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v

Diagnostic and treatment planning are very important tools in orthodontic treatment and are 
used prior to initiating any type of comprehensive treatment by the majority of orthodontists. 
New advent in digital technology and increased needs for more accurate diagnostic tools in 
orthodontically related issues such as complex adult treatment, TMJ dysfunctions, or sleep 
disturbances have shown that our conventional 2D diagnostic may not be sufficient to correctly 
diagnose and treatment plan these problems.

This book will present the most up-to-date diagnostic tools to better identify and treatment 
plan malocclusions with cone beam CT, intraoral scans, and MRI as well as present software 
that allow for combining these technologies to obtain the most accurate diagnostic and guide 
the busy practitioner in designing the most appropriate biomechanical approach to address 
these malocclusions.

Introduction
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Evolution of the Orthodontic Diagnosis 
in the Age of Artificial Intelligence

Jean-Marc Retrouvey, Nearchos Panayi, 
and Apostolos Tsolakis

1.1	 �The Objectives of an Orthodontic 
Diagnosis

Capturing diagnostic information to analyze the craniofacial 
complex is a demanding process in modern orthodontics. 
The craniofacial structures are highly organized with many 
vital functions and dynamic interactions. Breathing, masti-
cation, swallowing, speech, and facial expressions are con-
trolled by complex neuromuscular functions that must be in 
balance [1]. These interactions play a large role in the devel-
opment of malocclusions but are still not well understood. 
They are also difficult to correlate with our current diag-
nostic methods [2, 3]. The temporomandibular joints are 
the most complex joints in our body. They are potentially 
associated with craniofacial dysfunctions but their imaging 
is currently not a routine part of a conventional orthodon-
tic diagnosis [4], although dental models are sometimes 
mounted on a semi-adjustable articulator to give better 3D 
orientation of the dentition in relation to condylar position. 
All clinical information needed to obtain an accurate orth-
odontic diagnosis are not readily available with conven-
tional records since malocclusions develop in three planes 
of space and may involve the entire craniofacial complex 
[5]. 3D imaging and advances in digital technologies have 
significantly increased the potential for integrating different 

formats of orthodontic records to enhance the accuracy of 
the orthodontic diagnosis process [6] (Fig. 1.1).

The goals for accurate orthodontic diagnoses are to 
record and analyze interactions between the dentition and 
surrounding craniofacial structures, and to obtain a prob-
lem list to formulate a treatment plan [7]. A large quantity 
of information is gathered from an orthodontic clinical 
examination, analyses of 2D radiographs and orthodontic 
study models, as well as other relevant records of a patient. 
These orthodontic records are usually taken in a static state 
[8, 9]. Consequently, these records only partially reflect 
the intricacies of craniofacial and dentoalveolar struc-
tures, and therefore limit their diagnostic power [10]. As 
traditional diagnosis and treatment planning procedures 
are usually performed without a patient being present, 
orthodontic records are aimed to faithfully replicate clini-
cal presentations of a patient in order to facilitate these 
procedures [11]. To obtain an orthodontic diagnosis, most 
orthodontists still rely mainly on 2D radiographs such as 
a cephalogram [12] and a panoramic radiograph [13, 14], 
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in addition to plaster dental casts which have been in use 
since the eighteenth century. Each element of these records 
provides orthodontists with a different type of information. 
Orthodontists combine all these data from clinical experi-
ences and derive a differential diagnosis of the observed 
malocclusions. The process of recording a 3D structure on 
2D radiograph causes a significant loss of data [15]. This 
is due to the fact that a conventional 2D radiograph is a 
mere “shadow” of a 3D object and provide only a partial or 
incomplete detail of projected structures. As a result, clini-
cians must always use their considerable skill and experi-
ence to “interpret” radiographs in a “forward propagation” 
method [16] in an attempt to arrive at an accurate diagnosis 
as each element of these conventional orthodontic records 
is variably formatted. They cannot be digitally integrated 
to recreate a virtual patient for the purpose of diagnosis 
and treatment planning. The inability of these conventional 
diagnostic tools to accurately portray malocclusion and its 
associated craniofacial structures in three dimensions may 
result in an incomplete diagnosis or a misdiagnosis [17, 
18]. An integrable set of 3D orthodontic records recreating 
a real patient’s anatomy and function is therefore desirable 
to increase diagnostic accuracy, and to ensure that a treat-
ment option selected can be effectively implemented [19, 
20] (Fig. 1.2).

For the past 15  years, significant changes have taken 
place in the field of orthodontic diagnosis. These changes 

include uses of digital photography, digital examination 
forms, cone beam radiography [21], digital dental models 
[22], and intraoral scanning. They have allowed for a large 
amount of clinical information to be gathered. The addi-
tional diagnostic information has opened new possibilities 
for orthodontists. Sequential records easily obtained with 
intraoral scanning, digital photography and radiography 
facilitate various treatment simulations and may further 
customize orthodontic treatment approaches, and even per-
form in-house 3D printing [23]. Despite these advances, 
there is still a significant paucity of knowledge required to 
optimize the use of 3D digital technologies for orthodontic 
records [24]. A recent data mining technology offers new 
possibilities to improve on orthodontic diagnostic process 
[25]. The goals of gathering and computing digital orth-
odontic data are:

	1.	 To obtain the most accurate depiction of the patient’s 
unique occlusal and craniofacial structures

	2.	 To store the data efficiently
	3.	 To simulate different treatment options
	4.	 To formulate a final treatment plan
	5.	 To compare the findings to other types of malocclusions
	6.	 To facilitate an analysis of treatment progress
	7.	 To plan for orthognathic surgery
	8.	 To produce individualized and customized appliances
	9.	 To communicate with other specialties (Figs. 1.3 and 1.4)

Patient Observations Diagnosis Treatment Plan Outcome

Fixed Ortho.

Growth Mod..

Aligners....

Molar Class.

Overbite

Overjet

Crowding

Others...

History Problem List Treatment Options

Age

Sex

Medical History

Chief Complaint

Correct Class II

Open Bite

Level Curve of Spee

Extractions

Non Extraction

Surgery

Conventional Diagnosis Process

Mechanotherapy

Fig. 1.2  A conventional “going forward” workflow to plan an orthodontic case. The process starts from a patient and stops at an outcome. No 
feedback loop is present

J.-M. Retrouvey et al.



5

1.2	 �Evolution of the Orthodontic Record 
Overtime

1.2.1	 �Examination Form

Paper-based forms have been widely used to gather relevant 
patient information. They include a questionnaire, a medical 
history, recording of extra- and intraoral examination, and 
patient’s chief complaints. These collected data are rarely 
reviewed during treatment and almost never incorporated 
into any database.

1.2.1.1	 �Dental Photographs
Dental photographs were introduced several decades ago 
[26]. Extraoral photographs provide valuable information 

on a patient’s facial features while intraoral photographs 
record conditions and positions of teeth in relation to each 
other and to surrounding soft tissues [27]. Dental photo-
graphs are not quantifiable, unless properly calibrated. 
They mostly provide qualitative data used by most cli-
nicians to validate their physical observation of patients 
[28] (Fig. 1.5).

1.2.1.2	 �Panoramic Radiographs
A panoramic radiograph is based on the concept of focal 
plane tomography as described by Pickens et  al. [29]. 
Widely used in orthodontics, it enables clinicians to visu-
alize all teeth present, temporomandibular joints, the 
alveolus, and other orofacial structures in a single radio-
graph [14]. For a routine diagnostic process, a panoramic 
radiograph offers several advantages including low costs 
and easy access. It dispenses low amount of radiation. It is 
considered more like a screening radiograph and does not 
allow for consistent and reliable measurements. Despite 
its benefits, the radiograph provides an incomplete render-
ing of the anatomy or pathology presented by a patient. 
Both false positive and negative interpretations occur 
frequently [30]. As an example, the following panoramic 
radiograph (Fig.  1.6) shows impacted canines but does 
not provide any spatial information or their relationship 
to the rest of the dentition [31]. The condition of the lat-
eral incisor roots is also very challenging to assess. The 
use of Cone Beam Computed Tomography (CBCT) allows 
clinicians to accurately assess the condition of the lateral 
incisor roots (Fig. 1.7).

Fig. 1.3  Montage of diagnostic tools consisting of a panoramic radio-
graph, a cephalometric radiograph, and dental casts

Fig. 1.4  Semi-adjustable articulator and virtual 3D articulator that allows an orientation of dental casts in space more accurately

1  Evolution of the Orthodontic Diagnosis in the Age of Artificial Intelligence
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1.2.1.3	 �Cephalometric Radiograph
The lateral cephalogram depicts a projection of the entire 
craniofacial structures onto a sagittal 2D plane [32]. It is 
mainly used to perform cephalometric analyses to com-
pare a patient’s measurements to standard norms [33]. 
Cephalometric radiographs are very valuable in orthodon-
tics as they provide a measurable assessment of maxilla, 
mandible, dentition, and their spatial relationships in the 
anteroposterior and vertical dimensions [34]. Anatomical 
structures such as the condyles, temporal fossa, and audi-
tory meatus are sometimes more challenging to identify 
as they are not located on the mid-sagittal plane [35]. 
The 2D posteroanterior cephalogram is not commonly 
employed as a part of routine orthodontic records despite 
its usefulness in transverse analyses. This could be due to 
the fact that landmarks used in the aforementioned analy-
ses are difficult to identify and reproduce [36] (Fig. 1.8).

1.2.1.4	 �Orthodontic Study Models
Orthodontic study models are usually composed of free-poste-
riorly standing maxillary and mandibular dental casts trimmed 
in a trimmed in centric occlusion relationship. They are tra-
ditionally made of plaster of Paris. They provide invaluable 
information on multiple parameters that influences orthodon-
tic diagnosis and treatment planning [37]. The models are not 
three-dimensionally oriented to the surrounding craniofacial 
complex, particularly regarding the condylar position. They 
are useful to obtain information on relative spatial relation-
ship of the dentition and allow for measurements of teeth 
and dentoalveolar structures. However, it is impossible using 
orthodontic study models to determine accurate root positions 
and their relations to surrounding dentoalveolar bones using 
orthodontic study models. It is also very tedious to perform a 
simulation of an orthodontic treatment plan on plaster mod-
els. Each simulation requires a considerable effort and time 
to achieve. In general, they have less diagnostic capabilities 
when compared to their digital counterparts [38] (Fig. 1.9).

In conclusion, the conventional diagnostic process has 
allowed orthodontists to obtain a reasonably accurate diagno-
sis in the past [39]. However, validity of the process with frag-
mented 2D records has often been challenged in this current 
digital era. The conventional orthodontic records do not sig-
nificantly improve a diagnostic power despite a carefully con-
ducted clinical examination [16, 39]. This could be explained 
by the fact that there may be a significant loss of clinical 
information from these disintegrated formats of records [40].

Fig. 1.5  Digital intraoral photographs

Fig. 1.6  Panoramic radiograph showing impacted canines

J.-M. Retrouvey et al.
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1.3	 �The Rationale for 3D Digital 
Orthodontic Records: A More 
Accurate Method to Analyze 
the Craniofacial Complex

The digital technology with its inherent characteristics 
of accuracy, speed, and reproducibility is fast gaining 
acceptance by the orthodontic community [41]. In a digi-
tal orthodontic office, a patient file is created by a prac-
tice management software prior to patient’s initial visit. 
During the diagnostic phase of an orthodontic treatment, 
an electronic orthodontic screening form, 3D radiographic 
records (e.g., CBCT in DICOM file format), intraoral pho-
tographs, and intraoral dental scan (in STL file format) 
can all be merged into a single digital patient dataset [42]. 
This dataset is then transferred to a Computer-Assisted 
Design (CAD) software to create an individualized and 
interactive 3D rendering of an orthodontic patient. One of 
the most promising application of this digitally integrated 
patient data is the ability to analyze multiple variables of a 
malocclusion and its surrounding craniofacial structures. 

Fig. 1.7  Cone beam 
radiograph of same patient 
showing lateral incisor root 
resorption
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Fig. 1.8  Cephalometric tracing with a cephalometric analysis

Fig. 1.9  Dental casts trimmed to orthodontic standards. No spatial 
relationship to the cranial structures is present
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This also allows orthodontists to fully customize a treat-
ment plan to address the specific needs of a patient [43, 
44]. With this technology, 3D analyses of craniofacial 
structures, occlusion, and dentoalveolar support measure-
ments can be simultaneously performed to formulate the 
most appropriate treatment plan and alternatives. After 
patients agree and consent to a treatment plan, this inte-
grated digital data set can also be used to create individu-
alized appliances with Computer-Aided-Design (CAD) 
software and Computer-Assisted Manufacturing (CAM) 
technology. Customization and individualization of the 
entire treatment process are some of the major advantages 
of digital technology [45]. Currently both clear aligners 
and orthodontic fixed appliances can be fabricated in-
house as a result of these technologies [46].

Once an electronic patient’s file is created, any forms, 
charts, communications, and digital records can be digitally 
added. These files can be kept in local servers or by using 
cloud storage. The stored data may be used for treatment 
planning and communication with the patient and other 
clinicians in any location with a secure internet connection 
[47]. Data backups can also be performed automatically on 
a regular basis. The digital charts are patient-centered and 
other clinicians can add their entries to a shared file while 
maintaining their original data sets [10]. Major advantages 
of these digital files include shareability, retrievability, and 
storability. The main disadvantage of these cloud- or server-
based files is that the files can be hacked [48]. Companies 
usually charge annual fees for storage and/or security for the 
files. And these fees can amount to significant expenses for 
orthodontic offices (Fig. 1.10).

1.3.1	 �Digital Photography

Digital photography became popular around the early 
2000s [28]. The digital format allows clinicians to store 
and use images from multiple locations. Photographic soft-
ware such as Photoshop™ (San Jose, California, USA) 
and DigitalSmileDesign™ (Madrid, Spain), if specifically 
designed for orthodontic purpose, can enhance the quality 
and edit these images. They allow for the digital photographs 
to be easily integrated into a digital data set [49]. Even though 
most of the commercially available software use 2D images, 
the digital rendering of these clinical photographs still offers 
significant advantages over their analog counterparts espe-
cially when combined with CBCT and intraoral dental scans 
[50]. Chapter 2 will cover in detail the role of photography as 
a contributing diagnostic tool when combined with intraoral 
scans and CBCT (Fig. 1.11).

3D photograph technology such as the one developed by 
3DMD™ (Atlanta, Georgia, USA) uses a special setup con-
sisting of two cameras placed at a strategic angle to each 
other to create a 3D image. They use complex algorithms 
capable of digitally reconstructing a patient’s facial features 
from 3D data captured from both cameras. This technology 
is more commonly used in research and not widely adopted 
in clinical orthodontics due to its high cost and fairly narrow 
range of application [51] (Fig. 1.12 and Table 1.1).

1.3.1.1	 �Cone Beam Radiography
As 2D radiography proved to have limited accuracy in 
depicting craniofacial structures, the development of a 3D 
radiographic imaging system became highly desirable in 

Fig. 1.10  Examples of electronic forms with data entry capability
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orthodontic diagnosis [52]. The cone beam computerized 
tomography (CBCT) was first introduced by Sir Godfrey 
N. Hounsfield in 1967. It was initially used for general medi-
cal imaging [53]. The first successful craniofacial cone beam 
machine was introduced in 1996 by QR s.r.l™ (NewTom 
9000). The 3D rendering gives orthodontists an ability to 
visualize the craniofacial complex from different angles 
focusing on different structures (teeth, bone, and soft tissue) 
just by changing filters provided in a software. The tomog-
raphy in different planes provides significantly more details 
in comparison to traditional 2D radiographs. A CBCT may 
replace the need for most other radiographic images com-
monly used in orthodontics including a panoramic x-ray, and 
a lateral cephalogram. Significant technological progress 
has decreased the amount of radiation and the exposure time 
required for obtaining a diagnostically valid CBCT, while 
the image quality has considerably increased. CBCT tech-
nology and its indications will be further discussed in subse-
quent chapters (Fig. 1.13).

Bone density can only be approximated as a Hounsfield 
scale which is not reliable in CBCT radiography [54]. A 
CBCT offers orthodontists the following advantages over a 
conventional 2D radiograph [55, 56].

	1.	 More accurate representation of the craniofacial 
structures.

	2.	 More precise radiographic data.
	3.	 Structures are visible in their exact positions with their 

exact shapes.
	4.	 No radiographic projection errors.
	5.	 No enlargement or distortion of structures.
	6.	 Ease of landmark identification.
	7.	 Superimposition with 3D facial photograph.
	8.	 Ability of accurately comparing several CBCTs of the 

same patient [57] (Figs. 1.14 and 1.15).

Fig. 1.11  Smile design 
software using scanned 
models

Fig. 1.12  3D photograph of a patient in pre-surgical stage

Table 1.1  Comparison between 2D and 3D photographs in various 
parameters

Comparison 2D photos 3D photos
Shots Multiple 

shots—angle
Single 
shot

Combine with CBCT No Yes
Capture Static Static
Orthognathic surgery planning Satisfactory Excellent
Prediction of surgical outcome Satisfactory Excellent
Craniofacial deformities 
(syndromes, clefts)

Satisfactory Excellent

1  Evolution of the Orthodontic Diagnosis in the Age of Artificial Intelligence
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Reformatted Panoramic and Cephalometric 
Radiographs
CBCT software presents many useful functions for orth-
odontic diagnosis procedures including an ability to digi-
tally reconstruct a panoramic (not totally containing all the 
informations that a traditional panoramic x-ray contains) 
and a cephalometric radiograph from a CBCT data set [58]. 
A central cut of the CBCT allows practitioners to precisely 
visualize the cranial base angle, an essential measurement in 
patients affected by craniofacial disorders, a measurement 
more difficult to obtain with a conventional cephalometric 
radiograph [59] (Fig. 1.16).

3D Cephalometric Analysis
At the moment, 3D cephalometric analyses are not widely 
adopted in clinical orthodontics and orthognathic surgery 
as their advantages over the 2D analyses are not yet evident 
to the clinician [60, 61]. Artificial intelligence may have a 
potential to easily integrate the CBCT data into 3D cephalo-
metric analyses using automatic voxel recognition [62]. This 
will allow 3D cephalometric analyses to become a routine 
part of an orthodontic diagnosis, and increase the accuracy of 
superimpositions. It will also provide invaluable assistance to 
clinicians to recognize and quantify craniofacial asymmetries 
as well as growth deficiencies [63] (Fig. 1.17 and Table 1.2).

Fig. 1.13  CBCT images of a 12-year-old patient who presented with a severe maloccusion

Fig. 1.14  A 2D panoramic radiograph showing a patient without any 
observable condylar change

Fig. 1.15  A 3D radiograph showing the same patient with a significant 
condylar resorption

J.-M. Retrouvey et al.
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1.3.1.2	 �Intraoral Scanner and Digital Model
Prior to the advent of intraoral scanners, digital dental mod-
els were made either by tabletop scanners or by a CT scan. 
A digital stereolithographic file (also known as Standard 
Tessellation Language or STL) was produced [64]. Cerec™ 
introduced the first intraoral scanner in the 1980s for restor-
ative dentistry [65]. Itero™ followed with the introduction 
of full-arch intraoral scanners in the 1990s. Multiple intra-
oral scanners are now commercially available. All employ 
STL or PLY files to reproduce dental anatomy and related 
structures. The digital orthodontic models were shown to be 
as reliable as plaster casts in orthodontic diagnosis and treat-
ment planning [66].

STL 3D Digital Orthodontic Models and Software 
Programs to Analyze the Dentition
3D digital orthodontic models have replaced plaster models 
in many orthodontic practices. Currently these digital models 
are stored as STL files. Importing these files into a software to 
analyze the dentition is the next step in the diagnostic process. 
These software programs provide a visualization of occlusal 
contacts, overjet, overbite, molar and canine relationships. One 
major advantage of an STL virtual model is its versatility. A 
single STL file can be used for record keeping, simulations, 
superimpositions, and comparisons of different treatment 
options [67]. The software also allows common orthodon-
tic analyses such as tooth/arch size analysis, Bolton analysis, 
intercanine, and intermolar measurements to be performed 
with more efficiency and accuracy [68] (Fig. 1.18).

a

c

b

d

Fig. 1.16  (a) A panoramic radiograph reconstructed from CBCT data. 
(b) A conventional 2D cephalometric radiograph showing superimposi-
tion of different craniofacial structures. (c) A 3D rendering of a CBCT 

illustrating the 3D relationship of craniofacial structures. (d) A mid-
sagittal cut of a CBCT showing the cranial base clearly
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In an STL virtual file, the upper and lower digital models 
are individual “solid” entities. Segmentation of the dentition 
is required for treatment simulation or virtual orthodontic 
movements. The process of segmentation is carried out by a 
tooth recognition in some softwares artificial intelligence is 
used as an segmentation-assistant [69]. Following segmen-
tation, each tooth becomes disconnected from the adjacent 
teeth and gingival base. It becomes movable in three planes 
of space [70]. These software programs create realistic and 
accurate movements of the dentition. They allow for orth-
odontic simulations and planning of tooth movements [71]. 3 
Shape™ (Copenhagen, Denmark), Onyxceph™ (Chemnitz, 

Germany), Maestro™ (New Age, Piza, Italy), Suresmile™ 
(Orametrix,Richardson, USA), Deltaface (Limoges, France) 
and Align™ (San Jose, California, USA) are some of the 
commercially available software programs [72] (Fig. 1.19).

For clear aligners fabrication, orthodontists now have the 
ability to simulate an orthodontic treatment plan using a CAD 
software once the teeth are segmented [73]. The clinical crowns 
of teeth are moved by different algorithms into the desired 
position. The amount and direction of these movements are 
recorded in three planes of space [74]. However, an STL orth-
odontic model file does not contain data on root positioning. 
Therefore, the software calculates an approximate position of 
the roots. Once these orthodontic movements are accepted, the 
software will then analyze these movements, apply proprietary 
biomechanical manipulations to the movements prescribed, 
add interproximal reduction, attachments and other relevant 
auxiliaries. The sequence will then be divided into multiple 
stages and transferred to a CAM software for the fabrication 
of programmed STL files. The staging of aligners being estab-
lished, the production of individualized aligners can be initiated 
[75, 76]. It is noteworthy that STL files allow for segmentation 
of dental arches and make treatment simulation possible but 
this is done without relating the dentition to surrounding cra-
niofacial structures. These software do not have the capacity 
to accurately predict the biological response to conduct totally 
accurate tooth movement [77] (Figs. 1.20 and 1.21).

a

b

Fig. 1.17  (a) Lateral 3D cephalometric analysis.  
(b) Anteroposterior 3D analysis. (c) A reformatted image for 
3D cephalometric interpretation

Table 1.2  Comparison of panoramic radiograph vs CBCT

Problem Panoramic CBCT
Dental fusion ++ +++
Clefts + +++
Supernumerary position + +++
Bone density − ++
TMJ evaluation + +++
Bone pathology ++ +++
Root resorption + +++
TAD placement − +++
Roots proximity to sinus, assessment ++ +++
Root length (hypoplastic) + +++

− Not available, + Limited diagnostic value, ++ Moderate diagnostic 
value, +++ Reliable diagnostic value

J.-M. Retrouvey et al.
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a b

c d

Fig. 1.18  (a) Stereolithographic file. (b) 3D model using fused deposition modeling. (c) Occlusal mapping using DDP™ software. (d) Dental 
arch measurements using OrthoCAD™

Fig. 1.19  Automatic 
segmentation of teeth using 
OrthoAnalyzer Software 
3Shape™
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Currently, the most popular appliances produced by 
CAD/CAM technologies are clear aligners and pro-
grammed indirect bonding trays. Recently, CAD-CAM 
customized brackets have been introduced to take an 
advantage of this unique interaction between a treatment 
simulation and production of an individualized bracketing 

system [78]. Lingual orthodontics has adopted part of this 
system [79]. Robotically created archwires as advocated 
by Suresmile™ (Orametrix, Richardson, USA) is another 
example of a technology that employs an individualization 
of orthodontic treatment approach [80] (Fig. 1.22).

1.3.2	 �Integration of 3D Files: A Fusion 
of STL-DICOM

The ultimate goal of obtaining CBCT, intraoral scans, and 
digital photographs is to accurately reproduce a patient’s 
dentofacial morphology by accurate 3D orientation [81]. 
Software such as Anatomage(TM) (Santa Clara, USA) can 
now integrate a DICOM data set from CBCT with an STL 
file from an intraoral scan. The software may also incorpo-
rate 2D or 3D photographs to create a realistic and accurate 
virtual patient [82]. This combination of different files help 
to position the dentition in its exact spatial relationship with 
the surrounding craniofacial structures. This process is a sig-
nificant improvement over a conventional set of fragmented 
2D diagnostic records [83]. An addition of accurate root 
positioning data to the spatial positions of clinical crowns Fig. 1.20  Teeth are repositioned three-dimensionally with DDP 

software

a b c

Fig. 1.21  3D tooth movement (a): Prior to orthodontic tooth movement, (b): Mid treatment, (c): End of treatment

Fig. 1.22  Aligners from Invisalign™

J.-M. Retrouvey et al.



15

further enhances the predictability of clinical outcomes [42]. 
A new fully integrated 3D spatial relationship between an 
entire dentoalveolar complex and its surrounding craniofa-
cial structures is obtained and can be reliably studied and 
evaluated. Eventually with artificial intelligence and the 
judicious use of big data, these simulation software will be 
able to reasonably predict how clinical crowns and roots can 

be moved in relation to their alveolar bone housing as well 
as predict clinical changes of their surrounding craniofacial 
structures [84] (Fig. 1.23).

At the moment, seamless STL-DICOM integration capa-
bility is not readily present in commercially available orth-
odontic simulation software. To circumvent this, several 
companies are offering new versions of their software with 
an ability to segment each tooth and root from a DICOM file 
and then reassemble them as an STL orthodontic model file. 
Figure 1.24. demonstrates an example of total integration of 
STL, CBCT, and DPP simulation software to move clinical 
crowns and roots at the same time [83] (Fig. 1.25).

1.4	 �Introduction of Data Mining, Artificial 
Intelligence, and Machine Learning

An integration of DICOM and STL files provides clinicians 
a potential to relate clinical crowns and roots of the dentition 
to their surrounding craniofacial structures in a static state. 
As all magnitude and direction of each orthodontic move-
ment can be constantly recorded by the software, the next 
logical step is to input all these collected data into statistical 
models to improve our understandings of potential correla-
tions that may exist between all diagnostic variables and the 
resulting movements [85]. This will allow orthodontists to 
correlate entirely measurable diagnostic findings, with treat-

Fig. 1.23  Teeth have been segmented and incorporated into the cone 
beam for biomechanical simulations using DDP™ software

a b

c d

Fig. 1.24  (a) An STL files 
obtained from intraoral scan. 
(b) A CBCT of a patient. (c) 
Isolation of the dentition 
using the density tool in 
CBCT. The 3D position of the 
dentition is readily evident. 
(d) A fusion of STL and 
DICOM files
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ment outcomes. These observations will enable clinicians 
to better recognize patterns that may have been overlooked 
with conventional 2D diagnostic process.

Zhao and colleagues stated “Physicians lack systematic 
methods for calibrating diagnostic decisions based on feed-
back from their outcomes” [86]. This statement also applies 

to orthodontics since most diagnostic decisions are unidirec-
tional and based on subjective experience of treating ortho-
dontists and treatment outcomes are not used as feedback 
mechanisms to improve future outcomes (Fig. 1.26).

The next frontier in digital diagnosis is to an introduc-
tion of orthodontic data mining. In the past decade, artificial 
intelligence (AI) and machine learning have revolution-
ized the use of data in medicine. “Artificial intelligence is 
a branch of computer science capable of analyzing complex 
medical data. Their potential to exploit meaningful relation-
ship within a data set can be used in the diagnosis, treatment 
and predicting outcome in many clinical scenarios” [87]. 
This quote can be applied to the new 3D orthodontic diagno-
sis paradigm. AI uses deep learning and neural networks to 
predict the most probable treatment approach for a specific 
malocclusion. By creating layers of programming with many 
different and variables such as overbite, overjet, and crowd-
ing, and then assigning weight to each of these variables, 
AI can “learn” patterns of producing an exact diagnosis and 
formulating treatment options by studying very large quan-
tity of malocclusions and their outcomes [88]. Contrary to 
a common misconception, machine learning needs a large 
amount of knowledge input and can only learn semi-repeti-
tive and constructed patterns on its own. It lacks perception 
and intuition [89]. Therefore, AI requires the orthodontist’s 

Fig. 1.25  The visualization process is initiated by manual software 
manipulation. Three software are superimposed but not integrated
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Fig. 1.26  3D diagnosis process with feedback allowing clinicians to review and assess the validity of a treatment approach
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knowledge and experience as crucial inputs into the machine 
learning process. AI allows orthodontists to test different 
probable treatment alternatives while using outcomes in a 
feedback mechanism to allow the construct of a deeper and 
more robust learning systems [90]. This new approach or 
back propagation which consists of constantly correcting the 
weights given to variables has the potential to vastly improve 
orthodontic treatment outcomes by allowing large amount of 
data to be gathered, processed, and analyzed [91]. For exam-
ple, an integration of artificial intelligence (AI), and machine 
leaning with large amount of CBCT data may have a poten-
tial to better predict facial growth, and create a more focused 
treatment approach [92]. However, This process still relies 
on the vast knowledge and experience from orthodontists to 
be successful (Fig. 1.27).

1.5	 �Conclusions

In this chapter, a conventional diagnostic process employed 
in orthodontics was reviewed. The process only allows 
clinicians to diagnose malocclusions in a “feed forward” 
direction mostly driven by the operator’s experience and 
treatment philosophy. This approach often lacks scientific 

basis and has mainly led to differences of opinions promot-
ing mechanistic rather than comprehensive approaches to 
treatment. The introduction of the 3D diagnosis has further 
expanded the diagnostic capabilities of orthodontists by 
incorporating CBCT and intraoral scans into their arma-
mentarium. Current technologies allow for the addition of 
considerable diagnostic data acquisitions. However, the 
orthodontic diagnosis process has by and large remained 
unchanged despite these technological advances. An 
entirely new digital diagnosis paradigm with a total inte-
gration of all 3D diagnostic data and the use of AI-machine 
learning is slowly emerging. Neural networks and machine 
learning processes already used by several aligner com-
panies have the potential to improve diagnostic accuracy 
and treatment planning capabilities of orthodontists. These 
advances will be achieved by feeding a large amount of 
diagnostic data into neural networks to formulate prob-
abilities of outcomes based on successful treatment of a 
large number of malocclusions. In the end, orthodontists’ 
knowledge and experience remain very much crucial in this 
process. When combined with specially designed neural 
networks, this digitally driven statistically sound diagnostic 
approach will improve diagnostic and treatment planning 
capabilities for orthodontists (Fig. 1.28).
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Fig. 1.27  (a) Conventional method to store 3D data in the cloud and 
design a treatment plan. (b) Neural network potentially used for orth-
odontic treatment assistance. Data is inputted into the deep learning 
neural network. Analyses are performed and a predicted outcome is 

proposed. The final outcome may be uploaded into the network to 
strengthen the predictions. The neural network also “learns” from the 
outcome of treatment and adjusts the weight of the parameters for a 
given malocclusion
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neural network “learns” to recognize patterns and adjusts the “weights” 
accordingly. These networks can process and correlate vast amount of 
data that may not appear evident to orthodontists. Probable outcomes are 
elaborated allowing orthodontists to make the most appropriate decision
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Use of Dental Photography 
in Orthodontic Diagnosis 
and Treatment Planning

Suzanne Lacombe, Marius Hack, and Shadi Samawi

2.1	 �Introduction

The first recorded photograph was obtained by Joseph 
Niepce around 1827 after an estimated 8-h exposure time 
[1]. In 1839, Louis Jacques Daguerre invented the light sen-
sitive copper plates [2]. In 1888, George Eastman built the 
first camera to use dry films [3]. In 1974, engineers David 
Lewis and Steve Sasson from Kodak contributed to the cre-
ation of the first digital camera prototype and Canon com-
mercialized the first analog electronic camera (RC-701) in 
1986. Since then, photography has evolved tremendously. 
Since it was first used in 1850 to record “before and after” 
surgery photographs, photography in the dental world has 
gained a lot of importance (Fig. 2.1).

