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The first important step in orthodontic treatment is an accurate diagnosis and precise
treatment planning to correct the malocclusion. This process entails a proper examination and
understanding of the nature of malocclusion and the anomaly of the underlying structures. The
emergence of three dimensional (3D) technology has transformed the field of orthodontics. The
present article aims to take into account some of the applications of 3D technology in the field

of orthodontics.
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An accurate Orthodontic diagnosis
involves evaluation of all the dimensions of the
facial skeleton, determining the nature of the
malocclusion and any underlying asymmetry as it
might be a combination of hard-tissue, dental and
soft-tissue components. Conventional treatment
planning with two-dimensional (2D) imaging, are
reported to have suboptimal outcomes especially
in patients for treatment of the facial asymmetry
requiring a correction of pitch, roll and yaw.!

Conventional treatment planning
involving the use of lateral cephalograms and
orthopantomograms is now revolutionized with
the advent of Cone Beam Computed Tomography
(CBCT). CBCT is a technique which overcame
the shortcomings of conventional computed

tomography scan and also reduced the amount
of radiation exposure for patients.”? The use of
CBCT allows a better understanding of the skeletal
anomalies by providing a three-dimensional
visualization of the facial skeleton including
a thorough assessment underlying skeletal
morphology and temporomandibular joint complex.
The paradigm shift from 2D to three-dimensional
(3D) technology has not only facilitated sound
diagnosis and efficient treatment planning by
eliminating overlap of structures and parallax error
but also allowed the orthodontist to assess risk
factors, predict treatment outcomes, assess skeletal
growth changes and treatment progress.* The use
of CBCT along with 3D simulation, treatment
planning coupled with additive manufacturing has
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revolutionized the field of orthodontics as it allows
the practitioner to emulate the clinical scenario in
the confines of the laboratory setting.
Applications of 3D workflow module in
Orthodontics

Virtual setup for diagnosis

The advantages of using virtual models
over conventional dental casts is the possibility of
spatial registration. Virtual models made during
the treatment can be combined on the same co-
ordinate system.’ In 3D diagnosis and treatment
planning initially a scan of the teeth and adjacent
structures is captured either by direct intraoral
scanning or using table-top scan of the plaster
model of the patients’ to acquire digital data [data
type: Standard Triangle Language (STL), Polygon
File Format (PLY), Wavefront OBJect (OBJ)]. The
digitized data file can now be transferred from
the scanner to the Computer Aided Designing
(CAD) software [ex. Planmeca Romexis 3D Ortho
Studio (Planmeca,Oy, Helsinki, Finland)].The
software allows the orthodontist to create virtual
orthodontic study models. The virtual models are
oriented as per the occlusion and segmented to
finalize the virtual setup. The individual teeth then
can be moved into the desired positions with the
required amount of tip, torque and mesio-distal,
bucco-lingual and vertical displacements. It is also
possible to simulate individual jaw movements to
obtain an ideal digital setup akin to the Kesling
setup which signifies the final occlusion of the
patient (Figure 1A and 1B).

The adjustments made are assessed for
bilateral symmetry, occlusion and Kesling accuracy
in 1%, 2™ and 3" order specifications. This virtual
setup obtained is more precise than the Kesling
setup laboratory procedures.’

Lingual orthodontics

In the recent times, with an increase in
demand of adult orthodontics, there is also an
increase in the demand for inconspicuous esthetic
orthodontic procedures. Lingual orthodontics
and clear aligners provide the solution to this by
giving successful treatment outcomes without
compromising the facial aesthetics during the
orthodontic treatment.

Lingual orthodontics involves the bonding
of orthodontic appliances on the lingual or palatal
aspect of the teeth facilitating an esthetically
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acceptable orthodontic appliance. However, it is
difficult to attain a precise bracket positioning
due to reduced visibility and varied or complex
anatomy of the lingual or palatal aspect of the
teeth. A number of lingual orthodontic techniques
such as HIRO technique, CLASS system (custom
labial/lingual appliance setup service), KIS system
(Korean indirect system), TAD —BPD (torque
angulation device — bracket positioning device),
TARG (torque angulation reference guide) and
Incognito technique®’ allow accurate bracket
positioning and successful treatment outcomes.
Amongst these, the HIRO technique is most
commonly used as it is simple and economical.®
However, it is a highly technique sensitive system
and relies on fabrication of an accurate orthodontic
set-up upon which the final finishing of the lingual
orthodontic treatment depends.

