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ABSTRACT

Orthodontic records are one of the main milestones in orthodontic therapy. Records are essential not only for diagnosis and treatment
planning but also for follow-up of the case, communicating with colleagues, and evaluating the treatment outcomes. Recently, two-di-
mensional (2D) imaging technology, such as cephalometric and panoramic radiographs and photographs, and plaster models were rou-
tinely used. However, after the introduction of three-dimensional (3D) technologies (laser scanner, stereophotogrammetry, and comput-
ed tomography) into dentistry, 3D imaging systems are more and more commonly preferred than 2D, especially in cases with craniofacial
deformities. In fact, 3D imaging provided more detailed and realistic diagnostic information about the craniofacial hard as well as soft
tissue and allowed to perform easier, faster, and more reliable 3D analyses. The purpose of this review is to provide an overview of the 3D
imaging techniques, including their advantages and disadvantages, and to outline the indications for 3D imaging.
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INTRODUCTION

Orthodontic records are one of the main milestones in orthodontic therapy. Records are essential not only for
diagnosis and treatment planning but also for follow-up of the case, communicating with colleagues, and evalu-
ating the treatment outcomes. Recently, two-dimensional (2D) imaging technology, such as cephalometric and
panoramic radiographs and photographs, and plaster models were used routinely. However, there are some lim-
itations of 2D imaging systems as significant amount of radiographic projection error, enlargement, distortion,
exposure to radiation, weaknesses of landmark identification, inaccurate duplication of measurements, signifi-
cant variation in the position of reference points, such as sella turcica, and extreme limitations in assessing soft
tissue balance (1). When the clinician uses 2D imaging to view three-dimensional (3D) anatomical craniofacial
structures, some cephalometric structures and landmarks that do not exist in the patient appear such as man-
dibular symphysis, articulare, pterygoid fossa, and “key ridges.” Averaging bilateral structures (such as the right
and left inferior borders of the mandible) to create a unified anatomic outline (mandibular plane) results in loss
of parasagittal information and, if present, asymmetry of the patient. In summary, 2D imaging systems are not
able to overcome the fact that reduction of a 3D object to a 2D view will cause data loss (2).

After the introduction of 3D imaging systems, it was possible to evaluate structures in real three anatomical
dimensions. In addition, not only the hard but also the soft tissues of the craniofacial region can be observed
in three dimensions. These new systems have several other advantages. First, most of these systems are non-in-
vasive, and, therefore, repeat of images are not of ethical matter. Second, all images may also be stored in dig-
ital forms, consequently archiving is much more practical, and extra space need for storage is handled in this
way. The development of software programs enables to precisely and reliably analyze the 3D data. Furthermore,
thanks to opportunities such as zooming and rotation function, software programs are really user-friendly (3, 4).
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Table 1. Comparison of cost, radiation dose, and indications of 3D imaging systems

Imaging techniques Cost Radiation dose Indications
CBCT High Dentoalveolar 11-674 uSv Craniofacial deformities (other indications with caution)
Maxillofacial 30-1073 uSv
Laser scanner High Non-invasive May be recommended in every patient
Stereophotogrammetry High Non-invasive May be recommended in every patient
MRI High Non-invasive Airway assessment
Intraoral scanner High Non-invasive May be recommended in every patient
ping”In thej second s'tep,.to b.ring mPre realism t9 the.3D object,
some shading and lighting is applied. “Rendering” is the final
Imaging techniques Effective dose (uSv) Cost step. The anatomical data collected from the patient are convert-
Periapical radiograph <1.5% X ed into a lifelike 3D object by the computer, and it can be viewed
Panoramic radiograph 2.7-24.3 2X on the computer screen (5).
Cephalometric radiograph <6 2X
CBCT 3D imaging methods can be summarized as follows:
Dentoalveolar CBCT 11-674 (61) « conventional computed and cone-beam computerized to-
Maxillofacial CBCT 30-1073 10-20X mography (CT/CBCT) .
« laser scanning (3D laser scanning)
MSCT maxillo-mandibular 280- 1410 10-20X . vision-based scanning techniques

3D imaging systems are especially favorable for patients with cra-
niofacial syndromes and anomalies such as cleft lip and palate
(CLP) (Table 1). This patient group is frequently treated for a long
period starting in infancy and not finishing until adulthood, under-
goes several surgeries, and requires treatment from specialists of
several disciplines or, in other words, interdisciplinary approaches.

