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1. Introduction

Abstract

The present work is a manual that describes the practical aspects of
optimizing dental precision by virtual dentoskeletal modeling, use the
precises model in virtual planning, and splint design of orthognathic
surgery. A single case study is used to demonstrate the stages involved in
this approach, which include acquiring CBCT scan data and digital dental
models, incorporating this data into developing a virtual dentoskeletal
model using superimposition process to replace the unclear teeth. Utilizes
virtual assessment and three-dimensional cephalometry to diagnose the
maxillofacial deformity of the patient correctly. The results of the diagnosis
played a crucial role in formulating a comprehensive plan for dental
alignment, which involved osteotomy and correction of bone positions.
The final step is to create a personalized splint. The importance of virtual
tools is highlighted in our work to optimizing dental precision, diagnose
and treat maxillofacial deformities. Present a virtual planning methodology
for orthognathic surgeons as well as researchers.

Keywords: Digital Dental Model, CBCT Scan, Structure-From-Motion
Photogrammetry Method, Virtual Dentoskeletal Model, Virtual Planning of
Orthognathic Surgery, Splint Design.
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and predicts the outcome before the actual surgical

Orthognathic surgery is a procedure performed on
patients with severe malocclusion to correct the
misalignments of dental or skeletal. In the past, they
relied heavily on two-dimensional cephalometric X-
rays and plaster models in oral and maxillofacial
surgery planning [1]. The use of three-dimensional
technology in scanning and photographing the oral
and maxillofacial anatomical structures to create digital
models of these anatomical
allows orthodontists and maxillofacial
surgeons to use computer software for virtual surgery
planning. This software facilitates surgery simulation

three-dimensional
structures

procedure, particularly for complex cases. It makes it
easier to imagine and understand the complicated
relationship between jaws, teeth, and facial structures.
And finally, ensure effective communication between
surgeons and patients [2-4].

Cone-beam computed tomography (CBCT) scan is
an X-ray machine that provides three-dimensional
images of the patient's head, neck anatomy, and dental
structures [5, 6]. The CBCT scan is especially useful in
dentistry. The quality of the resulting CBCT images
can be affected by noises. The noise in a CBCT scan
can arise from various sources, including patient
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motion, beam hardening, and scatter radiation [7]. The
presence of noise can make it challenging to interpret
the small size of the teeth and surrounding anatomical
structures. So, the noise in the CBCT scan, particularly
in the dental region, can lead to distorted teeth in the
images, decreased image quality, and poor
reconstruction of the three-dimensional models [8, 9].
This reduction in image quality can negatively impact
the accuracy of three-dimensional virtual surgery
planning. It can affect diagnosis, the display of dental
occlusion, cephalometric analysis, and treatment
planning [10]. One strategy that can be employed to
reduce noise in the dental region for the CBCT scan is
to construct three-dimensional models from the
CBCT scan, specifically for the maxilla and mandible.
Replace the dental region in the CBCT model
(maxillary and mandibular) with a different dental
region for the digital dental model [11-15]. The digital
dental model represents a digital copy of teeth and oral
structures [16]. The digital dental model can be created
using different methods, such as intraoral or extraoral
scans. The intraoral scan directly scans the teeth inside
the mouth, while the extraoral scan scans the dental
cast [17-19].