Photography has come to occupy a very valuable func-
tion as part of standard orthodontic record-taking [4]. It 
has been said that an image is worth a thousand words 
and in our dental photography world, Glenner and Davis 
(1990) said: “Dental images transcend and supplement 
the written word.” What a poetic way to describe clinical 
dental photography! Photographs provide a faithful 
reproduction of soft and hard tissues and contribute sig-
nificantly to the comprehensive records. They are a great 
help when it comes to communicate effectively with the 
patient or guardian. Photographs strongly support inter-
disciplinary treatment planning and the communication 
among dental professionals. They provide accurate and 
reliable pre-, progress and post-treatment photographic 
records [5]. Clinical photography is deemed effective and 

valuable as much by the accuracy of the information it 
contains as for its significance and reproducibility over 
time [6–8].

Clinical orthodontic photographs are invaluable because 
they:

•	 Deliver a faithful reproduction of facial soft and hard 
tissues.

•	 Allow for effective and valuable communication with the 
patient.

•	 Contribute significantly to obtaining comprehensive 
records.

•	 Support interdisciplinary planning and communication 
among dental professionals.

•	 Provide readily available, accurate and reliable pre-, prog-
ress and post-treatment photographic records.

One cannot emphasize enough the relevance of good 
quality clinical images. Of all the components of dental 
records (radiographs, study models, 3D scans), photography 
is the least invasive and the most visually compelling [5]. As 
no single tool is comprehensive in itself for establishing a 
valid diagnosis, photography adds to the diagnostic arma-
mentarium of the practicing orthodontist [9] (Fig. 2.2).

2.2	 �Components of Digital Dental 
Photography Equipment

•	 “A camera should be part of the standard equipment of 
every dentist” [5, 7].

Digital photographs are now readily available through 
smartphones, tablets, “Point-and-shoot” cameras, DSLR 
cameras, and more recently, mirrorless camera. Clinical 
images are valued as diagnostic instruments, and their sig-
nificant communicative power among patients and dental 
professionals alike is not to be underestimated. To be a useful 
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part of comprehensive orthodontic records, these photo-
graphs must be of high quality, standardized, carefully ana-
lyzed, methodically saved and stored with the confidentiality 
required for medical data [10].

A high-quality dental image must be sharp, bear no dis-
tortion [11] and present correct exposure of the intraoral cav-
ity as well as facial features. It also must render the true 
shades and color of the dentition and the surrounding tissues, 
be exempt of unwanted artifacts, be calibrated, accessible 

and reproducible. At present, these stringent requirements 
can only be met through the use of Digital Single Lens Reflex 
(DSLR) cameras [12, 13] as well as the latest mirrorless 
cameras.

One must keep in mind that, in a busy orthodontic office, 
photographic equipment must be kept simple in its technical 
settings and easy to handle by the staff. The results must 
nonetheless be consistent, predictable, and reproducible 
according to pre-set rigorous protocols.

a b

Fig. 2.1  (a) Close up smile; (b) Smiling face

a b

Fig. 2.2  (a) Dental records: panoramic film, cephalometric film, plaster models; (b) Photographic records
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2.2.1	 �Camera Body

Compact cameras became popular partly because of their 
simplified and automated settings and lower cost. They bear 

the advantage of their small size, lightweight, and ease of use 
among inexperienced operators. Unfortunately, compact 
cameras have limited macro capabilities, moderate image 
quality especially in low light situations and the integrated 
flash is inadequate for close up photography [14, 15].

Throughout the past decade, smartphones have become the 
camera everybody uses [16]. Though easy to take and to share 
through various applications and Wi-Fi, the photographs taken 
by smartphones unfortunately do not yet meet the standards 
needed to be considered good clinical data [17].

It is well accepted in the literature that the single lens reflex 
(DSLR) system and more recently the mirrorless camera (Fig. 
2.3) are most suited for medical photography [7, 18]. DSLR and 
mirrorless cameras are strongly recommended when complete 
control of the photographic procedure is needed as in clinical 
dental photography. Yet it is not necessary to choose the most 
expensive equipment to achieve excellent results (Table 2.1).

2.2.2	 �Lens

Dental photography consists of taking photos of the dentition 
at close range and faces at relatively close range (1.2–1.5 m). 
Choosing the proper lens is of outmost importance in obtain-
ing accurate and reproducible photographs with minimal dis-
tortion [19]. Prime macro lenses ranging from 85 to 105 mm 
allow for excellent intraoral photography as well as extraoral 
photography with the most faithful proportions and the least 
amount of distortion to the subject being photographed 
(Fig. 2.4). These lenses are short and light enough to be used 
without a tripod. Zoom lenses are not recommended as they 
offer little constancy in the magnification, provide limited 
macro-focusing capabilities and are less luminous with the 
images being somewhat less sharp than that of their prime 
lens counterpart (Table 2.2).

2.2.3	 �Flash Unit

Light is the most important factor in photography [20]. A 
very high focal ratio (f-stop) (very small aperture: f / 22 and 
smaller) is needed to get an adequate depth of field and 
achieve sharpness of the entire dentition. This requirement 
commands the use of accessory light units to consistently 
deliver the most adequate amount of light into the oral 
cavity.

2.2.3.1	 �Built-In and Pop-Up Camera Flash
The flash unit incorporated into the camera (above the lens) 
is a single-point flash that is not ideal in dental photography 
because of the large shadows created by its unfavorable 
position right above the lens, resulting in non-uniform light 
distribution over the subject. Unlike the flash integrated to 
the camera body, external flashes are mounted in a manner 

Fig. 2.3  DSLR and mirrorless cameras. From left to right: Canon, Nikon, Sony

Table 2.1  Advantages and disadvantages of DSLR camera in an orth-
odontic setup

Advantages of DSLR camera Disadvantages of DSLR camera
Larger sensors produce better 
quality images

More expensive

Fine control over settings Needs more expertise from the operator
LCD monitor screen for 
immediate review

Heavy

Histogram Higher learning curve
Consistency and 
reproducibility of images

Somewhat intimidating for the 
novice user

2  Use of Dental Photography in Orthodontic Diagnosis and Treatment Planning
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to deliver the best possible uniform and shadowless light-
ing of the oral cavity.

2.2.3.2	 �Ring Flash
The ring flash is a circular flash positioned around the lens. 
This flash system provides an evenly lit subject that removes 
any shadows thus creating a flat image, without depth. 
Easy to use, the ring flash is ideal for surgical, restorative, 
prosthetic photography and orthodontic photography that 
involves the posterior segment areas when shadows are not 
welcome. However, the overjet is poorly registered due to the 
very lack of shadow [8] (Fig. 2.5).

2.2.3.3	 �Dual Point Flash Bracket (With or Without 
Bouncers)

To avoid the loss of image depth caused by the lack of shad-
ows created by the ring flash, twin flash units may be 
mounted and attached to the lens in the same manner as the 
ring flash (Fig. 2.6). The R1 system™ has two or more flash 
units (Fig. 2.6a). The R2 system comes with extendable arms 
for more lateral positioning and direction of the flash units in 
regard to the subject (Fig.  2.6b). Twin flashes help create 
softer shadows that enhance the quality of the portraiture. 

Bouncers, also called flash diffusers, are simple light modi-
fiers that are usually made of white, semi-transparent plastic 
or reflective material and mounted onto the flash to diffuse 
the light of the flash unit. They soften the shadows and 
decrease the reflection from the flash onto the surface of the 
dentition. The R2 system with its extendable arms may cause 
shadows in the posterior segments of the oral cavity if the 
flash units are not positioned correctly. Dual point flashes 
require more manipulation and the outcome varies depend-
ing on the expertise of the operator [8].They are more geared 
towards the professional photographer and may be less suit-
able for the busy orthodontic office (Tables 2.3 and 2.4).

2.2.4	 �Conclusions of the Rationale to Use 
DSLR Cameras, Macro Lenses, 
and External Flashes

To achieve quality clinical dental photography in the dental 
office, a high-quality camera body, a macro lens, and special-
ized flash units suitable for macrophotography must be used 
[20]. The ability and knowledge to set up the camera prop-
erly is also of outmost importance. Once past the initial 
expense, such camera systems will last for many years with-
out the need for upgrading and the initial investment will 
yield consistent results.

Clinical photographs should be downloaded and stored 
ideally into the same software that is used for digital radio-
graphs as part of the comprehensive records (Table 2.5).

2.3	 �Dental Photography Techniques

2.3.1	 �Extraoral Photography

Orthodontic treatments include important esthetic com-
ponents and should incorporate facial photographic 

Fig. 2.4  Different macro lenses used for dental photography. From left to right: Canon™ 100 mm, Nikkor 105 mm™, Sigma 105 mm™, Sony 
MacroG90 mm™, Tamron 90 mm™

Table 2.2  Advantages of a macro lens in dental photography

Advantages of macro lens
Advantages of zoom 
lens

Best image quality Acceptable image 
quality

Adjustable and improved magnification Versatility and 
convenience

Good luminosity Less equipment to carry
Good distance from subject for intraoral 
and extraoral photography

Variable distance

Reproducible picture Variability in 
reproducing picture

Improved sharpness when compared to 
zoom lenses

Not as sharp as prime 
macro lenses
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documentation as well as intraoral photographs. Portraiture 
photography is used in orthodontics for its clinical value. 
Hence, strict protocols must be applied in order to maintain 
quality and reproducibility. To take extraoral portraits of 
the patient, the same camera, lens, and flash units should be 
used as for the intraoral photographs [7]. The camera will be 

positioned vertically in portrait mode. No assistant nor spe-
cial accessories are necessary. When taking extraoral photo-
graphs, the patient is standing up or sitting straight against a 
plain, nonreflective background and the patient/operator dis-
tance must remain constant to ensure consistency and repro-
ducibility in the photos over time [21] (Fig. 2.7).

a

b

c

d

Fig. 2.5  Different ring flash used for digital dental photography. (a) CanonMR14EX; (b) Nikon SB29; (c) Sigma EM140; (d) GodoxML150

a

b

Fig. 2.6  Twin flash units. (a) Nikon with R2 Dual Point Flash Bracket; (b) Nikon4804 R1 wireless twin flash system

2  Use of Dental Photography in Orthodontic Diagnosis and Treatment Planning



26

When a patient presents for orthodontic treatment, a 
series of extraoral photographs are mandated. They include 
but are not limited to a frontal view (repose and smiling), a 
right side oblique (repose and smiling), and right side full 

profile (repose and smiling) (Fig.  2.8). In case of asym-
metry, in preparation for orthognathic surgery or when the 
clinical situation requires it, additional views may be indi-
cated (Fig. 2.9).

When preparing for facial photography, attention must be 
paid to the background and the surrounding lighting. It is 
important to keep the same background over time and main-
tain the same distance between the patient and the operator 
in order to ensure reproducibility and consistency so impor-
tant in clinical photography [22] (Fig. 2.10).

2.3.1.1	 �Most Common Camera Settings 
for Portraiture Photography Used 
in Orthodontics

When the portraits are used for esthetics or marketing pur-
poses, the rules are less stringent and artistic interests may 
prevail as the photographs are taken for a different purpose 
(Table 2.6).

2.3.2	 �Intraoral Photography

In orthodontics, frontal view of the dentition, teeth in occlu-
sion, left- and right-side views with teeth in occlusion, upper 
and lower occlusal views are part of the standard intraoral 
photographic protocol [23]. The patient should be seated in 
the dental chair for comfort and a better control of the 
patient’s positioning (Fig.  2.11). The camera is now posi-
tioned in landscape mode. The position of the lens of the 
camera should be maintained at 90° from the surface of the 
dentition to be photographed.

Table 2.3  Advantages and disadvantages of digital flash photography

The advantages of flash 
photography

The disadvantages of flash 
photography

• � The flash eliminates the camera 
shake (no blurry pictures)

• � The cost of an additional piece 
of equipment plus the batteries

• � The great intensity of light 
allows for the use of small 
apertures needed for sharp 
images of entire dentition

• � Proper setup is necessary to 
avoid blinding the subject with 
overpowered flash light

• � The color balance of the flash is 
that of daylight (white balance 
set to “flash” results in realistic 
color)

• � The added weight of the 
equipment

• � The external flash is compact 
enough and light enough to 
allow for hand-held 
photography

• � The bulkiness of the flash 
system specially the R1 and 
R2 systems may be 
intimidating to the patient

• � It generates compelling pictures • � Operator needs additional 
training

Table 2.4  Flashes used for dental photography

Pop-up flash Ring flash

Speed light flash with 
and/or without 
extensible arms

Inadequate 
intensity and 
direction of 
light

Uniform light Directional light

Harsh and large 
shadows

Shadows are 
eliminated: Flatten 
images—Decreased 3D 
perception in 
portraiture. Eliminate 
overjet

Bouncers soften light 
and deliver softer 
shadows: Ideal for 
portraiture and creative 
photography;
Reduce flash reflection 
on dentition
Better overjet rendering

No control of 
luminosity or 
direction of 
light

Ideal for surgery and 
intraoral cavity

Difficult to avoid 
shadows when used to 
photograph posterior 
areas of the oral cavity

No adjustments 
possible

No adjustments needed Adjustment of arms 
needed according to the 
subject and direction of 
light

Negative space 
(buccal 
corridors)

Eliminates lateral 
negative space

Arm adjustments needed 
to avoid shadows in 
posterior segments of 
the oral cavity

Table 2.5  Pros and cons to using DSLR camera setup for dental 
photography

Advantages of the DSLR equipment
Disadvantages of DSLR 
camera

Excellent image quality
Complete control over light, aperture, 
magnification, color

Needs more expertise from 
the operator

Minimal image distortion with the 
proper lens
May be used for intra- and extraoral 
dental photography

May require assistant’s help

LCD monitor screen for immediate 
review

Heavy and bulky

Histogram Higher learning curve
Consistency and reproducibility of 
images

Somewhat intimidating for 
the novice user

Long-term cost-effectiveness High initial expense
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a b

Fig. 2.7  Position of the operator while obtaining the extraoral photographs. (a) position of operator and camera holding; (b) position of lens to 
subject

a b c d e f

Fig. 2.8  Common poses for extraoral photographs within the content of photographic orthodontic records. (a) front repose; (b) frontal smile; (c) 
oblique repose; (d) repose oblique smile; (e) full profile repose; (f) full profile smile

a b c d e

Fig. 2.9  (a) left side oblique; (b) left side smiling; (c) submental vertical view; (d) right side smiling oblique; (e) right side oblique

2  Use of Dental Photography in Orthodontic Diagnosis and Treatment Planning
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Standard intraoral photographs include frontal view with 
teeth in occlusion and with teeth slightly apart, left and right 
lateral views with teeth in occlusion, and lower and upper 
occlusal views. Additional views may be added according to 
the patient’s clinical condition and orthodontist’s preferences 
(Figs. 2.12 and 2.13).

Intraoral photography requires accessories to retract the 
soft tissues for a clear view of the dentition. Cheek retractors, 
buccal mirrors, and occlusal mirrors are needed as it is not 
always possible to open the mouth to the extent needed to 
obtain the desired clinical photographs (Figs. 2.14 and 2.15 
and Tables 2.7 and 2.8) [7].

2.3.3	 �The Application of Digital Photography 
in Orthodontics

Photography in dentistry provides unique and highly valu-
able diagnostic information. A photograph that illustrates 
and validates the orthodontist’s statement tends to increase 
the trust of the patient towards the dental professional. As the 
value and power of 2D clinical photography rest on the con-
sistency of the views and the reproducibility of the photos, 
easy, simple and efficient protocols are the key to success-
fully implement the best photographic imaging system in the 
dental office. High-quality 2D intraoral and facial digital 

a b c

Fig. 2.10  (a–c) Example illustrating the importance of constant distance between operator and subject for consistent results. (a) Initial record, (b) 
after 12 months, (c) after 30 months

Table 2.6  Required camera settings for good portraiture photography 
in orthodontic records

Camera mode: M (manual) or Av (aperture priority) mode
F values: between f/5.6 and f/11
Shutter speed: 1/125 s (avoid camera shake)
Iso 100–400 (the lowest possible)
White balance: flash (5000–6000 K)
Flash power M: 1/1 or ETTL with flash synchronized speed in Av 
mode
Focus mode: manual with magnification ratio 1:10 or automatic 
focus with pre-set distance between patient and operator

Fig. 2.11  Example of a good patient/operator positioning for intraoral 
photography
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Fig. 2.12  Camera setup and most common intraoral views

f / 5.6 to f / 11

Fig. 2.13  Camera settings and magnification ratio for consistency of the views. These views may be taken either in manual (M) or aperture prior-
ity (Av) mode
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photographs—when associated to virtual 3D models—are 
also very helpful in assisting the orthodontist with the future 
3D positioning of the teeth and gingival tissue contours in 
relation to the surrounding soft tissues, lips, and face.

Patients are increasingly turning to orthodontic treatment 
for its esthetic value and the orthodontic discipline has 
moved from simply aligning the dentition and optimizing the 
skeletal components of the craniofacial aspects to addressing 
the soft tissues balance and overall facial esthetics [24]. 
Today, well-occluding casts and accurate cephalometric 

a b c

Fig. 2.14  (a) Lip retractor; (b) cheek retractors; (c) occlusal and buccal mirrors

How to align images in the view finder
(    ) indicates where to focus

Fig. 2.15  Proper image framing and focusing points

Table 2.7  Intraoral camera and flash settings

Camera setup for intraoral dental photography
Camera mode: manual (M) or aperture priority (Av) mode with 
flash-sync speed in Av mode
Aperture: ƒ/22 to ƒ/32
Shutter speed 1/125 s or according to flash-sync speed of a given 
camera body in Av mode
Iso 100–400 (the lowest possible)
White balance: flash 5000–6000 K
Focus mode: manual magnification ratio 1:3. Automatic focus is not 
recommended as it does not allow to pre-set distance between patient 
and operator for adequate standardization
Flash power: M ¼ or ETTL
Camera positioned in landscape position

Table 2.8  Protocol for patient’s preparation and position for intraoral 
photography

Patient’s and operator preparation and positioning
Patient comfortably seated (ideally in dental chair) for stability and 
ease of operation
Operator standing at the 9 o’clock position from seated patient
Auxiliaries necessary to obtain adequate images of the dentition and 
oral cavity: Retractors, occlusal mirrors, buccal mirrors if using 
indirect view of the buccal left and right lateral sides
The lens should be directed 90° to the surface of the teeth to be 
photographed to avoid any distortion
Saliva ejectors and air syringe will help control the amount of saliva 
on the hard and soft tissues
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measurements are no longer considered to be the only treat-
ment goals for the orthodontist [25].

Dr. Andre Wilson Machado has described the ten com-
mandments of the smile esthetics [26]:

	 1.	 The smile arc
	 2.	 The ratio and symmetry of the upper central incisors
	 3.	 The proportion between the upper anterior teeth
	 4.	 No spacing between the upper anterior teeth
	 5.	 The gingival aspect and exposure
	 6.	 The buccal corridor
	 7.	 The midline
	 8.	 Tooth angulation
	 9.	 Tooth color and shape
	10.	 Lip volume and shape

All ten aspects can readily be assessed with good quality 
clinical photographs and the data utilized to help create a 
treatment plan for obtaining the best esthetic smile for the 
patient.

Since visual impression plays an important role in our 
social environment, the smile enhancement of the patient 
should be given great importance in orthodontic treatment 
planning. Comprehensive clinical observations and record-
taking in the form of clinical photographs and videos are rec-
ommended [27].

2.3.3.1	 �Smile Arc Analysis
The smile arc may be described as the relationship between 
the curve created by the edge of the upper front and side 
teeth to that of the lower lip at smile (Fig. 2.16). It plays an 
important role in determining the esthetic of the smile [27] as 
described by Ackerman [28].The smile arc can be readily 

assessed with 2D photographs and the observations collected 
have a considerable influence on the treatment plan, the 
esthetic outcome of the orthodontic treatment and ultimately, 
the patient’s satisfaction to the treatment performed [29].

The evaluation of the smile is made through the analy-
sis of the midlines, the smile width, the amount of gingiva 
showing, the position of the dentition in regard to the lips, 
the size of the teeth, and the amount of teeth showing at 
rest and when smiling (Fig. 2.17). The assessment of the 
changes during the orthodontic treatment is easily docu-
mented by the use of good 2D clinical photographs taken 
throughout the treatment.

Since we live in a highly visual world and the image that 
we project plays an important role in how we are perceived, 
the smile enhancement aspect of the treatment should be 
given great importance in the treatment planning and achiev-
ing a “balanced” smile is most desirable if the patient is to be 
satisfied [30].

2.3.3.2	 �Digital Smile Design
Digital Smile Design (DSD) is a treatment planning tool 
that uses those 2D photographs, dynamic images from 
short videos and software analysis to help visualize the 
ideal 3D positioning of the dentition in regard to the lips 
and face of the patient. It provides a virtual simulation of 
the outcome and improves communication and understand-
ing for the patient [31].

The digital smile design tool uses eight steps to determine 
the optimal smile arc for a given patient [19].

•	 Assess the facial midline and the horizontal interpupillary 
line

•	 Analyze the shape and position of the smile curve

a c e

b d f

Fig. 2.16  Description of the smile arch. (a, b) Consonant smile; (c, d) flat smile; (e, f) reversed smile
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•	 Determine the interdental width proportion of the upper 
anterior teeth

•	 Note the central incisor width and length proportions
•	 Verify the gingival curve
•	 Evaluate the papillae curve
•	 Trace the vermillion curve
•	 Draw the arch curve

Comprehensive clinical observations combined with 
record-taking in the form of good clinical photographs and 
their analysis are of outmost importance [32].

2.3.3.3	 �Enhancing the Smile with Photographic 
Analysis and 3D Simulations

Digital Smile Design (DSD™) software allows dentists to 
use the latest advancements in technology to achieve 
excellence, improve accuracy, and increase communica-
tion. Patients are encouraged to become active participants 
in their own dental treatment plans, becoming co-design-
ers of their future smiles while being able to communicate 
their needs and wants more effectively with their ortho-
dontist [33].

The Digital Smile Design (DSD™) platform relies on the 
latest digital technologies. Some of the software used for 
dental improvements include but are not limited to iTero™, 
3Shape™, Maestro™, SureSmile™, Onyxceph™, and 
OrthoClear™. Comparing the different technologies and 
providers will help doctors determine which option will help 
them achieve the best results during the course of a given 
treatment.

Digital smile design is much more than just a concept to 
improve the appearance of a smile. With this protocol, ortho-
dontists can achieve more predictable outcomes and provide 

their patients with an unparalleled experience. DSD opti-
mizes precision and efficiency for modern dental practices, 
ensuring more patient satisfaction towards their new and 
improved smiles.

Cone Beam CT
Three-dimensional Cone Beam Computer Tomography 
(CBCT) is making strides in the orthodontic world to 
improve diagnostic and treatment planning capabilities [34]. 
This type of tomography eliminates superimposition of 
structures and adds a third dimension to the views taken of a 
patient, which provides for more accurate diagnosis of dental 
problems and enables providers to come up with enhanced 
diagnostics and improved treatment strategies guided by the 
scan images [35].

With CBCT, it is easier to evaluate the direction and 
amplitude of tooth movement. From a single scan and 
depending on the size of the field of view and resolution 
selected, a coronal, axial, sagittal, panoramic, cephalomet-
ric, cross-sections as well as qualitative soft tissue imaging 
of the patients may be obtained [36]. The radiation dose 
delivered is much lower than that issued with a traditional 
CT scan and can be adjusted in function of the needs of a 
particular patient [34].

Intraoral Scanners
The use of the intraoral scanners has grown rapidly in the last 
few years and is fast becoming standard of care in orthodon-
tics [37]. The process of using an intraoral scanner is simple 
and relatively comfortable for patients. Modern scanning 
machines are more accurate than conventional impressions 
and are more easily manipulated in a CAD software [38]. 
Options in digital scanning include Straumann™, 3Shape™, 

a b c

d

e

Fig. 2.17  Frontal extraoral 
view of the patient’s smile 
with retracted lips (a) and 
without retracted lips (b); 
12:00 o’clock view showing 
the midlines (c), smile curve 
(d), interdental width (e)
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iTero™, Carestream™, Medit™, and many others. The goal 
of these scanners is to create an STL file that will be uploaded 
to a software for “cleaning” and removal of artifacts [39].

From the scans, orthodontists can produce virtual models 
for patients in need of comprehensive treatment such as 
aligner therapy, custom-made appliances or just to simulate 
different treatment modalities.

Many orthodontic practices now use reformatted files 
from intraoral digital scanners to create a more personalized 
treatment plan to address a given malocclusion. The iTero 
and 3Shape scanning systems also provide an outcome simu-
lator that allows the patient to visualize the possible end 
results (Fig. 2.18).

These simulations are software driven and may be altered 
and improved by the orthodontist if needed. They illustrate 
the potential capabilities of intelligent software to use 
machine learning to achieve realistic simulations.

Improved Patient Outcomes
The technological advancements in the orthodontic industry 
have improved outcomes for millions of patients affected by 
malocclusions [40]. With the increase in visualization and 
imagery that more effectively expose the layout, dimensions, 
and dental movements within the oral cavity, orthodontists 
can design and execute more effective and realistic treatment 
plans and assist patients in visualizing the potential results 
and thus participate actively in the choices to be made in line 
with the proposed treatment.

Quality 2D digital photographs combined to 3D simula-
tions allow orthodontists to use the latest advancements in 
technology to achieve excellence, improve accuracy, increase 
communication, and obtain results that will fully satisfy the 
patients [41]. This has allowed patients to become actively 
involved in their own esthetic treatment plans and the elabo-
ration of their future smiles. These new visual tools have 
helped improve patients’ understanding of their dental 
condition and enhance the communication with their orth-
odontic team.

Computer design software combined to adequate 2D 
diagnostic photographs, CBCT, and intraoral scans now pro-
vide new tools to improve patients’ understanding of their 
orthodontic condition, inform them of the possible treatment 
options and enable the visualization of the predicted changes 
in their smile.

Photos of retracted smile can be analyzed, teeth can be 
repositioned and/or reshaped with the use of these smile 
design software, and the final resulting dentition may be 
superimposed over the photo of the social smile to present to 
the patient a realistic simulation of the final results ultimately 
resulting in better understanding and an increased treatment 
outcome predictability [42].

2.3.4	 �Guidelines for the Alignment of Teeth 
in 3D Design, Starting from 2D Design

“If the esthetic parameter is not the one that will ensure the 
longevity of treatment, it remains the only criterion on which 
our patient can judge the quality of the work performed, 
making it an integral part of therapeutic success” [43].

Optimal facial esthetics is the result of the sum of all the 
esthetic components of the facial segments and their adjacent 
structures. Dental esthetics is only one aspect of the more 
inclusive facial esthetics [44].

Smile esthetics is an integral part of facial esthetics and is 
considered the most significant one when it comes to the 
establishment of optimum facial esthetics [45]. Basically, in 
designing smiles, one must consider the intimate compo-
nents close to the teeth, the gums, the interdental papilla, the 
texture of the teeth, as well as the comprehensive compo-
nents of the whole facial features, the position, dimensions, 
proportions, and the shape of the face and its segments [46].

The ultimate judge of the result of the orthodontic treat-
ment is the patient. From the patient’s perspective, the treat-
ment will be assessed from a facial point of view with a 
forced smile representing the macroesthetics aspect of the 
treatment. The patient will then analyze the details of the 
dental arrangement in relation to the facial features (minies-
thetics) and will complete his evaluation with the examina-
tion on the minute details of the dental arrangement 
(microesthetics) [47, 48].

All this information may be obtained and analyzed with 
the help of high-resolution portrait pictures of the patient 
either smiling or at rest. When taken separately, similarly to 
a puzzle, the different orthodontic elements that consist of 
the dental shape, color, and positioning, transmit nothing 
esthetically. Put together, they provide a complete picture 
(Figs. 2.19 and 2.20). It is quite difficult for the orthodontist 
to get an accurate representation about the final image when 
the pieces are scattered, and their rearrangement is arduous 
without the support of reference points.

Fig. 2.18  Digital simulation of an intraoral scan using the iTero 
system
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2.3.4.1	 �Guiding the Esthetic Plan Using 
Specialized Algorithms

Designing optimal dental esthetics requires a complete set of 
data and not just a set of models and cephalometric and pan-
oramic radiographs.

The initial set of data studied consists of the series of 
portraiture photographs (rest, smiling, oblique 45°, pro-
file) as they provide a lot of information about the posi-
tioning of the dentition in relation to the facial features. 
They also help establish constructive communication with 
the patients to better understand their expectations of the 
treatment.

The information present in the pictures can be immedi-
ately assessed. Once the photos are imported into special-
ized computer software, these images can be studied in a 
more systematic manner. This type of software is pro-

grammed to analyze the patient’s esthetic parameters and 
provide a mathematical analysis such as the golden pro-
portions [49] and several other analyses to quantify the 
changes needed to obtain the most esthetically appealing 
results (digital smile design or others). The dental software 
assists the orthodontist in defining esthetic goals and 
allows for simulations of multiple options before even ini-
tiating treatment. Several options can be tested in a con-
trolled environment and introduced to the patient for 
evaluation.

Depending on the imaging software selected, the func-
tions will either automatically or manually identify 
predefined points of the face and report on their interrela-
tionship. Euclidian coordinates are used to decide on the 
desired amount of alteration to obtain the maximum esthetic 
benefits. Once accepted by the orthodontist and the patient, 

Fig. 2.19  (Upper row) Images were taken separately and each component of the facial entity provides no esthetic clue. (Lower row) Images were 
put together and an esthetic assessment becomes possible

Fig. 2.20  Facial components 
united with correction 
guidance
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the result will be incorporated into the treatment planning 
of the case and the modified portrait pictures of the patient 
uploaded into the software.

2.3.4.2	 �Facial Planning Through DSD Software
Specific markers are placed on the facial photograph. The 
first parameter to consider is establishing the facial symme-
try. A first horizontal reference facial axis is drawn by link-
ing the center of the ocular pupils. A parallel line on the 
lower third part of the face will determine the horizontal axis 
of the opening of the mouth. A perpendicular line is drawn 
from the middle of that horizontal line and will determine the 
vertical axis (Fig. 2.21).

2.3.4.3	 �Alignment of the Upper Anterior Teeth 
Without the Markers Provided by 
the Software

The orthodontist classically evaluates the esthetic require-
ments of the patient by using direct visualization of the 
face. The frontal positioning of the dentition is analyzed 
first by determining the midlines. This median line is 
related and compared to the philtrum and to the vertical 
axis of the face. Corrections are noted and this imaginary 
axis is now used to align the edges of the anterior teeth in 
relation to the imaginary horizontal axis of the face. With 
this method, the alignment of the dentition from a frontal 
perspective is determined by the facial esthetic require-

ments and not by dental casts or arbitrary cephalometric 
measurements.

The analysis of the panoramic radiograph, the lateral cepha-
lometric radiograph, and study models can only assist margin-
ally in the design of the smile in relation to the facial features as 
they are not linked to the patient’s facial symmetry lines [50]. 
Using an antero-posterior (AP) cephalometric radiograph could 
also be considered to determine the facial axis by identifying 
left and right cranial reference points. However, this method 
does not take into account the soft tissues and the smile lines, 
which play a very important role in the making of the facial 
esthetics and thus, the results may not be fully predictable [51].

2.3.4.4	 �The Orthodontic Digital Alignment
This 3D digital design technique uses intraoral scans and 
imports them into a tooth-moving software such as 
Invisalign™, SureSmile™, Maestro™, OnyxCeph™, and 
others. At the moment, only the dental occlusion and the 
intra-arch relationship of the teeth are available to the ortho-
dontist to design the future smile of the patient.

This type of software does not take into consideration 
the facial features and reference lines such as the facial 
axis, the lip line and curvature and the dental smile curve. 
Consequently, the simulation for the new alignment of the 
teeth is done exclusively at the level of the dental arches 
without any consideration for the pre and post 3D position-
ing of the dentition in the craniofacial structures.

a b

c d

Fig. 2.21  Facial planning and alignment. (a) Facial axis drawn by markers; (b) smile arc design; (c) symmetrical axis of the pupils; (d) 
uprighting
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The referencing of the dentition is done following the 
instructions of the orthodontist with only minimal informa-
tion on the final positioning of the dentition in the craniofa-
cial structures. It is based on a trial and error process in a 
feed forward process [52] and not in the predictive manner 
that 3D digital planning is capable of delivering.