The treatment plans have to involve the dentition, the hard tissue
jaw position, as well as the facial bone position, and the cover-
ing soft tissue. Although the Eurocleft and Americacleft studies
proposed documentation at certain time periods, the guidelines
are based on 2D records except the 3D dental casts. However,
more and more studies have been published about the introduc-
tion, the advantages over 2D, and the indications of 3D imaging
systems of craniofacial patient treatment teams. However, com-
pared with 2D systems, the cost and also radiation dose of some
of these 3D imaging systems are high and should be considered
by the specialists before indicating (Table 2). Therefore, the aim
of the present review is to summarize the 3D imaging system in
daily orthodontic practice and to emphasize the indication areas
especially in patients with craniofacial anomalies.

To be able to understand 3D imaging systems, some of the ter-
minology should be familiarized. There are two axes (the vertical
and the horizontal axes) in 2D images. In 3D images, the Carte-
sian coordinate system is used, and it consists of the x-axis (or
the transverse dimension), y-axis (or the vertical dimension), and
the z-axis (the anteroposterior dimension “depth axis”). There
are several steps in generating 3D models. The first one is “mod-
eling”. Mathematics is used in this step in order to describe the
physical properties of an object. After this step, the modeled ob-
ject is called as a “wireframe” (or a “polygonal mesh”).

In the modeling procedure, surface is added to the object by
placing a layer of pixels. This is called “image” or “texture map-

« 3D orthognathic surgery planning

+ intraoral scanning

« magnetic resonance imaging (MRI) and surface scanning

«  video camera (four-dimensional (4D) imaging and video ste-
reophotogrammetry).

CcT

CT, also named computerized axial tomography, consists of a 3D
view using cross-sectional images of the body. This scan contains
3D information about especially hard but also soft tissues. To-
mography is divided into fan beam and CBCT. Traditional tomog-
raphy is fan beam tomography and has a high radiation dose.
Additionally, it is expensive and not available in every health care
hospital. Hence, the high radiation dose, it is not suitable for rou-
tine orthodontic applications. However, owing to the informa-
tive data about orofacial pathologies, maxillary sinus, temporo-
mandibular joint (TMJ), orofacial trauma and fractures, airway
volumes, anatomical variations, and craniofacial syndromes, it is
used widely in dentistry (Figure 1).

Craniofacial CBCT was introduced approximately 20 years ago
and was designed to overcome some of the limitations of con-
ventional CT scanning (6). The cost of CBCT imaging is very low
compared with CT, and more importantly, the 3D visualization
with much more less radiation dose is possible. However, the
lower radiation dose is still much higher than conventional 2D
imaging systems (Table 2).

CBCT allows realignment of 2D images in coronal, sagittal,
oblique, and various inclined planes. With CBCT devices, all raw
data are obtained in a single turn. In this way, the patient’s length
of hospital stay is reduced, and the device increases patient sat-
isfaction. The mostimportant advantage of CBCT is its possibility
to display and arrange 3D data in personal computers. Various
comprehensive softwares for orthodontic measurements are
available.
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CBCT can be used for several approaches in orthodontic patients.

According to Kapila and Nervina (7), CBCT should be preferred:

- ifitenhances diagnosis such as identification of the location of
impacted (8, 9, 10) and supernumerary teeth (10-12) (Figure 2)

- if it quantifies the magnitude of the defect such as in pa-
tients with CLP (13, 14) (Figure 3, 4)

- ifitimproves differential diagnosis of malocclusions such as
craniofacial anomalies and syndromes (15)

- if determination whether the discrepancy is uni- or bilateral
is required such as facial asymmetry especially for patients
with orthognathic surgery (16) (Figure 5)

- ifit helpsto identify the etiology of the malocclusion such as
TMJ disorders (17)

- ifit helps to assess treatment outcomes such as rapid maxil-
lary expansion (18-20) and root angulations (21)

- if determination of the quality and quantity of bone and
the anatomical structures is required for orthodontic device
placement such as miniscrews

- if determination of alveolar boundary conditions is needed
(22)

- if 3D airway morphology is needed especially for the thera-
py of obstructive sleep apnea (23).

