick layers of material at bonding
sites), many of the inserted retainers remain considered temporary even nowadays. These
disadvantages can be significantly mitigated by creating delicate wire designs that closely
adapt to the tooth surface, leading to retainer appliances that accomplish the recommended
goal of permanent retention [53].

Another advantage is that the patient’s digital data are stored in a more convenient way
and can be easily sent to any laboratory or an in-office machine, allowing the practitioner
or the technician to fabricate appliances directly on the patient’s digital models obtained by
a simple scan. It also provides simplicity, speed, accuracy, and patient satisfaction [52].
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Orthodontists are seriously concerned about plaque/calculus accumulation and gingi-
val irritation that are caused by the lingual retainers in the bonded area, as specific surface
characteristics of the retainer and its bonding sites would favor plaque formation. However,
flatter and more delicate bonding sites, along with the bacteria-resistant character of the
wire (due to its electropolished surface), would be less susceptible to plaque formation on
exposed wire portions than multistranded wires [53,54].

Furthermore, even in anatomically difficult situations when the conventional retainer
technique would reach its limitations, a digitally designed retainer, given this level of
precision and predictability, can be easily fitted. The 3D datasets provide extremely accurate
views of potential bonding surfaces, enabling the clinician to determine whether these
locations would provide enough adhesive strength. The exact fit that CAD/CAM retainers
provide almost exactly matches the requirements that apply to crowns and permanent
dental prostheses [53].

However, it is necessary to mention that the stability, longevity, and patient satis-
faction with CAD/CAM in comparison to traditional multistranded fixed retainers were
investigated. It has been found that, after six months, there were no clinically meaningful
differences in Little’s irregularity index, arch breadth, or length between CAD/CAM and
traditional retainers. Additionally, there was no distinction between the two types of fixed
retainers in terms of failures or patient satisfaction [18].

5.2. Outcome Evaluation

As conventional 2D technologies are being replaced by 3D imaging modalities like
stereometric surface imaging and cone-beam computed tomography [55], accurate data
on 3D changes in the jaws, facial soft tissue, and dentition after orthognathic surgery are
provided. Respecting the three-dimensional nature of the face, a three-dimensional method
to measure factors associated with changes in soft tissue, bony tissue, and dentition has
been proposed [55]. The ability to generate 3D head models gives CBCT a significant
advantage over traditional radiography (orthopantomograph and lateral cephalogram),
enabling measurements to be made without over-projection of anatomical structures or
magnification mistakes. The postoperative soft and hard tissue changes should be taken
into consideration during treatment planning and communicated to patients accordingly
before surgery [56].

Three-dimensional documentation of orthognathic surgical interventions, as men-
tioned before, is now achievable since there are numerous 3D imaging possibilities avail-
able today. Maal et al. [57] compared the precise 3D soft tissue changes resulting from
skeletal transformations following a bilateral sagittal split osteotomy (BSSO) one year
following surgery using different types of imaging. In this study, the preoperative and
1-year postoperative CBCT scans were registered with each other using voxel-based reg-
istration. Following image registration, the mandible was segmented in both scans. The
precise volumetric changes brought on by the BSSO could be calculated by deducting
the preoperative hard tissue data from the postoperative hard tissue data. Surface-based
registration was used to register the preoperative and postoperative 3D photos in order to
examine the soft tissue changes one year after surgery. The overall soft tissue volumetric
difference was obtained by subtracting the preoperative surface from the postoperative
surface, as determined by the 3D picture following registration. A single, unified dataset of
precise hard and soft tissue information could be produced by registering the 3D photos
with the CBCT scan’s soft tissue data. Through this procedure, surgeons and orthodontists
are able to acknowledge the actual outcomes of soft tissue changes following a specific
mandibular transformation [57].