Medical three-dimensional imaging technology and
computer software development allow visualization
and analysis of the complicated human anatomy. This
combination of inventions reinforces diagnostic
imaging and allowed three-dimensional surgical
planning. Many studies explained the various stages of
the digital workflow procedure for routine three-
dimensional virtual orthognathic surgery planning, and
some studies call it a computer-aided surgical
simulation (CASS) system [2-4, 20-23]. In the three-
dimensional protocol of virtual orthognathic surgery
planning, three-dimensional  cephalometry — was
developed to overcome the problems of two-
dimensional cephalometry. Many essential parameters
cannot be determined, and measurements in facial
asymmetry are inaccurate. Swennen et al. proposed the
Swennen Protocol for three-dimensional virtual
orthognathic surgery planning. This method uses a
triple scan procedure without markers or dental plaster
casts and without facial soft-tissue deformation. First,
a CBCT scan of the patient's head in the natural head
position (NHP) with central occlusion and relaxed lips.
Second, a CBCT scan (low-dose) for the patient with
an impression tray in place. Third, CBCT scan (high-
resolution) for tray impression. Create a composite
patient skull model with detailed occlusal using triple
voxel-based rigid registration. This protocol was
validated and assessed on ten orthognathic patients.
The steps involved in the three-dimensional workflow
of the Swennen Protocol include data acquisition, data
processing to generate a three-dimensional virtual
model of the patient's head, virtual diagnosis and
treatment planning, patient communication, surgical
dental wafer manufacture, actual surgery, and outcome
evaluation [3, 24, 25]. Hernindez-Alfaro et al
presented a new clinical protocol for three-
dimensional surgical planning of orthognathic surgery.
The protocol includes a CBCT scan of the patient's
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head, scanning the dental arches using an intraoral
scanner to create the virtual composite skull, and using
computer-aided  design and  computer-aided
manufacturing (CAD/CAM) technology to design the
surgical dental splint [26]. The Charlotte Protocol was
developed by Bobek et al. to represent an alternative
three-dimensional protocol for VSP of orthognathic
surgery. Utilizing a CBCT scan for the patient, with an
intraoral fiducial marker included in a wax bit,
radiopaque markers were placed on the true horizontal
and vertical lines of the patient's face. The markers
used during the CBCT scan to ensutre obtaining the
centric relation bite and NHP. The second CBCT scan
was for the dental cast with the same wax bit in place.
Data processing includes merging the skeletal and
occlusal models by superimposing the fiducial markers
to create a virtual patient with detailed occlusal. Orient
the resulting virtual model in the NHP by aligning the
radiopaque marker to the virtual horizontal, vertical,
and median planes. This Charlotte protocol was
successfully utilized for 25 patients in the planning
CBCT scan with no lip distortion [27, 28].

Some studies use the swennen approach for virtual
treatment planning of orthognathic surgery, Shaheen
et al. apply the virtual planning on CBCT scan without
integration with other imaging technology, used the
materialize software [29]. Elnagar et al. and Donaldson
et al. build composite model using the CBCT scan and
dentition scan (intra-oral scan) as well as photograph
and video of the face to scan the face texture [25, 30].

The related literature focuses on the virtual
planning of orthognathic surgery, utilizing various
methods to acquire data, including CBCT scans, CT
scans, intraoral or extraoral scans, photographs, dental
plaster casts, and videos. Each study creates a
composite virtual model based on the acquired data.
Applying  the  Structure-from-Motion  (SfM)
photogrammetry method in forming composite virtual
skull model (dentoskeletal model) remains relatively
limited. Despite vatious proposed methods for
generating a composite three-dimensional skull model,
none have used the SfM photogrammetry technique
for digitizing dental casts to create the dentoskeletal
model.

The aim of this research, applied the virtual
orthognathic surgical planning by using the swennen's
approach of virtual diagnosis and virtual treatment
planning on the created virtual dentoskeletal model.
With the aid of the ProPlan CMF software for virtual
surgical planning, and others computer software
required for processing during the study.

This research created the digital dental model by
digitizing the dental cast wusing the SfM
photogrammetry method. This technique captures a
set of overlapping sequences of two-dimensional
images that can be converted into three-dimensional
structures of dental cast using photogrammetry
software. This set of images must cover all parts of the
dental cast at multiple levels and angles to create a
three-dimensional mesh surface of the dental cast [16].
The purpose of digitizing the dental cast combines it
with the CBCT to create a virtual dentoskeletal model
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for virtual treatment planning of orthognathic surgery
and surgical dental splint designs. The digital dental
cast model can be integrated with CBCT images
through a superimposition process by replacing the
dentition area of the maxillary and mandibular three-
dimensional model of the CBCT with the
corresponding area in the digital dental cast model.

Our previous study evaluated the efficiency and
accuracy of virtual dentoskeletal models [11].
Additionally,  explore  the  three-dimensional
cephalometric analysis of virtual dentoskeletal Models
[10]. Furthermore, there is an urgent need for more
research to discover the limitations and potential
benefits of these virtual dentoskeletal models in
various aspects of dentistry, including virtual surgical
planning and splint design. Thus, there is a need for a
study to determine the role of virtual models in various
dental procedures. This manuscript aims to outline
comprehensive practical steps of virtual surgical
planning and splint design in the context of
orthognathic surgery by using virtual dentoskeletal
models.

