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ABSTRACT

Since a precise diagnosis and well-thought-out treatment plan are essential to any medical intervention,
cone beam computed tomography (CBCT) was developed and is now extensively utilized. With the use
of CBCT technology, one may view images in three dimensions and determine the precise location and
size of lesions in any anatomical region. For the same reason, CBCT can be utilized for optimal treatment
planning and efficient dental care not only in surgical disciplines but also in fields like endodontics,
prosthodontics, and orthodontics. This review's objective is to provide dental professionals with up-to-
date information on CBCT applications across all dental specialties, enabling them to make better
informed diagnoses and consistent treatment decisions.
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INTRODUCTION

Imaging is an important diagnostic tool that complements the clinical evaluation of the dental patient.
With the advent of panoramic radiography in the 1960s and its broad use in the 1970s and 1980s, dental
radiology made significant advancements as a single, all-encompassing image of the jaws and
makxillofacial structures was made available to clinicians. However, the basic limits of all planar two-
dimensional [2D] projections—magnification, distortion, superimposition, and misrepresentation of
structures—apply to both intraoral and extraoral methods, whether used separately or in
combination.[]

Various attempts have been attempted to provide three-dimensional [3D] radiographic imaging, such
as stereoscopy and tunable aperture CT. Although CT has been around for a while, its usage in dentistry
has been restricted due to issues with cost, accessibility, and dosage. Cone-beam computed tomography
[CBCT], which is especially designed to examine the maxillofacial region, represents a real paradigm
change in data collecting and image reconstruction from a 2D to a 3D approach.[2] The revolution in
maxillofacial imaging that CBCT has brought about has sparked unprecedented interest from all dental
fields. It has made it easier to move from 2D to 3D images for dental diagnosis, and it has expanded the
role of imaging beyond diagnosis to include image guidance for operative and surgical procedures
through the use of third-party applications software.[3!

-
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The purpose of this article is to provide an overview of this CBCT technology and an understanding of
its application on treatment planning, treatment progress and outcome and treatment risk assessment

1. Application of cbct in treatment planning:
1.1 Orthognathic surgical planning:

Following diagnosis confirmation, the surgical operation is planned and simulated using three-
dimensional anatomical models. Corrective interventions in orthognathic surgery refer to techniques
that don't call for an extrinsic graft, while reconstructive interventions are reserved for instances where
a graft is necessary.[4] Determining the precise position of the surgical incisions, organizing the
movements of the bone segments in relation to each other, and achieving the intended realignment
intraoperatively are crucial during corrective treatments. The challenge in reconstructive surgery is to
choose the ideal shape for the implant or graft. The challenges with implants and prostheses are
choosing the right device, shaping it, or creating a custom device out of a suitable biocompatible
material. Selecting the harvesting site, sculpting the graft, and positioning the implant or graft in the
right spot are the challenges associated with grafting. The intrinsic complexity of the cranial anatomy
can be taken into consideration when planning virtual osteotomies. Additionally, inner structures, such
as the mandibular nerve canal, are frequently included in the surface model, and areas of thin or absent
bone, like the maxillary sinus anterior wall, cause abrupt discontinuities in the mesh. Following the
virtual osteotomy, the intended surgical movements can be quantified and the bone segments relocated
via a virtual surgery.5I For every bone fragment, the six degrees of freedom [DOF] of anatomical
segment relocation are monitored. This makes it possible to simultaneously follow measurements of
translation and rotation around each of the X, Y, and Z axes and rectify the skeletal discrepancy for a
particular patient. The generated segment relocation can serve as the surgeon's starting point when
discussing the 3D orthodontic procedure and the surgical treatment objectives for every patient;
additionally, if high-resolution dental structure scans are registered to the CT or CBCT and the software
tool has an occlusion detection feature that allows it to identify occlusal contacts, conflicts, and the exact
occlusion in the virtual simulations, it may be used for printing surgical splints.[!