It is also possible to estimate changes in soft tissue at the midsagittal area using typical
lateral cephalometric analysis in Class III patients who will undergo mandibular setback
surgery (MSS). Nonetheless, patients prefer to assess soft tissue esthetics and changes
based mainly on frontal views. Lim et al. [58] analyzed and assessed the soft tissues of
the entire face using 3D imaging techniques, such as 3D computed tomography and three-
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dimensional facial scan images (3D-FSIs). They took lateral cephalograms immediately,
both before and 6 months after MSS, with centric occlusion, reposed lip, and natural head
position. Cephalometric tracing and measurements were performed by a single operator
using the V-Ceph program. In this study, the 3D-FSIs were taken before and 6 months after
the MSS from three different horizontal angles and from two different vertical angles to
scan the entire face without shadows. The 3D-FSIs were reconstructed using Rapidform
2006 and Rapidform XO scanning software [58].

However, when the sagittal plane is mainly examined, 2D information might be
efficient. Legal et al. [59] examined the differences between postoperative outcomes and
preoperative virtual planning in orthognathic surgery using the 2D-Onyx Ceph® System.
The researchers assessed vertical parameters as well as sagittal angle parameters. As a
result, it provided a standard 2D method for planning orthognathic surgery that produces
accurate outcomes, especially related to sagittal parameters (SNA, SNB).

Yuan et al. [60] aimed to evaluate changes in the lateral facial shape resulting from
surgical treatment of skeletal Class III malocclusion using 3D laser scanning. In this study,
three-dimensional data were acquired by a Vivid 910 laser scanner. This is a laser-line
triangulation scanner that produces a 640 × 480-pixel 3D image. Data sets were loaded
with the appropriate computer software. Each scanned image was reconstructed into 3D
images for analysis and measurement using a reverse engineering software system. All
of these procedures were undertaken by a single operator. The lateral face shape outline
measurement technique utilized in this study could provide quantitative information for
clinical evaluation and objective analysis of the human face when viewed from a full-facial
perspective.

The measurement of changes in tooth position caused by orthodontic therapy, growth,
or software-suggested orthodontic treatment is difficult and complicated due to the lack of
consistent reference points. In the absence of these comparatively permanent landmarks, it
is hard to forecast the accuracy of the orthodontic appliance system or distinguish between
growth, relative movement, and treatment effects.

Alwafi et al. [61] introduced a novel methodology to assess differences between the
predicted and achieved mandibular tooth movement with clear aligner therapy using stable
mandibular landmarks and a tooth-specific coordinate system. Nevertheless, due to the
small sample size and the fact that ClinCheck is mainly a tool for designing clinicians’
biomechanics rather than visualizing the predicted treatment outcomes when planning
clear aligner therapy, the results were weak.

Finally, by measuring tooth movement or predicting treatment outcomes, clinicians
are able to visualize treatment innervations, make real-time adjustments to simulations,
and easily project corrections. They can also have a better judgment on choosing an appro-
priate treatment plan, build necessary compensations into the virtual plan, provide better
interaction and communication with patients, and help with extraction or interproximal
reduction decisions.

In Table 1, we summarize the orthodontic devices that may be digitally designed
and manufactured.

Table 1. Orthodontic devices that may be produced by digital technology (CAD/CAM).

Device Printing Material Printing Technology

trays for indirect bonding Biocompatible liquid
photopolymers (resins)

Vat photopolymerisation
technology

(Stereolithography/SLA)

hyrax device/
metal device for impacted

canine traction/
transpalatal arch/

Fixed retainers

Biocompatible dental alloys
(stainless steel, titanium, and

mainly cobalt–chromium
[CoCr] alloys) [62]

Selective Laser Melting
(SLM)and Selective laser

sintering (SLS)/metal additive
manufacturing technology for

all parts except the screw in
the hyrax device
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Table 1. Cont.

Device Printing Material Printing Technology

ceramic brackets Hybrid ceramic permanent
crown resins or zirconia slurry

Laser stereolithography
(laser-SLA) or Direct Light
Processing (DLP) (varies

according to the used
printer) [63]

intra-oral passive molding
plate in cleft palate cases

Biocompatible liquid
photopolymers (acrylates) Stereolithography/SLA [64]

templates for mini-implant
placement/orthognathic

surgery splints

Biocompatible liquid
photopolymers (resins) Stereolithography/SLA

models for aligners
(vacuum forming) Liquid photopolymers (resins) Stereolithography/SLA

direct printed aligners
Aligner resin called

TC-85DAC (Graphy, Seoul,
Republic of Korea)