2.3.4.5	 �Planning Miniesthetics Using Digital 
Smile Design

Using specialized software, a digital design of the smile is elab-
orated by the orthodontist [33]. The input necessary for the 
design is extracted from 2D facial and intraoral photographs. 
By moving the different elements, a 2D simulation of the nec-
essary movements is obtained which will help with the planned 
orthodontic treatment. This simple tool allows for a readily 
available simulation in the presence of the patient to visualize 
and better understand the course of the treatment (Fig. 2.22).

The smile design concept utilized in orthodontics uses the 
portrait pictures in various positions: smile, laughter, with 
labial retractors in place and vestibular intraoral photograph.

2.3.5	 �Converting 2D Images into 3D Digital 
Models

This digital smile design template of a 2D image is first 
transformed into a (pseudo) 3D design using only the frontal 
picture taken with the cheek retractors. Free software such as 
DSD CONNECT, G DESIGN, or equivalent maybe used for 
this procedure (Fig. 2.23).

The principle behind the transfer of information from a 
2D image into a 3D digital design is based on:

•	 Overlapping the 2D image from the DSD design informa-
tion over the 3D digital model, while the transparency is 
being modified.

•	 The superimposing and recalibrating of the 2D image 
within the 3D arch.

•	 Stitching the information obtained from the 2D design 
over the 3D model. The stitching will help guide the 
movements of the 3D design according to the 2D infor-
mation provided.

a b c
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Fig. 2.22  (a) unretracted smile; (b) retracted smile arc; (c) retracted 
smile arc corrected; (d) initial uncorrected smile arc; (e) superimposi-
tion of initial and corrected smile arcs; (f) corrected smile arc outline; 

(g) corrected smile arc without outline; (h, i) retracted initial and cor-
rected frontal view with outlines; (j, k) retracted initial and corrected 
frontal views without outlines
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The software is designed in two parts. The first one is a 
summary simulation of the movements to showcase the final 
results for the patient and to suggest to the orthodontist some 
directions to treatment plan the case. The second step 
involves more elaborate treatment simulations and uses 3D 
software to refine and plan the case in a more robust and 
structured setting.

2.3.5.1	 �Digital Guidance Using Transfer Software
This software transfers all the information about the initial 
2D design, simulated and approved by the patient, over the 
3D model obtained either by intraoral or lab-bench scanning. 

The first step is to export the facial axis and teeth contours 
from the initial position and the approved simulation. Once 
the images have been imported into the software, they are 
calibrated over the 3D model and the repositioning is guided 
in the 3D orthodontic design. This information, alongside 
with the information obtained from the 2D design, is then 
imported in the 3D software which will transpose the data to 
3D modeling algorithms (Fig. 2.24).

Using artificial intelligence and machine learning, the 
software will provide the most accurate digital orthodontic 
positioning of the dentition to obtain the most esthetically 
appropriate smile. Any tooth positioning software may be 

Fig. 2.23  Photographs and DSD drawings

a b c
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Fig. 2.24  (a-f) Example of a simple method for using the initial 2D design that was simulated and approved by the patient to calibrate and orient 
the 3D model

2  Use of Dental Photography in Orthodontic Diagnosis and Treatment Planning



38

used such as Invisalign™, Clear Correct™, 3Shape™, 
Maestro™, SureSmile™, or others as the described 3D soft-
ware is an add-on to the tooth-moving software (Fig. 2.25).

This software-assisted transfer system facilitates and 
speeds up the 3D design. The software automatically pro-
cesses the picture, providing the necessary information for 
an accurate 3D design, the facial axis, the incisal curve, and 
the portrait picture repositioned for simulation (Fig. 2.26). 
Thus, 3D design will be easier, faster, and more secure, and 
the results will reflect more accurately the simulation 
approved by the patient.

Modern software such as DSD, with its simple and fast 
application, can automatically identify the required facial 
points and apply by default, the facial axis and the incisal curve 
(Fig. 2.27). The basic and essential information for the future 
design of the smile following the principles of facial esthetics is 
fully automated and can thus be delegated to a staff member.

The information obtained by the 2D software is auto-
matically calibrated and transferred by overlapping over the 
3D rendering obtained from the intraoral scan (Figs. 2.28 
and 2.29). A stitching process allows the software to moni-
tor movements and simulations in real time, whether in 

Fig. 2.25  Photo axis contour, before and after simulation

Fig. 2.26  Software repositioning of the dentition according to predetermined position obtained by 2D photographic analysis
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Invisalign’s software, or any other 3D Design software 
(CEREC™, Exocad™, 3Shape™, InLab™, etc.)

The 3D software (G Design) will then help verify whether 
the proposals for the future positioning of the teeth actually 
respect the parameters set by the initial smile design software. 
If not, then with the use of a simple “Print Screen” function, 
the simulation team can be instructed to review the setup in 
order to follow the specifications of the orthodontist.

The final position of the dentition is guided by the facial 
information, the expectations of the patient, in addition to the 
dental CAD-CAM design. The software, using the facial axis, 
smile line and soft tissue relationship, contributes significantly 
to the design of the future dental alignment and makes the 
results more predictable. The portrait picture on which the facial 
information has been processed can be captured using the print 
screen function of the software and forwarded to the processing 
team. This picture will give all the information needed for the 
transfer of facial axis onto the 3D model (Fig. 2.30).

2.3.6	 �Monitoring Treatment Results Using 
DSD Connect/G Design

The simulation software can also be used to monitor the 
intermediate stages of treatment and evaluate the final treat-Fig. 2.27  (Upper image) line between pupils; (lower image) lower 

third plan and midline

Fig. 2.28  Simulation verification

Fig. 2.29  Calibration and verification of the axis
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ment results (Fig. 2.31). Being proactive facilitates a better 
collaboration between the patients and the dental care pro-
vider which results in a more predictable outcome that will 
satisfy both the practitioner and the patient. The patient may 
concretely witness the planning, the evolution, and the results 
as initially agreed upon by both parties.

In our modern competitive society, a charming smile can 
open doors and knock down barriers that stand between us and 

a fuller, richer life. It must be understood that there is no univer-
sal “ideal” smile. The most important esthetic goal in orthodon-
tics is to achieve a “balanced” smile. The components of the 
smile should be considered not as rigid boundaries but as artis-
tic guidelines to help the orthodontist treat individual patients. 
It is important for orthodontists to make every effort to develop 
a harmonious balance that will produce the most attractive 
smile possible for each patient being treated [30].

a b

c d

Fig. 2.30  (a) capture of 2D facial photograph; (b) transfer of information to technical team; (c) establishing treatment protocol; (d) in mouth 
monitoring

a b c

d e f

Fig. 2.31  (a) Portrait; (b) automatic application of the axis; (c, d) verification after procedure; (e, f) assessment of final results
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2.4	 �Conclusions

Clinical photographs are easily acquired by non-invasive 
methods, are readily available and relatively inexpensive to 
obtain and store.

A single photograph may have multiple uses as part of:

–– The orthodontic examination, diagnosis, and treatment 
planning process

–– Recording of the pre-treatment condition
–– Monitoring progress records
–– Communication with patient, staff and colleagues, dental 

technicians, academia
–– Legal documentation
–– Self-evaluation
–– Marketing tool
–– Publishing and education

Photographs allow the patient to visualize his or her orth-
odontic condition, treatment planning and outcome in a way 
that is accessible to all [53].

Good clinical photographs are very useful tools to the 
practitioner to assess, study, and plan the orthodontic treat-
ment as they offer the most realistic representation of the 
patient’s condition.

Adequate clinical images are not only informative nor are 
they solely used as a marketing tool. They provide the ortho-
dontist with an ethical tool to educate their patients and lead 
them to a more proactive role in their decision towards their 
orthodontic treatment outcome. A photograph that illustrates 
and validates the orthodontist’s statement tends to increase 
the trust of the patient towards him.

With photographic equipment becoming more and more 
efficient and less and less expensive, it is hard to imagine not 
incorporating clinical dental photography into everyday 
orthodontic practice.

References

	1.	 Gernsheim H. A concise history of photography. North Chelmsford: 
Courier Corporation; 1986.

	2.	 Barger MS. Bibliography of photographic processes in use before 
1880. Their materials, processing, and conservation; 1980.

	3.	 Jenkins RV. Technology and the market: George Eastman and the 
origins of mass amateur photography. Technol Cult. 1975;16(1): 
1–19.

	4.	 Neshangi S. Fundamentals of digital photography in dentistry. 
IJOCR. 2014;2(1):18–20.

	5.	 Mladenović D, Mladenović L, Mladenović S. Importance of digi-
tal dental photography in the practice of dentistry. Acta Facultatis 
Medicae Naissensis. 2010;27(2):76.

	6.	 Sheridan P.  Practical aspects of clinical photography: part 2—
data management, ethics and quality control. ANZ J Surg. 
2013;83(4):293–5.

	7.	 Bengel W.  Mastering digital dental photography. New Malden: 
Quintessence; 2006.

	 8.	Wander P, Ireland R.  Dental photography in record keeping and 
litigation. Br Dent J. 2014;217(3):133–7.

	 9.	Ahmad I. Digital dental photography. Part 1: an overview. Br Dent 
J. 2009;206(8):403.

	10.	Desai V, Bumb D.  Digital dental photography: a contemporary 
revolution. Int J Clin Pediatr Dent. 2013;6(3):193.

	11.	Schoenbaum T. Digital photography enhances diagnostics, commu-
nication, and documentation. Compend Contin Educ Dent. 2011;32 
Spec No 4:36–8.

	12.	Ahmad I. Digital dental photography. Part 4: choosing a camera. Br 
Dent J. 2009;206(11):575.

	13.	Shorey R, Moore K. Clinical digital photography: implementation 
of clinical photography for everyday practice. J Calif Dent Assoc. 
2009;37(3):179–83.

	14.	Terry DA, Snow SR, McLaren EA. CE 1-contemporary dental pho-
tography: selection and application. Compendium. 2008;29(8):432.

	15.	Hodson NA. Clinical photography in esthetic dentistry. In: Levine 
JB, editor. Smile design integrating esthetics and function: essen-
tials in esthetic dentistry, vol. 2: Elsevier; 2016. p. 89.

	16.	Antar F, Zebouni E. Comparative review of DSLR cameras and 
smartphones in dental photography: indications and limitations. Int 
Arab J Dent. 2018;9(3).

	17.	Patussi EG, Poltronieri BCG, Ottoni R, Bervian J, Lisboa C, 
Corazza PH.  Comparisons between photographic equipment for 
dental use: DSLR cameras vs. smartphones. Revista da Faculdade 
de Odontologia-UPF. 2019;24(2):198–203.

	18.	Hammond BD, Romero MF, Haddock FJ. Digital dental photog-
raphy, a picture is worth a thousand words, part 1. Dent Assist. 
2016;85(2):6.

	19.	Muts E-J, Feraru M, Bichacho N. Dental visualization—a practical 
approach to digital photography and workflow. Tandartspraktijk. 
2018;39(9):49.

	20.	Sheridan P. Practical aspects of clinical photography: part 1—prin-
ciples, equipment and technique. ANZ J Surg. 2013;83(3):188–91.

	21.	Prakash A. Clinical photography in orthodontics—a diagnostic aid. 
Indian J Multidiscip Dent. 2012;3(1):627–32.

	22.	Claman L, Patton D, Rashid R.  Standardized portrait pho-
tography for dental patients. Am J Orthod Dentofac Orthop. 
1990;98(3):197–205.

	23.	Loiacono P, Pascoletti L. Photography in dentistry: theory and tech-
niques in modern documentation. Milan: Quintessenza Edizioni; 
2012.

	24.	Akyalcin S, Frels LK, English JD, Laman S.  Analysis of smile 
esthetics in American Board of Orthodontic patients. Angle Orthod. 
2014;84(3):486–91.

	25.	Passia N, Blatz M, Strub JR. Is the smile line a valid parameter 
for esthetic evaluation? A systematic literature review. Eur J Esthet 
Dent. 2011;6(3):314–27.

	26.	Machado AW. 10 commandments of smile esthetics. Dent Press J 
Orthod. 2014;19(4):136–57.

	27.	Sarver DM.  The importance of incisor positioning in the 
esthetic smile: the smile arc. Am J Orthod Dentofac Orthop. 
2001;120(2):98–111.

	28.	Ackerman MB, Ackerman JL.  Smile analysis and design in the 
digital era. J Clin Orthod. 2002;36(4):221–36.

	29.	Krishnan V, Daniel ST, Lazar D, Asok A. Characterization of posed 
smile by using visual analog scale, smile arc, buccal corridor mea-
sures, and modified smile index. Am J Orthod Dentofac Orthop. 
2008;133(4):515–23.

	30.	Manjula W, Sukumar M, Kishorekumar S, Gnanashanmugam 
K, Mahalakshmi K.  Smile: a review. J Pharm Bioallied Sci. 
2015;7(Suppl 1):S271.

	31.	Charavet C, Bernard J-C, Gaillard C, Le Gall M. Benefits of digi-
tal smile design (DSD) in the conception of a complex orthodon-

2  Use of Dental Photography in Orthodontic Diagnosis and Treatment Planning



42

tic treatment plan: a case report-proof of concept. Int Orthod. 
2019;17(3):573–9.

	32.	Zanardi PR, Zanardi RLR, Stegun RC, Sesma N, Costa B-N, 
Laganá DC. The use of the digital smile design concept as an aux-
iliary tool in aesthetic rehabilitation: a case report. Open Dent J. 
2016;10:28.

	33.	Jafri Z, Ahmad N, Sawai M, Sultan N, Bhardwaj A. Digital Smile 
Design-An innovative tool in aesthetic dentistry. J Oral Biol 
Craniofac Res. 2020;10(2):194–8.

	34.	Kapila S, Nervina J. CBCT in orthodontics: assessment of treat-
ment outcomes and indications for its use. Dentomaxillofac Radiol. 
2015;44(1):20140282.

	35.	Agrawal JM, Agrawal MS, Nanjannawar LG, Parushetti AD. CBCT 
in orthodontics: the wave of future. J Contemp Dent Pract. 
2013;14(1):153.

	36.	Machado GL. CBCT imaging—a boon to orthodontics. Saudi Dent 
J. 2015;27(1):12.

	37.	Kravitz ND, Groth C, Jones PE, Graham JW, Redmond WR. 
Intraoral digital scanners. J Clin Orthod. 2014;48(6):337–47.

	38.	Baheti M, Soni U, Gharat N, Mahagaonkar P, Khokhani R, Dash 
S.  Intra-oral scanners: a new eye in dentistry. Aust J Orthop 
Rheumatol. 2015;2(3):1021.

	39.	Kravitz ND, Groth C, Shannon T. CAD/CAM software for three-
dimensional printing. J Clin Orthod. 2018;52(1):22–7.

	40.	Larson BE, Vaubel CJ, Grünheid T.  Effectiveness of computer-
assisted orthodontic treatment technology to achieve predicted out-
comes. Angle Orthod. 2013;83(4):557–62.

	41.	Coachman C, Calamita MA, Sesma N.  Dynamic documentation 
of the smile and the 2D/3D digital smile design process. Int J 
Periodontics Restorative Dent. 2017;37(2):183–93.

	42.	Omar D, Duarte C. The application of parameters for comprehen-
sive smile esthetics by digital smile design programs: a review of 
literature. Saudi Dent J. 2018;30(1):7–12.

	43.	Finelle G.  Digital smile design in interdisciplinary and orth-
odontic dental treatment planning. J Dentofac Anomal Orthod. 
2017;20(3):303.

	44.	Nold SL, Horvath S, Stampf S, Blatz M. Analysis of select facial 
and dental esthetic parameters. Int J Periodontics Restorative Dent. 
2014;34(5):623–9.

	45.	Mack MR. Perspective of facial esthetics in dental treatment plan-
ning. J Prosthet Dent. 1996;75(2):169–76.

	46.	Sarver DM. Orthodontics & esthetic dentistry: mission possible! A 
broader approach to interdisciplinary esthetic treatment. J Cosmet 
Dent. 2016;31(4):14–26.

	47.	Sarver D.  Facial considerations: an orthodontic perspective. In: 
Ronald E Goldstein’s esthetics in dentistry; 2018, p. 1050–83.

	48.	McLaren EA, Garber DA, Figueira J. The photoshop smile design 
technique (part 1): digital dental photography. Compend Contin 
Educ Dent. 2013;34(10):772–4.

	49.	Levin EI.  Dental esthetics and the golden proportion. J Prosthet 
Dent. 1978;40(3):244–52.

	50.	Schabel BJ, McNamara JA Jr, Baccetti T, Franchi L, Jamieson 
SA. The relationship between posttreatment smile esthetics and the 
ABO objective grading system. Angle Orthod. 2008;78(4):579–84.

	51.	Arnett GW, Bergman RT.  Facial keys to orthodontic diagnosis 
and treatment planning. Part I.  Am J Orthod Dentofac Orthop. 
1993;103(4):299–312.

	52.	Lal S, Behera SK, Sethy PK, Rath AK, editors. Identification and 
counting of mature apple fruit based on BP feed forward neural net-
work. In: 2017 Third International Conference on Sensing, Signal 
Processing and Security (ICSSS), IEEE; 2017.

	53.	Sandler J, Murray A. Clinical photography in an orthodontic prac-
tice environment part 1. Orthod Update. 2010;3(3):70–5.

S. Lacombe et al.



43© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
J.-M. Retrouvey, M.-N. Abdallah (eds.), 3D Diagnosis and Treatment Planning in Orthodontics, 
https://doi.org/10.1007/978-3-030-57223-5_3

3D Radiographic Assessment of Dental 
Anomalies and Management

Emad Eddin Alzoubi, Juliana No-Cortes,  
Reinaldo Abdala-Junior,  
and Arthur Rodriguez Gonzalez Cortes

3.1	 �Introduction

Cone beam computed tomography (CBCT) is the radio-
graphic examination of choice when two-dimensional (2D) 
plain films fail to define diagnosis. CBCT has been used in 
several scenarios in orthodontics including diagnosis for 
cleft palate, impacted teeth, supernumerary tooth, resorpted 
roots and other pathological findings. In this context, a num-
ber of authors reported incidental findings that might require 
long-term follow-up; however, other situations mandate the 
alteration of orthodontic treatment planning.

SEDENTEX guidelines divided the CBCT view accord-
ing to the field of view (FOV) size, FOV above 10 cm (cra-
niofacial region), and small or medium FOV below 10 cm 
(dentoalveolar region) [1].

Although CBCT is recognized as a very powerful tool 
for diagnosis and treatment planning, it should be used 
cautiously within the radiation guidelines that facilitate the 
judgment of when an orthodontist should use the CBCT 
technology [1, 2].

Among the most important use of CBCT in orthodontics 
is the impaction of a tooth, which is the retardation of the 
normal physiological process of eruption, keeping the tooth 
secured in the alveolus. Therefore, impaction was defined 
as the process “when the tooth is embedded in the alveolus, 
and eruption is impeded as it is locked in position by bone 
or adjacent teeth” [3]. The canine and third molars are the 
most common impacted teeth and can present varying chal-
lenges in their management [4]. Tooth impaction can be 
divided into localized and generalized etiological factors 
(Table 3.1).

3.2	 �Maxillary Impacted Canine

3.2.1	 �Development and Eruption Pathway 
of Maxillary Canine

Prior to discussing the impactions related to the maxillary 
canine, it is pertinent to discuss the development and erup-
tion pathway of the maxillary canine. This is crucial to 
understand since the canine’s path of the eruption presents 
differences from other teeth. The calcification of the perma-
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Table 3.1  Etiology of tooth impaction

Impacted tooth
Systemic factors Local factors
Endocrine and nutrition:
• � Growth disorders
• � Vitamin D deficiency

Trauma to deciduous teeth that 
displaced the permanent bud
Dilacerated teeth
Retained deciduous teeth
Fibrous teeth
Supernumerary teeth
Thick fibrous tissue that leads to 
tooth impaction
Premature loss of deciduous 
dentition
Arch length deficiency

Syndromes:
• � Familial gingival fibromatosis
• � Cleidocranial dysostosis
Non-syndromic
• � Multiple supernumeraries and 

impacted teeth
• � Familial history of impaction 

such as canine
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nent canine commences at 12 months of age and is initially 
located between the roots of the first deciduous molar. It 
therefore will be at the proximity of permanent first premolar 
roots and the first deciduous molar. Following the eruption of 
the first deciduous molar the permanent canine and incisor 
will move more anteriorly. At the age of 7 years, the crown 
of permanent canine is medial to the root of deciduous 
canine. At the age of 8 and 10 years old, the canine drift buc-
cally and repositions distal to the lateral incisor root tip. 
During the so-called “ugly duckling stage” (8–12 years of 
age), the permanent canine crown contributes to the creation 
of space in the anterior teeth but as long as it begins to erupt 
the lateral incisors start to shift to a more upright position. It 
is a fact that the upper maxillary canine has a long and non-
linear path of eruption. This long and arduous path of erup-
tion contributes directly to the maxillary canine’s eruption 
abnormalities.

3.2.2	 �Etiology of Maxillary Canine Impaction

The etiology of the impacted canines is considered to be mul-
tifactorial in origin such as the presence of pathologies, which 
include supernumeraries, odontomas, cysts, delayed exfolia-
tion of the deciduous canine, ankyloses, syndromes, e.g., 
Cleidocranial dysplasia, as well as the long path of eruption as 
explained previously. The two most agreed theories of canine 
impaction are the Canine guidance theory and the Genetic 
theory [5–7]. The canine guidance theory states that the canine 
displacement is the result of local predisposing factors such as 
missing lateral incisor, odontoma, supernumerary teeth, and 
transposition that interfere with the canine path of eruption 
[5]. However, Peck doubted this theory and alternatively intro-
duced the genetic theory, which states that maxillary canine 
impaction often presents with other dental abnormalities such 
as tooth size, shape, number and structure of teeth. All of these 
abnormalities have genetic predisposing factors [8]. Indeed, 
up to 33% of maxillary impacted canine cases are reported to 
have 5–9 times more hypodontia than that of the general popu-
lation [8]. The authors confirmed that 48% of impacted canine 
cases have an associated peg or diminutive lateral incisor or 
missing lateral incisor [9]. Patients with impacted canines tend 
to have hypodontia approximately 2.4 times more than the 
general population [7]. Evidence is unclear whether one the-
ory is more accurate than the other; however, many authors 
agree that impacted canine can result from a combination of 
both theories.

3.2.3	 �Palatal Versus Labial Impaction

Impacted canines are located palataly in 85% of cases whereas 
the remaining 15% present labially [10]. Unilateral impaction 
is more common than bilateral impaction, with the latter ocur-

ring in 8% of cases [3]. Furthermore, the incidence of palatal 
impaction is five times more common in Caucasians in com-
parison to Asians [11]. There is also gender predilection for 
females in comparison to males with a ratio of 2.3:1 [12].

3.2.4	 �Radiographic Assessment

CBCT has been used in daily practice in cases where three-
dimensional (3D) imaging of oral cavity and craniofacial 
structures is required. CBCT is used for specific orthodontic 
diagnosis, as well as the evaluation of the temporomandibu-
lar joint (TMJ), which will be specifically discussed further 
in Chap. 7. Incidental findings might be initially discovered 
with conventional radiography (2D), which offers a 2D view 
of a 3D structure and therefore is usually not accurate enough 
for diagnosis and treatment planning. For this reason, the cli-
nician might seek to visualize the structures in 3D with 
CBCT to perform a volumetric analysis and plan the treat-
ment with confidence.

Although one can observe asymmetry on palpation from 
the age of 8 years during clinical examination, only at a later 
age, from 10 years and above, a lack of positive palpation 
will be considered abnormal [13]. It is suggested that a radio-
graphic view assesses the status of the unerupted canine. 
Kurol and Ericsson suggest that the periapical view is satis-
factory to visualize the canine. However, localizing the 
canine position using the parallax technique (Clark’s) was 
advocated with two periapical views [13]. Parallax radio-
graphic technique depends on a simple concept wherein if 
the object moves to the same direction of the x-ray cylinder, 
this indicates that the object is lingually positioned. However, 
horizontal parallax showed higher sensitivity in locating the 
canines (88%) in comparison to the vertical parallax (69%) 
[13, 14].

Due to sensitivity and accuracy issues with conventional 
radiography and the significant margins of error, CBCT is 
considered nowadays as the golden standard imaging tech-
nique. Kurol and Ericsson in 2000 reported that 2D view 
radiology showed moderate sensitivity in the detection of 
root resorption in anterior maxilla because plain radiographs 
cause superimposition of the incisor roots and the crown of 
the impacted canine. On the other hand, CBCT showed 50% 
more resorption [15]. Similarly, a previous study reported 
that Dental PantamoTomography (DPT) is a poor tool to 
assess the anterior teeth root forms, and six supernumeraries 
were missed. In addition, the DPT showed 45% sensitivity 
which indicates that this view presents vast limitations [16]. 
Ideally radiographs are required to view the impacted canines 
in three dimensions (vertical, mesiodistal, and buccopalatal). 
The impacted canines’ orientation to the midline and adja-
cent teeth should be viewed to evaluate resorption.

Kurol and Ericson showed that in cases of impacted canines 
the presence of resorption of the lateral and central incisors was 
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38% and 9%, respectively [15]. Similarly, Walker and cowork-
ers concluded that resorption rate was 67% and 11% for lateral 
incisor and central incisor, respectively [17]. The fact that the 
impacted canine overlap the adjacent lateral minimizes the 
visual sensitivity to detect resorption. This shortcoming 
depends on the type of imaging that was used. In 45% of the 
cases, the crown of the impacted canine will superimpose the 
lateral incisor root, which makes it very difficult to make an 
appropriate diagnosis [13]. Computed tomography can over-
come the limitation of conventional imaging. It was reported 
that the resorption rate is approximately 12% when DPT was 
used, but this proved to be wrong when Kurol and Ericson in 
2000 conducted a study using CBCT to assess the rate of 
resorption of lateral incisors associated with impacted canines. 
The percentage of resorption spiked up to 50% [15]. It is 
reported that the 3D imaging technique is superior over 2D, 
which showed a low to moderate sensitivity of 0.71% [18].

Therefore CBCT technology is a superior method to 
locate impacted canines accurately and minimize the 
invasiveness of any surgical intervention [19]. Cysts, 
internal resorption of the impacted tooth, external respor-
tion of impacted adjacent teeth and migration of teeth can 
result as sequelae of impacted canine [7]. It was reported 
that females above 14 years with impacted canines more 
than 25° to midline have a higher risk of adjacent tooth 
resorption [13].

The following factors are used to assess the impacted 
canine prognosis [20, 21]:

	1.	 Canine angulation to the midline (Fig. 3.1)
	2.	 The vertical height of the canine crown
	3.	 Anteroposterior position of the canine root apex (Fig. 3.2)
	4.	 Canine crown overlap of the adjacent incisor
	5.	 Root resorption of adjacent incisor
	6.	 Labio-palatal position of the canine crown
	7.	 Labio-palatal position of the canine apex

A canine that is angulated more toward the midline tends 
to show a poor prognosis of a future eruption. Angulation of 
0–15° predicts a good prognosis, angulation of 16–30° an 
average prognosis, and angulation of 31° or more a poor 
prognosis (Fig. 3.1) [13, 22]. Impacted canine at the level of 
the cervical zone of adjacent tooth tend to show very good 
prognosis; however, an impacted canine positioned at the 
mid root level of the adjacent tooth or higher tend to show 
very poor prognosis [20] (Fig.  3.2). Furthermore, labio-
palatal position of the crown can be a detrimental factor, for 
instance, if the crown is buccally positioned. In these cases, 
the extraction risk will be higher due to complications with 
keratinized mucosa [21].

Anteroposterior position of the root tip is a very important 
prognostic factor. If the root tip of the impacted canine is in 
its original place or positioned slightly distally from the first 
premolar, the prognostic is very good (Fig. 3.3).

θ

θ

Fig. 3.1  The angulation of canine to the midline

4

3

2

1

Fig. 3.2  The height of canine vertically

Fig. 3.3  The anteroposterior position of the impacted canine root tip, 
zone 1: Above the canine region; zone 2: Above the upper first premolar 
region; Zone 3: Above the upper second premolar regions
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DPT has proven to be unreliable to visualize the anterior 
maxillary teeth due to the palate superimposition with the 
root tips of maxillary teeth. Also, the small focal trough that 
prone to patients positioning error which directs the clinician 
toward CBCT to overcome such problems (Fig.  3.4). 
Clinicians can easily judge the position of the impacted 
canine in comparison to the midline and if there is adjacent 
tooth resorption or not. CBCT facilitates the assessment of 
the labio-palatal position of the canine apex and root tips 
accurately and overcomes the shortcomings of DPT [21].

3.3	 �Treatment Considerations 
for Impacted Teeth

The treatment of impacted canine can be as following:

•	 Monitoring
•	 Intervention

3.3.1	 �Monitoring

Observe and monitor the position of the impacted canine in 
relation to the space available for the eruption. Literature 
supports that radiographic examination should be taken 
place following a thorough clinical investigation. Usually 
radiographs are taken between 10 and 15 years of age. It has 
been proven that radiographic examination before the age of 
10 years tends to be less reliable [13].

The guidelines state interceptive therapy must take place 
between 10 and 13 years of age besides the removal of any 
physical obstruction to allow spontaneous canine eruption 
[23]. Presence of any physical obstruction such as retained 
deciduous canine or pathology such as odontomas should be 
removed to allow unobstructed eruption pathway. Kurol and 
Ericsson concluded that 91% of the cases with spontaneous 
eruption happens when the deciduous canine is extracted but 
drops to 64% when the impacted canine lies at the level of 
the lateral incisor (Fig. 3.5).

Fig. 3.4  CBCT of palatal impacted canines viewed in 3D, which facilitates the localization of their positions
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Kurol and Ericsson stated a radiological method to evalu-
ate different degrees of impaction based on the position of 
canine on a method known as sector classification (Fig. 3.6) 
[13]. Basically, the more mesially oriented the canine crown 
is from its ideal position the less likelihood for the impacted 
canine to erupt by means of orthodontic treatment [13]. For 
instance, Figure 3.7 shows an impacted canine positioned in 
sector 5, which means it is very difficult to treat with orth-
odontic therapy only. This method can guide the orthodontist 
to alter the proposed treatment plan from aligning the canine, 
to one that incorporates an interdisciplinary approach.

3.3.2	 �Intervention

Intervention can be either:

	1.	 Surgical exposure with orthodontic guidance.
	2.	 Autotransplantation (rarely considered).

When the orthodontist interceptive approach fails, sur-
gical exposure of the impacted canine followed by orth-
odontic traction is recommended. Two techniques to 
expose the canine can be considered. These include 
closed or open exposure, and both techniques are debat-
able among researchers. Cochrane review stated that 
there is no difference between closed and open exposure 
[24].

Autotransplantation is a less commonly used option due 
to complications such as resorption of the auto-transplanted 
tooth. In theory, the surgeon will prepare the future canine 
socket. For this purpose, CBCT is helpful for accurately 
measuring the root length, and simulating the surgery on a 
virtual digital model before commencing it intraorally. This 
approach is more complex to perform and entail more com-
plications, thus it is rarely chosen. In difficult situations, 
extraction of the impacted canine might be an option and a 
prosthesis might be placed.

3.4	 �Unerupted Incisors

The eruption of upper incisors takes place approximately 
between 7 and 9 years of age but in some individuals, the 
upper incisor fails to erupt due to numerous reasons such as 
premature loss of deciduous incisor and consequently loss of 
the space, trauma, pathologies such as cysts, cleft lip, and 
palate and delayed exfoliation of the deciduous incisor. 
Unerupted central or lateral incisors can lead to a significant 
facial and dental aesthetic impact (Fig. 3.8). Since conven-
tional imaging techniques have a considerable limitation in 
the anterior teeth region, CBCT can be useful for diagnosis 
and treatment planning.

91% 64%

Fig. 3.5  Spontaneous eruption of permanent canine is 91% when inter-
ceptive extraction of deciduous canine is performed, versus 64% of the 
spontaneous eruption when the crown of the impacted canine passes the 
lateral incisors

1 2 3 4 5

Fig. 3.6  Impacted canine sector classifications by Kurol and Ericsson
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Fig. 3.7  Impacted canine positioned toward dental midline

Fig. 3.8  Impacted upper central incisors [11] due to the presence of a supernumerary tooth (SN1)

E. E. Alzoubi et al.
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3.4.1	 �Diagnosis and Management

Clinicians should look carefully during the examination of 
unerupted incisors in relation to the contralateral tooth. If 
there is a discrepancy of more than 6 months, this suggests 
that there is a problem in the eruption process. Clinicians 
should investigate whether the maxillary incisors remained 
unerupted for more than 6–12 months—following the erup-
tion of lower permanent incisors. Examine thoroughly if 
there is any eruption abnormality, i.e., eruption of canine or 
lateral incisors before central [25].