1.2 Planning for placement of temporary anchorage devices [TADs]:

More accurate measures of alveolar bone structure have been made possible by recent advancements
in three-dimensional X-ray diagnostics.[”l Moreover, CBCT offers a reduced radiation dosage in
comparison to spiral CT. The radiation dose during the CBCT examination was the subject of only four
of the reviews that were included. According to current standards, CBCT is typically not suggested for
orthodontic treatment planning when it comes to TAD placement. For patients with borderline
measurements, this assessment is required prior to surgery in order to insert miniscrews. Different root
lengths, the structure of the maxilla and maxillary sinus, the transverse inclination of the neighbouring
teeth, and the height of the alveolar process were all linked to a high degree of variability in the
outcomes.[8]

It appears that the only way to obtain information regarding the quantity of bone, the potential location
of an IZC miniscrew, and the preferable insertion path is through CBCT with sufficient parameters.[°! It
appears that each patient should have their own IZC TAD inserted; a single site is apparently insufficient
]
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for all patients. As a result, to properly install IZC miniscrews, CBCT could be required. It makes it
possible to create a customized TAD insertion technique for every patient in order to lower the risk of
complications and provide the desired primary stabilization for orthodontic anchorage. Considerations
for insertion height and depth, as well as bone thickness, amount of cortical bone, and various
transversal and sagittal angulations, should be made.[10]

The use of CBCT for IZC miniscrew placement planning appears reasonable when taking into account a
good risk-benefit ratio. However, radiation shielding is required, particularly for young patients, during
this kind of assessment. [11IThe research suggests that measuring alveolar bone can be done more
accurately by reducing the CBCT voxel size. A 0.2-mm voxel size examination yields an average spatial
resolution of 0.4 mm. As a result, it can detect things at a minimum distance of 0.4 mm. It offers sharper
pictures, makes identifying alveolar crests simpler, and produces results that are closer to the gold
standard [direct measurements].Due to inadequately precise measurements, the voxel size of about 0.4
mm may be a constraint. Conversely, demonstrated strong interclass reliability for both the 0.2 mm and
0.4 mm scans.[12]

1.3 Accurate estimation of the space requirement for unerupted/ impacted teeth:

To evaluate the position of an impacted tooth, CBCT is frequently utilized. Studies have demonstrated
that CBCT can provide more accurate localization of canine teeth and more accurate estimates of the
space conditions within the arch. These findings can have a significant impact on diagnosis and
treatment planning, enabling a more clinically-oriented approach. When canine inclination in the
panoramic X-ray exceeds 30°, when root resorption of neighboring teeth is suspected, and/or when the
canine apex is not clearly discernible in the panoramic X-ray, implying dilaceration of the canine root,
small volume CBCT is also justified as an addition to routine panoramic X-rays.[13!

Katheria et al. [2010] discovered that CBCT offers more details about treatment planning, root
resorption presence, and pathology location when compared to conventional radiography. The
advantages of CBCT imaging must be evaluated against the intricacy of the underlying pathology and
the radiation risk to juvenile patients.

Figure 1 (CBCT image of impacted upper left canine.)

Accurate localization of impacted and/or transposed teeth is made possible by CBCT scans, which aids
in choosing the most effective surgical access and bonding technique. In order to avoid or lessen
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collateral damage, it also aids in defining the best and most effective route for extrusion into the oral
cavity. Moreover, CBCT scans give the orthodontist important details about the teeth's root proximity
that surround the affected teeth. In order to prevent undesirable alterations in these teeth, this
information can subsequently be used to position neighbouring teeth and their roots away from the
impacted tooth's traction path.[14! A further benefit of CBCT over traditional radiography is its ability to
provide exact measurements of an impacted tooth, which helps determine and create the space
required to accommodate the tooth within the arch.