2. Materials and Methods

A single case is used to explain the virtual planning
steps of orthognathic surgery. Fig. 1 illustrates the
workflow of the virtual orthognathic surgery planning.
2.1 Data acquisition and processing

The patient's head is scanned using a CBCT scan.
The patient's dental cast images are taken [1, 3, 24].
After collecting the medical imaging data, the digital
image processing begins.

2.1.1 The acquisition of a digital dental model

Indirect scanning of the patient's plaster dental cast
can be performed using SfM Photogrammetry
technology [16, 31]. Involves capturing a series of
high-resolution photographs of a dental cast from
different angles and then using specialized software
(Agisoft Metashape Professional version 1.8.3) to
create a digital three-dimensional model of the cast.
Digitize the maxillary and mandibular dental cast
Severally, saving all models in Stereolithography (STL)
format [16], as shown in TFig. 2. Before the
superimposition process, the digital dental model
undergoes a trimming process to remove unwanted
regions in the model using Meshmixer software [10],
as shown in Fig. 3. The SfM Photogrammetry
technique serves as an alternative way for dentists to
convert dental casts to digital three-dimensional
models, using smartphones, simple hardware and
computer software but required more time than
alternative methods [10].

2.1.2 The acquisition of
mandibular CBCT models

The CBCT scan (KaVo machine) was performed
while the patients' lips and tongues were at rest, and
their heads were fixed with head and chin support in
centric  occlusion. The digital imaging and
communication in medicine (DICOM) file obtained
from the CBCT scan was reconstructed into three-

maxillary and
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dimensional images using Materialise Mimics software
to read and interpret the scan data. Reconstruct
different structures in the scan, such as the maxillary
mandibular models. Create a sutface three-
dimensional mesh that can be edited and manipulated.
Clean up the mesh to remove any artifacts or errors
that may have resulted from the scanning process. This
may involve smoothing, filling in gaps, and removing
unwanted structures. It is essential to split the skull
model into maxillary and mandibular models severally
to see all the teeth of the upper and lower jaw and to
facilitate the registration process, saving all models in
STL format [10, 11]. See the maxillary and mandibular
models in the Fig. 3.

2.2 Prepare for planning

The digital dental model is the output of the SfM
Photogrammetry technique used with CBCT scan in
the virtual planning to build the virtual dentoskelektal
model.

2.2 Create Maxillary and Mandible
Composite Mode
Generate the digital three-dimensional models from
the patient's data, transferring the teeth area of the
digital dental cast to the skull model to create the
composite model (the virtual dentoskeletal model) by
using the Superimposition process [32]. as shown in
Fig. 3, which explain the steps doing through
superimposition process, which is done separately for
the maxillary and mandibular models by using the
ProPlan CMF 3.0 software.
2.3  Three-dimensional
Analysis

The first step is to position the skull in a
Standardized Virtual Positioning. Four landmark
points (PoL, PoR, OrR, OtL) based on the Frankfort
horizontal plane were indicated to set the natural head
position as a Standardized Virtual Positioning [33-35].
Next, an anatomical Cartesian coordinate system was
set up to represent the skull's axes (%, y, and z). This
point on the axis is known as the Sella at (0, 0, 0).
Movement in all three axes was presented by the x-axis
as left and right direction, the y-axis as forward and
reverse direction, and lastly z-axis as going up and
down ditection, which had +/- signs tespective to
each direction. This ensured that the right skull
measurements were taken to analyze the different
structures [36]. They are shown in Tables 1 and 2,
respectively [24, 37, 38].

Using three-dimensional cephalometry will allow
us to diagnose the patient's skeletal structure and select
the needed type of osteotomy. The surgeon will
analyze the patient's skeletal structure using three-
dimensional cephalometry to know where some

Cephalometric

abnormalities or malocclusions may require correction
[3, 24, 39, 40]. A single observer performed a three-
dimensional cephalometric analysis. The observer was
adequately trained to use a standardized measurement
tool and protocol to ensure the reliability of the
measurements [24].
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Figure (1): Workflow of the virtual planning of the orthognathic surgery
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Figure (2): Agisoft Metashape workflow used for three-dimensional model generation [16]

2.4 Plan Osteotomy

Based on the three-dimensional cephalometric
analysis of the patient, the most suitable osteotomy
procedure should be chosen. Using the three-
dimensional virtual dentoskeletal model, identify the
specific bone that needs to be cut and reshaped, such
as the upper jaw, the lower jaw, or the chin.