Periapical or standard maxillary occlusal views can aid 
in determining the position or presence of any abnormality 
[25]. Furthermore, vertical and horizontal parallax tech-
niques can be used to localize the position of an unerupted 
tooth or any associated pathology such as cyst, odontomas, 
or supernumerary teeth. The vertical parallax technique in 
such cases can carry a considerable margin of inaccuracy, 
which takes us to CBCT as a golden standard technique. 
European guidance and SEDENTEXCT guidelines recom-
mend using a small field of view CBCT in case the conven-
tional radiographic views are not helpful; in cases of 
dilacerations of incisors, root CBCT view is helpful. Current 
British Orthodontic Society (BOS) guidelines state that no 
rationale for routine CBCT, in situations where the clinician 
in a dilemma whether or not to take CBCT view opinion of 
oral maxillofacial radiology should be sought [2].

3.4.2	 �Treatment of Unerupted Central Incisor

3.4.2.1	 �Removal of any Physical Obstruction
The delay of eruption might be attributed to physical obstruc-
tion such as odontoma or supernumerary tooth. The presence 
of mesiodens tends to delay the eruption of permanent inci-
sor unlike tuberculate, which tends to impede eruption. 
Impaction of the permanent central incisor is common (28–
60%). The removal of supernumerary tooth tends to allow 
self-correction and spontaneous eruption of the impacted 
central incisors [26, 27]. Furthermore, creating enough space 
for the eruption of the incisors along with the removal of 
obstruction would facilitate the eruption of incisors. Authors 
showed that when enough space is created spontaneous erup-
tion took place [26, 28]. Similarly Pavoni et al. stated that 
spontaneous eruption rate following the removal of the 
obstruction is 82%. Simple space creation can be achieved 
with removable or fixed appliances [29].

3.4.3	 �Surgical Intervention

In cases where the obstruction is removed with no signs of 
spontaneous eruption, surgical exposure of the maxillary inci-
sor may be indicated. The surgical exposure facilitates traction 
and guidance of incisor to its desired position. In the case of 

supernumerary tooth surgical removal, there is no scientific 
evidence to clearly show the best approach regarding the 
impacted incisor, whether to bond the incisor immediately or 
wait for spontaneous eruption [25]. Removal the obstruction or 
supernumerary tooth will result in 30–50% spontaneous erup-
tion of the impacted incisor, which gives 50:50 chance that the 
same patient might go under general anesthetic again thus it is 
wiser to start exposure of the impacted incisor on the same 
appointment of removal of the supernumerary tooth [26].

3.5	 �Dentigerous and Maxillary Sinus 
Cysts

Odontogenic cysts usually represent a chronic condition that 
might be asymptomatic or demonstrate sequels of pain and 
flare-ups. Many types of cysts can form in the jaws and a high 
percentage of them are coincidental discoveries. Dentigerous 
cysts are the most common odontogenic of the jaws, some-
times prevent the eruption of the tooth [30, 31]. Usually den-
tigerous and maxillary sinus cysts are visible on panoramic 
radiography (2D) when it is taken before the commencement 
of orthodontic treatment. The limitation of the orthopanto-
mography (DPT) view is that cysts will be shown in two 
dimensions as a circle without enabling the clinician to esti-
mate the proper extension of the lesion and the related dam-
age. CBCT will enable the clinician to assess the cysts 
in-depth to determine the appropriate treatment plan. CBCT 
will aid in planning surgery in case the pathology is near a 
vital structure, for instance, if the lower third molars are dis-
placed due to dentigerous cyst, CBCT will enable the surgeon 
to estimate the extension of the lesion in 3D to avoid vital 
structures such as inferior alveolar nerve bundle. Dentigerous 
cysts can be treated either surgical enucleation or marsupial-
ization, which does not guarantee the spontaneous eruption of 
the tooth, which in turn leads to surgical tooth extraction [32]. 
When marsupialization is successful and spontaneous tooth 
eruption happens, this enables the orthodontist to bond the 
newly erupted tooth and align it in the line of the arch.

Maxillary sinus cysts incidence is reported to range from 
approximately 10.9% and 69.1% [33]. Maxillary sinus 
pathologies tend to be inflammatory in nature, they might not 
appear on DPT due to artifacts associated with this type of 
images but an indication of abnormality should be evident. 
CBCT facilitates the visualization of mucus retention cysts 
which tend to fade by themselves with no consequences on 
orthodontic treatment (Fig. 3.9).

Odontogenic related pathology can involve the maxillary 
sinus and manifest itself as a maxillary pathology. Thus, an 
appropriate clinical examination should be carried out to 
reach the appropriate diagnosis and treatment plan. CBCT 
enables the clinician to use multiplanar reconstructions in 
3D to determine which tooth is associated with the maxillary 
pathology (Fig. 3.10). Sometimes tooth extraction is the only 
solution to treat the periapical pathology that extended to the 
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maxillary sinus. An interdisciplinary approach must be 
sought in such cases if the extraction space can be closed 
orthodontically or implant-supported prosthesis should be 
placed.

3.6	 �Odontomas

Odontomas are considered the most common benign odonto-
genic tumors of epithelial and mesenchymal origin [35]. 
Odontomas constitute approximately 22% of all odontogenic 
tumors [35].

Odontomas are two types compound and complex, the 
majority of compound odontomas are found in the anterior 

segment of the jaws (61%) while the complex odontomas are 
found in the posterior segment of the jaws (34%) [34, 35].

The etiology of odontomas is poorly understood; how-
ever, it has been linked to pathological conditions such as 
local trauma, inflammatory or infectious causes, or heredi-
tary anomalies such as Gardner’s syndrome. It was suggested 
that odontomas are inherited due to mutagens with genetic 
control of tooth development [34].

The conventional views with panoramic or occlusal max-
illary radiographs (2D) aid in the diagnosis of odontomas; 
however, the dimension and type of the lesion are hard to 
determine in 2D views. On the other hand, CBCT can show 
the lesion in 3D which will allow the clinician to measure its 
extention and determine its type accurately (Fig. 3.11a, b). 

Fig. 3.9  Mucus retention cyst in the maxillary sinus, usually discovered by coincident during a routine examination

Fig. 3.10  Maxillary sinus infection with an odontogenic origin. The upper first molar has a periapical infection which penetrated the maxillary 
sinus floor

E. E. Alzoubi et al.
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Histopathology examination is essential consequent to 
lesion removal to confirm the clinical findings.

3.7	 �Transposition

Tooth transposition is considered to be a form of ectopic 
eruption, where two adjacent teeth interchange position or 
development and the eruption of a tooth in a position that 
normally occupied by another tooth [36].

The etiology of dental transposition is still not well 
understood; however, there is increasing evidence suggest-
ing a genetic basis [37]. Dental transposition is usually 
found in association with other congenital dental anomalies, 
such as hypodontia and peg lateral maxillary incisors [36]. 
Transposition cases show a tendency for female predilection 
and unilateral left-sided dominance [36].

Environmental factors can also play an important role in 
dental transposition such as a retained deciduous tooth.

Transposition is divided into true and pseudo-
transpositions. True transposition is defined as when the 

whole tooth is transposed in a new position; however, the 
pseudo-transposition is described as when the transposed 
tooth root is still in the original position while the crown 
overlaps the adjacent tooth [38].

Conventional 2D radiographs, such as periapical and 
panoramic, have enough accuracy to assist dentists to diag-
nose the type of transposition. CBCT view offers higher 
quality and better visualization of the teeth to formulate a 
treatment plan. CBCT aids to visualize the bone overlying 
the roots. This is valuable if there is dehiscence or thin buc-
cal cortical bone, which will affect the orthodontic treat-
ment plan.

Treatment of tooth transposition can be achieved with 
orthodontic appliances and it depends whether it is a true 
transposition or pseudo-transposition. Ideally, orthodontists 
accept the true transposition; for example in the case of 
canine lateral incisor transposition, the orthodontist accepted 
the transposition (Fig. 3.12).

In the case of pseudo-transposition usually it is corrected 
by tipping back the tooth to its original position and aligning 
it in the line of the arch.

a

b

Fig. 3.11  (a) The odontoma size is evaluated along with how close to vital structures in 3D. (b) Odontoma is sliced in the transverse section and 
shows proximity with the inferior alveolar nerve
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3.8	 �Supernumerary Teeth

A supernumerary tooth is defined as any tooth or odonto-
genic structure that is formed from tooth germ in excess to 
the usual number of teeth in that particular region [39]. The 
supernumerary teeth could occur at any region of the dental 
arch but most commonly in the premaxilla. Several hypoth-
eses proposed explanation on their formation but the etiol-
ogy remains equivocal [39]. There are environmental and 
genetic factors that play an important role in their formation 
[39, 40]. Females are twice more at risk of having a supernu-
merary tooth in comparison to males; however, it has also 
been reported that some forms of supernumerary teeth are 
site-specific related to gender. For instance, males are com-
monly affected in midline and premolar regions and incisor 
and canine regions have had females predilection [28].

Supernumerary teeth may occur in permanent and pri-
mary dentitions. These extra teeth may occur as a unilateral 
or bilateral, single tooth or two or multiple teeth, and in the 
maxilla, the mandible, or both the arches. The supernumer-
ary teeth have different classification based on the morphol-
ogy, orientation, position, and location (Table 3.2).

Fig. 3.12  A transposed upper right canine in the lateral incisor posi-
tion, with a thin buccal bone plate

hteet
yrare

munrepuS

Location

Mesiodens

Para-molar

Para-premolar

Disto-molar

Morphology

Conical

Tuberculate

Supplemental

Odontome

Position
Buccal

Transverse

Palatal

Orientation
Vertical or normal

Inverted

Horizontal

Table 3.2  Classification of supernumerary teeth
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Mesiodens and tuberculate supernumeraries are found in 
the maxillary anterior region. Mesiodens may occur as single, 
multiple, unilateral or bilateral. Prevalence is estimated 
between 0.15 and 1.9% with a higher prevalence in males 
compared to females [41]. It has been reported that in 9-year-
old children in Italy, the prevalence of this defect has increased 
from 0.64 to 1.06 in recent years [41, 42]. Mesiodens are coni-
cal or small peg-shaped tooth and it usually presents between 
the maxillary central incisors as a mesiodens [41, 42]. 
Tuberculate is larger in size than the conical, barrel-shaped 
with several tubercles or cusps, and may have incomplete or 
abnormal root formation compared to permanent incisors.

During clinical examination when there is a delay of the 
eruption of the centrals or laterals on one side in comparison 
to the contralateral side, the clinician would ask for radio-
graphic views to assess the diagnosis. Conventional DPT 
view is the method used to assess the whole dentition; how-
ever, due to the small focal trough and the overlap of upper 
anterior root apices with the palate the anterior maxillary 
region will not be clear to visualize. The maxillary anterior 
teeth usually need a supplementary view such as maxillary 
occlusal to compensate for the latter disadvantage. DPT 
demonstrated a poor ability to detect anterior teeth root form 
and in many cases, the supernumerary teeth were missed 
when it was not supplemented with an upper standard maxil-
lary view [16]. Thus, CBCT will fill a huge void and help the 
clinician to view the anterior maxilla in 3D. The dentist can 
choose either a small or medium field of view which allows 
visualization of the supernumerary and at the same time 
avoid unnecessary radiation for the unwanted maxilla.

In conclusion, the use of CBCT in dentistry made a very 
significant impact and upgraded the level of diagnosis and 
treatment planning. Nevertheless, CBCT should be used 
when 3D imaging is required, according to guidelines and 
protocols. Safeguarding the patient’s interest should be 
always a priority, according to Isaacson where the 
conventional view is not sufficient then a small field of view 
for the desired region can be obtained [2].
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Cone Beam Computerized Tomography 
Imaging for Orthodontic Diagnosis

Normand Boucher, Muralidhar Mupparapu, 
and Kensuke Matsumoto

4.1	 �Introduction to a 3-Dimensional 
Approach for Orthodontic Diagnosis

The commercial availability of the first CBCT unit occurred 
approximately 21  years ago. Up to that point, orthodontic 
diagnosis was largely limited to sagittal and vertical dento-
skeletal relationships. Efforts at rendering a meaningful 
transverse skeletal diagnosis with a two-dimensional 
posterior-anterior cephalometric radiograph has not been 
universally accepted due to head positioning issues and 
extensive overlapping of structures reducing diagnostic qual-
ity. CBCT imaging provides the orthodontist with a tool to 
evaluate dental-skeletal relationships in the third plane of 
space (Fig. 4.1).

Radiographic evaluation of the temporomandibular joints 
is also limited with two-dimensional orthodontic records. 
CBCT coronal and sagittal views of the temporomandibular 
joint (TMJ) spaces provide insight on internal soft tissue 
derangements and condylar remodeling which can impact 
the potential of maxillary and mandibular growth in adoles-
cents or the stability of the occlusion in adults.

CBCT imaging of the nasal cavity, the nasopharyngeal, 
oropharyngeal, and the hypopharyngeal areas provides the 
orthodontist with a screening tool to evaluate the structures 
of the airway that can adversely affect the orofacial develop-
ment of adolescents and the systemic health of adult patients.

4.2	 �CBCT Imaging Characteristics

4.2.1	 �Field of View (FOV)

The Field of View (FOV) in cone beam CT imaging refers to 
the proposed imaging field within a patient’s head and neck 
anatomy that has been designated to give the maximum 
information needed for the orthodontist and at the same time 
exposing them to the lowest possible radiation dose [1]. 
Typically, this is a cylindrical shape with a height (H) and a 
width (W) component (Fig. 4.2).

This FOV determines the volume that will be captured 
during the acquisition of basis images and eventually the 
dose imparted to the patient. There is a range of FOVs, start-
ing from 4 × 4 cm to as large as 20 × 20 cm, and medium 
FOVs within the range of 10 × 10 cm. In orthodontic prac-
tice, small and medium volumes can be used for diagnosis of 
the relationships of impacted teeth to the neighboring teeth 
and for diagnostic applications related to the maxillary 
expansion, positioning of temporary anchorage devices, and 
similar tasks that require higher resolutions. For cephalomet-
ric needs and for visualization of TMJ area, a large volume 
CBCT is recommended (Fig. 4.3) [2].

4.2.2	 �Resolution

Resolution of the CBCT image depends on several physical 
parameters that are used to acquire the volume. Essentially, the 
FOV determines the basic resolution, as most of the CBCT 
machines have built-in algorithms to manage the CBCT 
acquired volume for storage and display and hence the resolu-
tion is adjusted by the acquisition computer [3]. The resolution 
is the sharpness with which one can see and interpret an image. 
Traditional radiographs have high line pair resolution (lppm) 
with poor contrast resolution. CBCT and CT modalities have 
poor line pair resolution (anatomic) but very good contrast 
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Fig. 4.1  Examples of CBCT-derived images for orthodontic diagnosis

Diameter

Height

Fig. 4.2  Schematic showing the characteristics of the field of view 
(FOV)

Fig. 4.3  Reconstructed full volume from the original CBCT data
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resolution. The anatomic resolutions are measured in microm-
eters (μm) or mm. For instance, if the anatomic resolution is 
200 μm, it is equivalent to 0.2 mm. This essentially becomes 
the native resolution. The thinnest cut can be made at the 
thickness of one-pixel depth. Bone morphology demands 
slightly thicker cuts, for example, 1- or 2-mm thickness, so 
that noise can be minimized by adding thickness.

4.2.3	 �Radiation Overview

Generally speaking, in the traditional CT scanners, the radia-
tion dose goes up as the tube current (mA) and the associated 
voltage (kVp) goes down if the section thickness, voxel size, 
or pitch (incremental patient movement through the gantry 
controlled by the machine) is increased. With everything else 
being constant, an increased radiation dose leads to decrease 
in the noise, creating a better contrast [4].

Although by convention, the CT dose index (CTDI) and 
dose length product (DLP) are measured in grays (Gy), and 
the effective doses are measured in sieverts (Sv), these meth-
ods are not adapted for CBCT dose measurement purposes, as 
the beam geometry and the scattered radiation profile are 
much different. Commercial CBCT scanners are designed and 
manufactured with individual proprietary variations in their 
equipment and operators can alter patient doses by adjusting 
beam collimation (FOV), image quality (number of basis 
images, resolution, and arc of trajectory), and exposure param-
eters (milli amperage and kilovoltage); hence, there will be 
significant dose variation among various machines for the 
similar FOVs. For instance, a 15 × 15 cm large FOV CBCT 
might impart a dose of 52 μSv [5] to 680 μSv when another 
machine was used [6]. Similarly, with a small volume CBCT 

(4 × 4 cm), patients can receive as low as 31 μSv [7] or as high 
as 166 μSv [8]. Although the internal variation in doses within 
CBCT seems quite high, when compared with MSCT doses in 
the ranges of 430–1410 μSv [9], the doses are much lower.

4.2.4	 �Perspective Vs. Orthogonal Review

4.2.4.1	 �Perspective
Perspective views are essentially CBCT volumes that are 
made to look like planar (plain) x-ray images. Examples are 
lateral and posterior/anterior cephalograms. Although these 
perspective views are extracted from CBCT volumes, they 
essentially mimic the plain two-dimensional cephalometric 
views. There is no added advantage to using these, other than 
the fact that they are digitally available and easily imported to 
cephalometric software for cephalometric analysis (Fig. 4.4). 
The perspective views attempt to replicate the magnification 
of traditional cephalometric radiographs with the accompa-
nying undesirable distortions due to the divergence of the 
beam as it traverses the left side of the skull to the right side 
of the skull. The availability of this feature allows the clini-
cian to compare images generated from CBCT machines to 
that of traditional two-dimensional radiographic machines.

4.2.4.2	 �Orthogonal
Orthogonal images have no magnification or distortion and 
project “anatomic truth.” Orthogonal views are created at a 
right angle to the original anatomy. They are frequently referred 
to as cross-sectional views. Orthogonal views are frequently 
used to assess the bucco-lingual dimension of maxillary and 
mandibular alveolar processes. This advantage over 2D planar 
images has begun to redefine the Ackerman–Proffit envelope 

Fig. 4.4  Perspective view from Dolphin Imaging—note the exagger-
ated appearance of mandibular asymmetry at the base of the body of the 
mandible as well as along the posterior border of the ramus. The radia-

tion emanates from the center of emitter. There is magnification and 
distortion (above and below the center beam of radiation)
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of treatment to avoid adverse periodontal outcomes as a result 
of orthodontic treatment [10]. Sagittal, coronal, and axial 
orthogonal views are used for diagnostic purposes (Fig. 4.5).

4.3	 �Image Reconstruction 
from CBCT Data

4.3.1	 �Head Orientation

Two-dimensional planar images only allow orientation of the 
sagittal view. For enhanced visualization and perspective, 
CBCT images are oriented in three planes of space. A step by 
step approach begins with the “tipping orientation,” where 
the most inferior point of the right and left orbits of the eye 
are parallel to a horizontal reference point. The “yaw” orien-
tation is achieved by orienting the sagittal view so that the 
most posterior point of the right and left orbits of the eye 
overlap perfectly. The “pitch” of the sagittal is oriented to a 
vertical plane tangent to glabella, so that the horizontal dis-
tance of the center of the most prominent clinical crown is 
the distance estimated clinically when visualizing the head 
in adjusted natural head position [11].

The outcome of orientation provides the orthodontist with 
views that reduce distorted visual perception. Proper orientation 
enhances the ability to identify areas of asymmetry (Fig. 4.6).

4.3.2	 �Segmentation

CBCT software can provide soft tissue, hard tissue, and 
translucent renderings to enhance anatomic landmark identi-
fication (Figs. 4.7 and 4.8).

4.3.3	 �Stepwise Building of Orthodontic 
Diagnostic Images

The stepwise instructions on building diagnostic images 
with Dolphin Imaging 11.95 Premium 3D software are 
detailed in Appendices 1–5:

	1.	 Building a lateral cephalometric radiograph
	2.	 Building panoramic radiograph
	3.	 Building transverse radiograph
	4.	 Building TMJ radiograph
	5.	 Building airway studies

4.4	 �Integration of Digital Models 
with CBCT Images

Digital models from intraoral scans can be merged with 
CBCT. Visualizing the roots allows the orthodontist to treat-
ment plan occlusal changes with well-positioned roots within 
the alveolar process.

The orthodontist can treatment plan to a periodontally 
driven envelope of treatment to potentially reduce iatro-
genic complications, such as gingival recession and root 
sensitivity.

Merging the crowns of digital models with the crowns 
of a CBCT image allows the orthodontist to relate the mor-
phology and position of the crowns of teeth to the shape 
and position of the roots. Posterior root inclinations and 
anterior root angulations can be evaluated from a frontal 
perspective. Anterior root inclinations and posterior root 
angulations can be assessed from a buccal perspective 
(Fig. 4.9).

Fig. 4.5  Orthogonal view from Dolphin imaging with true anatomy and 0% distortion. There is no magnification nor distortion and the beams of 
radiation are parallel
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a b

c

Fig. 4.6  (a) Coronal-horizontal view: the most inferior points of the orbits of the eyes are in contact with the horizontal plane; (b) Sagittal view: 
the vertical plane is tangent to the inner aspect of glabella and the head is rotated to replicate adjusted natural head position; (c) Combined planes

a

b

Fig. 4.7  (a) An example of soft tissue rendering; (b) An example of translucent rendering
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a

b

Fig. 4.8  (a, b) Examples of 
hard tissue rendering

a b

c d

Fig. 4.9  Integration of digital 
models with CBCT images. 
(a) Digital simulations of an 
intraoral scan; (b) CBCT 3D 
model; (c, d) integrated dental 
digital model with the CBCT 
3D model
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4.5	 �Orofacial Orthodontic Diagnosis

4.5.1	 �Sagittal-Vertical

With a CBCT volume, the sagittal perspective can include 
the entire skull, a right and left half skull with the Dolphin 
clipping feature to identify asymmetry, and a 2 mm median 
slice to evaluate the quality of the upper and lower anterior 
alveolar processes (Fig. 4.10).

4.5.1.1	 �Mandibular Symphysis
Excessive maxillary and mandibular vertical development of 
the lower third of the face results in elongation and narrow-
ing of the alveolar processes supporting the roots of the 
upper and lower anterior teeth [12]. This can be particularly 
significant for the mandibular symphysis. Two-dimensional 
planar images project the entire chin, which exaggerates the 
volume of the symphysis. A 2-mm sagittal CBCT image pro-
vides a cross-sectional view to accurately assess the bucco-
lingual volume of bone (Fig.  4.11). The volume of the 
symphysis is a consideration when targeting the anteroposte-
rior position of the anterior teeth.

4.5.2	 �Transverse Dimension

Many cephalometric analyses of the sagittal and vertical 
dento-skeletal dimensions have been anecdotally created, 
championed by orthodontic opinion leaders, and over time, 
accepted as orthodontic diagnostic dogma. Analyses of the 
transverse dimension with CBCT coronal and axial views 
are undergoing gradual acceptance. The most credible, yet 
unvalidated, approach is an adaptation of the Andrews 
Element III analysis adapted for CBCT [11, 13]. The step by 
step approach is as follows (Fig. 4.12):

	1.	 Coronal slice at the sagittal depth of the mesio-buccal 
cusp of the upper first molars

	2.	 Axial slice at the vertical level of the furcation of the 
upper first molars

	3.	 Measure the linear distance of the buccal bone over the 
mesio-buccal cusp of the upper first molars (X mm)

	4.	 Coronal slice at the sagittal depth of the midpoint between 
the mesial and distal roots of the lower first molars

	5.	 Axial slice at the vertical level of the furcation of the 
lower first molars

a b c

Fig. 4.10  (a) Sagittal view of the right side; (b) Sagittal view of the left side; (c) Sagittal view showing the upper and lower anterior alveolar 
processes

a b
Fig. 4.11  (a) Dolichocephalic 
facial pattern resulting in 
elongated and narrow 
symphysis; (b) Brachycephalic 
facial pattern with short, wide 
symphysis
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	6.	 Measure the linear distance between the mesial and distal 
roots from the inner aspect of the buccal bone (Y)

	7.	 Ideal width of the maxilla relative to the width of the 
mandible is calculated as follows: X mm + 5 mm = Y

4.5.3	 �TMJ Diagnosis

There are risk markers associated with temporoman-
dibular joint disorders (TMD) that can be identified on 
CBCT.  Studies identifying good growers (counterclock-
wise) versus bad growers (clockwise) recognize that a nor-
mal versus compromised temporomandibular joint (TMJ) 
is an important etiologic factor associated with bad growth 
(Figs. 4.13 and 4.14) [14]. With adults, the traditional per-
spective that the end of growth results in stable skeletal 
morphology has been challenged when consideration has 
been given to the status of the temporomandibular joints 
(Fig. 4.15). The loss of condylar vertical dimension results 

in regional adaption and altered spacial relationships of the 
structure of the head and neck [15, 16].

Several studies have reported a high prevalence of tem-
poromandibular joint disc displacement in pre-orthodontic 
adolescents [17, 18]. Disc displacement has been associated 
with a growth deficit often referred to as a “growth penalty” 
[18]. The severity of the growth deficit is directly propor-
tional to the severity of the joint insult and indirectly propor-
tional to the age of the onset [19]. Joint insults damage the 
condylar growth site, limiting endochondral bone formation 
and growth of the affected ipsilateral half of the mandible. 
Unilateral joint insults can lead to a mandibular asymmetry 
while regional adaptions resulting from bilateral joint insults 
can be associated with a dolicofacial growth pattern and pos-
sibly an anterior open bite [20–22].

4.5.3.1	 �Joint Spaces
CBCT assessment of temporomandibular joint spaces is 
important for every orthodontic patient.

a b c d

Fig. 4.12  (a) Coronal slice at the sagittal depth of the midpoint 
between the mesial and distal roots of the first molar. (b)  Axial cut at 
the vertical level of the furcation of the lower first molars. (c) Coronal 

slice at the sagittal depth of the mesio-buccal cusp of the upper first 
molar. (d) Axial slice at the vertical level of the furcation of the upper 
molars

a b c

Fig. 4.13  (a–c) Altered joint spaces indicative of discal displacement resulting in reduced sagittal growth of the maxilla and mandible
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Optimal TMJ Spaces
An orthodontic dento-skeletal sagittal diagnosis begins with 
the condyle in centric relation (CR) with anterior, superior, and 
posterior joint spaces meeting the criteria established by Ikeda 
on sagittal TMJ CBCT images [23] (Figs.  4.16 and 4.17). 
According to Okesson, the centric relation (CR) position is a 
necessary factor in establishing an orthopedically stable occlu-
sion [24]. It can be defined as seating the condyle in the antero-
superior regions of the fossa with the disc interposed and at the 
same time the teeth are in maximum intercuspation.

When the morphology and/or spacial relationships of TMJ 
structures is less than optimal, the concept of CR is replaced 
with a clinical entity established by Dawson and referred to as 
Adaptive Centric Posture (ACP). Dawson has taken the anec-
dotal position that ACP can also meet the criteria of an ortho-
pedically stable occlusion. He states that this position is 
clinically acceptable but may not be as stable [25].

4.5.3.2	 �Joint Space Alteration: Large Anterior 
Joint Space on Sagittal CBCT

The most common joint space alteration from the Ikeda nor-
mal is a larger anterior joint space, larger superior joint 
space, and a smaller posterior joint space (Fig. 4.18). There 
are three prevailing, although anecdotal, explanations for 

this condyle to fossa altered relationship that are significant 
for the orthodontist. The first, adopted by most clinicians, is 
the presence of a premature posterior contact resulting in an 
anterior open bite that fulcrums to a maximum intercuspal 
position when the anterior teeth are coupled at the expense of 
the posterior/inferior displacement of the condyles. The 
result is a larger anterior joint space and a diminished poste-
rior joint space. Resolving the fulcrum with occlusal appli-
ances results in a reduced posterior face height and increased 
anterior face height. A second explanation for a large ante-
rior joint space is based on anterior displacement of the disc 
resulting in the thick posterior band of the disc being situated 
downward and forward on the eminence, causing a posterior 
displacement of the condyle. Dr. Mariano Rocabado pro-
vides the third explanation for a large anterior joint space. He 
contends that cranio-cervical abnormalities can alter the 
position of the condyle in the fossa [26–30]. Kyphosis of the 
cervical spine with forward head posture and backward rota-
tion of the head results in retraction of the mandible and dis-
tal movement of the condyle in the glenoid fossa [26].

The large anterior and reduced posterior joint space can 
press the condyle to the posterior wall of the fossa and may 
be associated with “regressive remodeling” characterized by 
a loss of condylar volume along its posterior surface without 
a corresponding loss of vertical dimension. Regressive 
remodeling can be the result of therapy that posteriorly dis-
places the proximal segment of the mandible, such as inter-
arch elastics, and BSSO orthognathic surgery.

4.5.3.3	 �Joint Space Alterations: Superior Joint 
Space Narrowing on Sagittal CBCT

Superior joint space narrowing can occur following disc dis-
placement and subsequent thinning or perforation of the 
articular tissues interposed between the condyle and the 
opposing temporal bone. Perforations can occur in the disc 
when it is optimally positioned. Perforations of retrodiscal 
tissues can occur when the disc is displaced. Perforation of 
the soft tissues frequently results in bone erosions which 

a b c

Fig. 4.14  (a–c) Severe condylar degenerative resorbtion resulting indownward and backward displacement of the mandible

a b

Fig. 4.15  (a) Normal TMJ and counterclockwise growth and develop-
ment of the maxilla and mandible. (b) Degenerative joint disease of the 
TMJ resulting in clockwise downward and backward displacement of 
the maxilla and mandible
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Fig. 4.16  An ideal TMJ space

Fig. 4.17  Examples of an altered TMJ space
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eventually undergo sclerotic repair and develop congruent 
surfaces with diminished joint spaces (Fig.  4.19). Loss of 
vertical condylar dimension is referred to as “degenerative” 
remodeling of the condyle and can result in “distal drift” of 
the mandible with increased anterior face height, decreased 
posterior face height, a steeper mandibular plane, and a class 
two molar/canine relationship (Fig. 5.3l, left). The presence 
of active degenerative remodeling during orthodontic treat-
ment can result in a less predictable outcome.

4.5.3.4	 �CBCT Diagnosis of Skeletal Asymmetry
The diagnosis of skeletal asymmetry is complex and is sum-
marized in the Hatcher diagnostic tree where the most com-

mon etiologic condition listed is a unilateral insult to the 
TMJ with subsequent arthritides resulting in “regional adap-
tation” of the mandible and maxilla [15, 16, 31]. A unilateral 
insult can result in the following characteristics on the 
affected side (Figs. 4.20, 4.21, 4.22, and 4.23):

•	 there is a short ramus.
•	 short condyle.
•	 increased mandibular plane angle.
•	 the occlusal plane is elevated.
•	 the mandible is inset.
•	 the skeletal buccal corridor is reduced.
•	 the distance between the ramus and maxilla in the frontal 

view is reduced.
•	 Menton deviates to the affected side.
•	 the fossa is down on the affected side.
•	 the body of the mandible is more lingually inclined on the 

affected side.
•	 the roots of the lower posterior teeth begin to deflect to the 

affected side.
•	 there is a posterior bend of the condylar process on the 

affected side.
•	 there is a steeper concavity on the distal surface of the 

ramus on the affected side.
•	 the distance of the sigmoid notch to the dental arch is 

reduced on the affected side.
•	 the coronoid process is relatively large on the affected 

side.
•	 in the body of the mandible, the amount of bone under the 

roots of the molar teeth is less on the affected side.
•	 there is a more prominent antigonial notch on the affected 

side.