1.4 Fabrication of custom orthodontic appliances:

CT images were used for diagnostic and treatment planning. CAD and rapid prototyping were combined
to create surgical templates for precise mini-screw placement. By employing CT imaging, damage to the
surrounding tissues can be prevented. However, failing to take mechanical considerations into account
before to mini-screw insertion may result in incorrect screw implantation and inadequate primary
stability, which can cause screw loosening.[5] Therefore, if biomechanical analysis is combined with the
creation of a customized surgical template to achieve the best mechanical performance and screw
position insertion precision, mini-screw survival rate success can be increased.[1¢]

The CAD/CAM technology can accurately transmit design information from the lateral cephalogram to
the final design of the appliance. This work uses combined three-dimensional [3D] model pictures and
cephalograms to virtually construct unique lingual appliances with the goal of minimizing these
inaccuracies. CAD/CAM technology has not only increased design accuracy but also made fabrication
simpler by doing away with the need for soldering. To strengthen the appliance's bond, lingual pads are
equipped with a mesh-like base. Furthermore, undercuts on the lingual pad base can be supported by
fast prototyping technology, which is not achievable with traditional fabrication techniques.[17]

2. Application of CBCT in assessing treatment progress and outcome:
2.1 Dentofacial orthopaedics:

CBCT-based 3D craniofacial and dental morphometrics are vital for characterizing normal and aberrant
3D anatomy of structures, with the potential for long-term use in diagnosis and therapy progression.
The capacity of CBCT to offer 3D volumetric, surface, and sectional information regarding the
craniofacial structures is one of its main advantages over 2D radiography.[18! This has made it possible
for orthodontists and related researchers to get around some of the significant drawbacks of 2D
radiography, such as uneven head position, geometric distortion, overlaid structures, and
magnification.['] Researchers are currently looking at the use of CBCT pictures to evaluate dental
connections in orthodontic patients. CBCT images are most commonly utilized to examine skeletal
contributions to malocclusion.[20]

CBCT is expected to offer information that could result in one or more of the following outcomes.
improved diagnosis, including accurate localization of impacted and extra teeth; measuring the extent
of a malformation or deficiency, as in the case of individuals with abnormalities of the face or neckl?1];
Enhancing the differential diagnosis of skeletal, dental, or combined malocclusions; this includes
figuring out which jaw is contributing to the malocclusion and whether the discrepancy is unilateral or
bilateral, as in cases of open bite, asymmetry, orthognathic surgery, and craniofacial anomalies;
additionally, it aids in the identification of potential causes of the malocclusions, such as the
contribution of TM] abnormalities to asymmetry or an open bite. When comparing the 3D data from
-
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CBCT to that from conventional 2D radiography, the anticipated results could eventually range from
improved therapy [22]

2.2 Orthognathic surgery superimposition :

To achieve fully automatic voxel-based rigid registration, OnDemand3D's fusion module was utilized.
The anterior cranial base anatomical structures in the CBCT volumes were chosen using axial, sagittal,
and coronal slice views of the volumes. The rigid registration [translation and rotation] that best aligned
the reoriented CBCT volume to the original CBCT volume was then carried out using the OnDemand3D
automated registration tool. This tool used the intensity of the grey levels for each voxel in the anterior
cranial base of the two CBCT volumes. Using the anterior cranial base as a reference, the same voxel-
based superimposition technique was utilized to align the pre- and post-treatment CBCT volumes of
growing patients undergoing RPE and adults undergoing orthognathic surgery. The procedure of
superimposition required a total of 10 to 15 secs to complete.[23]

Following the registration process, the superimposed CBCT volumes were exported as DICOM files
using the OnDemand3D program, and they were then loaded into the ITK-SNAP software program for
segmentation and the creation of 3D virtual surface models of the skull in order to quantify the effects
of the superimposition.[?4] The ITK-SNAP algorithm automated segmentation of the mandible, maxilla,
frontal bone/anterior cranial fossa, and middle cranial fossa for every CBCT volume in four stages.After
creating a 3D virtual surface model of the skull, the STL to SGI Inventor 2.0 Utility Beta tool was used to
convert the STL file to an Open Inventor file [IV]. This was done by exporting the STL file created by the
ITK-SNAP program.[25] The Cranio-MaxilloFacial application software, which uses this IV extension to
open the 3D virtual surface model of the skull, measures the closest point surface distance between
thousands of surface triangles in the 3D surface models. The color-coded surface distance maps that are
produced allow for the quantification of registration errors.[26]