The use of digital technology such as 3D
scanning of models, virtual treatment simulation
with 3D printing options has transformed the
technique of lingual indirect bonding.'® It allows
precise bracket positioning with appropriate tip and
torque incorporation in the bracket base facilitating
optimum orthodontic tooth movement. Incognito
technique® allows us to customize the brackets and
wires using CAD/CAM technology on a 3D model
of the patient’s dentition. The brackets boned onto
the tooth surfaces have an inbuilt torque and tip
required for specific tooth movement. The brackets
and wires are manufactured in gold alloys and the
wire bending is done by wire-bending robot.

Hybrid Hiro technique'® uses digital
models scanned from the patients’ study models.
3D treatment simulation is done using a software
and a virtual setup representing the final treatment
outcome is created (Figure 2) before printing.
The 3D printed models are used as a template for
bracket positioning. The models are duplicated
in plaster and a 0.017" x 0.025" mushroom arch
shaped rectangular stainless-steel wire is adapted
to the plaster models. The lingual brackets are later
positioned and bonded onto the model using the
0.017"x 0.025" mushroom arch wire as guide.>'?

Transfer trays are fabricated using
Memosil (Heraeus Kulzer, Hanau, Germany)
and after bracket preparation, these brackets are
transferred to the patient’s mouth (Figure 3) using
the indirect bonding technique. This procedure
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allows an accurate bracket positioning, facilitating
a precise control over tooth movements and
optimum treatment outcomes.

Clear aligners

Although lingual appliances
are inconspicuous, some patients find them
uncomfortable and unhygienic. The increasing
demand for esthetic and comfortable orthodontic
treatment has been met with clear aligners. They
are transparent, comfortable and can be worn all
day. Studies show that clear aligners are used
to treat various kinds of malocclusion, however
it lacks the ability to perform certain complex
orthodontic tooth movements such as extrusion,
severe rotations.!"® In the recent years, certain
improvements have been made to the appliance to
allow better control of tooth movements.'*!*

The technique of fabrication of the
clear aligners involves the use of digital models
and computerized 3D technology to visualize
and virtually move the teeth in an ideal position.
Following the virtual treatment simulation, a
series of models are 3D printed which signifies the
entire sequence of tooth movement and correction
of malocclusion from the beginning to the end.
Sequential array of stage-specific aligners are then
vacuum formed over the then 3D printed models.
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The process of manufacturing of the
aligners is evolving continuously to develop
biologically compatible resins with ideal safety
profiles and physical properties that can be used
for extended duration inside the mouth, and to
attempt to use these resins to produce direct-3D
printed aligners.'®
Bone anchored maxillary protraction

Bone anchored maxillary protraction
involves the use of skeletal anchorage by means
of plates anchored to the infrazygomatic or
lateranasal region of the maxilla and symphyseal
or parasymphyseal region of the mandible to bring
about true orthopedic changes. In these cases, an
accurate adaptation of the plates over the bony
contours of the maxilla and mandible for maxillary
protraction is of utmost importance as it affects
their stability and thereby the treatment outcomes.
A stable plate placement will allow application
of sufficient force required for protraction of the
maxilla to correct a Class I1I skeletal malocclusion.
It is also imperative that the orthodontist must
have a proper control over the force vector, i.e.
the elastics must be engaged in such a way that
the force vector is at an angle of 30° to the occlusal
plane. This force vector will allow for proper
downward and forward protraction of the maxilla.'”

Fig. 1. A) Pre-treatment maxillary and mandibular intra-oral photographs, B) 3D treatment simulation on
maxillary and mandibular virtual setup
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Adaptation of the plates during the
surgical procedure is cumbersome and will
increase the duration of the surgery. It is difficult
for the orthodontist to determine the positions of
the plates as the adaptation and placement will be
done by the oral surgeon. Benefitting from the 3D
workflow setup, preoperative adjustments of the
plate allows the orthodontist to have a full control

Fig. 2. A) Pre-treatment maxillary intraoral
photograph, B) Pre-treatment digital model of the
maxilla, C) Treatment simulation of the maxillary

dentition
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on the plate positioning. The patient’s CBCT scan
is used to obtain a DICOM (Digital Imaging and
Communications in Medicine) file, which is later
converted to a STL file for 3D printing. A 3D
printed model of the patient’s maxilla and mandible
is later constructed. These models replicate the
bony contours of the patient’s facial skeleton
and are used to pre-adapt the plates according to
these bony contours (Figure 4). The pre-adapted
plates are then sterilized and placed at the planned
positions on the patient’s maxilla and mandible by
the surgeon. This procedure facilitates precise plate
placement in accordance with the orthodontists’
treatment plan, allowing a precise control over
the force vector to allow for optimum maxillary
protraction and successful treatment outcomes.
Orthognathic surgery

The correction of skeletal discrepancies
involved orthognathic surgery alone without any
orthodontic treatment till 1960s.'® This led to a
poor stability of the correction due to presence of
occlusal imbalance.