Identify the specific landmatk points on the bone
where the cuts will be made. Virtually simulate the cuts
and reshaping of the bone to achieve the desired
alighment. Fine adjustments to ensure that the cuts are
precise and that the bone is reshaped as desired [1, 3,
4,22, 23, 25].

2.5 Reposition
Repositioning in  the virtual planning of

Digital dental model

o g J
"y

4

superimposition of Digital dental _) Create maxillary and mandibular
model into CBCT models composite models

maxillary & mandibular

virtual dentoskeletal
model

model orthognathic surgery refers to virtually moving the
bones in the three-dimensional model to achieve the
desited alignment and occlusion. This process is

Figure (3): Superimposition process of maxillary and
mandibular teeth with upper and lower jaw
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crucial in determining the final surgical plan and
ensuring the surgical outcome meets the patient's
expectations [1, 4, 18, 24, 31].

During orthognathic surgery, the bone pieces can
be moved in various directions using translational and
rotational movements. Translational movements

involve moving the bone pieces up or down, forward

/Lgﬁ)

or backward, or left or right. Rotational movements,
on the other hand, involve changing the orientation of
the bone pieces around different axes. Three rotational
movements are illustrated in Table 3 [1]. Combining
these different movements, the surgeon can reposition
the bone pieces to correct functional and aesthetic
issues with the patient's bite and facial structure.

Table (1): Definitions and Abbreviations of Landmarks and Plane [24]

Abbreviation Landmark Definition
N Nasion The middle point of the frontonasal suture
A A Point Deepest midline concavity on maxilla_l between anterior nasal spine and
prosthion
. Deepest midline concavity on mandibular symphysis between
B B Point - .
pogonion and infra-dental
OrL Left orbitale The most inferior point of the left infraorbital rim
OrR Right orbitale The most inferior point of the right infraorbital rim
PoL Left porion The highest points of the left external acoustic meatus
PoR Right porion The highest points of the right external acoustic meatus
S Sella turcica Point representing midpoint of pituitary fossa on skull
Ul The midpoint of upper central incisor Point as midpoint of points ULL & U1R
UlL upper left central incisor The incisal edge of upper left central incisor
U1R upper right central incisor The incisal edge of upper right central incisor
MoL First upper left molar Mesio-buccal cusp of the first upper left molar
MoR First upper right molar Mesio-buccal cusp of the first upper right molar
FH Frankfort horizontal plane defined by Point OrL, point OrR and point PoL

2.6 Splint Design

Once the virtual planning is complete, create a
surgical guide based on the virtual model, which can
be used during the actual surgery that fits precisely
over the teeth and can guide the movement of the
bones to achieve the desired outcome. The splint's
design is critical for ensuring the accuracy and
predictability of the surgical outcome. The splint must
be designed to provide adequate support to the bones
during surgery and ensure that the desired bone
movements are achieved [41].

3. Result

The patient is a 25-year-old male who is
experiencing a Class III maxillofacial deformity caused
by both midfacial hypoplasia and mandibular
hyperplasia. The Class III malocclusion is indicated by
an ANB angle of -5.8° and an ovetjet of 4.5mm. In this
condition, the lower teeth and jaw are positioned
further forward than the upper teeth and jaw, resulting
in an underbite or a protruding lower jaw. This
malocclusion is also known as "prognathic" or
"mandibular prognathism" malocclusion. The hard
tissue of the patient's head is shown in Fig. 3 and Fig.
4, representing a virtual dentoskeletal model.

The dentoskeletal model was evaluated virtually,
and it was determined that the maxillary occlusal plane
was tilted 0.2 degrees from the horizontal plane, see
Fig. 5 (a). The maxillary occlusal plane, which connects
three points (U1, MoR, MoL), was assessed in relation
to the horizontal reference plane (HP), and no
correction was needed. The three-dimensional
cephalometric analysis revealed that the SNA angle
value was within the normal range, see Fig. 6.
However, the SNB and ANB angle values indicated a
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Class III malocclusion, necessitating Bilateral sagittal
split osteotomy (BSSO) orthognathic surgery to
correct the mandibular protrusion.

Table (2): Definitions and Abbreviations of Angular
and Linear Measurements [42].