3. Application of CBCT in risk assessment:
3.1 Investigation of orthodontic-associated sensory disturbances:

Orthodontic therapy requires complex three-dimensional tooth movements. In the buccal and lingual
dimensions, an accurate evaluation of the root's closeness to the inferior alveolar nerve may not be
achievable using traditional 2-dimensional panoramic radiographs. This suggests that in patients who
may be at high risk, a cone-beam computed tomography [CBCT] scan is necessary. A CBCT scan is
thought to be a reliable technique for determining the mandibular canal's location. Before attempting
treatment in this area, CBCT should be performed to ascertain the inferior alveolar nerve bundle's
course in order to reduce the risk of neuropathy.[28]

The most frequent causes of reported sensory abnormalities of the lower lip are lower jaw orthognathic
surgery, internal rigid fixation of mandibular fractures, third molar extraction, dentoalveolar surgery,
endodontic therapy, or tumors close to the mandibular canal.[28]Few case reports of paresthesia
following tooth movement impinging on the inferior alveolar nerve exist to date.All of the documented
reasons for nerve disruptions are categorized as neuropraxias18, or first-degree nerve damage.[291A
conduction blockage brought on by mild compression of the nerve trunk leads in neuropraxia. Because
axonal continuity is preserved, there is a brief conduction blockage.19 Clinical reports from patients
describe sensory abnormalities that typically resolve completely within hours to minutes.

. ___________________________________________________________________________________________________|
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3.2 Assessment of orthodontics-induced root resorption and periodontal tissues:

Orthodontically induced tooth root resorption [OITRR] is a pathological condition caused by
orthodontic therapy that results in the irreversible loss of some or all of the dental tissues.Because
orthodontic forces are the cause of OITRR, it is categorized as root resorption of iatrogenic origin. This
type of resorption is inflammatory in that it results in inflammation of the periodontal ligament, which
kills cementoblasts and causes cementoclasts and odontoclasts to develop. These cells stop alveolar
dental ankylosis by inducing resorption.[30]

Cone Beam Computed Tomography [CBCT], periapical radiographs, and panoramic radiographs can all
be used to diagnose OITRR. With CBCT imaging, radiation may be targeted to the anatomical region of
interest while capturing all hard and soft tissues in three dimensions. This results in a greater amount
of information and may help patients get less radiation overall [Jaykishan, 2019]. A scientific revolution
has been sparked by sophisticated research apparatuses and the most recent diagnostic techniques.[31!

3.3 Treatment outcomes :

The use of CBCT in orthodontics is justified by its complex diagnostic and therapeutic properties, for
which research has been conducted in a limited number of clinical problems, such as impacted teeth,
CL/P, and orthognathic surgery.[32] Even in the lack of such evidence, a practitioner may still decide to
use the technology if there is sufficient evidence to suggest that it will probably improve the diagnosis
and/or treatment strategy. Based on existing research, we would predict that CBCT, when applied in
any of these settings, is likely to yield information that may lead to one or more of the following
outcomes: [1] improved diagnosis, like accurately locating extraneous and impacted teeth; [2] assisting
in the identification of potential causes of malocclusions, such as the contribution of TM] abnormalities
to an open bite or asymmetry;33!1 [3] quantifying the magnitude of a defect or deformity, such as in
patients with craniofacial anomalies; [4] improving the differential diagnosis of skeletal, dental, or
combined malocclusions, including identifying the jaw[s] contributing to malocclusion and determining
whether the discrepancy is bilateral or unilateral, such as in orthognathic surgery, asymmetry,
craniofacial anomaly, and open bite cases; and [5] determining whether the discrepancy is bilateral or
unilateral. When comparing the 3D data from CBCT to that from conventional 2D radiography, the
anticipated result could eventually range from a change of the treatment to a refining of it entirely.[34]