Fig. 4.18  Large anterior 
joint space and diminished 
posterior joint space. The 
mandible is driven to the back 
of the fossa resulting in a 
class two malocclusion. Note: 
Regressive remodeling of the 
posterior border of the head 
of the condyle due pressure 
against the posterior wall of 
the fossa

Fig. 4.19  Decreased superior joint space as a result of discal displace-
ment followed by perforation of retrodiscal tissues
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Fig. 4.20  Occlusal plane elevated; skeletal buccal corridor is reduced; deviated menton; narrow maxilla and mandible; body of the mandible is 
more lingually inclined; and more prominent antegonial notch

Fig. 4.21  Short ramus; short condyle; and increased mandibular plane 
angle

Fig. 4.22  Remodeling of fossa at lower position
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In summary, asymmetry of the maxilla and mandible pro-
vides insight into the significant impact that a failing tem-
poromandibular joint can have on the stomatologic system 
and the importance of rendering a diagnosis on the status of 
each temporomandibular joint.

4.5.4	 �CBCT Airway Diagnosis

The increased awareness of obstructive sleep apnea in chil-
dren and adults has driven the assessment of the airway to the 
forefront of orthodontic diagnostic importance [31]. The 
upper airway is defined by the anatomy of the skeleton and 
soft tissues. It begins with the opening of the nares and 
extends to the pharyngeal bifurcation of the trachea and 
esophagus. Areas of constriction lead to increased airway 
resistance and are referred to as “airway valves.” The nasal 
valve is at the junction of the anterior and middle thirds of 
the nasal passageway and is frequently associated with a 
deviated septum. The soft palate, tongue, and epiglottis are 
soft tissues that can also create areas of constriction resulting 
in an airway valve. Anatomic anomalies of these tissues such 
as enlarged turbinates, hypertrophied adenoids and tonsils, a 
large tongue, and deviated septum can lead to increased air-
way resistance and can contribute to obstructive sleep dis-
turbed breathing (OSDB).

CBCT volumetric, area, and linear measurements 
are not adequate to render a definitive diagnosis of 
OSDB.  Nevertheless, CBCT imaging can identify pheno-
types that are at risk of obstruction due to anatomic charac-
teristics associated with OSDB [32–39].

4.5.4.1	 �Limitations of CBCT Imaging 
of the Airway

The most significant limitation of CBCT studies assessing 
the airway is body, head, jaw, and tongue position at the time 
of the scan acquisition [40, 41]. The stage of inhalation and 
exhalation also has a significant influence on upper airway 
dimension. To mitigate inaccuracies the following protocol 
has been proposed: The patient must be still; must avoid 
swallowing; hold their breath; be seated in an upright posi-
tion with Frankfurt plane parallel to the ground; guided to 
centric relation; and the lips relaxed [42–44].

The “sensitivity” of CBCT imaging of empty space is also 
a limitation. CBCT scans do not provide absolute Hounsfield 
Unit (HU) value like that obtained with a medical CT scan. 
A CBCT machine is not calibrated to actual HU numbers. 
The CBCT HU numbers vary from manufacturer to manu-
facturer, from machine to machine, and even from scan 
region to scan region [45, 46]. Denser tissue will have higher 
numbers, but they are not correctly calibrated to the actual 
HU scale.

With Dolphin imaging software, the adjustment of image 
sensitivity determines how the seed point in the airway 
responds to the HU reading of the airway. Increased sensitiv-
ity requires a wider range of the HU scale. Sensitivity should 
be the same for the scans of the same exposure protocol on 
the same patient. As a rule, the sensitivity is adjusted until 
the airway is meeting the nasal airway and pharyngeal walls, 
but not seeping into the wall tissues. Although selection of 
threshold sensitivity value has poor intra-examiner and inter-
examiner reliability, it has been reported to improve with 
examiner experience and is excellent for the oropharynx, 
which is most often the area of greatest constriction [47].

4.5.4.2	 �CBCT Airway Segmentation

	(a)	 Nasal boundaries
	(b)	 Pharyngeal boundaries

Nasal Boundaries
Nasal airway obstruction (NAO) affects up to one-third of 
Americans and is one of the most common complaints by 
patients to otolaryngologists, head and neck surgeons, and 
primary physicians [48]. In a healthy patient, adequate nasal 
airway size offers a normal nasal breathing pattern. However, 
when obstructed, nasal breathing becomes difficult and 
patients may divert to predominantly mouth breathing. 
Studies have shown that NAO not only significantly impairs 
one’s quality of life, but is linked to negative consequences 
such as obstructive sleep apnea (OSA) and altered craniofa-

Fig. 4.23  Posterior bend of the neck of the condyle; deeper concavity 
on the distal surface of the ramus
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cial development [49, 50]. For the nasal airway specifically, 
CBCT has become a useful modality to diagnose nasal pol-
yps, masses, turbinate hypertrophy, concha bullosa, septal 
deviation, and other anatomical variations (Figs. 4.24, 4.25, 
and 4.26) [51].

Coronal Images
	1.	 Nasal septum is deviated impairing breathing on one side 

of the nasal cavaity
	2.	 Maxillary sinus—normal, disease (ostium patent and 

not)—comment saying the need to scroll through
	3.	 Inferior nasal concha (comment on the differences 

between concha and turbinates)
	4.	 Middle meatus

	5.	 Middle nasal concha (normal and abnormal)
	6.	 Uncinate process
	7.	 Ethmoid sinus
	8.	 Nasal spine (in DNS 2, it is a mucous polyp)—comment 

that with this specific issue, obstruction becomes more 
complicated

	9.	 Orbit

Sagittal Images
	 1.	 Nasopharynx
	 2.	 Uvula
	 3.	 Posterior nasal spine
	 4.	 Tongue
	 5.	 Oral cavity

Fig. 4.24  (Left) sagittal CBCT image (bone windows) showing no significant pathology in this section; (Right) coronal CT (bone windows) show-
ing hypertrophic left inferior concha (3), deviated nasal septum (8)

Fig. 4.25  (Left) Sagittal CT (bone windows) showing ethmoid air cell mucositis, mildly enlarged pharyngeal tonsils (6); (Right) coronal CBCT 
(bone windows) showing a mucous polyp along the medial wall of the right maxillary sinus (8) with everything else being normal
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	 6.	 Pharyngeal tonsil (Adenoids)
	 7.	 Clivus
	 8.	 Odontoid process
	 9.	 Anterior arch of Atlas
	10.	 Posterior arch of Atlas
	11.	 Spinal canal
	12.	 Oropharynx
	13.	 Foramen magnum (in one image, it is palatine tonsil)
	14.	 Right palatine tonsil
	15.	 Line connecting the center of sella to the posterior nasal 

spine
	16.	 Hyoid bone
	17.	 Epiglottis
	18.	 Hypopharynx
	19.	 Sella

4.5.4.3	 �Anatomical Boundaries 
for the Segmentation of Nasal Airway 
Using Three-Dimensional CBCT

The nasal cavity and nasopharynx are distinct anatomical 
areas. The pharyngeal airway, different from the nasal air-
way, is made up of the nasopharyngeal, oropharyngeal, and 
laryngopharyngeal (common pharynx) airway spaces. The 
upper airway is defined as the combination of the nasal air-
way and the pharyngeal airway above the axial plane of the 
base of the epiglottis. If sinuses and nasal airway are both 
considered, then the term “sinonasal” airway is most 
appropriate.

The following proposal focuses towards a gold standard 
on the anatomical boundaries of the nasal airway for the con-
sistent segmentation and quantification using three-
dimensional CBCT. The boundaries are organized as follows: 
(1) the inferior ANS-PNS border (Fig.  4.27), (2) anterior 

nares border (Fig.  4.28), (3) posterior S-PNS border 
(Fig.  4.29), and (4) superior border in alignment with the 
base of the skull excluding the ostia and the paranasal air 
sinuses including frontal, ethmoidal, sphenoidal and occipi-
tal air cells (Fig. 4.30).

Inferior ANS-PNS border
Consistent with most previous studies, the inferior border for 
nasal airway segmentation is defined by the axial plane that 
includes the line formed by the anterior nasal spine (ANS) 
and posterior nasal spine (PNS) [52, 53].

Anterior Nares Border
Air enters the nose starting at the openings, or anterior nares; 
thus, the definition of the anterior border is right to the open-

Fig. 4.26  Sagittal view numerically identifying airway anatomy and 
boundaries Fig. 4.27  The inferior border is defined by the ANS-PNS line

Fig. 4.28  The anterior border is defined by the anterior nares
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ings anteriorly and any air within the boundaries of the soft 
tissue anteriorly. Including this portion of air in the anterior 
is significant, as lateral wall collapse contributes to NAO, 
and although a factor that can be easily detected without the 
use of CBCT, it should still be considered.

Posterior Center of S-PNS Border
The true anatomical delineation between the nasal airway 
and the nasopharyngeal airway is with the posterior nares, 
also known as the posterior choanae. However, there is a 
great complexity of structures and defining the choanae can 
be challenging, especially in cases of choanal atresia and ste-
nosis that may contribute to NAO.  The great variation in 
relation to the posterior anatomy can be exemplified by the 

assorted posterior boundaries defined by previous studies 
from using structures like the anterior arch of the atlas [54], 
dens of axis tip [55], posterior nasal plane [56], and even 
including the nasopharynx itself [57]. Thus, with the com-
plexity of the posterior nasal anatomy, there is a need for 
hard tissue landmarks that will provide for more reproduc-
ible results for quantitative analysis. The center of sella tur-
cica (S) and posterior nasal spine (PNS) are a reliable and 
easily obtained metric for identifying the region of the poste-
rior choanae.

Superior Base of Skull Excluding Ostia and Paranasal 
Sinuses Border
In order to ensure accurate anatomical inclusion of the nasal 
airway for segmentation, the superior border is defined as in 
alignment with the base of the skull, excluding the ostia and 
the paranasal air sinuses including frontal, ethmoidal, sphe-
noidal, and occipital air cells.

4.5.4.4	 �Using ITK-SNAP® to Demonstrate 
and Assess the Proposed Standardized 
Segmentation [58]

There is currently a lack of a gold standard using CBCT 
technology for the segmentation of the nasal airway. The 
ITK-SNAP®, a DICOM imaging software [59], was devel-
oped at the University of Pennsylvania and the University of 
Utah to address this need and offer recommendations 
towards:

	1.	 Improving anatomical boundaries for the nasal airway in 
three-dimensional CBCT.

	2.	 Creating a more reliable and precise three-dimensional 
CBCT segmentation of the nasal airway for assisting 
diagnosis, treatment, and monitoring of NAO and identi-
fication of abnormalities.

ITK-SNAP® provides reliable results in volume segmen-
tation of the upper airway, though omitting the nasal airway, 
with less than 2% error in volumes compared to gold stan-
dard [42]. After importing CBCT DICOM slices (.dcm) into 
the software, the process of labelling the nasal airway by the 
operator is completed with semi-automatic segmentation 
algorithms and manual segmentation (Fig. 4.31). The careful 
process starts with semi-automatic segmentation, also known 
as “Active Contour Segmentation Mode” on ITK-SNAP®, in 
which there are three stages: (1) Pre-segmentation, (2) 
Initialization, and (3) Evolution. Pre-segmentation first 
requires the determination of the region of interest. In this 
step, the goal is to differentiate and only label the one type of 
structure at hand from the rest of the image. This is achieved 
using the thresholding function that allows for selecting the 
range of intensities of the voxels that belong to the desired 
structure; in this case, air. The result is a speed image that 

Fig. 4.29  The posterior border is defined on the mid-sagittal plane 
with the line extending from center of sella (S) to posterior nasal spine 
(PNS) as hard tissue landmarks for the location of the posterior 
choanae

Fig. 4.30  The superior border is defined as in alignment with the base 
of the skull excluding the ostia and the paranasal air sinuses including 
frontal, ethmoidal, sphenoidal, and occipital air cells
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displays the selected airway as white, and all unselected 
structures as blue. Once the desired structure is adequately 
selected, initialization is manually completed by adding 
seeding points to the desired structure. These seeds are three-
dimensional in nature and ultimately expand into the final 

segmentation. This expansion is termed evolution. During 
this final stage, the seeds expand uniformly to fill the white 
selected structures and recede from blue unselected struc-
tures. After labels are completed in this fashion, each slice 
(sagittally, coronally, and axially) is reviewed and manually 

a

b

c

d

Fig. 4.31  Using ITK-SNAP®, 
example CBCT segmentations 
of the nasal airway are 
displayed with light blue in 
the (a) sagittal plane, (b) 
coronal plane, (c) axial plane, 
and (d) 3D reconstruction
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revised. Volumetric and intensity data is available using ITK-
SNAP to determine the volume of the nasal airway and mean 
and standard deviation of the Hounsfield unit intensity.

The borders of the airway are standardized between 
patients with the following parameters in sagittal view: (1) 
anteriorly by the opening of the nares, (2) posteriorly center 
of S-PNS line, (3) inferiorly by the ANS-PNS line, and (4) 
superiorly in alignment with the base of the skull, excluding 
the ostia and the paranasal air sinuses including frontal, eth-
moidal, sphenoidal, and occipital air cells.

4.5.4.5	 �Pharyngeal Airway

Relevance of Airway Volume to Orthodontic 
Diagnosis
The volume of the airway has been shown to be proportion-
ally related to dento-facial growth. The total upper airway 
volume in class three patients is larger than class one or two 
patients [60]. Counterclockwise growth of the maxilla and 
mandible results in a larger airway than clockwise growth. 
Predominant mouth breathing, as opposed to nasal breath-
ing, can be detrimental to the growth and development of the 
stomatological system [61–64]. Impaired nasal airflow can 
induce a clockwise growth pattern characterized by a long 
lower face height, steep mandibular and occlusal planes, a 
high and narrow palatal vault [65, 66]. The volume of the 
airway continues to grow from 7 to 18 years of age, but more 
so in males than females. Male patients have larger airways 
than female patients [67].

Relevance of Airway Cross Section Area and Radius 
to Orthodontic Diagnosis
A reduction in airway radius increases airflow resistance 
according to Poiseuille’s Law. Airflow maintenance requires 
increased inhalation effort resulting in a greater differential 
pressure between the nasopharyngeal area and the lungs. The 
generation of a large pressure gradient can lead to collapse of 
the nasal and/or pharyngeal air passageway. The following 
relationship between cross-sectional airway area and a 
higher risk for OA has been established: high probability—
minimal axial area between <52 mm2; intermediate probabil-
ity—minimal axial area between 52 and 110  mm2; low 
probability—minimal axial area >110 mm2. It is noteworthy 
that the pharyngeal valve (minimal axial area) is most often 
located in the oropharynx [65]. The oropharynx has excellent 
intra-examiner and inter-examiner reliability of airway 
assessment [47]. The smallest cross-sectional area increases 
in size with aging but at a faster rate in males after 12 years 

of age. The following anatomic abnormalities can result in 
upper airway cross-sectional area reductions resulting in air-
way obstruction: hypertrophy of adenoids and tonsils; aller-
gic and chronic rhinitis; congenital nasal deformities; trauma 
to the nose; nasal septum deviation; polyps and tumors in the 
nasal cavity; sinus disease altering the flow in and out of the 
sinuses with a detrimental impact on air quality reaching the 
upper airway. These anatomic aberrations can lead to func-
tional changes resulting in mouth breathing, which, in turn, 
can result in adverse facial growth patterns, altered dental 
arch forms, and malocclusion [32, 61–64].

Although polysomnography remains the gold standard 
for diagnosis of SDB and OSA, the phenotypical dento-
skeletal information derived from CBCT by an orthodontist, 
coupled with validated adolescent and adult sleep question-
naires, is a potential screening strategy to identify individu-
als at risk for OSA. Nevertheless, it behooves the orthodontist 
to be aware that quantitative airway measurements from 
CBCT images do not necessarily play a significant diagnos-
tic role in the development of OSA. It is possible that physi-
ologic compensation by dilation of the airway during 
inspiration reduces the significance of anatomic risk factors 
[68, 69].

4.6	 �Summary

There are findings in the literature suggesting CBCT could 
be the standard of care for specific clinical conditions. It is 
our opinion that the clinical examination and health history 
are important in deciding between standard two-dimen-
sional versus CBCT orthodontic imaging. Consider a patient 
who presents with a minor malocclusion with a favorable 
skeletal pattern; no sign or symptoms of TMD; a normal 
periodontal attachment apparatus; a normal sleep index 
based on a validated sleep questionnaire. This patient could 
be diagnosed and treatment planned from two-dimensional 
images. Alternatively, consider a patient with a severe 
dento-skeletal malocclusion possibly benefitting from 
orthognathic surgery; with advanced periodontal disease; 
with signs and symptoms of TMD; with a validated sleep 
index suggesting a high risk of sleep disturbed breathing. 
Any of these clinical findings suggest the patient might ben-
efit from CBCT imaging for diagnosis since it might alter 
the treatment plan.

Going forward the orthodontic community will be chal-
lenged to establish guidelines where three-dimensional 
imaging is indicated versus two-dimensional imaging.
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�Appendix 1: Building Radiographs (X-rays) in 
Dolphin 3D

�Lateral Cephalogram

•	 Confirm the desired orientation of the volume
•	 Confirm which type of lateral cephalogram will be cre-

ated through “Options”
–– Orthogonal

NO magnification
NO distortion
Parallel beams of radiation

–– Perspective
Magnification
Distortion (above and below the center beam of 
radiation)
Radiation emanates from the center of emitter

a

b
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*For perspective view, select the center of the projection, 
typically through porion

•	 Select a ruler option
–– Tickmarks or 100 mm bar

Tickmarks are preferred
–– Location

Left is preferred in this case
–– If the volume is very large, select to add a margin to the 

x-ray image, and select the size of the border
–– The selection of a ruler will also allow for labelling of 

the image as to Perspective or Orthogonal as well as 
the magnification included in the image.

•	 Through Preferences, the magnification of the orthogonal 
image can be set, and also the distances from emitter to 
mid-plane and mid-plane to film for perspective images

•	 Click APPLY to create the image. Once the image is gen-
erated, each level of the projection should be idealized 
BEFORE saving the image to the Dolphin Layout.
–– Dolphin 1—Dolphin default level

Set the Dolphin 1 level (most lateral projections are 
best at +2)
Adjust the sharpen slider for the best image

–– Dolphin 2—Soft tissue emphasis
Adjust the sharpen slider for the best image
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–– Dolphin 3—Hard tissue emphasis
Adjust the sharpen slider for the best image

–– Ray Sum—Film-based image emulation
Adjust the sharpen slider for the best image

–– Emboss—emboss-style image.
Adjust the sharpen slider for the best image

–– MIP—Maximum Intensity Projection, surface- 
focused

Adjust the sharpen slider for the best image
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–– Traced—Optional tracing-based image
Adjust the sharpen slider for the best image

•	 Brightness and contrast can be adjusted by clicking and 
dragging vertically or horizontally on any image. When 
all levels are adjusted, save the image to the Dolphin 
Layout/Database via the “Send Snapshot” button

•	 All filters will be available for viewing in Dolphin 2D by 
clicking the icon in the upper-right corner of each image, 
to cycle through the various filters.

�Appendix 2: Building Radiographs (X-rays) 
in Dolphin 3D

�Panoramic

•	 Confirm the desired orientation of the volume
•	 Adjust the field of view for the radiograph

•	 Place the dotted blue line at the distal aspect of the 
condyle

•	 Select the slice location (red line)
–– Typically through the lower anterior incisal tips
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•	 Define the path for the panoramic radiograph in the slice 
view

–– Start at the right condyle (near the blue line) and select 
the next point on the lower first molar, then the canine, 
several points through the incisors (average the curva-
ture of the teeth if there is crowding), followed by the 
left canine, left molar, and out to the condyle

–– Double-click to end the path
–– The trough will appear once the path is completed

•	 Confirm that all of the required anatomy is included in the 
trough

–– If the trough is excluding any anatomy, the resultant 
panoramic image will have a void

–– Use the “Translucent View” to validate the tough width 
and anatomy inclusion

–– Widen the overall trough using the Anterior (Buccal) 
and Posterior (Lingual) sliders

–– Individual points can be clicked and dragged to adjust 
a specific area

•	 Click APPLY to create the image. Once the image is gen-
erated, each level of the projection should be idealized 
BEFORE saving the image to the Dolphin Layout.
–– Dolphin 1—Dolphin default level

Set the Dolphin 1 level (most panoramic projec-
tions are best at +1)
Adjust the sharpen slider for the best image
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–– Dolphin 2—Soft tissue emphasis
Adjust the sharpen slider for the best image
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–– Dolphin 3—Hard tissue emphasis
Adjust the sharpen slider for the best image

–– Ray Sum—Film-based image emulation
Adjust the sharpen slider for the best image
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–– Emboss—emboss-style image
Adjust the sharpen slider for the best image

–– MIP—Maximum Intensity Projection, surface-focused
Adjust the sharpen slider for the best image
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–– Traced—Optional tracing-based image
Adjust the sharpen slider for the best image

•	 Brightness and Contrast can be adjusted by clicking and 
dragging vertically or horizontally on any image. When 
all levels are adjusted, save the image to the Dolphin 
Layout/Database via the “Send Snapshot” button

•	 All filters will be available for viewing in Dolphin 2D by 
clicking the icon in the upper-right corner of each image, 
to cycle through the various filters.

�Appendix 3: Building Transverse Studies 
in Dolphin 3D

•	 Select the “Coronal Slice” view
•	 Scroll through to the maxillary first permanent molars, 

and send snapshot to Dolphin 2D
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•	 Select the “Axial Slice” view
•	 Scroll to the maxillary first permanent molar furca, and 

send snapshot to Dolphin 2D

–– Use the “4-Equal Slices-Volume View” to allow cross-
referencing between slices

•	 Scroll to the mandibular first permanent molar in the 
Coronal slice view, then in the Axial view scroll the man-
dibular furca, and send snapshot to Dolphin 2D

–– Use the “4-Equal Slices-Volume View” to allow cross-
referencing between slices

•	 Close out from Dolphin 3D, and return to the 2D patient 
screen

•	 Click on the Mandibular Axial Slice image

•	 Right click on the image, and select “Annotations and 
Measurements”

•	 Calibrate to “DPI” as this image will be accurately cali-
brated to the CBCT resolution
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•	 Click on “Measurements” and select “Distance”
•	 Measure the mandibular width from the internal ridge on 

each side, at the furca
•	 Click on the Maxillary Axial Slice image
•	 Right click on the image, and select “Annotations and 

Measurements”
•	 Calibrate to “DPI” as this image will be accurately cali-

brated to the CBCT resolution
•	 Click on “Measurements” and select “Distance”
•	 Measure the mandibular width from the internal ridge on 

each side, at the furca
•	 NOTE: Proper placement of the plane lines will ensure 

accurate and repeatable measurements

�Appendix 4: Building Radiographs (X-rays) 
in Dolphin 3D

�TMJ

•	 Confirm the desired orientation of the volume
•	 Adjust the field of view for the radiograph
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•	 Set the slice location (red line)
–– Typically through the lateral poles of the condyle
–– Head position may need to be adjusted so that both 

condyles sit equally on the horizontal plane of the slice 
line

Confirm by view from the right and also the left 
view

•	 Using the Coronal direction, set the box over each con-
dyle, centering the condyle within the cut box

•	 Rotate the box using the upper red dot (toggle) to approxi-
mate the long axis of the condyle through the length of the 
cut box

•	 Click APPLY to create the image. Once the image is gen-
erated, each level of the projection should be idealized 
BEFORE saving the image to the Dolphin Layout. NOTE 

that the Dolphin levels apply only to the upper orientation 
image, and not to the slice view. The slice view has a dedi-
cated Sharpen slider to clarify the images
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•	 Select the number of cuts, the thickness, and width of the 
cuts

•	 Brightness and Contrast can be adjusted by clicking and 
dragging vertically or horizontally on any image. When 
all levels are adjusted, save the image to the Dolphin 
Layout/Database via the “Send Snapshot” button.

•	 To create the sagittal view, change the direction to 
“Sagittal” and click APPLY to create the image. Once the 
image is generated, each level of the projection should be 
idealized BEFORE saving the image to the Dolphin 
Layout. NOTE that the Dolphin levels apply only to the 
upper orientation image, and not to the slice view. The 
slice view has a dedicated Sharpen slider to clarify the 
images.

–– Adjust the number of cuts, the thickness, and the width 
of the cuts.

–– Center the cuts to create the desired images.
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•	 Brightness and Contrast can be adjusted by clicking and 
dragging vertically or horizontally on any image. When 
all levels are adjusted, save the image to the Dolphin 
Layout/Database via the “Send Snapshot” button.

•	 To view slices in a side-by-side comparison, double click on 
any of the slice views to bring up the side-by-side view.

•	 Use the mouse wheel to scroll through the slices.
–– NOTE: make sure to note the slice number at the top of 

the image.
–– Refer to the upper guide image to reference the slices 

that are in view.
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�Appendix 5: Building Airway Studies 
in Dolphin 3D

�Sinus/Airway

�Pharyngeal Boundaries According 
to Zimmerman [47]
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•	 Select the boundaries of the area to be measured on the 
Draft side

–– If studying upper airway or sinus, boundaries may 
need to be set in each of the slice views (Sagittal, 
Coronal, and Axial)

•	 Place a Seed Point in the airway area
–– Depending on the study being completed, more than 1 

airway Seed Point may be required
–– Adjust the airway sensitivity, using the Quick or HU 

method

•	 Click Update Airway to create the airway image
–– Slice view

All three slices can be displayed individually
–– Volume view

View the airway as a Surface or a Solid
Select the desired color for the airway
Soft Tissue and Hard Tissue can be added to the 
volume view
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•	 Select the tick box to determine the “Minimum Axial 
Area”

•	 Click and drag the red lines to the upper and lower limit 
of the area that will be used to determine the minimum 
axial area

•	 Click FIND to calculate the minimum axial area in both 
the slice and volume view

•	 Click SAVE to save the workup in an available slot

•	 Workups can be saved and restored as needed

�Upper Constricted Airway (with Colormap)

•	 Define the airway to be studied with a series of clicks
–– Click twice to end the airway
–– Adjust the airway sensitivity, using the Quick or HU 

method
•	 Click Update Airway to create the airway image, and 

determine the minimum axial area
–– Slice view

All three slices can be displayed individually
–– Volume view

Airway is displayed as a colormap as per the vol-
ume of the airway at any particular point

•	 Soft Tissue and Hard Tissue can be added to the volume 
view

•	 NOTE: The Sinus/Airway method samples the airway 
constriction horizontally across the screen while the 
Upper Constricted Airway method samples the airway 
constriction perpendicular to the airway path as defined 
by the user.

•	 Click SAVE to save the workup in an available slot

•	 Workups can be saved and restored as needed
•	 Airway volume is indicated at the top of the “Result Half” 

screen
•	 Left and right side of the airway can be studied individu-

ally (as separate studies) for comparison
•	 Click SAVE to save the workup in an available slot
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•	 Workups can be saved and restored as needed
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3D Cephalometry
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5.1	 �Introduction

The Western Reserve University roentgenographic cranio-
stat was developed by Broadbent and T. Wingate Todd in 
Cleveland, which allowed for acquisition of standardized 
lateral and anteroposterior planar radiographs of the human 
skull and mandible (Fig.  5.1) [1–6]. Refinements to this 
device would result in the Broadbent-Bolton cephalometer 
in 1931 (Fig. 5.2). This imaging approach also became a 
standard part of orthodontic records for confirming diagno-
sis and evaluating treatment outcomes. A main drawback of 
cephalometry is that it relies on a 2-dimensional (2D) pro-
jection of a 3-dimensional (3D) object, leading to projec-
tion and magnification errors [7, 8]. The advent of Cone 
Beam Computed Tomography (CBCT) completely revolu-
tionized orthodontic imaging allowing the clinician to see 
the patient as what they really are, 3D structures. The pur-
pose of this chapter is to illustrate techniques that go 
beyond the regular diagnosis, and provide further informa-
tion for the treatment planning and outcome assessment of 
the orthodontic patient.

5.2	 �Accuracy and Reliability of 3D 
Cephalometric Landmarks

With a single acquisition that can be taken in few seconds 
CBCT can generate panoramic, cross-sectional and recon-
structed images of the labial and lingual bone plates, which 
are not apparent in conventional two-dimensional x-rays due 
to image superimposition. In addition, views not previously 
available can be created—axial, coronal, sagittal, and sepa-
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Fig. 5.1  Craniostat developed by Broadbent and Todd as a precursor to 
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rate views of the right and left sides of the head. Several stud-
ies compared measurements derived directly from a 3D 
CBCT cephalogram with traditional 2D cephalograms. 
Zamora et al. [9] found no statistical differences between the 
measurements of one versus the other. Lagravere et al. [10] 
evaluated the reliability and accuracy in locating several dif-
ferent foramina in the cranial base by CBCT images for 
establishing reference coordinate systems to show that all 
landmarks provided high intra-examiner reliability and accu-
racy, and can be considered acceptable landmarks to use in 
establishing reference coordinate systems for future 3D 
superimposition. De Oliveria et al. [11] evaluated reliability 
in 3D landmark identification using CBCT to conclude that 
intra- and inter-observer reliability was excellent. 3D land-
mark identification using CBCT can offer consistent and 
reproducible data if a protocol for operator training and cali-
bration is followed.

3D landmarks can be identified in the actual 3D image, 
each landmark must be identified in three dimensions: 
anteroposteriorly, vertically, and transversely

5.3	 �3D Assessment of Facial Asymmetry

Appropriate symmetry is an essential factor in facial esthet-
ics. It is generally accepted today that a small degree of bilat-
eral asymmetry exists in essentially all normal individuals 
and that perfect bilateral symmetry is largely a theoretical 
concept. As the human face is not always symmetric over the 
facial midline, asymmetries and deviations within limits are 
recognized as normal [12]. However, moderate, severe, or 

pathologic asymmetry of the craniofacial complex is not 
acceptable and needs orthodontic treatment alone or com-
bined with surgical treatment. Facial appearance is basically 
composed of both the hard and soft tissues. Consequently, 
not only the skeletal structure but also the soft tissues of the 
craniofacial region must be evaluated for adequate diagnosis 
of asymmetry [12].

Traditionally, facial asymmetry has been diagnosed pri-
marily with posteroanterior cephalometric radiograph and 
clinical pictures. The reliability of posteroanterior cephalo-
metric measurement for the evaluation of facial asymmetry, 
however, is limited because some landmarks are difficult to 
identify due to the overlapping of the complex anatomical 
structures in the skull [13]. The incomplete assessment of 
soft tissues is another limitation of the posteroanterior ceph-
alometric. Therefore, it may be difficult to determine whether 
hidden asymmetries in the posterior regions are caused by 
dental factors, skeletal factors, or both. Also, head position-
ing, which is usually determined by the position of the exter-
nal auditory meatus, may modify the symmetric features of 
some landmarks and natural head position cannot be always 
ensured, especially in these asymmetric patients [13].

The development of CBCT has greatly reduced errors of 
posteroanterior cephalometric radiograph and improved our 
ability to diagnose asymmetry and other craniofacial defor-
mities. 3D CBTC CBCT images are uniquely suited to assess 
asymmetry. These images use a built-in reconstruction algo-
rithm to correct known distortions due to projection geome-
try, and allow clinicians to assess skull anatomy either 
through 1 to 1 ratio 3D surface renderings or through accu-
rate 2D slices through the skull [14].

For more accurate evaluation of asymmetry, 3D digital 
image diagnosis data go through a process called reorienta-
tion [15], which involves the adjustment of the head position 
on software images (Fig. 5.3). After reorientation, asymme-
try can be assessed by different quantitative methods. 
Comparisons with bilateral linear measurements or using 
mirror images have been reported recently [13].Both meth-
ods are critically based on which planes are to be used in the 
assessment. An appropriate midsagittal reference plane 
based on the anatomy of the cranial base is needed to evalu-
ate facial asymmetry [16]. In order to determine this refer-
ence plane, landmark positioning is necessary, which is an 
accurate and reproducible method when using 3D images.

There are some studies showing a relationship between 
malocclusion and skeletal asymmetry. One relationship fre-
quently cited is the Class II subdivision patient, with both skel-
etal and dental asymmetries described. The Class III 
malocclusion is also sometimes related to a mandibular devia-
tion [14]. It is also known that facial asymmetry is more fre-
quently identified in the lower third of the face [12]. The fact 

Fig. 5.2  The first cephalometer on display on the third floor of the 
School of Dental Medicine in the Bolton Brush Growth Study Center, 
Cleveland, Ohio, ca 1970
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that the mandible is a mobile bone that grows over a longer 
period than the maxilla has been reported as the reason for the 
increased frequency of lower facial asymmetry. Although 
asymmetry is more significant in the mandible, there can also 
be different levels of asymmetry in the maxilla [17].