CBCT has been usually used for diagnosis and treatment plan-
ning of impacted teeth (8-10). According to Lai et al. (10), CBCT
improves exact localization of the impacted canines, assessment
of the proximity to other structures and teeth, determining the
existence of any pathology, and root resorption associated with
impacted teeth and adjacent teeth. Furthermore, CBCT aids
treatment planning of the impacted teeth, helps to determine
surgical access and extrusion of the impacted teeth into the
oral cavity. In addition, it is shown that CBCT scans contribute
to more accurate image over 2D radiographs for root resorption
associated with impacted teeth. In supernumerary teeth cases,
the position of supernumerary teeth especially if it is impacted
and describing the morphology of the supernumerary teeth is
the mostimportant points in treatment of these cases. CBCT pro-
vides the required 3D information involving the shape and posi-
tion of the supernumerary tooth, any irregularities around the
tooth, and root resorption of adjacent permanent teeth (10-12).

Even though the correlation between orthodontic treatment
and TMJ has not been supported by most of the studies, exam-
ination of TMJ before beginning the orthodontic treatment is al-
ways advised. Studies showed that CBCT provides more specific
anatomic imaging than 2D radiographs, and it is more effective
than CT and MRI in detecting osseous changes (17). Using CBCT
images when placing temporary anchorage devices (TADs) can
be helpful for judgment of the surrounding tissues and anatom-
ical structures such as tooth roots, sinuses, and nerves, prevent-
ing any complications (7). CBCT is not only used for treatment
planning or diagnosis but also used for evaluating treatment
outcomes. CBCT has been used in several studies for assessment
of dental and skeletal effects of maxillary expansion (18, 19) and
comparison of the periodontal, dentoalveolar, and skeletal ef-
fects of tooth-borne and tooth-bone-borne expansion devices
(20), determining how expansion forces affect different regions
of the maxilla (18).

Figure 2. 3D cone beam computerized tomography (CBCT) image
and 2D panoramic and lateral cephalometric radiography of a patient
with impacted teeth
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Figure 3. 2D intraoral photographs of a patient with right unilateral CLP
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Figure 4. 3D and 2D axial images to identify the defect in a patient with
unilateral CLP
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After orthodontic treatment, root parallelism and angulations can
be determined by using CBCT to aid post-treatment stability (22).
CBCT imaging has been used to investigate the efficacy of rapid
maxillary expansion (RME) and surgery as treatment options for
a constricted airway (7). In summary, CBCT examination is recom-
mended for evaluating airway volume (23). CBCT was also pre-
ferred in airway evaluation studies to evaluate the nose and sinus-
es as well as volumes of airway spaces at different levels; however,
none of these studies had high-quality scores, and therefore, a real
indication could not be stated according to Kujipers et al. (24).

In patients with craniofacial syndromes, impacted or supernu-
merary teeth are considerably prevalent; CBCT images have been
found supportive in planning orthodontic treatment of the patient
with syndrome who has impacted and supernumerary teeth (15).

3D imaging is especially usable for pre-treatment evaluation of
the patients with craniofacial deformities such as patients with
CLP, orthognathic surgery, syndromes, and facial asymmetries.
De Moraes et al. (25) emphasized that CBCT provides better
evaluation of craniofacial morphology than 2D images. Nur et
al. (16) outlined that CBCT is a favorable diagnosis method in
facial asymmetry to compare the right and left facial hard and
also limits soft tissue measurements. Recent studies showed that
CBCT provides valuable information in patients with CLP for de-
termining the volume of the alveolar defect, location, proximity,
eruption status, and paths of the teeth near the cleft site (13, 14).
Therefore, CBCT improves the ability to understand the precise
volume of the post-expansion defect and enables optimally
planning and evaluating of outcomes of bone grafting. Overall,
the SEDENTEXCT Consortium stated that CLP is one of the main
reasonable indications for taking CBCT from the patients in den-
tistry and recommended to consider the other indications with
caution (26).