3.4 Evaluation of cervical vertebral maturation [CVM]:

This use of CBCT to monitor skeletal maturation in response to the advances in diagnosis and treatment
planning made possible by three-dimensional imaging. Mature alterations can be seen in the sagittal
plane as well as the coronal and transverse planes when imaging the cervical vertebrae with CBCT. The
advantage of using CBCT to evaluate skeletal maturity could be that any new information could be used
to improve and fortify existing techniques or create a brand-new, three-dimensional cervical vertebrae
maturation approach. In the latter scenario, if a CBCT scan has previously been performed for other
purposes, the patient may benefit from not being exposed to radiation via hand-wrist or lateral
cephalometric radiographs needlessly.[35!

Skeletal maturation of patients is a crucial consideration when considering orthodontic therapy. The
assessment of the teenage growth peak was done using the hand-wrist and CVM methodologies. While
estimates of skeletal maturity may benefit from the use of CBCT images, this is not the only reason for
which they should be put to usel37l. According to Shim et al,[3¢] the cervical vertebrae's estimated
]
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maturation stages on CBCT offered a trustworthy assessment of pubertal growth support and had a
high positive connection with hand-wrist radiographs and lateral cephalograms.

REFERENCE

1. Robb RA. Dynamic spatial reconstruction: an x-ray video fluoroscopic CT scanner for dynamic
volume imaging of moving organs. IEEE Trans Med Imag 1982;M1:22-3.

2. Cho PS, Johnson RH, Griffin TW. Cone-beam CT for radiotherapy applications. Phys Med Biol
1995;40:1863-83.

3. NingR, Chen B. Cone beam volume CT mammographic imaging: feasibility study. In: Antonuk LE,
Yaffe M], editors. Medical imaging 2001: physics of medical imagingd proceedings of SPIE. vol.
4320. San Diego [CA]: CA SPIE; 2001. p. 655-64.

4, Chapuis ]. Computer-Aided Cranio-Maxillofacial Surgery. PhD thesis, University of Bern. 2006.

5. Chapuis ], Schramm A, Pappas I, Hallermann W, Schwenzer-Zimmerer K, Langlotz F, et al. A new
system for computer-aided preoperative planning and intraoperative navigation during
corrective jaw surgery. IEEE Trans Inf Technol Biomed. 2007;11[3]:274-87.

6. De Momi E, Chapuis ], Pappas I, Ferrigno G, Hallermann W, Schramm A, et al. Automatic
extraction of the mid-facial plane for cranio-maxillofacial surgery planning. Int ] Oral Maxillofac
Surg. 2006;35[7]:636-42.

7. Stasiak, M.; Wojtaszek-Stominska, A.; Racka-Pilszak, B. Current Methods for Secondary Alveolar
Bone Grafting Assessment in Cleft Lip and Palate Patients—A Systematic Review. ]
Craniomaxillofac. Surg. 2019, 47, 578-585

8. Al Amri, M.S,; Sabban, H.M.; Alsaggaf, D.H.; Alsulaimani, F.F.; Al-Turki, G.A.; Al-Zahrani, M.S,;
Zawawi, K.H. Anatomical Consideration for Optimal Position of Orthodontic Miniscrews in the

Maxilla: A CBCT Appraisal. Ann. Saudi Med. 2020, 40, 330-337.

. ___________________________________________________________________________________________________|
IJMSDH 92



JMSDH

, (2024) PageNo0.86-96

www.ijmsdh.org

9.

10.

11.

12.

13.

14.

15.

16.

17.