Imaging software can be a helpful tool for asymmetry 
assessment. With mirroring or superimposition methods, it is 
possible to easily visualize the differences between right and 
left sides of the skull (Fig. 5.4). Another method to visualize 
and quantify hard and soft tissue asymmetry is using mir-
rored images and color map quantification [17].This is a very 
useful method not just to plan the orthodontic treatment but 
also to simplify the communication with patient, since it is a 
very clear way to visualize the differences between facial 

sides. After reorientation, the right side of the 3D skull is 
mirrored using a midsagittal plane as a reference (Fig. 5.5). 
The original 3D skull is superimposed on the new 3D mir-
rored skull by best-fit methodology using the right side as a 
reference. The asymmetry quantification can be assessed by 
color map (Fig. 5.6).

Regardless of the assessment method, the correct diagno-
sis of the tissues and regions with craniofacial asymmetry 
leads to better treatment plans [12]. 3D evaluation is very 
important to understand the complex nature of craniofacial 
asymmetry and CBCT analysis allows evaluation of asym-
metry via linear and colormap measurements, which can 
demonstrate morphological differences between sides more 
realistically.

Fig. 5.3  Reorientation method using Dolphin 3D Imaging Software
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a b
Fig. 5.4  Asymmetry 
assessment using mirroring 
and superimposition methods. 
(a) Dolphin 3D Imaging 
Software. (b) InVivo 3D 
Imaging Software

Fig. 5.5  Hard and soft tissue right side mirroring
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5.4	 �3D Assessment of the Upper Airway

Human airways can be divided into the upper and lower air-
way. The upper airway consists of the oral and nasal cavities, 
pharynx, and larynx. Pharyngeal airway obstruction and 
breathing disorders during the most intensive growth period 

may result in significant long-term negative effects on the 
dentition and dentofacial development. Narrow upper jaw 
with increased palatal depth, increased overjet, anterior open 
bite, posterior cross-bite, and steep mandibular plane angle 
are some of the most important dentofacial changes 
associated with airway obstruction and disordered breathing 
[18–21]. Dentofacial structures are the main focus of the spe-

Fig. 5.6  Superimposition and colormap quantification for asymmetry assessment
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cialty of orthodontics and dentofacial orthopedics. Various 
orthodontic and orthopedic treatment procedures, like maxil-
lary expansion [22, 23], functional treatment [24, 25], and 
orthognathic surgery [26, 27] have a direct effect on the size 
and shape of the upper airway. Therefore, it is easy to under-
stand why airway analysis has become a part of the standard 
orthodontic diagnostic protocol.

The airway is a movable 3D structure that can only be 
properly represented with 3D imaging. Even though lateral 
cephalograms have been used for many years to measure the 
airway, the lack of medio-lateral information render 2D 
information useless and at times misleading. No study of the 
upper airway can be performed using a lateral cephalogram, 
unless it is used for adenoid assessment [28–31]. It has to be 
taken under consideration that a CBCT of the airway only 
provides a static image, and the airway is not static. For this 
reason, CBCT is not an appropriate diagnostic imaging 
method at this time, since it cannot assess the function or 
collapsibility of the airway, which are the essential when 
performing risk assessment for sleep apnea. CBCT may be 
used for outcome assessment and monitoring treatment 
approaches, but does not replace, or is as complete as a sleep 
study.

5.4.1	 �Software Programs and Methods 
for Measuring the Upper Airway

There is a wide range of software programs currently available 
in the market that can be used for airway analysis. The most 
commonly used are the proprietary Dolphin 3D (Dolphin 
Imaging & Management Solutions, Chatsworth, CA) and 
InVivo 6 (Anatomage Inc., San Jose, CA), as well as the open-
source alternatives like ITK-SNAP (http://www.itksnap.org) 
for segmenting the airway. These software programs are intui-
tive, easy to use, and do not require extensive training.

5.4.1.1	 Dolphin 3D
Following image orientation, the automatic airway segmen-
tation is done in the Sinus/Airway section. Two methods are 
available for obtaining upper airway measurements.

Method #1 (Fig. 5.7)
	(a)	 The operator marks the upper airway by placing several 

points down the airway path, from the upper border 
(most commonly the posterior nasal spine) through to 
the lower border (most commonly the most anteroinfe-
rior part of the third cervical vertebra—CV3).

Fig. 5.7  The operator marks the upper airway by placing several points 
down the airway path, from the upper border (most commonly the pos-
terior nasal spine) through to the lower border (most commonly the 
most anteroinferior part of the third cervical vertebra—CV3). Once the 

airway is segmented, the airway volume and area measurements are 
presented at the top of the screen. This method also provides a color-
coded presentation with an explanatory scale on the right side. 3D 
reconstruction of the airway can be moved in all three planes of space

J. M. Palomo et al.
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	(b)	 Once the airway is segmented, the airway volume and 
area measurements are presented at the top of the screen. 
This method also provides a color-coded presentation 
with an explanatory scale on the right side.

	(c)	 3D reconstruction of the airway can be moved in all 
three planes of space.

Method #2 (Fig. 5.8)
	(a)	 Sagittal (anterior and posterior to the airway) and verti-

cal (upper and lower) borders of the upper airway are 
marked, after which threshold seed points are places 
inside the airway.

	(b)	 Upon airway segmentation, the airway volume and area 
measurements are presented at the top of the screen. No 
color-coded presentation is available when using this 
method.

	(c)	 Three-dimensional reconstruction of the airway can be 
moved in all three planes of space.

5.4.1.2	 �InVivo 6
Following image orientation, the automatic airway segmen-
tation is done in the Airway section.

	(a)	 The upper airway border is marked at the level of the 
posterior nasal spine and the lower border at the level of 
the most anteroinferior part of the CV3 (Fig. 5.9a).

	(b)	 Once the airway is segmented, the airway volume and area 
measurements are presented next to the color-mapped 
image. The explanatory scale for the color map is located 
at the bottom of the screen. A diagram of the AP and RL 
distances and the cross-section area are available on the 
right side. Three-dimensional reconstruction of the airway 
can be moved in all three planes of space (Fig. 5.9b).

	(c)	 Minimum cross-sectional area and diagrams (Fig. 5.10).

5.4.1.3	 �ITK-SNAP
ITK-SNAP open-source software is used to segment the 
airway.

	(a)	 Following image orientation, the region of interest (ROI) 
is determined on the axial, sagittal, and coronal slices 
(Fig. 5.11).

	(b)	 The picture is reversed by setting the threshold. The 
lower threshold is reduced to zero, and the upper thresh-
old is adjusted until for best airway presentation. After 
the adjustments, the airway is presented in white, and the 
surrounding structures in blue (Fig. 5.12).

	(c)	 Threshold bubbles are added to fill the airway space (it 
does not need to be filled completely) (Fig. 5.13).

	(d)	 Once the bubbles have been placed, the “play” button is 
pressed, segmentation updated, and the airway is seg-
mented (Fig. 5.14).

Fig. 5.8  Sagittal (anterior and posterior to the airway) and vertical 
(upper and lower) borders of the upper airway are marked, after which 
threshold seed points are places inside the airway. Upon airway seg-

mentation, the airway volume and area measurements are presented at 
the top of the screen. No color-coded presentation is available when 
using this method
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a

b

Fig. 5.9  (a) The upper airway border is marked at the level of the pos-
terior nasal spine and the lower border at the level of the most anteroin-
ferior part of the CV3. (b) A diagram of the AP and RL distances and 

the cross-sectional area are available on the right side. Three-
dimensional reconstruction of the airway can be moved in all three 
planes of space
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Fig. 5.10  Minimum cross-sectional area and diagrams

Fig. 5.11  The region of interest (ROI) is determined on the axial, sagittal, and coronal slices
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Fig. 5.12  The picture is reversed by setting the threshold. The lower threshold is reduced to zero, and the upper threshold is adjusted until for best 
airway presentation. After the adjustments, the airway is presented in white, and the surrounding structures in blue

Fig. 5.13  Threshold bubbles are added to fill the airway space (it does not need to be filled completely)
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	(e)	 The segmented airway can be observed on the axial, sag-
ittal, and coronal slices, in addition to the 3D reconstruc-
tion (Fig. 5.15).

5.4.2	 �Accuracy and Reliability of Airway 
Imaging

The accuracy and reliability of upper airway measurements 
obtained from CBCT scans using different software pro-
grams were frequently investigated over the past decade. 
Most studies have concluded that CBCT measurements were 
accurate and reliable [29, 32]; however, significant differ-
ences were found between values obtained using different 
software programs [33, 34]. El and Palomo [33] looked at 30 
CBCT scans to test the reliability and accuracy of 3 commer-
cially available software programs (Dolphin 3D, InVivo, and 
OnDemand). They found that all three software programs 
were highly reliable in airway calculations and showed high 
correlation of results, but poor accuracy, suggesting system-
atic errors. Weissheimer et al. [34] assessed the accuracy of 
six imaging software programs for measuring upper airway 
volumes in 33 growing patients. Semi-automatic and seg-
mentations with interactive and fixed threshold protocols 
were performed by using Mimics, ITK-SNAP, OsiriX, 

Dolphin3D, InVivo, and OnDemand3D software programs. 
They concluded that all software programs were reliable but 
had errors in the volume segmentations of the oropharynx. 
However, it has been shown that under current scanning pro-
tocols volumetric measurements show significant variability 
[35], which makes the minimum cross-sectional area a more 
useful measurement in upper airway assessment.

Even though there are currently no standard or minimal 
values for airway volumes and minimum cross-sectional 
areas, the difference in airway size before and after treatment 
can easily be appreciated by looking at the pre- and post-
treatment segmentation (Figs. 5.16 and 5.17).

5.5	 �CBCT and Obstructive Sleep  
Apnea (OSA)

OSA is a common disorder characterized by collapse of the 
upper airway during sleep resulting in hypoxemia and 
arousal [36]. CBCT can be employed to assess the location 
of obstruction in OSA patients. One study compared the 
upper airway structure in OSA patients and control subjects 
using CBCT images [37]. It was shown that OSA subjects 
presented lower total airway volume, smaller anterior-
posterior dimension of the minimum cross-sectional seg-

Fig. 5.14  Once the bubbles have been placed, the “play” button is pressed, segmentation updated, and the airway is segmented
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Fig. 5.15  The segmented airway can be observed on the axial, sagittal, and coronal slices, in addition to the 3D reconstruction

a

b

Fig. 5.16  Herbst patient description. (a) The pre-treatment color-
coded airway segmentation indicates reduced airway size (red and 
black) and the location of the minimum cross-sectional area at the level 

of the CV2 lower border. (b) The post-treatment segmentation shows an 
increase in the airway size (green), especially of the minimum cross-
sectional area (yellow)
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ment, and smaller minimum cross-sectional area. Also the 
OSA group showed elliptic shaped airway, while the non-
OSA group showed round, or square airway [37].Recent 
study evaluated the upper airway dimensions of OSA and 
control subjects using CBCT. Results showed that OSA sub-
jects had a significantly smaller average minimum cross-
sectional area, average airway volume, total airway volume, 
and mean airway width. OSA subjects had a significantly 
larger airway length measurement [38].

5.5.1	 �Evaluation of OSA Treatment 
Approaches Using CBCT

5.5.1.1	 �Continuous Positive Airway Pressure 
(CPAP).

CPAP is the most effective method to manage OSA.  It 
improves subjective and objective measures of sleepiness 
[39].The most significant effect is enlargement of the airway 
by dimensional changes of the lateral pharyngeal walls. A 

recent study evaluated OSA patients by taking CBCT scans 
during application of positive pressure to the respiratory sys-
tem while awake and seated [40]. The scan was taken during 
a cycle of resting breathing. Another image was obtained 
when pressure was applied using a full facemask also in the 
seated posture during wakefulness. The mask was connected 
to a positive pressure source. Scan was taken while breathing 
on a mask pressure of +10 cm H2O (Fig. 5.18). Positive pres-
sure application of +10 cm H2O showed significant airway 
volume increase in all regions (36%). The hypopharynx vol-
ume increased the most with 50%, followed by oropharynx 
with 23%, and the nasopharynx with 17.7%. The minimum 
cross-sectional area changed from 100.57  ±  38.74  mm2 to 
130.64 ± 64.01 mm2.

5.5.1.2	 �Oral Appliances
An oral appliance is fitted to the upper and lower teeth 
and is designed to work by fixing and/or anterior posi-
tioning the mandible, preventing the collapse of the 
tongue and/or increasing the posterior oropharyngeal air-

a

b

Fig. 5.17  FaceMask patient description. (a) The pre-treatment color-
coded airway segmentation indicates reduced airway size (red and 
black) and the location of the minimum cross-sectional area slightly 
below the level of the CV2 lower border. (b) The post-treatment seg-

mentation shows an increasein the airway size (yellow, green, red) and 
the minimum cross-sectional area (red). The increase isnot as remark-
able as in the Class II patient, but it is still evident
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way space, therefore reducing the collapse of the upper 
airway during sleep [41]. Oral appliances can be first-line 
therapy but are more commonly used for patients who are 
not compliant with CPAP and diagnosed with mild and 
moderate OSA; and oral appliance also treats simple 
snoring. Recently, the American Academy of Sleep 
Medicine recommended the oral appliances as a first line 
of therapy in patients with mild to moderate OSA.  The 
most commonly used oral appliances are the mandibular 
advancement devices which reposition the mandible, 
tongue, and hyoid bone anteriorly to increase dimensions 

of the upper airway [42, 43]. Figure 5.19 shows airway 
volume changes for one patient with and without oral 
appliance.

5.5.1.3	 �Maxillomandibular Advancement
Maxillomandibular advancement (MMA) surgery is a well-
established treatment of obstructive OSA [44]. The rationale 
for MMA is to increase the anteroposterior and the lateral 
dimensions at multi-levels of the upper airway [45].Also 
reducing upper airway collapsibility by the superior and 
anterior movement of the hyoid bone [46]. Schendel et  al. 

a

b

Fig. 5.18  Three-dimensional rendering images of the upper airway 
with cone beam computed tomography for one patient. (a) Resting 
Breathing: Sagittal view during a cycle of resting breathing showing the 

upper airway volume (b) Application of positive pressure (+10 cmH2O) 
by facemask. Sagittal view during application of +10 cmH2O with an 
increase in airway volume
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evaluated ten patients with moderate or severe OSA who 
underwent MMA surgery by preoperative and postoperative 
cone beam computed tomography scans and polysomno-
grams. The volume of the UAS increased significantly by 
237% as a result of the MMA.  The retropalatal volume 
increased more than retroglossal volume, 361–165% [27]. 
Volumetric morphological changes of upper airway after 
MMA for OSA patients were assessed using CBCT. It was 
shown that MMA increased airway total volume (Fig. 5.20) 
[47].

5.5.1.4	 �Upper Airway Stimulation
A relatively novel and cutting edge treatment is upper air-
way electrical stimulation (UAS) therapy using a fully 
implanted system. The Inspire implant (Inspire Medical 
Systems, Inc., Maple Grove, MN and FDA approved in 
April 2014) is offered for the treatment of moderate-to-
severe obstructive sleep apnea who cannot use CPAP ther-
apy, and is known to decrease the severity and symptoms of 
OSA in selected patients [49–51]. The therapeutic approach, 
as initially described, is to deliver stimulation to the hypo-

Fig. 5.19  Three-dimensional rendering images of the upper airway 
with cone beam computed tomography for one patient. (a) Resting 
Breathing: Sagittal view during a cycle of resting breathing showing the 

upper airway volume. (b) Same patient with oral appliance showing an 
increase in airway volume

a
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glossal nerve, synchronized with breathing efforts [45].The 
patient can turn the therapy on before bedtime, and off in 
the morning using a remote control. When the device is 
activated, it senses the person’s breathing patterns, deliver-
ing mild stimulation in order to keep the airway open, act-
ing in a similar way than a pacemaker. The level of 
stimulation can be custom to each patient depending on 
patient’s unique BMI and AHI.  A recent study evaluated 
seven patients who had previously undergone surgical 
implantation for UAS therapy at the University Hospitals 

Case Medical Center (Cleveland, OH); all were regularly 
using therapy. Subjects were evaluated by CBCT scans. 
The first scan was taken during a cycle of resting breathing. 
The second scan was taken during stimulation at voltage 
amplitude at or near that used therapeutically during sleep 
in that patient. The CBCT volumes taken under UAS of the 
hypoglossal nerve showed a significant increase along the 
upper airway (+48%). The hypopharynx increased 63%, 
followed by the oropharynx with 54%, and the nasophar-
ynx with a 15% increase. The average minimum cross-

b

Fig. 5.19  (continued)
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sectional area before stimulation was 100.5 mm2 and after 
stimulation it was 139.2 mm2 [40, 48].

5.6	 �The 3D Virtual Surgical Planning

For many years, clinicians relied on 2D cephalometrics, 
articulators, facebow transfer, dental casts, photos, and 
physical clinical examination for planning and fabricating 
guides for orthognathic surgery. The decision-making and 
planning process were mainly focusing on dental casts 

neglecting the anatomical information coming from the 
whole skull [52]. In today’s practice, we are on the verge 
of a technology that allows the user to assess not only the 
occlusal relationships but also facial soft tissues and 
underlying hard tissues. To achieve these goals, the use of 
several VSP software along with powerful hardware is 
mandatory. Currently existing software show similarities 
to each other and mostly have a step by step interface 
guiding the user while planning the case. Therefore, the 
VSP procedure is not about learning the programs or 
which software to use, but more of transferring the clini-

a

b

Fig. 5.20  Three-dimensional rendering images of the upper airway 
with cone beam computed tomography for one patient. (a) Resting 
Breathing: Sagittal view during a cycle of resting breathing showing the 

upper airway volume. (b) Same patient after MA showing increase in 
the airway volume
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cian’s knowledge and treatment philosophy using these 
software as a comprehensive tool in order to obtain desired 
results.

5.6.1	 �Collection of Digital Data

The digital data that is required for performing VSP for a 
specific patient are:

	(a)	 Digital Photographs
•	 Extraoral Photographs: Especially the frontal and pro-

file photos help to identify asymmetry and sagittal/ver-
tical discrepancies, respectively. Frontal smiling photos 
are used for evaluating the upper incisor exposure, 

upper and lower lip response while smiling and upper 
incisor midline shift with respect to facial midline. 
Additionally, in order to identify the midline shifts for 
both arches and canting of the occlusal plane, photos 
can be taken with cheek/lip retractors (Fig. 5.21a–d).

•	 Intraoral Photographs: These photos are generally 
taken to check the accuracy of occlusal relationships 
after integrating the digital casts to CBCT data 
(Fig. 5.21e–i)

	(b)	 CBCT
•	 The reliability and sensitivity of CBCT has been 

demonstrated by several studies and it has been 
shown that the acquired 3D data is comparable to 
measurements obtained directly from dry skulls [53]. 
Therefore, this makes CBCT the most important digi-

g

h i

a b c d

e f

Fig. 5.21  Typical facial frontal (a), facial frontal smile (b), facial pro-
file (c), and facial frontal retracted lips/open mouth (d) photographs 
taken prior to surgery for the purpose of VSP procedure. Intraoral photo 

series (e–i) do not contribute to planning phase as much as the extraoral 
photographs. The actual contribution in terms of intraoral dental rela-
tionships comes from the clinical analysis

J. M. Palomo et al.
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tal data of the whole planning procedure. For this pur-
pose, a large Field of View (FOV) and related mA and 
kVp settings should be selected. The vertical height 
of the FOV should preferably be at least 15–17 cm. 
By this means, soft tissue glabella point for the supe-
rior limit and neck–throat junction for the inferior 
limit can be contained in the images even for patients 
with a dolichocephalic pattern (Fig. 5.22). Head ori-
entation prior to image acquisition in the CBCT 
device is done using the laser/shading aligners [54]. 
Every effort should be made to adjust the head posi-
tion with minimal stress on soft tissues or the bite. It 
should be noted that the final orientation of the head 
will be processed in the preferred VSP software.

	(c)	 Digital Casts
•	 There are three main reasons for integrating digital 

casts to CBCT data:

–– The spatial resolution of digital casts scanned with 
intraoral and/or desktop scanners are better than 
CBCT images [55]. Replacing the dental region in the 
CBCT data with a high-quality dentoalveolar region 
scan allows preparation of an accurate surgical guide 
(Fig. 5.23a).

–– Considering that VSP procedure is often performed in 
patients during orthodontic treatment, CBCT provides 
insufficient visualization of the dental arches. The rea-
son that the teeth are not accurately rendered is that 
CBCT scans are subject to metal scattering artifacts at 
the occlusal level [56] (Fig. 5.23b). Therefore, the first 
two matters are for fabrication purposes.

–– If a CBCT scan is acquired without any kind of regis-
tration wax bite and while the patient is in habitual bit-
ing position, the resultant dental region may seem 
somewhat “intertwined.” This may result as the mis-

Fig. 5.22  CBCT devices 
with 23 × 17 cm FOV setting 
are generally able to capture 
all the vital information 
required for VSP. The upper 
and lower red dots represent 
the soft tissue glabella and 
neck-throat point, respectively

a b c

Fig. 5.23  Digital casts obtained from intraoral or desktop scanners 
provide accurate results. (a) Please note that the accuracy from the 
3Shape Trios 3 scanner is approximately 6.9 ± 0.9 μm (high polygon 
density) compared to the surface of the model base formed automati-

cally (low polygon density) by 3Shape OrthoAnalyzer software (3Shape 
A/S, Copenhagen, Denmark). (b) The raw CBCT data showing metal 
scatter artifacts at the occlusal level. (c) Digital casts integrated to the 
CBCT data
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recognition of maxillary and mandibular regions by 
the software and end up with an error. In order to prop-
erly separate and create the regions including the den-
tal area we have to show the limits of the maxilla and 
mandible to the software by integrating the digital 
casts (Fig. 5.23c). This is the technical reason for den-
tal cast integration.

	(d)	 3D Photo
•	 Soft tissue skin can be obtained through CBCT or 3D 

photos. The construction of soft tissue skin is particu-
larly useful to simulate the reflection of hard tissue 
movements to the face and measuring the soft tissue 
thicknesses in various regions to be able to predict the 
approximate response to hard tissue relocations. 
Currently, stereophotogrammetry, laser scanning, and 
structured light techniques are used to accurately and 
non-invasively capture the soft tissue skin of the 
facial region and the data retrieved from the capture is 
fully integratable with CBCT data thanks to VSP 
software [57] (Fig. 5.24).

5.6.1.1	 �Creation of the Virtual Patient
The VP is mainly made up of CBCT data. The soft tissue and 
hard tissue information can be separately processed using 
different threshold levels. Due to the reasons mentioned pre-
viously, digital cast integration to the CBCT volume is man-
datory and is generally the first procedure to complete. 
Although there may be some differences, it is generally a 
straightforward procedure using a point to point registration 
algorithm such as Procrustes registration (Fig.  5.25). This 
step should be done with proper technique and diligence 
since improper registration may cause errors in the actual 
result and fabrication of surgical guides.

The next step is to extract the soft tissue skin from the 
CBCT volume using proper threshold values or to integrate 
the 3D soft tissue surface (3D photo). 3D photo can be inte-
grated with similar methodology as the digital casts 
(Fig. 5.26). In order to extract the soft tissue from the CBCT 
volume, the threshold must be set to an extent where all soft 
tissue skin detail is captured.

There are also several other surfaces that can be added for 
a more detailed VP, such as the upper airway, right and left 
condyles, and inferior alveolar nerve (Fig.  5.27). Among 
these, the most important surface is the visualization and 
analysis of the upper airway. It is well documented that man-
dibular setback surgery has the potential of narrowing the 
oropharyngeal airway while maxillomandibular advance-
ment surgeries tend to increase the airway space [58, 59]. 
Therefore, upper airway becomes an important factor that 
should be taken into consideration during VSP.

5.6.1.2	 �Head Orientation
Head orientation is the starting out point of the whole VSP 
procedure and thus can be considered as the most important 
step. Mostly used head orientation methods for VSP are:

•	 Frankfort horizontal (FH) plane orientation
•	 Natural head orientation

FH plane orientation has been a widely used orientation 
method for 2D cephalometric planning procedures. The 
main reason is that the facebow transfer also reflects the 
axio-orbital plane for positioning the models on the articula-
tor. Therefore, all the records can be consistent with each 
other. However, for the 3D world it is not proper to use only 
a line passing from the orbitale and porion points because 
there are in fact two porion and two orbitale points. Thus, we 

a b c

Fig. 5.24  (a) 3D soft tissue skin with true color depiction captured 
with 3dMd Face System (3dMD LLC, Atlanta, Georgia, USA). (b) Soft 
tissue skin obtained directly from the CBCT data using the relevant 

threshold values. (c) Precise integration of 3D photo to the soft tissue 
skin from the CBCT data is essential. If this is not the case, then use 
CBCT data is recommended
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have to form planes instead of lines and we have to perform 
this on three planes of space. For this purpose, FH, midsagit-
tal and transporionic planes can be used as proposed [54]. 
This orientation method is also known to be closest to natural 
head position [60] (Fig. 5.28a).

Natural head position is considered as the most repro-
ducible position and was suggested for use as a basis for 
cephalometric analysis [61]. It is also considered to be 
reproducible three-dimensionally [62]. Several methods 
have been proposed to register head position, such as laser 

light beams, mini-3D sensors, and gyroscope with fiducial 
landmarks [62–64]. Several software also let the user to trace 
orientation landmarks on the craniofacial skeleton and teeth 
along with data obtained from physical clinical analysis in 
order to automatically reproduce the natural head position. 
Furthermore, the head orientation can also be fine-tuned 
using the manual orientation tools such as yaw, roll and pitch 
rotational controls (Fig.  5.28b). The accuracy of the final 
orientation can be confirmed by comparisons with extraoral 
photographs taken using the true vertical line.

Fig. 5.25  Point to point registration is done by using three or more 
points. First, a point is placed on a well-defined surface on the volume 
render view of the CBCT data and fine-tuned using the MPR slices 

(axial, sagittal, and coronal). Then another point at the exact same loca-
tion is marked on the digital cast. Finally, the integration is done by 
automatic and manual alignment

Fig. 5.26  Integration of the 
3D photo to the soft tissue 
skin surface of the CBCT data 
is exactly the same as digital 
cast integration. Some typical 
landmarks that can be used 
for point to point registration 
is shown. Fiducial markers on 
the face also provides for a 
better and easier integration
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5.6.1.3	 �Acquisition of 2D Radiographs and 2D 
Cephalometric Plan

2D conventional radiographs that can be obtained from 
CBCT data are: lateral, anteroposterior, submentovertex 
cephalograms, panoramic radiographs, and TMJ tomograms 
[54]. Generally, the most important 2D data to be extracted is 
the lateral cephalogram.

Lateral headfilms that are generated from CBCT are com-
parable with measurements obtained directly from dry skulls 
[65]. Thus, any 2D cephalometric analysis along with desired 
surgical movement simulation will reproduce true linear and 
angular measurements and can be reflected to the 3D envi-
ronment (Fig. 5.29). However, it should be noted that only 
the changes in the vertical and sagittal directions of the 
required maxillary and mandibular movements can be trans-
ferred to the 3D plan. Transverse movements are determined 
according to the 3D cephalometric results.

5.6.1.4	 �Determination of Surgical Cuts
There are various types of cuts applied in orthognathic surgi-
cal procedures. The most common cut for the maxilla is 
LeFort I, for the mandible bilateral sagittal split osteotomy 
(BSSO) and for the chin genioplasty cuts. The osteotomy 
simulations are necessary to separate the segments that are 
going to be manipulated during the surgical planning proce-
dure. Initially, the VP has two hard tissue meshes; maxilla 
attached to the cranial base and the mandible. After perform-
ing the standard osteotomies, there is one stable reference 
mesh; the cranial base and five movable meshes; maxilla, 
mandibular distal segment, two mandibular proximal seg-
ments, and the chin (Fig. 5.30).

5.6.1.5	 �Identification of 3D Landmarks
In this step all bony, dentoalveolar and soft tissue skin land-
marks are identified one by one for the purpose of 3D cepha-

a b

Fig. 5.28  (a) FH plane 
orientation vs. (b) natural 
head orientation using the 
Dolphin Imaging 11.95 
software (Dolphin Imaging & 
Management Solutions, 
Chatsworth, CA, USA). 
Although there is a slight 
difference between two 
orientations, please note that 
how the perpendicular 
horizontal proximity of 
several landmarks change 
with respect to the true 
vertical line passing from the 
Subnasale point

Fig. 5.27  The VP ready for VSP procedure. The meshes that are cre-
ated using the NemoFAB 2019 software (Nemotec, Madrid, Spain) are 
maxilla attached to the cranial base (green), mandible (pink) with con-

dyles (orange) reconstructed, inferior alveolar nerve (red), and the oro-
pharyngeal airway (blue)
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lometric evaluation (Fig.  5.31). These landmarks are also 
useful to compare the changes between the initial and final 
state of the repositioned segments. It is advisable to first 
determine the landmark points on the 3D volume render 
view and fine tune its position using the multiplanar refor-
matting (MPR) slices.

5.6.1.6	 �Surgical Simulation
Segments are first repositioned using the sagittal aspect of 
the volume render view as if doing a 2D cephalometric plan. 
At this stage, the data obtained from the 2D surgical plan is 
reflected to the 3D environment automatically or manually, 
depending on the software being used. These movements 

Fig. 5.30  Typical osteotomies (BSSO, LeFort I, and genioplasty) planned using the NemoFAB 2019 software

Fig. 5.31  Landmarks placed on the soft and hard tissues for a thorough 
3D analysis and for the evaluation of 3D displacement of certain land-
marks while planning the case

Fig. 5.29  The 2D cephalometric plan for the specific patient in order 
to reflect the vertical and sagittal positions of the maxillary and man-
dibular segments to the 3D plan. Here a 6.5 mm of maxillary advance-
ment along with 4  mm of downgrafting and 3  mm of mandibular 
setback and a counterclockwise rotation of the whole complex was 
planned
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include advancement/setback (sagittal plane corrections) and 
downgrafting/impaction (vertical plane corrections) along 
with pitch type of rotations (clockwise or counterclockwise). 
Following this step, the 3D volume render is viewed from the 
coronal aspect in order to correct transverse discrepancies. 
For this purpose, several reference planes such as the mid-
sagittal plane is used to determine the deviation of specific 
landmarks such as the pogonion. Deviated landmarks are 
aligned to the midsagittal plane in a linear fashion first and 
then yaw and roll type of rotations are applied if needed 
(Fig. 5.32).

5.6.1.7	 �Designing the Surgical Splints
When it is decided that all surgical movements are satisfac-
tory, the final stage is to produce the digital splints. First of 
all, it should be determined which jaw is going to be osteoto-
mized primarily. Then, by simply moving only the desired 

jaw and keeping the other in its original position, the inter-
mediate splint is prepared. Subsequently, the previously pas-
sive jaw is placed in its final position and the final splint is 
arranged. The digital data can be exported to an external 3D 
printer software and the splints can be obtained physically 
(Figs. 5.33 and 5.34).