Name Unit Description Normal
range
Angle from point S via o

SNA degree point N to point A 8222
Angle from point S via o

SNB degree point N to point B 802
Angle from point A via o

ANB | degree point N to point B 2%2

Horizontal distance
overjet mm between upper and 2-4mm
lower incisor

Table (3): Rotational movements

Reaionsl description

movements
This movement involves rotating| 7=~

Yaw the bone pieces around a vertical| % ?
axis (turning head left or right) |/
This movement involves rotating LA

Pitch the bone pieces around a ‘\‘?
horizontal axis,(nodding head up| [\
or down) e
This movement involves rotating| ,—

Roll the bone pieces around a 'w\&
longitudinal axis, (tilting head| — -
from side to side) fo 1
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Figure (4): Preoperative: a three-dimensional model
of the patient Virtual dentoskeletal model (a) right, (b)
frontal, and (c) left profile

During the BSSO procedure, see Fig. 7, the lower

dental midline will be corrected by repositioning the
mandibular body with a translational movement to the
right to align it with the upper dental midline, see Fig.
8 (a). In addition to correcting the lower dental
midline, a mandibular setback of 6mm is necessaty
during the BSSO procedure to treat the Class III
malocclusion and rectify the protrusion of the
mandible, see Fig. 8 (b). This procedure involves
cutting the mandibular bone and moving it backward.
The exact amount of setback will depend on the
patient's unique anatomy and treatment objectives and
should be determined by a skilled orthodontic or oral
and maxillofacial surgeon.
Fig. 9 illustrate the three-dimensional cephalometric
analysis of the patient after accomplish the treatment
plan. After completing the virtual treatment planning,
a splint can be designed to transfer the planned
movements of the upper and lower teeth to the
patient's mouth. This splint is an appliance placed over
the teeth and intended to guide them to their correct
positions, as shown in Fig. 8. The using of a splint to
ensure the movement and stabilizing of teeth in their
planned location and achieving the desired treatment
outcome.

Maxillary
occlusal
plane

Figure (5): Virtual evaluation of the dentoskeletal
model: The maxillary occlusal plane tilts 0.2 °s from
the horizontal plane.

Figure (6): Three-dimensional cephalomettic
analysis: preoperative SNA= 82.6°, SNB= 88.2°,
ANB= -5.8°

a b !

Figure (7): BSSO osteotomy (a) indicates landmark
points to indicate cutting plane (b) mandible cutting
into three pieces

Figure (8): Mandibular Repositioning: (a) the
translational adjustment of the mandibular body until
the lower dental midline aligns with the upper dental

midline, and (b) a mandibular setback of 6mm to
rectify Class III malocclusion.

Figure (9): Three-dimensional cephalometric analysis:
planned SNA= 82.5°, SNB= 83.7°, ANB= 2°
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Figure (10): Splint design (a) digital impressions of the
patient's teeth, and (b) three-dimensional digital model of
the splint

4. Discussion

Special computer software was used to construct
and manipulate the digital three-dimensional models
of the patient's anatomical structures and simulate the
orthognathic surgery.

CBCT scans are medical imaging techniques used
to scan the patient's head. The presence of noise
affects the quality of the CBCT images due to the
distortion and artifact in the dental region. The image
quality is essential for accurate measurements,
planning, and assessments. An intelligent approach to
removing noise is utilizing the superimposition
process to create a composite model by merging the
digital dental model and CBCT model. Use this three-
dimensional composite model for planning and
simulating surgical procedures before the actual
surgery. The dental region of the CBCT model is
replaced with the dental region of the digital dental
model, creating a virtual dentoskeletal model. The
purpose of creating the virtual dentoskeletal model is
to accurately illustrate the patient's craniofacial
anatomy and optimizing dental precision. This helps
improve the resolution of dental structures and
occlusion by eliminating the noise in the dental region
that affects the diagnosis and treatment planning phase
during the virtual planning of orthognathic surgery.
The accuracy of the virtual dentoskeletal model
evaluated before the virtual surgical planning. The
superimposition results (virtual dentoskeletal model)
accuracy is evaluated using qualitative and quantitative
measures to avoid misalignment or errors [11]¢ a visual
inspection of the registration process results can
provide valuable insight into accuracy and quality, the
quantitative measures show that the mean distance
between the virtual dentoskeletal model and the CBCT
model is 0.236 mm [11] (clinically accepted value must
by <0.5 mm [43, 44]). Another test applied to evaluate
the accuracy of the virtual dentoskeletal model
compare with the CBCT model using 3D
cephalometric analysis, the mean differences of this
test ranging from 0.057 mm to 0.329 mm, these
differences fall within an acceptable boundary
(clinically insignificant) [11].