Stereolithography/SLA [50]

6. Discussion
6.1. Drawbacks and Limitations Concerning the Digital Model in Orthodontics

In the field of orthodontics and maxillofacial surgery, the use of three-dimensional (3D)
information through a digital model (full or partial) tends to become the norm for treatment
planning and evaluation. Digital three-dimensional analysis significantly elevates accuracy
compared to traditional cephalometric analysis in simple or complicated cases. Intraoral
scans and matching CBCT scans, as well as face 3D documentation, are necessary in order
to create the 3D model at pretreatment. Accuracy in registering those digital files is of
paramount importance, as errors in the procedure could affect treatment planning and the
final outcome of orthodontic or orthognathic treatment [65].

Point-based, surface-based, and voxel-based rigid registration are the three most
commonly used methods. Combinations are also suggested, such as surface-to-image
registration (STI), which combines the surface and voxel-based techniques [5].

In order to assess the accuracy of deep learning-based integrated tooth models (ITMs)
for 3D evaluation of root position during orthodontic treatment, Lee et al. [48] combined
intraoral and CBCT scans. They also compared the manual and integrated tooth model
(ITM) fabrication processes. Using a Trios scanner (3Shape, Copenhagen, Denmark), intrao-
ral scans of the maxillary and mandibular arches were acquired. The intraoral scans were
trimmed to the clinical crown by deleting the gingival area. They were then submitted
into the OrthoAnalyzer (3Shape) software and reprocessed in stereolithography (STL) file
format. The manual approach required more time than the automatic method to complete
the procedure and collect the measurements. The final predictability of tooth root position
is affected by the inaccurate integration of two imaging modalities. Pretreatment 3D tooth
models were therefore created from pretreatment CBCT and pretreatment intraoral scans
in this study before the beginning of orthodontic treatment. By obtaining the tooth roots
from the CBCT images and the tooth crowns from the intraoral scans, the possibility of an
overlapping error (integration error) resulting from the artifacts of the crown appearing
in the CBCT image during the pretreatment stage were reduced. There are numerous
computer algorithms available for automatically segmenting teeth. It is, therefore, ben-
eficial to use a technique that separates the tooth, including the root, from the alveolar
bone in CBCT pictures without removing the alveolar bone. The software involved in
this research is typically used to generate 3D models and evaluate medical pictures. In
contrast to the medical segmentation process of other anatomical parts, it proved difficult
to segment teeth from alveolar bone. In essence, the software carries out segmentation by
distinguishing between and using various levels of various anatomic features. Nonetheless,
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because of the extremely small periodontal ligament space between the tooth and alveolar
bone, the software makes it difficult to separate the two due to their identical contrast
levels. Therefore, it was not possible to isolate the tooth from the alveolar bone using fully
automatic segmentation. Region expanding, the program’s automatic segmentation feature,
was mainly used for rough segmentation; the slice edit tool was used to manually tweak it
for precision. The ability to divide the segmentation into distinct items is offered by the
region-growing tool. All slices underwent morphology operations before region-growing
in order to extract the intrinsic tooth structure from the bone. The accuracy of integrat-
ing intraoral scans and CBCT images was comparable for both automated and manual
techniques. For clinical practice, the automatic approach for ITMs is highly recommended
because of its efficiency and time-saving qualities [48].

Manual, semi-automated, and even automated segmentation of anatomic structures
in the maxillofacial region has also been suggested [66].

Higher costs that arise from adopting those digital procedures (CBCT imaging instead
of conventional radiographs, intraoral scanners, and equipment for 3D photographs or face
scans) should be considered a limitation, as should the fact that 3D data are manipulated
on a 2D screen [5].

Even more, significant drawbacks associated with the ergonomic limitations of stereopho-
togrammetry have been raised, leading to the quest for alternative modalities. Such an
alternative is the Bellus3D Dental Pro app, which utilizes Apple’s TrueDepth sensor and
can reconstruct a digital, high-resolution version of the face. TrueDepth technology is an
effective substitute, as smartphone applications are portable, less expensive, and more
accessible, allowing every orthodontist to reap the benefits of facial scanning in their ev-
eryday practice [67]. Nevertheless, evidence suggests that the current TrueDepth sensor
from Apple has limited clinical applicability for orthodontic evaluation due to decreased
accuracy below the 3 mm threshold [68].