Du, B.; Zhu, J.; Li, L.; Fan, T.,; Tan, J.; Li, ]. Bone Depth and Thickness of Different Infrazygomatic
Crest Miniscrew Insertion Paths between the First and Second Maxillary Molars for Distal Tooth
Movement: A 3-Dimensional Assessment. Am. J. Orthod. Dentofac. Orthop. 2021, 160, 113-123.
Tavares, A.; Montanha-Andrade, K.; Cury, P.R.; Crusoé-Rebello, I.; Neves, F.S. Tomographic
Assessment of Infrazygomatic Crest Bone Depth for Extra-Alveolar Miniscrew Insertion in
Subjects with Different Vertical and Sagittal Skeletal Patterns. Orthod. Craniofacial Res. 2022, 25,
49-54.

Stasiak, M.; Wojtaszek-Stominska, A.; Racka-Pilszak, B. A Novel Method for Alveolar Bone
Grafting Assessment in Cleft Lip and Palate Patients: Cone-Beam Computed Tomography
Evaluation. Clin. Oral Investig. 2021, 25, 1967-1975.

Ballrick, ].W.; Palomo, ].M.; Ruch, E.; Amberman, B.D.; Hans, M.G. Image Distortion and Spatial
Resolution of a Commercially Available Cone-Beam Computed Tomography Machine. Am. J.
Orthod. Dentofac. Orthop. 2008, 134, 573-582.

Kapila S., Conley R.S., Harrell W.E,, Jr. The current status of cone beam computed tomography
imaging in orthodontics. Dentomaxillofac. Radiol. 2011;40[1]:24-34.

Larson B.E. Cone-beam computed tomography is the imaging technique of choice for
comprehensive orthodontic assessment. Am. J. Orthod. Dentofacial Orthop. 2012;141:402-411.
Romeo A, Esteves M, Garcia V, Bermudez ]. Movement evaluation of overerupted upper molars
with absolute anchorage: an in- vitro study. Med Oral Patol Oral Cir Bucal 2010; 15: 930-935.
Suzuki EY, Suzuki B. Accuracy of miniscrew implant placement with a 3-dimensional surgical
guide. ] Oral Maxillofac Surg 2008; 66: 1245-1252.

W. R. Proffit, H. W. Fields, J. L. Ackerman, L. Bailey, and ]J. F. C. Tulloch, Contemporary

Orthodontics, Mosby, St. Louis, Mo, USA, 3rd edition, 2000.

IJMSDH

93



IJMSDH, (2024) PageNo0.86-96
www.ijmsdh.org

18.

19.

20.

Kumar V, Ludlow ]B, Mol A, Cevidanes L. Comparison of conventional and cone beam CT
synthesized cephalograms. Dentomaxillofac Radiol 2007; 36: 263-9.

Moshiri M, Scarfe WC, Hilgers ML, Scheetz JP, Silveira AM, Farman AG. Accuracy of linear
measurements from imaging plate and lateral cephalometric images derived from cone-beam
computed tomography. Am J Orthod Dentofacial Orthop 2007; 132: 550-

Lightheart KG, English JD, Kau CH, Akyalcin S, Bussa HIJr, McGrory KR, et al.. Surface analysis of
study models generated from OrthoCAD and cone-beam computed tomography imaging. Am ]

Orthod Dentofacial Orthop 2012; 141: 686-93. doi: 10.1016/j.ajod0.2011.12.019

21. Aboul-Hosn Centenero S, Hernandez-Alfaro F. 3D planning in orthognathic surgery: CAD/CAM

22.

23.

24.

25.

surgical splints and prediction of the soft and hard tissues results—our experience in 16 cases. ]
Craniomaxillofac Surg 2012;40: 162-8. doi: 10.1016/j.jcms.2011.03.014

Zinser M], Mischkowski RA, Sailer HF, Zoller JE. Computer-assisted orthognathic surgery:
feasibility study using multiple CAD/CAM surgical splints. Oral Surg Oral Med Oral Pathol Oral
Radiol 2012; 113: 673-87.