The digital dental model can be created using StM
photogrammetry, which involves capturing multiple
photographs of the patient's dental cast (maxillary and
mandibular casts) from various angles and utilizing
computer software (Agisoft Metashape Professional)
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to construct a three-dimensional model from the two-
dimensional images.

This study uses the Materialise Mimics software
(medical software) to read and interpret the CBCT
scan data and segmentation process. In the
segmentation process, three-dimensional models are
generated by separating anatomical structures (such as
bones) from medical imaging data (such as CBCT
scans). The software can semi-automatically segment
anatomical structures from the CBCT image based on
the assigned range of pixel intensities by utilizing
thresholding techniques as a segmentation process.
Achieved by setting intensity limits for each
anatomical structure. Accurate segmentation depends
on the uset's knowledge and skill, advanced tools and
algorithms, and the quality of the CBCT scan images.

After creating the composite (virtual dentoskeletal
model), the diagnosis phase begins with identifying
landmarks and  conducting  three-dimensional
cephalometric analysis, including linear and angular
measurements. All  landmarks were identified
manually. The accuracy of manual identification
depends on various factors, such as the skill level of
the observer, variations in anatomical structure, the
presence of noise, and the quality of the three-
dimensional model. The accuracy of a landmark's
location depends on the obsetver's experience and
knowledge. The observer was adequately trained to use
a standardized measurement tool and protocol,
ensuring the reliability of the measurements. The linear
and angular measurements of three-dimensional
cephalometric analysis are automatically calculated.

The treatment planning phase involves planning
osteotomy and bone repositioning, which primarily
depends on the diagnosis phase. The splint can be
designed after the virtual treatment plan is completed.
Transferring the planned bone movements guides the
teeth to their correct positions. The splint can be
essential in achieving the desired treatment outcome.
Ensures the movement and stabilization of the teeth
in their intended positions. The virtual dentoskeletal
model significantly influences the splint design.
Improve the alighment of the maxilla and mandible,
enhance the planning for the final occlusion, evaluate
the bite relationship more effectively, and reduce
errors or inaccuracies in the splint design. Improving
the overall accuracy of the virtual surgery planning.

The results illustrate that the essential steps of
virtual planning of orthognathic surgery were applied
to the patient with skeletal malocclusion. The
diagnosis, treatment phase, and splint design
demonstrate the role of the virtual dentoskeletal model
in improving the clarity and accuracy of dental
structures.

Various studies use the swennen approach for
virtual treatment planning of orthognathic surgery,
with different in time consumption, computational
costs and data acquisition. The aims of all these studies
are using virtual environment in enhancing precision
of analysis and planning, reduced surgery time,
improved outcomes and optimizing the performance
of complicated surgeries. In the virtual surgical
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planning, the time consumption is different for each
case depending on several factors like: procedure
complexity, team expertise, software used, patient data
(data acquisition and processing) also affect the overall
planning time, sutrgical team cooperation and its
communication, the design of patient-specific dental
splint or implants. Other factors can affect the
computational costs like: the complexity of surgical
procedure and anatomical structures which required
more computational power, the medical imaging
techniques and the resolution of patient data,
efficiency of computer system which require for large
dataset processing, the integration with various
medical imaging techniques, the creation of patient-
specific dental splint or implants.

The abbreviations list is shown in Appendix 1.

5. Conclusion

This practical guide gives step-by-step manual for
optimizing dental precision in the patient data by
virtual dentoskeletal model, planning virtually of the
orthognathic surgery and surgical dental splint design
with  virtual dentoskeletal model. this virtual
dentoskeletal model created from digital files gives
dentists more precise information about the dental
anatomical  structure. The accuracy of 3d
cephalometric analysis can be improved, enhancing
the clarity of dental region and occlusion enable more
accurate and specific diagnosis, treatment, making it a
valuable tool for dentists, virtual surgical planning, and
splint design. it also benefits both clinical practice and
research. Suggests for future research, study the digital
transformation in orthodontics using the virtual
dentoskeletal model.
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Appendix I
List of abbreviations

No. Symbol Description

1 BSSO Bilateral sagittal split osteotomy

2 CBCT cone-beam computed tomography

CAD/CAM computer-_aided design anc_i computer-
aided manufacturing
4 DICOM digital imaging anc_i (_:ommunication in
medicine

5 NHP Natural head position

6 StM Structure-from-Motion

7 STL Stereolithography
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