Simulations produced by those digital models are generally satisfactory, with doubts
concerning the labial region, as modeling of the sliding of the lips over the teeth is not yet
fully reliable [40].

When surgery procedures are involved, one should keep in mind that CBCT imag-
ing should adopt a large field of view in order to inspect the entire anatomic structure.
Unfortunately, this exposes the patient to a greater amount of radiation, and this must be
contrasted with the accurate recording of craniofacial abnormalities [16].

6.2. Necessity of a Partial 3D Model
6.2.1. Impacted Canines

In cases where impacted canines are involved, although the type of exposure technique
(closed or open) is generally determined by the surgeon’s preference [69], and for initial
evaluation, there is no significant difference between 2D and 3D information [70], when
a decision is to be made for determining the place on the canine’s surface on which the
eyelet of the chain apparatus will be placed and the direction of the traction, a 3D model
is advantageous [71,72]. CBCT images can increase the clinician’s confidence regarding
the canine location, contact with the adjacent teeth, and the presence or absence of root
resorption, thus leading to a successful operation [69,70].

Research has shown that CBCT can provide more information regarding the canine
position, detection of root resorption, estimation of space in the arch, overall severity,
and overlap than conventional 2D radiography [73,74]. Furthermore, compared to 2D
imaging, 3D imaging allows quicker resolution and a better overall tooth prognosis since
it can facilitate a more precise and less traumatic surgical exposure, along with more
efficient and proper orthodontic traction [73]. Thus, the use of CBCT contributes to a more
clinically oriented approach, and it may play a key role in the success of the treatment with
a substantial impact on clinicians’ decisions on exposure and traction, biomechanics, and
treatment time estimates [15,73,74].
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6.2.2. Aligners

A partial digital model created by the integration of face and intraoral scans is essential
for clear aligner treatment (CAT), as monitoring facial appearance, soft tissue condition,
and smile line simultaneously with intraoral information such as crowding, protruded
or retruded teeth, and any deviation of the occlusal plane helps the clinician establish an
effective treatment plan.

We have entered the era of face-driven orthodontics, and this was at first facilitated
by the use of digital cameras. However, there are limitations to the two-dimensional
“reality” [75].

Adding 3D facial information to an intraoral scan benefits a more detailed analysis in
cases of asymmetry and cleft lip and/or palate patients [76,77]. Research has underlined
that soft tissue information derived from facial scans favors the reliability of the evaluation
of the outcome in orthognathic and extraction cases [78,79].

Usually, new technologies also present some disadvantages that, over time, are re-
duced. For example, a major disadvantage of 3D-printed aligners is the fact that the printing
and post-printing procedures depend on multiple steps. An error in one step affects the
following stages and can create problems. Another disadvantage is the somewhat higher
cost of equipment compared to thermoformed aligner production. A printer and a UV
curing unit should be acquired in addition to the software that comes with both thermo-
formed and directly 3D-printed aligners [50]. There are also some primary difficulties in
producing aligners through 3D printing. These arise from the lack of materials that satisfy
essential requirements such as biocompatibility, translucency, 3D printability, and suitable
mechanical characteristics. Several challenges need to be resolved before the product is
used in a clinical setting. These issues fall into the following categories: (1) workflows,
(2) anisotropic behavior, (3) characteristics, (4) precision, (5) cost, (6) tooth movement
effectiveness, and (7) hygiene of 3D-printed clear aligners [49].

6.2.3. Mini Implants

Placement of mini-implants among the roots of the teeth can be effectively conducted
only by utilizing conventional X-rays and plaster models. However, when it comes to exact
placement in regions where anatomic limitations occur (not enough space between roots,
neighboring inferior alveolar nerve, or greater palatine artery) or when angle to the occlusal
plane is essential to enhance stability, then a partial 3D model by fusing CBCT imaging and
digital models of the dentition and surrounding tissues is necessary for individuality in
treatment planning and safe and accurate implementation [34,36].