Laser Scanning (3D Laser Scanning)

Laser scanning is a non-invasive technique for capturing facial
morphology and soft tissue (Table 1). Validity of the method was
proven in many studies (27, 28). According to Kau and Richmond
(29), besides producing accurate 3D facial models, laser scan-
ning devices are less expensive and easily handled.

Laser scanning can be used for the following reasons (Figure 6):
- 3D analysis of facial morphology (27, 28)

- evaluating facial symmetry (30, 31)

- cross-sectional growth changes (32)

- assessment of treatment outcomes (33)

- evaluating clinical outcomes for surgical cases (34)

- evaluating patients with CLP (31)

- soft tissue changes (35)

- scanning dental casts (36).

Laser scanning has been used for quantitatively evaluating facial
symmetry in adolescents (30) and patients with cleft lip palate
as well as the soft tissue changes after treatment (31). Moreover,
Kujipers et al. (24) reported that laser scanner and stereophoto-
grammetry are reliable soft tissue imaging systems with a maxi-
mum measurement error of <1 mm.

The capturing time in this technique is the most prominent dis-
advantage. Therefore, it is inconvenient for pediatric cases (37).
On the other hand, a study concluded that laser scanning might
be a suitable method for pre-school children as long as they are
well prepared (31). Apart from these, some other shortcomings
of the method have been reported such as inability to capture
soft tissue surface texture and safety issues due to exposing the
eyes to the laser beam (5).

Vision-Based Scanning Techniques

Vision-based scanning techniques such as Moiré topography,
structured light, stereophotogrammetry, and 3D facial mor-
phometry are non-invasive and quite user-friendly techniques.
Stereophotogrammetry has been shown to be the most fre-
quently used in the orthodontic practice among vision-based
scanning techniques.

Stereophotogrammetry

Stereophotogrammetry is based on photographing objects by
a pair of configured cameras and combining photos taken from
two different directions to create 3D models. Studies showed
that stereophotogrammetry has many advantages:

Figure 5. 3D CBCT images to evaluate hard and soft tissue facial
asymmetries

Figure 6. 3D laser scanning image
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Figure 7. Different views of 2D photographs and 3D stereophotogrammetric images of an infant with bilateral CLP by multiple and one capture,
respectively

- Itis non-invasive and non-contact technique with no radia-
tion exposure.

- It is good at capturing facial morphology and soft tissue
changes (38-40).

— It has a short acquisition time and user-friendly (in pediatric
patients especially infants).

— It can be combined with CBCT images.

- 3D images can be viewed on a personal computer and can
be used as communication tool between clinicians.

- 3D images can be rotated and viewed from any direction,
thus stereophotogrammetry is very useful for orthognath-
ic surgery and (5, 41) patients with craniofacial anomalies
(CLP) (24, 42, 43) (Figure 7, 8).

In a thesis, stereophotogrammetry has also been used for
scanning dental casts to evaluate the intraoral changes after
nasoalveolar therapy (44). It was concluded that 3D data en-
abled rotating and zooming into the image, so that models
can be viewed from any direction desired and hence perform-
ing more accurate measurement on the model (42). It is quite
efficient in capturing facial morphology (38-40); however,
tissue reflections, hair, eyebrow, and curved surfaces such as

the eyes and ears can influence the image process (45). Ste-
reophotogrammetry allows orthodontists to evaluate the face
from every direction with only one capture, and this makes
stereophotogrammetry useful for patients with orthognathic
surgery and craniofacial deformities (5, 41). Stereophotogram-
metry has also been preferred for making superimpositions
after orthognathic surgery (5).