5.7	 �3D Superimposition Methods 
Using CBCT

In 1931 Birdsall Holly Broadbent published a technique for 
superimposition of successive cephalometric films to study 
the physical changes that occurred during facial growth with 
time [6]. This imaging approach also became a standard part 
of orthodontic records for confirming diagnosis and evaluat-
ing treatment outcomes. Several methods have been pro-

a b

c d

Fig. 5.32  Segments are 
positioned from the sagittal (a 
and c) and coronal (b and d) 
aspects, respectively. 
Anteroposterior and 
superoinferior linear 
movements and pitch type of 
rotations (clockwise or 
counterclockwise) are 
performed on the sagittal 
view. Mediolateral linear 
movements and roll and yaw 
type of rotations are 
performed on the coronal 
view
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posed for superimposing serial cephalograms in 2D [66, 67]. 
Cephalometric superimpositions allow clinicians to evaluate 
growth and treatment by evaluation of changes in the maxil-
lary and mandibular displacement through a general super-
imposition on the cranial base, evaluation of changes in the 

maxillary dentoalveolar complex through local maxillary 
superimposition, and evaluation of dentoalveolar mandibular 
changes through local mandibular superimposition. However, 
cephalometrics was limited to viewing 3D craniofacial struc-
tures in only 2D.

a b c

Fig. 5.33  Mandible was the first jaw to be operated for this specific patient. (a) Therefore, the intermediate splint was prepared while keeping the 
maxilla in its initial position and repositioning the mandible only. (b) The digital splint. (c) The 3D printed physical splint

a

d e f

g h

b c

Fig. 5.34  The final extraoral (a–c) and intraoral (d–h) photos of the digitally planned case
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The importance of the third dimension for orthodontic 
and surgical purposes has been emphasized for decades, and 
several attempts have been made to be able to view the third 
dimension [33]. Recently, advancement of CBCT devices 
and abundant development of software packages has led not 

only to better diagnosis and treatment planning but also in 
evaluation of treatment outcomes in 3D (Fig. 5.35). The res-
olution of CBCT imaging is determined by the individual 
volume elements (voxels) produced from the volumetric 
dataset. The size of a voxel is defined by its height, width, 

a

b

Fig. 5.35  Different views for superimpositions. 3D superimposition 
allows clinicians to assess the craniofacial structures in different views. 
a) shows 3D superimposed volume render of an orthognathic case (the 

red color represents the postsurgical volume) and b) shows the same 
superimposition from sagital and axial views
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and depth, and CBCT voxels are generally isotropic—equal 
in 3 dimensions [68].The voxel size of a 3D image is equiva-
lent to the pixel resolution in 2D images, and each voxel con-
tains an intensity or density of the grayscale level. This 
grayscale level can be analyzed to identify areas of stability 
within an image when comparing two images. The superim-
position of CBCT volumes in 3D space after changes of the 
craniofacial structures over time due to growth or orthodon-
tic/surgical treatment requires understanding different types 
of 3D superimpositions. With the development of software 
packages, different methods have been proposed for super-
imposition of volume images from a CBCT scan.

5.7.1	 �Landmark-Based Superimposition

Landmark-based superimposition requires accuracy in anatom-
ical landmarks identification [69]. Landmark superimposition 
works by calculating the difference between selected ana-

tomical landmarks on two CBCT images and accordingly the 
software overlays the two images. Most software programs 
provide superimposition tools for 3D images using anatomi-
cal landmarks [70].

5.7.1.1	 �Steps for Landmark Superimposition
The initial (T1) and the final (T2) CBCT images are 
uploaded to the software, and landmarks are placed on ana-
tomically stable structures to serve as registration refer-
ences. Each software program requires a different number 
of landmarks, varying between three and seven. Once the 
two images are overlaid, a position-refining tool can be 
used to manually refine the registration of the two images 
to reach the best fit or match of the cranial bases. Changes 
between two images can be evaluated through the rendered 
superimposed volumes or through superimposed slices. 
Landmark superimposition methods using Dolphin Imaging 
software version 11.9 (Dolphin Imaging & Management 
Solutions, Chatsworth, CA) are shown in Fig. 5.36, and the 

a b

c d

Fig. 5.36  Landmark-based 
superimposition using 
Dolphin 3D software. (a) Two 
CBCT images uploaded to the 
software. Same landmarks are 
placed on the two images as a 
registration reference. (b) The 
two images are overlaid 
together by the software after 
calculating the difference 
between the selected 
anatomical landmarks. (c) 
Manually refine the 
registration of the two images 
to reach the best fit or match 
of the cranial bases using the 
refining tool. (d) Final 
outcome after superimposition
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one using InVivo version 5.1 (Anatomage, San Jose, CA) is 
shown in Fig. 5.37.

5.7.2	 �Surface-Based Superimposition

Surface-based registration implies separately selecting 
corresponding unchanged surfaces in two images. Once 
surfaces are selected, a manual approximation is per-
formed by translating one of the two images to align the 
two surfaces. Finally, the software program performs a 
surface-to-surface registration to refine the initial manual 
registration.

5.7.3	 �Voxel-Based Superimposition

Cevidanes et al. introduced the voxel-based superimposition 
method to the dental field [71–75] It has been widely used 
previously in the medical field for superimposing CT, CBCT, 
and MRI images. Voxel-based registration method measures 
the unchanged grayscale intensity within each voxel in a 
defined volume of interest of two scans to register the images. 
This makes it a fully automated superimposition method, 
which can overcome the drawbacks of the previously 
described ones that mainly depend on accurate landmark 
identification. It can be performed using the Slicer open-
source software (www.slicer.org), for which video tutorials 
are available at https://www.youtube.com/user/DCBIA/playl-
ists [71–75]. The image analysis steps include: (1) 3D regis-
tration and construction of segmentations, (2) construction of 
surface models, and (3) quantification of changes. Initially, 
the major drawback is that it requires several steps performed 
using more than one software, which takes about 1 h for a 
well-trained user. Recently, commercial software packages 
started to offer a new tool for cranial base superimposition 
that is also voxel based and does not require the construction 
of surface models prior to superimposition. This tool is user-
friendly in most of the software packages and superimposi-
tion can be performed in 30–40  s. Several studies have 
compared fast 3D voxel-based superimposition using com-
mercial software programs with the Cevidanes method, which 
is considered the gold standard for voxel-based superimposi-
tion. Bazina et al. [76] compared the fast 3D voxel superim-
position on the cranial base using Dolphin 3D software 
(version 11.9, Dolphin Imaging & Management Solutions, 
Chatsworth, CA) to the Cevidanes method using a sample of 
non-growing surgical patients to assess the accuracy of the 
software. No clinically significant differences were found 
between the two programs. Another study validated the 
method for fast 3D superimposition of CBCT images of 
growing patients and adults using commercial software 
(OnDemand3D; Cybermed, Seoul, Korea) and concluded it 

was reproducible in different clinical conditions and applica-
ble for research and clinical practice [77]. After validation of 
commercial software packages against the gold standard 
method, Elshebiny et al. compared the fast commercial soft-
ware packages. It was concluded that there were no clinically 
significant differences between the programs [78]. Eliliwi 
et  al. [79] evaluated the effect of changing kVp, mA, and 
voxel size on the accuracy of voxel-based superimposition on 
the anterior cranial base to conclude that using different 
CBCT settings can affect the accuracy of the voxel-based 
superimposition method. Outcome can be changed when 
using low kVp values, while changes in mA or voxel sizes did 
not significantly interfere with the superimposition outcome.

5.7.4	 �Steps for Fast 3D Voxel-Based 
Superimposition on the Cranial Base

The base volume and the second volume CBCT images are 
uploaded to the software, and are approximated using at least 
three landmarks placed on each volume. Different software 
programs require different numbers of landmarks, usually a 
minimum of three and maximum of seven. After approxima-
tion, a position-refining tool is used to manually refine the 
registration of the two images to reach the best fit or match 
of the cranial bases. Anatomical structures of the anterior 
cranial base are then selected on different slice views of the 
used volumes by placing a size adjustable box on the area of 
interest. Next, the automated registration tool is performed to 
align the volumes using the unchanged voxels within super-
imposition box of the two CBCT volumes. Figure 5.38 shows 
the voxel-based superimposition method using Dolphin soft-
ware program.

Fig. 5.37  (a) Two CBCT images uploaded to the software. Same land-
marks are placed on the two images as a registration reference. (b)The 
two images are overlaid together by the software after calculating the 
difference between the selected anatomical landmarks. (c) Manually 
refine the registration of the two images to reach the best fit or match of 
the cranial bases using the refining tool

a
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5.7.5	 �Superimposition Assessment

Color maps: After complete registration of the two volumes, the 
outcome can be assessed based on the absolute value of the max-
imum distance between surfaces, and then graphically displayed 
as color maps. Colored segments corresponding to the distance 
(mm) are used to highlight the differences between the two sur-

faces in the regions of interest (Fig. 5.39). Another method to 
assess the superimposition is by visualizing of the semitranspar-
ent surface models, axial, sagittal and coronal cross-sectional 
slices of the base and second volumes (Fig. 5.40). Figures 5.41 
and 5.42 show different views of 3D superimposition that can be 
assessed in volume rendering and different slices to allow clini-
cians to evaluate and assess their treatment outcome.

b

c

Fig. 5.37  (continued)
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Fig. 5.38  Voxel-based superimposition. (a) Approximation of the two 
CBCT images using at landmarks placed on each volume. (b) Selection 
of the anterior cranial base on different slices views of the used volumes 
by placing a size adjustable box on the area of interest. (c) Final super-

imposition image after aligning the volumes using the unchanged vox-
els within superimposition box of the two CBCT volumes. (d) Final 
superimposition viewed in volumetric mode

a

b
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c

d

Fig. 5.38  (continued)
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Fig. 5.40  CBCT superimposition of the same patient showing the pre-
surgical surface in white and the postsurgical surface in semitransparent 
green color, showing the changes after mandibular advancement and 
maxillary rotation

Fig. 5.41  3D superimposition allows clinicians to assess the craniofacial structures in different views. This figure shows 3D superimposed volume 
render of a growing patient (the purple color represents the second time point)

Fig. 5.39  Colormap showing the changes before and after surgery
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5.8	 �Conclusions

The introduction of the CBCT into everyday orthodontic prac-
tice made 3D cephalometry a reality. Landmarks can now be 
identified in the sagittal, vertical, and transverse dimension of 
the 3D image. This has significantly reduced errors in the lat-
eral, but even more frontal cephalometric analyses, improving 
orthodontists’ diagnostic ability and enhancing treatment 
planning. Moreover, it has become possible to analyze upper 
airway in all three planes of space, allowing clinicians to eval-
uate different OSA treatment modalities, like the CPAP 
machines, oral appliances, MMA surgery, or upper airway 
stimulation. Three-dimensional surgical planning which 
incorporates CBCT images, digital models, and photographs 
enables the creation of the virtual patient for which different 
surgical movements in the three planes of space can be planned 
and a surgical splint designed and exported for 3D printing. 
Finally, 3D images can be superimposed using different meth-
ods that are landmark, surface or voxel based, and analyzed 
numerically or graphically.
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Intraoral Scanning
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Manhal Eliliwi, and Juan Martin Palomo

6.1	 �Introduction

The practice of orthodontics has been revolutionized to 
adapt to the digital world. Recent developments in three-
dimensional (3D) digital models, digital intraoral scanners, 
and 3D printing are at the forefront of these technologi-
cal advances. Intraoral scanning technology is now being 
used by orthodontists for different applications. The aim of 
this chapter is to outline the use of intraoral digital scan-
ners in an orthodontic office and its integration with other 
technologies.

6.2	 �Scanning Technology

Intraoral scanners are composed of a handheld camera, a 
computer, and software to collect the scan data in the patient’s 
mouth. The way this technology works is through energy 
from light projected from the wand onto an object and 
reflected back to a sensor within the wand with tens or hun-
dreds of thousands of measurements taken per inch resulting 
in a 3D representation of the object’s shape [1]. The mea-
surement speed, resolution, and accuracy of the scanner are 
determined by the technology used by the wand to capture 
surface data.

Four types of imaging technology are currently employed 
[1–3]:

	1.	 Triangulation is based on a principle that the position of 
a point of a triangle can be calculated knowing the posi-

tions and angles of two points of view. As light reflects 
off the object, the system determines the angle of reflec-
tion, and therefore the distance from the laser source 
to the object’s surface, according to the Pythagorean 
Theorem.

	2.	 Confocal imaging is a technique based on acquisition 
of focused and defocused images from selected depths. 
Images are projected point-by-point, line-by-line, or 
multiple points at once and three-dimensionally recon-
structed with a computer, rather than obtained through an 
eyepiece.

	3.	 Accordion fringe interferometry (AFI) uses two light 
sources to project three patterns of light called “fringe 
patterns.” AFI delivers the most precise laser fringe pro-
jection available which quickly digitizes the shapes of 3D 
objects with the highest accuracy of point cloud data.

	4.	 Three-dimensional in-motion video uses an HD video 
camera with trinocular imaging to capture three precise 
views of an object.

6.3	 �Advantages of Intraoral Scanners

Although alginate and PVS impressions have been associ-
ated with almost every dental work for decades, taking 
impressions is not comfortable for some patients and it may 
trigger some patients’ gag reflex. In addition to that, some 
lab work needed to pour up the impressions plus the need of 
shipping them to labs which consider time consuming.

Using intraoral scanner to obtain a digital scan has so 
many advantages such as: more comfortable to patients com-
pared to conventional impressions [4], accurate which makes 
digital scans a helpful tool for orthodontic diagnosis and 
treatment planning [5], less time is needed to obtain digital 
scan copy and no need to do any lab work, provide a new tool 
to communicate with patients and make them more involved 
in treatment planning, easy to communicate with labs, 
improve workflow, no storage area required [1, 6, 7].
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6.4	 �Scanners Available in the Orthodontic 
Market

Intraoral scanners intended for the use in orthodontics need 
to be capable of capturing complete dental arches. Almost 
10  years before such scanners became available, Cadent 
(Carlstadt, NJ) came up with the OrthoCAD™ system for 
3D digital models. This system implied scanning the patient’s 
plaster models, and later PVS impressions, at the Cadent 
scanning center, where they were further processed into 
downloadable digital files. It was the same company that 
introduced the first intraoral scanner that could be used to 
generate 3D digital orthodontic study models—the iTero® 
digital impressions system. A few years later, they launched 
the iOC system™ that could be used by orthodontists for 
diagnosis and treatment planning. The company was then 
purchased by Align Technology and the direct 3D digital 
scan submission for Invisalign® was enabled [1].

6.4.1	 �iTero® (Align Technology Inc)

iTero remains one of the most popular and widespread intra-
oral scanners in orthodontic offices, especially in North 
America where it is the only intraoral scanner compatible 
with Invisalign® (Figs. 6.1 and 6.2). The scanning technol-
ogy built into the iTero is the scan-in-motion video sequenc-
ing. There is no set scanning sequence since the software 
automatically identifies and moves the starting and final 

scanning points when the wand is relocated. The software 
processes the scan and automatically stitches the images and 
removes the soft tissue during the scanning procedure. 
Therefore, it takes around 60 s for a well-trained operator to 
complete the upper and the lower dental arch scan. The 
iTero® scanner also has an integrated color sensor and the 
dual-aperture lens system that simultaneously captures 2D 
color images and highly accurate 3D laser scans. The data is 
automatically saved to the system’s hard disk every 2 s [8].

6.4.2	 �3 Shape Trios 4

The latest 3Shape intraoral scanner, Trios 4, is a wireless 
scanner that uses the video sequencing TRIOS scanning 
technology and LED light source. There is no set scanning 
sequence, and software can easily identify and move scan-
ning points. The artificial intelligence technology removes 
the excess soft tissue without any input from the operator, 
and the final high-quality scan features lifelike colors 
(Fig. 6.3). The integrated fluorescent technology enables sur-
face caries identification, and the dedicated transillumination 
smart tip supports possible interproximal caries identifica-
tion. Owing to the instant-heating smart tips, there is no need 
for pre-heating, and a well-trained operator can complete the 
upper and the lower dental arch scan in around 30 s [9].

6.4.3	 �Medit i500

Medit i500 is currently one of the most affordable intraoral 
scanners on the market. The scanning technology built into 
the Medit i500 is the 3D scan-in-motion video sequencing. 
Two high-speed cameras built into the scanner facilitate fast 
scanning, and there is no set scanning sequence. The final 
scan can be viewed in full color [10].

6.4.4	 �Dentsply Sirona Omnicam

Sirona introduced the first intraoral scanner to the dental 
market in 1987. In 2016 it merged with Dentsply, and today 
Dentsply Sirona offers two intraoral scanners Omnicam and 
Primescan. Omnicam is the preferred one for orthodontic 
purposes. Omnicam uses video sequencing data acquisition 
and the final scan can be viewed in natural color [11, 12].Fig. 6.1  iTero element scanner
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6.5	 �Digital Models for Diagnosis 
and Treatment Planning

Orthodontic treatment planning is complex and requires the 
ability to simultaneously analyze multiple data obtained 
from different orthodontic diagnostic records. In this con-
text, dental models are essential in providing a 3D record of 
a patient’s occlusion [13].

The dental plaster model is the current gold-standard ref-
erence for 3D occlusal assessment in orthodontics [14]. 
Traditionally various measurements like tooth size, arch 
length, arch width, overjet, overbite, curve of Spee, Bolton 
discrepancy, and other different model analysis (Figs.  6.4, 
6.5, and 6.6) can be performed on conventional plaster mod-
els using calipers or needle pointed dividers. In the new digi-
tal era, virtual models were developed as an alternative to the 
conventional plaster models. All software that provide 3D 
image virtual model systems are similar with respect to what 
assessments can be undertaken on them, bringing the ability 
to rotate, tilt and section models, and hold them in any posi-
tion. OrthoCad (Cadent, Carlstadt, NJ) was the first software 
introduced to the orthodontic market in early 1999, followed 
by other software systems as DigiModel (OrthoProof, 
Nieuwegein, The Netherlands) and OrthoAnalyzer (3Shape, 
Copenhagen, Denmark).

Digital software systems have been carefully evaluated for 
accuracy and reproducibility. Scientific evidence consistently 
supports the validity of measurements from digital dental arch 
models [15]. Studies assessing the accuracy of measurements 
regarding tooth size, arch width and length, space analysis, 

Fig. 6.2  A display of an intraoral scan using iTero scanner

Fig. 6.3  A display of an intraoral scan using 3Shape scanner
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a b

c

Fig. 6.4  (a) Overjet 
measurement on digital 
model. (b) Teeth size 
measurement for model 
analysis. (c) Curve of Spee 
assessment

Fig. 6.5  Overjet measurement on digital model using Orthoinsight software
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reconstruction of the dental cast shape, and relationship between 
arches have shown that digital dental models are reliable and 
credible for clinicians [7]. Also, the use of digital models instead 
plaster models does not affect diagnostic and treatment planning 
decisions about different malocclusions [13].

New software features as digital diagnostic setup, auto-
matic recognition of dental anatomic reference points, auto-
matic recognition of occlusal contacts (Figs.  6.7 and 6.8), 
radiographic integration, simulation of proposed treatment 
planning and bracket positioning, help the orthodontist with 
an interactive diagnosis and treatment planning. A setup is a 
valuable diagnostic tool that can be used to confirm, modify, 

or reject a suggested treatment plan and can be particularly 
valuable in complex cases. The virtual setup is an alternative 
to the traditional setup (using a plaster model) and allows not 
only visualization of orthodontic treatment plans taking less 
time than making a conventional setup, but also can be used 
to make custom appliances based on the virtual setup, like 
the aligners (Fig. 6.9) [16].

6.6	 �Virtual Tooth Movement Software 
Programs for In-House Aligners

The goal of orthodontic treatment is to improve the maloc-
clusion and to achieve as near perfect occlusion as possible. 
Orthodontic setup which was first introduced in 1946 [17] 
plays an important role in achieving predicted tooth 
movement. 3D virtual setup has become more popular in 
orthodontics with the introduction of intraoral scanners and 
diagnostic software programs [18]. 3D virtual setup can sim-
ulate the orthodontic treatment by segmenting each tooth as 
separate object and moving each individual tooth to its 
planned position. Virtual setup has been used to present dif-
ferent treatment options and can be useful when considering 
extractions, interproximal reduction (IPR), anchorage man-
agement, and pre-surgical orthodontics [19]. Virtual tooth 
movement had a great impact on the market of orthodontics 
by making the clear aligner therapy increasingly available as 
treatment tool not just to be used for minor tooth movement 
but also for comprehensive orthodontics for adults and teen-
ager’s population [20]. Align Technology which introduced 
Invisalign for orthodontic use in 1998 utilizes clinchek soft-

Fig. 6.6  Digital measurements of interarch width using orthoinsight software

Fig. 6.7  Automatic occlusal contacts on red
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ware program which presents stages of virtual tooth move-
ments to achieve the desired tooth movements. Recently, 3D 
diagnostic software programs offered the virtual tooth move-
ment feature which allowed orthodontists to produce clear 
aligners in-house via integration with 3D intraoral scanners 
and 3D printers. In this chapter, we will outline the steps 
involved in fabrication of in-house aligners using two differ-
ent software programs.

6.7	 �Manual Segmentation Software

6.7.1	 �OrthoAnalyzer In-House Model 
Preparation and Teeth Segmentation

The first step using Clear Aligner studio in OrthoAnalyzer 
software is to prepare the model using the following steps.

	1.	 Alignment of 3D Scan with CBCT image if present. The 
two files are aligned by placing three points around the 
first molars and one of the incisors (Fig. 6.10).

	2.	 Setting up both occlusal and sagittal planes to orient the 
models and define references for different measurements.

	3.	 Segmentation of upper and lower scans which allows sepa-
ration of each individual tooth into a separate object to enable 
tooth movement in 3D directions. Segmentation works by 
virtually drawing lines between mesial and distal surfaces. 
The software will automatically outline the borders of each 
individual tooth, define the gingival margins and the rotation 
center of each tooth based on the user defined mesial-distal 
segmentation. Using the CBCT scan to define the teeth axes 
is highly recommended at this step (Fig. 6.11).

	4.	 An optional step which allows the user to define an ideal 
arch that will act as a design guideline when the teeth are 
moved to the ideal setup.

Color scale 
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Apply

Fig. 6.8  Colormap for 
occlusal contacts using 3Shape 
software
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a b

c d

Fig. 6.9  (a) Initial digital model. (b) Virtual setup for custom aligners fabrication. (c) Initial digital model presenting negative model discrepancy. 
(d) Virtual setup showing interdental collisions and interproximal reduction necessity (red)

Fig. 6.10  Alignment of 3D scan with CBCT image if present. The two files are aligned by placing three points around the first molars and one of 
the incisors
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6.7.2	 �OrthoAnalyzer Virtual Setup

Once the segmentation step is done, the software allows the user 
to move the segmented teeth in 3D to modify inclinations in 
labial and lingual directions, tip in mesial and distal directions, 
rotations, bodily movements mesiodistally and buccolingually, 
and finally extrusion and intrusion movements (Fig. 6.12a). For 
symmetric movements, the user can select contralateral teeth at 
the same time to make sure the movements are symmetric bilat-
erally. During setup, the user should keep in mind some features 
such as perform collision detection which analyzes the intersec-
tions between antagonists or neighboring teeth. This feature also 
provides intersection values at any selected tooth, showing the 
level of penetration in millimeters. The software also allows you 

to simulate the IPR for the selected tooth which can be done 
using the automatic stripping section to strip the selected tooth 
automatically or manually through mesial and distal IPR param-
eters in the corresponding fields. Another essential feature to 
allow predicted tooth movement with virtual setup for in-house 
aligners is the ability of virtual placement of attachments. Design 
of the attachments can be selected from an attachment library 
and then the shape and position of attachment can be adjusted on 
the selected tooth. Once tooth movement is completed and 
moved to the desired position, the setup can be viewed with the 
original position of teeth selected which recreates a shadow of 
the selected tooth in its original position (Fig. 6.13). The user can 
divide the setup to sub-setups based on the number of aligners 
needed for each case. The final step is exporting the sub-setups in 
STL format to be ready for in-house 3D printing.

Figures 6.14, 6.15, 6.16, 6.17, and 6.18 demonstrate the 
same concept of steps using Orthoinsight software.

Fig. 6.11  Segmentation works by virtually drawing lines between 
mesial and distal surfaces. The software will automatically outline the 
borders of each individual tooth, define the gingival margins and the 
rotation center of each tooth based on the user defined mesial-distal 
segmentation

Fig. 6.12  The software allows the user to move the segmented teeth in 3D to modify inclinations in labial and lingual directions, tip in mesial and 
distal directions, rotations, bodily movements mesiodistally and buccolingually, and finally extrusion and intrusion movements

Fig. 6.13  The setup can be viewed with the original position of teeth 
selected which recreates a shadow of the selected tooth in its original 
position
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Fig. 6.14  Segmenting and digitizing the teeth to prepare for virtual tooth movement using Orthoinsight software

Fig. 6.15  Detecting landmarks to facilitate virtual setup

6  Intraoral Scanning
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6.7.3	 �Automatic Model Preparation 
and Teeth Segmentation Software 
Program (Suresmile Software)

The suresmile software for virtual tooth movements is cloud 
based which makes it an easy access to the user. Once the 
patient is created in the software, the user would choose from 

the options of doing it yourself aligner staging or full-service 
aligner staging. In this paper, we are covering the first option 
for the in-house aligners. Once patient is scanned for treat-
ment, scans are imported to the software as STL files. 
Suresmile offers a paid service for the model preparation and 
teeth segmentation. Once this is completed, the user will 
have access to a prepared model with segmented teeth to be 
able to start the virtual setup (Fig. 6.19).

Fig. 6.16  Aligning the position of the crown with roots for proper virtual movement

Fig. 6.17  A display of the selected teeth after digitization
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6.7.4	 �Suresmile Virtual Setup

The software will display the prepared model with seg-
mented teeth. The user can select the option to display only 
the segmented teeth without the gingiva and the option to 
select one arch at time. The software provides a table of 
displacements which represents in numbers the amount and 
direction of movement for each tooth separately. For virtual 
tooth movement, the user can use the arrows in the dis-
placement table or the virtual box which appears on the 

selected tooth with different arrows for different 3D tooth 
movement (Fig. 6.20). Distal and mesial intersections tabs 
can be utilized to avoid any overlap with neighboring teeth. 
Now, setup is completed and the final tooth movements can 
be viewed with a reference of the original teeth position 
(Fig. 6.21). Once the user approves the setup, the software 
automatically calculates the stages of aligners and automat-
ically places attachments on selected teeth for specific 
tooth movement (Fig.  6.22). Final step is exporting the 
staged models in STL format to be ready for in-house 3D 
printing (Fig. 6.23).

Fig. 6.18  (a) Circle tool to start the virtual tooth movement and saving the treatment plan. (b) Calculating number of aligners needed to achieve 
the desired tooth movement based on algorithms
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Fig. 6.20  Tool for virtual tooth movement using Suresmile Software

Fig. 6.21  Showing the number of stages to achieve the desired tooth movement using Suresmile software

Fig. 6.19  A display of 3D models using Suresmile software
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Fig. 6.22  The software automatically calculates the stages of aligners and automatically places attachments on selected teeth for specific tooth 
movement

Fig. 6.23  The staged models in STL format to be ready for in-house 3D printing
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6.8	 �Steps for 3D Virtual Indirect Bonding 
Using Orthoanalyzer Program

	1.	 Scan segmentation by determining the mesial and distal 
marginal ridges of the posterior teeth and the mesial and 
distal incisal edges of the anterior teeth, the software 
automatically outlines the tooth structures and defines the 
gingival margins (Fig. 6.24).

	2.	 Digitally place the brackets: Select the bracket icon to 
align the axis points along the clinical crown lines 
(Fig. 6.25).

	3.	 Choose the brackets you use from the brackets library. 
The selected brackets will then populate on the model. A 
red dot indicates a bracket that can be moved to your 
desired position. Confirm the brackets position and save 
the file.

Fig. 6.24  Scan segmentation by determining the mesial and distal marginal ridges of the posterior teeth and the mesial and distal incisal edges of 
the anterior teeth, the software automatically outlines the tooth structures and defines the gingival margins

Fig. 6.25  Digitally placing brackets using 3Shape software
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Figures 6.26, 6.27, and 6.28 demonstrate same concept of 
3D virtual indirect bonding using Orthoinsight software 
programs.

Figures 6.29 and 6.30 demonstrate the steps of virtual 
debonding using Orthoanlyzer software.

6.8.1	 �3D Printing

Rapid prototyping is a generic name given to a range of 
related technologies that build models on a layer-by-layer 
basis. This technology offers the possibility to generate a 
physical orthodontic cast model from digital data in a fast 
and economic way [21].

6.8.1.1	 �Stereolithography (SLA)
SLA machine consists of: bath of photosensitive resin, model 
building platform, ultraviolet laser for curing the resin. SLA 
printing is a type of printing where an ultraviolet laser cures 

resin in a desired shape. During this process, the printing 
plate moves down in small increments, and the liquid poly-
mer is exposed to an ultraviolet laser that cures a cross sec-
tion layer by layer. This process is repeated until a printed 
model has been made.

6.8.1.2	 �Fused Deposition Modeling (FDM)
In order to produce the printed model, a part the material is 
supplied through a heated nozzle after a metal wire or a plas-
tic filament wound in a coil are released. Instead of curing a 
liquid resin with projected light, an FDM printer extrudes a 
resin that has been heated just beyond its melting point, 
depositing it layer by layer. The heated material hardens 
immediately after being extruded.

6.8.1.3	 �Digital Light Processing (DLP)
DLP is identical to SLA except for the light source a projec-
tor is used to cure an entire layer at a time, similar to the 
difference between stamping and drawing an object. This 

Fig. 6.26  Virtual bracket placement using Orthoinsight software

Fig. 6.27  3D model with brackets placed for indirect bonding tray fabrication
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results in significantly faster print times. Like SLA, DLP 
also produces parts with high accuracy and high resolution. 
However, one advantage that DLP has over SLA is that it 
requires a shallow vat of resin to facilitate the process. This 
generally results in less waste and lower running costs. Also, 
DLP can be a faster process than SLA as the light source is 
applied to the whole surface of the vat of polymer resin at a 
single pass.

6.8.1.4	 �Polyjet Photopolymerization
Polyjet printing uses jet heads that spray or jet the resin in the 
desired areas. As the jet heads make subsequent passes, each 
sprayed layer is cured using an ultraviolet light source. A key 
element of the inkjet-based 3D printing process is the print 
head that sprays layers of photosensitive polymers, which 
precisely represent the cross-sectional profile of the model 
on the building platform.

Fig. 6.28  Indirect bonding tray ready to be printed

Fig. 6.29  Selecting a bracket for bracket removal
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6.9	 �Conclusions

	1.	 Intraoral digital scanners are becoming integral to the 
modern orthodontic office.

	2.	 Digital models can be used to replace plaster models 
for malocclusion diagnosis and treatment planning. 
Measurements can be made on digital models in an easy, 
accurate and sometimes, in an automatic way.

	3.	 Virtual tooth movement for in-house aligners can be eas-
ily added to your workflow. This chapter demonstrated 
two different models for software programs for clinicians 
so each orthodontist can decide which model could be a 
better fit for their workflow in their practices.
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7.1	 �Anatomy

The temporomandibular joint (TMJ) is a synovial joint 
located between the condylar process of the mandible and 
the eminence of the temporal bone. The TMJ components 
are the condyle, glenoid cavity and articular tubercle, articu-
lar disc, retrodiscal tissue, synovial membrane, and joint 
capsule. The joint cavity is divided into an upper and a lower 
part by an intra-articular disc. This disc is predominantly a 
fibrous structure which acts as a cushion, to absorb shocks 
and stabilize the condyle while doing rotation and translation.

Disfunction in the TMJ system can cause a group of dis-
orders and alterations known as temporomandibular disor-
ders (TMD). Such disorders might present some signs and 
signals which may include myalgia, headache, pain in and 
around the ear, difficulty or even pain while chewing, and 
clicking sound or grating sensation when opening the mouth. 
It has been described that despite TMD etiology is not fully 
understood, there is involvement of multifactorial factors, 
including social, biologic, psychological, and environmental 

[1]. Some risk factors for TMD include various types of 
arthritis, jaw injury, stress, long-term parafunctional habits, 
postural condition, systemic predisposition, sleep disorders, 
and psychosocial alterations [2].

It is estimated that temporomandibular joint disorders 
(TMD) have a higher prevalence among female patients [3]. 
In addition, it has been described in the literature that approx-
imately 30% of the population presents TMD in asymptom-
atic forms such as internal joint derangement, comprising 
disc dislocation and significant structural changes resulting 
from osteoarthritis and osteoarthrosis [4]. Among the impor-
tant TMD alterations is the anterior displacement of articular 
disc, which can be verified with MRI. It is known that asymp-
tomatic patients usually present approximately 30% of prev-
alence of TMJ disc anterior displacement. On the other hand, 
85% of symptomatic patients present anterior displacement 
and related intracapsular disorders.

7.1.1	 �Relationship Between Orthodontic 
Treatments and TMJ Diagnosis

In the past, malocclusion was stated as the responsible factor 
for the TMD. For a long time, occlusion and temporomandib-
ular disorders have been the subject of countless studies and 
forms of treatment. Rehabilitation, orthodontics, or occlusal 
adjustments were used trying to treat those disorders.