6.2.4. Cleft Lip and Plate (Initial Stages)

As mentioned before, passive molding plates are used in the initial stages of dealing
with cleft lip and palate patients in order to facilitate feeding. Although such devices have
been produced with traditional cast models, the use of a fully digital workflow based on
intraoral scanning, 3D printing, and CAD software is gaining more and more attention
due to its numerous advantages that benefit both the patient and the clinician. It has been
shown that plate manufacturing accuracy, based on digital models, is optimized compared
to conventional techniques, offering a more customized appliance for the patient [26,27]. In
addition, digital protocol accelerates production time, decreases chairtime, costs, and the
invasiveness of impression-taking, avoiding any risk of aspiration of impression materi-
als [26,80].

6.3. Necessity of a Full Digital Model
Orthognathic Surgery Cases (Upper and Lower Jaw) and Cleft Lip and Palate Patients
(Later Stages)

Fusion of all 3D information acquired and the construction of a full “virtual patient”
allows an in-depth study of an orthognathic surgery case, considering all the parameters
that are necessary. It is a superimposition of images from different sources (facial scan,
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intraoral scan, and CBCT imaging) in a new coordinate system [40]. The superimposition
procedure can now be automatically performed [81]. Nowadays, there are also software
programs that are capable of tissue 3D simulation when skeletal recontraction is planned
with orthognathic surgery [82]. All these possibilities and simulations are essential when
planning such serious interventions and prevail over traditional procedures when soft
tissue changes are involved. In order to improve the prediction of these changes, orofacial
functions might need to be recorded. Some new stereophotogrammetry techniques allow
this dynamic analysis by creating “4D” models [83].

In the case of only a setback of the lower jaw, a full 3D digital model of the patient may
not be necessary, as the new position of the mandible is dictated by the occlusion. If genio-
plasty is also planned, then, as mentioned, a digitally created surgical template contributes
to a more aesthetic result [5]. However, even with a great number of developing new
technologies, it is not yet routine to use them in everyday clinical procedures, mainly due to
complexity, training requirements, and elevated costs [84,85]. Even if, with CBCT imaging,
the exposure of the patient to radiation is reduced in contrast to CT, each CBCT scan should
be acquired for well-justified reasons, especially in children and adolescents [86].

The development of AI can help orthodontics eliminate difficulties associated with
the integration of 3D data. Automated identification of landmarks for 3D cephalometric
analysis and automated segmentation of teeth and anatomic structures by AI can be very
helpful in diagnosis, treatment planning, and outcome prediction, especially for the new
clinician who lacks experience but also for the experienced one, in testing several treatment
possibilities [75].

In the future, with the further development of 4D printing technology [87,88], which
uses time as the fourth dimension and introduces the change in the shape or behavior of a
3D-printed object in reaction to certain stimuli like light, pressure, or magnetic field, many
other ”clever” orthodontic devices will be manufactured.

A possible limitation of this review and its conclusions is the differentiation of the
digital procedures available in partial and full digital models of the patient. This was
chosen in order to present the cases where some or full digital information is needed.

7. Conclusions

Digital procedures in orthodontics lead to more accurate diagnosis and treatment
planning. However, we should consider that exposure to radiation must be justified when
using CBCT imaging and that the integration methods of 3D data must be accurate. Full
and partial digital models of the patient can be acquired by fusion of all or some of the 3D
information (face scan, intraoral scan, CBCT).

A partial digital model is needed in impacted canines’ cases, aligner treatment, mini-
implant insertion (when angle definition and orientation are essential), and in the early
stages of cleft lip and palate cases.

A full digital model should be used in orthognathic surgery cases in which prediction
and accurate performance are highly advocated.

It is documented that capable and experienced clinicians can successfully deal with all
aspects discussed above, even before the advent of the new digital era. However, it seems
that adopting the digital model of a patient in daily practice can give the orthodontist the
opportunity to focus on details that otherwise would be impossible to identify. This can
lead to more detailed procedures while executing the treatment plan and, thus, a higher
quality of outcome. In addition, new orthodontists can benefit from the diagnostic tools
that digital means offer and, in this way, avoid mistakes and become more effective.
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