Thus the concept of pre-orthognathic
orthodontic treatment was introduced to increase
the stability of correction and reduce the amount
of relapse. The correction of severe dentofacial
anomalies conventionally consists of three
stages, pre-orthognathic orthodontic treatment
to relieve the dental compensations followed by
the orthognathic surgical procedure and finally
post-surgical orthodontics to settle the occlusion.
However, dental decompensation prior to surgery
might lead to worsening of the patients’ esthetics,
masticatory discomfort, psychosocial problems due
to delay in addressing the patients’ chief complaint,
iatrogenic problems due to long term orthodontic
treatment.

Fig. 3. A) 3D printed model of maxillary dentition representing final treatment outcome, B) Pre-treatment
intraoral photograph with brackets bonded by indirect bonding
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The procedure of pre-orthodontic
orthognathic surgery was introduced by Behrman and
Behrman'® in 1988 to overcome the disadvantages
of pre-surgical orthodontic treatment. They noted
that the soft tissues settles the teeth post-surgically,
reducing the time for post-surgical orthodontics and
overall treatment time.?* The indications for this
approach include cases with well aligned to mildly
crowded anteriors, normally inclined or slightly
proclined teeth, minimal transverse discrepancies,
severe skeletal discrepancies without any dental
decompensations." In this approach, occlusion
cannot be used as a guide to establish treatment
goals. Comprehensive treatment planning is
required to assess the skeletal disharmony and

Fig. 4. Plates adapted on 3D printed models of maxilla
and mandible
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to predict the post-surgical occlusion which will
require orthodontic correction.

Conventionally, orthognathic surgery
planning involved the use of plaster models, face
bow transfer and articulators. Mock up surgery is
done initially with the use of plaster models and
articulators, and later this set-up is used to make
intermediate and final splints. These surgical splints
are fabricated using acrylic and are used for the final
positioning of the maxilla and mandible during the
surgical procedure. The manual procedure is more
time consuming. However, inaccuracy has been
observed in each step of this procedure which is
transferred the next step.'-*

The use of three-dimensional technology
allows us to plan the surgical procedure digitally.
Using the patients three dimensional imaging
file, the surgical osteotomies, reposition of
osteotomized bones, can be simulated and the
predicted postoperative results of the skeletal,
dental and soft tissues can be visualized in 3D
on the computer screen. Later, the corresponding
inter-maxillary splint files are generated virtually
(Figure 5). These splint files are then 3D printed
and sterilized before transferring them to the
operating room.

This three-dimensional technology helps
in reducing the inaccuracies seen with the manual
technique, attain stable post-surgical outcomes with
an understanding of the developing malocclusion,
saving surgical preparation time and more precise
treatment planning.?

Distraction Osteogenesis

The technique of distraction osteogenesis
was first introduced by Ilizarov?**® for elongation
of long bones. This similar concept can be used
for the bones of the facial skeleton such as the
maxilla and mandible. This is indicated in cases

Fig. 5. Intermediate and final splint files constructed with 3D simulation and treatment planning
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presenting with craniofacial anomalies requiring
reconstruction of the craniofacial structures. In
comparison with the distraction osteogenesis
of the long bones, distraction of the bones of
the facial skeleton is more complex as there is
a requirement of 3D distraction.” A meticulous
treatment planning with precise adaptation of the
distractor onto the bony contours of the maxilla
and the mandible, determination of the force
vectors, accurate placement of the osteotomy cuts,
treatment simulation and an accurate transfer of
the appliance onto the patient skeleton is of utmost
importance for successful treatment outcomes.*

The distraction can be done by using
an intraoral or extraoral distractor. The use of
3D printed stereolithographic models allows the
operator to adapt the appliance precisely onto
the bony contours to allow for increased stability
and a control over the force vector exerted for
distraction.*!

CONCLUSION

The use of three dimensional simulation
and treatment planning has overcome a number of
shortcomings seen in the conventional treatment
planning which was mainly based on two
dimensional records. It has enhanced the precision
of treatment planning and allowed the orthodontist
to predict the treatment outcomes.
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