Cevidanes LH, Alhadidi A, Paniagua B, Styner M, Ludlow ], Mol A, et al. Threedimensional
quantification of mandibular asymmetry through cone-beam computerized tomography. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 2011;111: 757-70.

18. De Clerck H, Nguyen T, de Paula LK, Cevidanes L. Three-dimensional assessment of
mandibular and glenoid fossa changes after bone-anchored class III intermaxillary traction. Am
] Orthod Dentofacial Orthop 2012;142:25-31.

Yushkevich PA, Piven ], Hazlett HC, Smith RG, Ho S, Gee JC, et al. User-guided 3D active contour
segmentation of anatomical structures: significantly improved efficiency and reliability.

Neuroimage 2006;31: 1116-28.

IJMSDH

94



IJMSDH, (2024) PageNo0.86-96
www.ijmsdh.org

26.

27.

28.

29.

30.

31.

32.

33.

34.

Chapuis J, Schramm A, Pappas [, Hallermann W, Schwenzer-Zimmerer K, Langlotz F, et al. A new
system for computer-aided preoperative planning and intraoperative navigation during
corrective jaw surgery. IEEE Trans Inf Technol Biomed 2007;11: 274-87.

Kovisto T, Ahmad M, Bowles WR. Proximity of the mandibular canal to the tooth apex. ] ndod
2011;37:311-5.

Krogstad O, Omland G. Temporary paresthesia of the lower lip: a complication of orthodontic
treatment. A case report. Br ] Orthod 1997;24:13-5.

Sunderland S. A classification of peripheral nerve injury producing loss of function. Brain
1951;74:491-516.

Eissa, 0., Carlyle, 0., El-Bialy, T., 2018. Evaluation of root length following treatment with clear
aligners and two different fixed orthodontic appliances: A pilot study. ]. Orthod. Sci. 7, 11.
Harris, D.A,, Jones, A.S., Darendeliler, M.A., 2006. Physical properties of root cementum: part 8.
Volumetric analysis of root resorption craters after application of controlled intrusive light and
heavy orthodontic forces: a microcomputed tomography scan study. Am. J. Orthod. Dentofacial
Orthop. 130, 639-647.

Aboul-Hosn Centenero S, Hernandez-Alfaro F. 3D planning in orthognathic surgery: CAD/CAM
surgical splints and prediction of the soft and hard tissues results—our experience in 16 cases.]
Craniomacxillofac Surg 2012; 40: 162-8.

Zinser M], Mischkowski RA, Sailer HF, Zoller JE. Computer- assisted orthognathic surgery:
feasibility study using multiple CAD/CAM surgical splints. Oral Surg Oral Med Oral Pathol Oral
Radiol 2012; 113: 673-87

Metzger MC, Hohlweg-Majert B, Schwarz U, Teschner M, Hammer B, Schmelzeisen R.
Manufacturing splints for orthog- nathic surgery using a three-dimensional printer. Oral Surg

Oral Med Oral Pathol Oral Radiol Endod 2008; 105: e1-7.

IJMSDH

95



IJMSDH, (2024) PageNo0.86-96
www.ijmsdh.org

35.Mah JK, Huang JC, Choo HR. Practical applications of cone-beam computed tomography in
orthodontics. ] Am Dent Assoc 2010;141:7s-13s

36. Shim J], Heo G, Lagravere MO. Assessment of skeletal maturation based on cervical vertebrae in
CBCT. International Orthodontics. 2012;10[4]:351-362

37.Bonfim MA, Costa AL, Fuziy A, Ximenez ME, Cotrim-Ferreira FA, Ferreira-Santos RI. Cervical
vertebrae maturation index estimates on cone beam CT: 3D reconstructions vs sagittal sections.

Dentomaxillofacial Radiology. 2016;45[1]:20150162

. ___________________________________________________________________________________________________|
IJMSDH 96