Stereophotogrammetry is the most frequently used 3D tech-
niques in patients with CLP for soft tissue evaluation. As it is a
non-invasive technique and patients are not exposed to radia-
tion, it can be safely used in pediatric patients. Another reason
for preferring stereophotogrammetry on little children is short
capturing time and simple utilization of the device. Hence, it is
favorable in the infancy period as the infants receive pre-surgi-
cal orthopedic treatment to document the follow-ups as well as
the outcomes of the treatment. The digital archiving of the soft
tissue data at the first surgery enables the follow-up of soft tis-
sue growth differentiations due to the surgical approaches. By
this way, the techniques and approaches may be enhanced and
developed to overcome determined surgical side effects. Re-
cently, to distinguish the physiological- from approached-based
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Figure 8. Different views of 2D photographs and 3D stereophotogrammetric images of a patient with right unilateral CLP by multiple and one

capture, respectively

growth, several studies were performed on babies using stereo-
photogrammetry to establish superimpositions (42-44).

MRI and Surface Scanning

MRI and surface scanning are non-invasive imaging techniques.
MRI provides accurate and detailed information on abnormali-
ties and disorders of craniofacial hard and soft tissues, especial-
ly the TMJ (46), and it has been used in craniofacial imaging for
several years. MRl is mostly used for upper airway analysis and
3D imaging of TMJ morphology. Kujipers et al. (24) reported that
studies about velopharyngeal function using MRI were scored
high quality and, therefore, may be indicated for measuring
airway space, motion, and function especially in patients with
cleft to determine velopharyngeal incompetence. MRI has been
thought to have some limitations due to limited usage area in
dentistry, cost of the device, and orthodontists’ lack of experi-
ence in application (47). However, recent studies showed that
MRI is useful in many orthodontic fields and compared MRI with
conventional 3D imaging techniques (CBCT and CT) (Table 1).
Detterbeck et al. (48) compared mesio-distal tooth width by us-
ing 3D imaging techniques with and without ionizing radiation
and concluded that MRI offers equivalent measurements com-
pared with CBCT, and tooth germs are better illustrated than
erupted teeth on MRI. Whether MRI is comparable with cepha-
lometric radiographs in cephalometric analysis was evaluated
and confirmed that orthodontic treatment planning without
radiation exposure is possible by using MRI technique (49). In
conclusion, MRI has huge potential for usage in clinical practice
in orthodontics with its benefits such as good contrast ratio and
absence of ionizing radiation.

Video Camera (4D Imaging and Video Stereophotogrammetry)
The aforementioned methods are used to evaluate the facial
morphology either two- or three-dimensionally. However, the

human face is a dynamic structure especially the nose, lip, and
mouth areas. The newest method is 4D video capturing, which
can record dynamic movements of the human face and enable
to analyze the dynamics of facial expressions (50). Several studies
used 4D imaging in patients with CLP and orthognathic surgery
to demonstrate asymmetry while making facial expressions,
and differences in facial motion between individuals with and
without CLP were evaluated (50). With these new technologies,
new attempts have been performed to create virtual patients by
superimposing facial skeleton, soft tissue, and/or dentition (51).
Future planned studies to create a real-time 4D virtual patient in
motion are needed in the literature.

3D Planning in Orthognathic Surgery

Facial soft tissues, facial skeleton, and dentition are the main ele-
ments of orthognathic surgery planning. Capturing these three
important tissue groups can only be achieved by “image fusion”
(52). 3D facial image capture and CBCT images can be combined
to create a “virtual 3D patient” so the orthodontists and surgeons
can evaluate the patient’s craniofacial skeleton and the soft tissue
together. These 3D models are interactive and can be rotated to
any view for more complete diagnosis and treatment planning. All
collected data can be stored in the computer files which can be
easily managed online. It also helps orthodontists and surgeons to
communicate and make interdisciplinary treatment plans.

Accurate treatment planning is vital for orthognathic surgery
to achieve optimum aesthetic and occlusal results. 3D surgical
planning can be performed on this virtual patient through the
software programs. In addition, surgical splints can be manu-
factured by using Computer Aided Design/Computer Aided
Manufacturing (CAD/CAM) technology (53). With these surgical
guides, the virtual planning can be transferred to the operating
room (52). It is possible to make predictions of the postopera-

9l



92

Erten and Yilmaz. Three-Dimensional Imaging in Orthodontics

Turk J Orthod 2018; 31: 86-94

tive outcomes in soft and hard tissues by 3D surgery simulations.

According to Centenero et al. (53), postoperative predictions are

reliable in some areas, but further development is needed in

representing the postoperative changes in facial soft tissue. This

technology is available to:

- perform virtual osteotomies (52, 53)

- repositioning of osteotomized bony structures

- control intercuspation

- control interferences between osteotomized bony struc-
tures and regions at the base of the skull (53)

- perform virtual distraction osteogenesis (54)

- prediction of surgical outcome (52, 53)

- make multiple simulations of different osteotomies and
skeletal movements (5)

- data management

- communication between orthodontists and surgeons

- manufacturing surgical splints.

However, 3D image fusion process is an expensive method,
which requires equipment and time (approximately 1 hour to
generate virtual patient) (52).

Intraoral Scanning

Intraoral scanner is an equipment that consists of an intraoral
camera, computer, and software. It creates a digital 3D model of
scanned objects that can be teeth, impression, or dental cast. With
the introduction of intraoral scanning technique, disadvantages of
conventional impression techniques such as dimensional changes
of impression materials, storage problem, and dental stone errors
are overcome. In addition, it is easier to take impressions from the
patients with gag reflexes by using intraoral camera. The develop-
ment of digital models allows to obtain 3D diagnostic information,
communicate between laboratory and orthodontists, create vir-
tual set-ups and treatment planning, and fabricate custom-made
fixed or removable appliances. Orthodontists are able to plan the
treatment on the digital model, control the bracket positioning,
and superimpose the before and after models.

Intraoral scanning can provide:

- archiving study casts

- examine intra- and inter-arch relationships
- treatment planning

- virtual treatment and virtual set-ups

- 3D prefabrication of arch wires

- construction of 3D aligners

- CAD/CAM retainer

- fabricated lingual brackets

- indirect bracket bonding.

However, according to a systematic review, inter-arch measure-
ments such as overjet, overbite, molar relationship, and canine
relationship need to be verified on virtually occluded digital mod-
els (55). Moreover, the time requirement for full arch scanning in
routine practice can be counted as disadvantage of this technique.

CONCLUSION

3D imaging techniques are very supportive for routine ortho-
dontic practice. These techniques enhance treatment options

enabling more detailed diagnostic information on the specific
cases such as patients with craniofacial anomalies. CBCT has
quite wide usage area especially to evaluate craniofacial skele-
ton and related pathologies; however, owing to the high radi-
ation dose, it is recommended to consider the indications with
caution. As aforementioned, CBCT use in patients with cleft is
one of the main supportable indications. Although the non-in-
vasive systems such as stereophotogrammetry, laser scanner,
intraoral scanner, and MRl are suitable for every patient, the high
cost has to be considered. Stereophotogrammetry is suggest-
ed for patients with craniofacial deformities (involving patients
with CLP), and it is highly recommended especially in pediatric
patients (infancy period) who are very hard to capture due to
movements with conventional photographs. Some weakness-
es of laser scanning, such as poorness of capturing soft tissue
surface texture, make this technique more suitable for scanning
dental casts. Digital dental casts are user-friendly tools to evalu-
ate the dentition. MRI presented high reliability and may be indi-
cated to determine velopharyngeal functions and airway space.
Overall, as all 3D imaging techniques are developed and became
a routine, chair time for full orthodontic records, record loss, and
storage problem will be reduced, and the interdisciplinary com-
munication enhanced. Whereas still evidence-based guidelines
for 3D imaging were required to cooperate it into standard or-
thodontic record collecting phase, the future of 3D imaging of-
fers clinicians dynamic 4D virtual patient in motion to recognize
functional recovery after treatment.
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