During the 1970s and 1980s, the belief that TMD was 
caused by dental malocclusion was evident. TMD should 
then disappear when malocclusion is eliminated, through 
orthodontic or prosthetic treatment (change of occlusal 
scheme). The scientific literature in the last decades, how-
ever, has shown that there is a very small relationship 
between TMD and orthodontic treatment [5]. On the other 
hand, another article in the literature suggests that orthodon-
tic treatment could modify intracapsular dysfunctions and 
morphology [6]. Furthermore, there may be changes in 
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occlusal schemes occurring after the use of occlusal splints 
for stabilizing and reducing TMD symptoms of pain and 
clicking. Alterations of the facial muscles and intracapsular 
problems of the temporomandibular joint have also been the 
focus of discussions, but there is still a lack of conclusive 
individual findings reported by clinical studies. Studies have 
also shown that the correct occlusal relationship between the 
teeth did not cause a change in the physiological position of 
the condyles and articular discs in TMJ when MRI and CT 
were examined, whereas in cases of TMD, an improvement 
could be obtained as a result of orthodontic treatment [7, 8].

There is controversy in the literature regarding the asso-
ciation between the application of different orthodontic 
mechanics in Class II patients and incorrect articular disc–
condyle relationship [9]. Existing articles present evidences 
that elastics mechanics, headgear, rapid maxillary expan-
sion, Frankel functional appliance, Bionator, fixed functional 
orthopedic appliances, twin block, and functional mandibu-
lar advancement appliance do not cause physiological 
changes in the positioning of the condyle and articular disc. 
Implementation or not of extraction protocols do not seem to 
change such situation either. Several scientific studies also 
indicate that orthodontic treatment in the childhood does not 
increase the prevalence of signs and symptoms of TMD [10–
12] and that orthodontic movement does not cause adverse 
effects to the TMJ [13].

Despite the above-mentioned evidences, some studies 
found changes in condylar position and in the volumes of 
the anterior and posterior joint spaces due to applied orth-
odontic mechanics [9]. The use of the chin-cup for class III 
patients, for instance, caused a morphological change in 
condylar growth, which may be associated with correction 
of skeletal malocclusion in conjunction with remodeling in 
the jaw [14].

There is also agreement among studies in the literature, 
suggesting stated that a prudent orthodontist, before starting 
orthodontic treatment, should identify and document any 
signs or symptoms of temporomandibular disorders, which 
could be treated so that the patient starts the orthodontic 
treatment with no pain or related TMD symptoms. If painful 
symptoms appear during treatment, therapy should be modi-
fied, heavy occlusal interference should be relieved, and 
forces intended to distalize teeth eliminated or altered. In 
other words, whenever pain and TMD symptoms arise, the 
orthodontic treatment should be suspended temporarily, in 
order to diagnose and perform conservative TMJ treatments 
until the patient feels no pain. Then, treatment planning 
should be re-evaluated accordingly, and the orthodontic 
treatment could be continued.

7.2	 �Diagnosis

Knowledge of several different 2D and 3D imaging tests, as 
well as their appropriate indications, is crucial to establish 
differential diagnosis of temporomandibular disorders, espe-
cially in patients with overlapping signs and symptoms. In 
this context, TMD diagnosis can usually be confirmed by 
evaluating medical history and by physical examination. 
Diagnostic TMJ imaging methods are mostly used to assess 
the integrity of its components and their functional associa-
tion, to confirm the extent or progression of an existing dis-
ease, and to assess and document the effects of an already 
established treatment. In this context, imaging methods are 
essential for the assessment of cases of trauma, occlusal 
alterations, sudden limitation of mouth opening, presence of 
joint noises, systemic joint diseases, infection, and failure of 
conservative treatments.

To analyze TMD, complementary examinations are used 
such as radiographs (standard panoramic radiographs, TMJ 
X-rays), computed tomography, and MRI.  The two latter, 
however, offer higher specificity and better visualization and 
are considered as gold standards for TMJ analyses.

7.2.1	 �Imaging Test Indication Criteria 
in the Diagnosis of TMD

One of the failures in diagnosis and treatment planning is an 
incorrect or unnecessary selection of unsuitable image-
obtaining methods. This may occur due to a lack of knowledge 
from professionals regarding the adequate indications of the 
applicable tests. The correct indication of an image-obtaining 
method should be based on the patient’s need for several 
aspects such as legal documentation, individual complaints, 
and identified clinical signs and symptoms during history-
taking and physical examinations. Professionals should then 
still follow the basic principle that supplementary tests are 
only indicated whether clinical assessments are not sufficient 
to define the diagnosis and related treatment planning.

For TMD, measurement of occlusal movements, physical 
examinations of palpation, functional testing, and evaluation 
of joint noises are important procedures of diagnostic valid-
ity that should be performed by trained and experienced pro-
fessionals. Nevertheless, overlapping of muscle and joint 
symptoms can prevent the achievement of an accurate diag-
nosis, since both the conditions show functional impairment. 
In such cases and those without specific symptoms (from, for 
example, inflammation, neoplasia, and trauma), complemen-
tary imaging tests are essential for diagnostic clarification 
and decision taking regarding an appropriate therapy.
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Despite several imaging tests can be individually indi-
cated for specific reasons in the diagnosis of TMD, there are 
factors that need to be assessed for the correct selection of 
TMJ imaging methods, including the following: the need to 
determine the presence of disease and its prognosis, amount 
of available clinical information, uncertainty of differential 
diagnosis, necessity of determining the stage of development 
of a disease, need for legal documentation, preoperative and 
follow-up assessments, as well as safety and accuracy of the 
proposed examination [2].

7.3	 �Characteristics and Drawbacks 
of Conventional 2D Radiographic 
Examinations

TMJ radiographs enable assessment of 2D morphological 
characteristics of bone components of the joint, including 
condyle, articular tubercle, and fossa, but are inefficient for 
assessing soft tissues. The 2D radiographic techniques that 
had been mostly used in the routine management of TMD 
were panoramic radiography, TMJ plain radiography, and 
transcranial radiography.

Radiographic visualization of TMJ in 2D was not always 
easy to acquire due to superposition of different structures 
on projections related to the TMJ. For this reason, a com-
bined use of different techniques used to be necessary to 
locate and provide an accurate diagnosis of the alterations. 
The evaluation of the structures in different planes allowed 
for diagnosis of fracture extension, degenerative joint dis-
ease, postoperative status, ankylosis, neoplasms, acute frac-
tures, dislocations, and severe degenerative articular disease. 
In this context, the main combined views are submental (or 
submento-vertex), reverse Towne, posterior-anterior, and 
lateral teleradiography. Lateral oblique, posteroanterior 
(Towne’s), and caudocranial (Hertz) techniques were also 
commonly used.

Despite their lower sensitivity, 2D radiographic tech-
niques have lower costs and employ lower radiation doses 
as compared to CT scans. Such conventional 2D methods 
can be indicated for the early assessment of less complex 
symptoms. In addition, they can help in the differential diag-
nosis between TMD and inflammatory dental-maxillofacial 
conditions.

The most commonly used method for dentists is the con-
ventional or digital panoramic radiographs. Such radio-
graphs provide a maxillary overview useful in the differential 
diagnosis of odontogenic alterations whose symptoms might 
overlap with TMD. It can reveal significant bone alterations 
in the condyle, such as erosions, osteophytes, asymmetries, 

fractures, changes in the morphology, degenerative and 
inflammatory processes, maxillary tumors, metastases, and 
ankylosis. Nevertheless, panoramic radiographs do not pro-
vide functional information on condylar excursion. In addi-
tion, some alterations in the articular tubercle morphology 
might be misdiagnosed because of superimpositions of ana-
tomical structures from the skull base and zygomatic arches.

7.4	 �3D Radiographic Examinations

7.4.1	 �Computed Tomography

Computed tomography (CT) scans are images considered to 
be superior to 2D conventional examinations since it allows 
for assessments in multiplanar reconstructed images, which 
lead to accurate diagnosis of bone structures of the TMJ by 
means of images in the three orthogonal planes (i.e., sagittal, 
coronal, and axial), which can be assessed at the same time 
(Figs.  7.1, 7.2, and 7.3). It is also possible to have three-
dimensional reconstructed models from the original Digital 
Communication in Medicine (DICOM) files of the CT scans 
by using DICOM viewer software. In CT scans, images in 
different planes with less than 1 mm of slice thickness can be 
assessed without distortions or overlap. For TMJ, CT is indi-
cated for the diagnosis of bone abnormalities including frac-
tures, dislocations, arthritis, ankylosis, and neoplasia. It is 
also used for assessing condyle implants, being adequate to 
detect erosion in the middle cranial fossa and ectopic bone 
growth.

Medical computed tomography uses sources of colli-
mated X-rays, arranged in a fan shape to irradiate an ana-
tomical region of interest. The patient is placed horizontally 
in a circular tunnel where there is a tube in which the rays are 
emitted on the one side and on the other they will be captured 
by a panel of receivers. Each receiver converts radiation into 
an electrical signal, which is sent and stored in a computer. 
In each scan, a two-dimensional matrix of pixels is pro-
duced with a calculated attenuation value, which results in 
the grayscale composing the image. Such grayscale, in turn, 
is dependent on the contrast resolution and the number of 
bits of the device and may be converted to different working 
scales such as the Hounsfield units (HU) which allows for 
bone density estimation, using a DICOM viewer software. 
In this context, a longer contrast scale depicts more details 
to differentiate pixel intensities within the tissues. For this 
reason, accuracy of medical CT is higher than conventional 
radiographs.

In contrast with medical CT, cone-beam computed 
tomography (CBCT) devices have been used for dental 
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diagnosis due to its specific design for oral and maxillofa-
cial regions. Important advantages of CBCT includes fast 
and easier imaging, as well as lower radiation doses as 
compared with medical CT. Despite having a shorter con-
trast scale, CBCT allows for observation of bone joint 
structures in the three planes: sagittal, coronal, and axial 

planes, as well as in 3D volumetric reconstructed models 
(Figs. 7.4, 7.5, 7.6, and 7.7).

The main indications of CBCT include structural assessment 
of bone components of the TMJ, which precisely determines the 
location and extent of boney alterations: fractures, neoplasms, 
and ankylosis; pseudocystic, erosive degenerative, and osteo-

Fig. 7.1  Multi-planar reconstruction of a medical computed tomography showing bone components of the TMJ

Fig. 7.2  Multi-planar reconstruction of a medical computed tomography showing soft tissue window images of the TMJ area
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phytic alterations; presence of asymptomatic bone remodeling; 
evaluation of post-surgical conditions; morphologic alterations 
and hyperplasia of condylar, coronoid, and styloid processes; as 
well as intra-articular calcification derived from metabolic 
arthritis or synovial chondromatosis. Hard tissues, teeth, and 
bones are well demonstrated and measured in their real morpho-
logical condition, with minimal noise and artifacts [15].

On the other hand, due to its contrast resolution, CBCT is 
limited only to the evaluation of bone components of the 
TMJ. Therefore, when soft tissue imaging is required, such 
as in cases of injuries, the examination of choice should ini-
tially be MRI, to diagnose possible TMJ injuries, while 
CBCT will only be indicated when these alterations are 
involving TMJ bone components [16].

Fig. 7.3  3D reconstruction rendered from medical CT data

Fig. 7.4  Multiple coronal CBCT images showing the TMJ region of a patient with open mouth
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7.4.2	 �Magnetic Resonance Imaging

As mentioned briefly above, MRI has been considered the 
method of choice to study all alterations involving soft tis-
sues and related TMJ components, such as the articular disc, 
ligaments, intracapsular synovial content, retrodiscal tissues, 
adjacent masticatory muscles, as well as cortical and trabec-
ular integrity of bone component (Fig. 7.8).

In contrast with CT and other radiographic methods, MRI 
does not use ionizing radiation. Instead, it employs low-
frequency radio waves that magnetize the protons of hydro-
gen atoms of the human organism. When such radiofrequency 
waves cease, the protons return to their original position, 
emitting other radio waves in the same frequency (frequency 
of resonance) which depends on the chemical and physical 
composition of each structure. Besides hydrogen, MRI sig-

Fig. 7.5  Multiple sagittal CBCT images of a patient with open mouth, showing an osteophyte in the right condyle and excessive translation of 
both condyles
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nals can be generated by other certain nuclei of atoms in tis-
sues. By the image of the hydrogen density in the tissues, the 
density of the water can be measured. In this way, a structure 
rich in water (H2O) or fat (which is basically composed by 
CH2 molecules) emits a hypersignal, producing a clear 
image. The cortical bone, being avascular and therefore poor 
in water, emits a hyposignal, producing a dark image. The 
intermediate signals produce grayscale images. The TMJ is 
usually analyzed with the patient with the mouth closed, to 

detect the anterior displacement of the disc, and with the 
mouth open, to classify the abnormal joint in three catego-
ries: anterior displacement with reduction of the disc, ante-
rior displacement without reduction of the disc, and anterior 
displacement without reduction associated with arthrosis.

Ferromagnetic materials move under the influence of the 
field on MRI. Therefore, the examination is contraindicated 
in patients with pacemakers and metallic implants in noble 
structures, such as large-caliber vessels, as they can displace. 

Fig. 7.6  Multiple coronal CBCT images showing the TMJ region of a patient with closed mouth
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Amalgam and gold restorations do not produce changes in 
the image; however, other metal alloys, such as those used in 
prostheses and orthodontic appliances, can produce artifacts 
that interfere in the interpretation of the image. The most 
apprehensive patients may need sedation, especially claus-
trophobic ones. Attempts should be made to minimize the 
time required for the examination by instructing the patient 
not to move.

Similar to CT scans, MRI also allows for three-
dimensional analysis in the axial, coronal, and sagittal 
planes. It is considered the gold standard for assessing disc 
position and is highly accurate for intra-articular degenera-
tive diseases. Common clinical conditions that require MRI 
scans include persistent symptoms of joint or pre-auricular 
pain, functional alterations such as lateral projections of the 
condyle during mouth opening, presence of clicking and 

Fig. 7.7  Sagittal view of the CBCT imaging showing the TMJ region with closed mouth
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crepitation noises, frequent subluxations and dislocations, 
limited mouth opening movement with terminal stiffness, 
and presence of osteoarthritic symptoms or asymptomatic 
osteoarthrosis [16].

The most common MRI protocols usually include scans 
in the MHI and MMO position, using weighted T1, T2, and 
proton density (PD), in the sagittal and coronal planes [2]. 
With T1-weighted images, it is possible to obtain satisfac-
tory anatomic detail, while proton density results in satisfac-
tory spatial resolution of joint disc injuries and is considered 
the best choice for the evaluation of medial and lateral disc 
displacements. On the other hand, T2-weighted images 
record the presence of joint effusion and medullary bone 
edema.

The main drawbacks of MRI are related to the high cost, 
the need for sophisticated facilities, and artifacts caused by 
metallic devices [17]. It is also contraindicated in patients 
with pacemakers and metallic heart valves, claustrophobic 
patients, ferromagnetic foreign bodies, and pregnant women.

7.4.3	 �Ultrasound

The US examination, especially by high-resolution imaging 
equipment, can be a useful option in the assessment of disc 
position in internal TMJ disorders. Despite its lack of resolu-
tion for assessing cortical and articular disc morphology, US 
allows for identifying effusion in patients with inflammatory 
conditions associated with pain, also diagnosed by MRI. Even 
with limitations, it can become a useful option for the initial 
study of the internal dysfunctions of the TMJ particularly in 
patients with contraindications to MRI. Moreover, it is less 
expensive, also without using ionizing radiation, being fast 
and comfortable. Another indication of the US assessment is 
the correct location of joint spaces for infiltrative therapies, 
arthrocentesis. The main advantage is dynamic visualization 
in real time of the location of joint components, providing 
adequate lubrication and washing, which are verified by the 
increase in joint space after treatment [18].

7.5	 �Conclusion

Diagnosis is most often based on history and physical exami-
nation. Diagnostic imaging may be beneficial when maloc-
clusion or intra-articular abnormalities are suspected. The 
decision in choosing the examination must consider its influ-
ence on the proposed diagnosis and therapy. If the clinical 
indication is a conservative therapy that can control 
symptoms in the short term, image requests can be consid-
ered. Moreover, when conservative therapy has failed and an 
invasive therapy is indicated, highly sensitive diagnostic 
tests such as CT and MRI are selected.
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8.1	 �Introduction

The relationship between dental, skeletal and soft tissues is 
three-dimensional [1], and the dentoskeletal apparatus is a 
complex system to investigate. Indeed, until recently, inves-
tigations were based on the 3D reconstruction of 2D radio-
graphs, a difficult task that was heavily reliant on the 
analytical and technical skills of the operator [2]. Although 
the introduction of conventional computed tomography (CT) 
opened new horizons, especially in implantology, its applica-
tion in orthodontics continued to be limited due to the large 
field of analysis and the relatively high levels of radiation 
exposure. However, with the introduction of cone-beam 
technology (Fig. 8.1), which features the emission of a coni-
cal rather than linear beam of X-rays, the quantity of ionising 
radiation emitted was drastically reduced, thereby paving the 
way to its routine use in orthodontics. This has also been 
facilitated by the high-performance detector systems avail-
able, and possibility of reducing the regions of interest (ROI) 
via modulation of the field of view (FOV) [3].

Volumetric datasets are acquired in DICOM format 
(Digital Imaging and Communications in Medicine), which 
can easily be opened using radiology software packages.

There are many advantages to the CBCT technique, 
notably:

•	 Ease of 3D rendering and 3D reconstruction (Fig. 8.1)
•	 Considerable reduction of radiations emitted with respect 

to conventional CT (426–1160 μSv) [4], thanks also to the 
introduction of image intensifiers

•	 The possibility to modulate the field of view (FOV), 
which enables focussing on the ROI, thereby reducing the 
extent of irradiated tissues (Fig. 8.2)

•	 Multiplanar reconstructions (MPRs) of acquired volumet-
ric datasets (Fig. 8.3)

•	 The possibility of acquiring 2D images from the volumet-
ric datasets such as panoramic radiograph, lateral head 
films and TMJ stratigraphy

•	 Lower cost than conventional CT
•	 The possibility of investigating even peripheral areas and 

therefore diagnosing occult pathologies [5]
•	 Clinical versatility and accurate matching between digital 

models in STL format and CBCT scans in DICOM for-
mat [6] (Fig. 8.4)

A recent meta-analysis conducted on 20 studies high-
lighted the considerable disparity in the amount of radia-
tions emitted by CBCT scanners, with doses ranging from 
5 to 1073 μSv in adults and from 7 to 769 μSv in children 
[7]. Therefore, the equivalent doses emitted by CBCT 
scanners are very difficult to generalise, depending on var-
ious factors including the size and shape (cylindrical or 
spherical) of the FOV (Fig.  8.2), the shape of the X-ray 
beam, the detector system technology (flat or rounded sen-
sors), the exposure time and the resolution (voxel dimen-
sion), as well the amperage (mA) and voltage (kV) of the 
X-ray tube. Nonetheless, CBCT is able to provide precise, 
high-resolution radiographic images without any distor-
tion, which can be used for multiplanar and volumetric 
reconstruction [8].

In a similar fashion, the introduction of digital technolo-
gies has made it possible to digitalise the dental arches. 
Dental analysis for orthodontic purposes has long been based 
on plaster casts, which, in addition to requiring laborious and 
time-consuming manual analysis, are bulky and difficult to 
store. Moreover, plaster models must be manually cast and 
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are therefore not immediately available for consultation. 
However, it is now possible to acquire digital models in STL 
format (standard triangulation language) immediately, which 
provides considerable versatility and ready clinical applica-
tions (Fig. 8.5).

Indeed, STL software enables the production of digital 
models composed of a polygonal mesh made up of con-
tiguous triangles, each of which has points of known coor-
dinates and a vector that identifies the normal to the surface 
(Fig. 8.6). The studies in the literature have provided irre-

futable evidence that digital models, acquired directly or 
indirectly, can be routinely used for orthodontic purposes 
[9–11].

The advantages of using digital, as opposed to plaster, 
models, are as follows:

•	 No need for any physical storage space [12]
•	 The possibility of distance sharing via the internet [13, 

14]
•	 Increased longevity with no risk of physical damage [15]

Fig. 8.1  Volumetric rendering images built from a dataset (DICOM data) obtained from a cone-beam computed tomography (CBCT) scan

Fig. 8.2  Different sized fields of view (FOVs) that can be investigated using a CBCT examination (A = maxillary FOV, B = mandibular FOV, 
C = facial FOV, D = craniofacial FOV)
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Fig. 8.3  Multiplanar reconstruction (MPR) of DICOM data obtained via CBCT

Fig. 8.4  Accurate 3D matching between DICOM data (CBCT) and STL file (digital cast)
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•	 Extreme versatility, with applications that include diag-
nostic measurements (transverse diameters, arch length, 
total and anterior Bolton analysis, evaluation of molar and 
canine Class relationship, overjet and overbite analysis) 
with reduced handling times [16]; diagnostic set-ups [17] 
and working set-ups for the construction of orthodontic 
and other appliances using CAD/CAM technology, dras-
tically reducing the time required for orthodontic set-up 
and laboratory costs [18]

•	 The possibility of measuring tooth position (tip, torque 
and in-out values) via the creation of virtual slices [9] or 
the use of reference point coordinates [19]

•	 The possibility of 3D printing models in the event that a 
tangible object is required for interaction with the patient, 
etc. [20]

8.2	 �Matching CBCT Scans (DICOM Data) 
and Digital Models (STL Files): Clinical 
Implications

As described in the previous chapter, the remarkable versa-
tility of tomographic datasets enables 3D matching between 
them and digital models of dental arches acquired in STL 
format, obtaining a faithful reconstruction of the facial den-
toskeletal apparatus. Together, this data enables the construc-
tion of surgical guides for assisted palatal orthodontic 
miniscrew insertion, ensuring that the miniscrews are of the 
correct length, providing bicortical or tricortical anchorage 
in a safe and a predictable manner.

8.2.1	 �Prerequisites for Adequate 3D 
Matching

In order to ensure an appropriate 3D matching between digi-
tal models and CBCT scans, the data acquired must have cer-

Fig. 8.5  Digital models in different views

Fig. 8.6  Standard triangulation language (STL) file representing a 
bracket showing the polygonal (triangle) mesh used to map the object
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tain characteristics. As regards digital models, these must be 
accurate and precise, being free of distortion along the arch 
perimeter, and contain accurate and detailed renderings of all 
occlusal surfaces and the palatal vault.

As regards the CBCT scans, we must be sure that the scan 
is carried out with the patient’s mouth open and the mandible 
stabilised by means of rolls of cotton placed between diatoric 
teeth during the examination. Moreover, the tongue should 
be positioned on the floor of the oral cavity, and this enables 
the dentition to be mapped in detail, without the mandibular 
arch overlapping, and the thickness of the palatal mucosa to 
be recorded, which would otherwise be indistinguishable 
from the tongue (Fig. 8.7).

8.2.2	 �Miniscrew-Assisted Palatal Application 
(MAPA System)

There are innumerable advantages to the construction of a 
surgical guide for orthodontic miniscrew insertion (Spider 
Screw K2 Regular Plus Konic, HDC, Thiene, Vicenza, Italy) 
in the palatal vault [6]. Surgical guides enable the degree of 
miniscrew parallelism to be selected, as well as the appropri-
ate length for engaging the nasal cortical bone (bicortical 
anchorage). This provides excellent primary stability and 
enables the delivery of bone-borne appliances or tooth–bone-
borne appliances, even in a single appointment [21, 22].

The literature reveals that the palatal vault is an ideal site 
for miniscrew insertion; indeed, it is of adequate thickness 
[23], features two cortical bone layers that can be easily 
engaged [24, 25], is free of important anatomical structures 
such as the tooth roots and has a thick, keratinised mucosa 
[26]. High survival rates have been consistently reported for 
miniscrews inserted into the palatal vault [27], and it is con-
sidered a safe site for miniscrew insertion [26].

However, the thickness of the palatal vault varies consid-
erably between individuals, and therefore defies standardisa-
tion. Although Ardekian et al. reported no particular adverse 
effects in the event that the miniscrew perforates the nasal 
cavity floor by less than 2 mm, it is essential to avoid this in 
order to reduce patient discomfort [28].

After the 3D matching has been performed using eXam 
vision software (KaVo Dental GmbH, Biberach, Germany) 
integrated with Rhinoceros software (Robert McNeel & 
Associates, Seattle, WA, USA), miniscrews of the appro-
priate length and diameter can be selected from a large 
library. In this way, an adequate length for bicortical 
anchorage and safe insertion of miniscrews can be ensured 
(Fig. 8.8) and the MAPA surgical guide correctly designed. 
The K2 Regular Plus Konic miniscrews employed are 
self-drilling and have a diameter of 2 mm and a conical 
head which facilitates abutment connection with skeletal 
anchorage devices. Another advantageous feature of these 
miniscrews is that they have a port in the head of the mini-

a b

Fig. 8.7  Example of CBCT scans performed with the tongue in contact with the palatal mucosa (a), and on the floor of the mouth (b), the latter 
revealing the thickness of the palatal mucosa

8  Potential and Applications of STL and DICOM Data Matching: MAPA Systems and F22 Aligners



164

screw that enables the insertion of a fixing screw to stabi-
lise the abutment or device (Fig. 8.9).

8.2.2.1	 �MAPA Surgical Guide Design
After having identified the most favourable location, length 
and insertion axis for orthodontic miniscrew position, the 
MAPA surgical guide is then designed using Rhinoceros 
software (Robert McNeel & Associates, Seattle, WA, USA).

The MAPA surgical guide is composed of a main body, which 
is designed to fit precisely over the palatal and occlusal surfaces 
with the purpose of ensuring its stability during miniscrew inser-
tion. Its original design included cylindrical sheaths that were 
designed to guide the accurate insertion of miniscrews into the 
palatal vault and resin ‘bridges’ that could be cut after miniscrew 
insertion to enable removal of the surgical guide (Fig. 8.10).

The latest design, however, features the addition of cylin-
drical metal rings, directly inserted into the main body of the 
guide (Fig. 8.11), of a size appropriate for housing both the 

Fig. 8.8  After 3D matching between DICOM data and STL files, an accurate palatal miniscrew placement plan was devised in different views, 
selecting from a miniscrew library

a

a1

b1

c1

b

Fig. 8.9  Components of the Spider Screw system (a): the fixing screw 
(a1), the abutement (b1) and the Spider Screw Regular Plus Konic 
miniscrew (c1). An example of a tooth bone-borne appliance with all 
components represented (b)
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Fig. 8.10  First-generation miniscrew-assisted palatal appliance (MAPA) surgical guide, composed of main body (green), resin bridges (grey) and 
cylindrical sheaths (blue)

Fig. 8.11  Second-generation MAPA surgical guide showing the cylindrical metal rings embedded in the main body
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pilot drill and the pick-up driver during the miniscrew inser-
tion procedure; the rings are also designed as a drilling guide, 
ensuring that the miniscrews are not inserted beyond the 
pre-determined depth. In addition, the latest MAPA guide is 
designed with rear extensions to house a rubber dam, in 
order to prevent accidental ingestion of miniscrews or other 
dental equipment components.

8.2.2.2	 �Miniscrew Insertion Protocol
After performing local anaesthesia in situ (2% lidocaine or 
3% mepivacaine), first the stability of the MAPA guide in the 
patient’s mouth is verified, and then a low-viscosity light-
cured composite (Optiband Ultra, Ormco, Glendora, CA, 

USA) is used to fix the surgical guide to the occlusal surfaces 
of the posterior teeth (Fig. 8.12). Then, a pilot drill is mounted 
on a dedicated implantation device or low-speed contra-
angle handpiece. The pilot hole should be drilled at a speed 
of 60–80  rpm and have a diameter of roughly 80% of the 
diameter of the selected miniscrew; it will not only guide the 
miniscrew insertion but also reduce mechanical stress and 
the risk of accidental fracture.

Next, the pick-up driver is mounted on the low-speed 
contra-angle handpiece, and the miniscrew is inserted at 
a speed of roughly 25–30 rpm with 15–20 Ncm of torque 
value, until the stop on the pick-up driver comes into 
contact with the metal ring inserted in the MAPA guide 

a b

c d

Fig. 8.12  Clinical phases of intraoral MAPA positioning: stability test (a), placing composite on the occlusal surfaces of the MAPA surgical guide 
(b), light-curing the resin in order to stabilise the MAPA surgical guide (c); occlusal view of the MAPA surgical guide in situ (d)
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(Fig. 8.13). After the requisite number of miniscrews have 
been inserted, the guide is removed and the bone-borne 
appliance can be immediately fitted by connecting its 
abutments to the miniscrew necks, fixing them in place 
using screws and a manual screwdriver (Fig.  8.14). As 
shown in Fig. 8.15, a surgical guide enables palatal mini-
screws to be inserted as programmed digitally (Fig. 8.15).

8.3	 �Clinical Case Reports: MAPA System 
and F22 Aligner

In this section we illustrate two clinical cases exploiting the 
full potential of the MAPA protocol and the F22 aligner sys-
tem (Sweden & Martina, Due Carrare, Padua, Italy).

8.3.1	 �MAPA and F22 Aligners: 
An Adolescent Case

A 13-year-old female patient presented, along with her par-
ents, complaining of excessive mandibular protrusion and 
an irregular smile. Extraoral examination revealed a sym-
metrical oval face with a predominant lower facial third; 
the mandibular prognathism was evident in profile, and 
buccal corridors were visible upon smiling (Fig.  8.16). 
Intraoral analysis revealed 3  mm-molar Class III on the 
right but molar Class I on the left, and bilateral canine Class 
I, with a tendency towards a Class II head to head relation-
ship in the right side. Both overjet and overbite were 
reduced, and bilateral open-bite was present in the canine–
premolar region (Fig.  8.17). In order to obtain all radio-

a b

c d

Fig. 8.13  Clinical phases of palatal miniscrew insertion: mounting the 
pilot drill on the low-speed (60/80  rpm) contra-angle handpiece (a), 
drilling the pilot hole (b), mounting the palatal miniscrew with the pick-

up driver in the low-speed contra-angle hand-piece (c) and clinical 
placement of the palatal miniscrew (d). In the latter photo, the stop on 
the pick-up driver is visible
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graphic records, a cranio-facial CBCT examination has 
been performed from which both panoramic and cephalo-
metric radiographs should have been extrapolated through 
a professional analysing software (Invivo 6, Anatomage, 
San Jose, CA, USA). Unfortunately, this examination has 
been executed with mouth in a slight opened position (Fig. 
8.18), but authors preferred to not repeat examination keep-
ing in mind both the ‘as low as reasonably achievable’ 
(ALARA) principles, gender and early age of patient [3]; 

moreover, the entity of mouth opening during examinations 
was not considered so excessive to invalidate orthodontic 
measurements or to influence negatively orthodontic treat-
ment planning.

Cephalometric radiograph showed a tendency towards 
skeletal Class III (ANB = 0.3°; Wits = −0.1 mm) and a nor-
modivergent facial type (FMA = 25.6°). The upper incisors 
were proclined (123°), while the lower incisors had normal 
inclination (IMPA = 90.1°) (Table 8.1). The upper jaw was 

a b

c d

Fig. 8.14  Clinical phases of bone-borne appliance fitting: occlusal 
view with the palatal miniscrews inserted (a), disassembly of the bone-
borne appliance on the working resin cast using manual screwdriver 

(b), fixing the bone-borne appliance onto the miniscrew heads (c) and 
clinical occlusal view of the bone-borne appliance
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V-shaped, with reduced transverse diameters especially in 
the anterior sector.

In order to maximise skeletal results while minimising 
dental compensation such as mesialisation of first molars 
and flaring of upper incisors [29], we decided to use a hybrid-
anchorage (skeletal and dental) expansion device and face-
mask to improve the skeletal relationship between upper and 
lower arches [30, 31]. Hence, after matching the CBCT scans 
with the patient’s dentition (Fig. 8.19), the MAPA protocol 
was used to construct a surgical guide for palatal miniscrew 
insertion (Fig. 8.20). The expansion device used was a SKAR 
III (Skeletal Alt-RAMEC for Class II), which relies on 

hybrid anchorage and features welded vestibular arms for 
securing the facemask.

After miniscrew insertion and SKAR III appliance deliv-
ery in a single appointment, the ALT-RAMEC (Alternate 
Rapid Maxillary Expansion and Constriction) protocol was 
applied in order to achieve good mobilisation of the upper 
jaw and to increase response to the orthopaedic forces. This 
protocol consists of alternating weeks of 1 mm/die expan-
sion and constriction for 4  weeks, followed by successive 
activations of the rapid maxillary expander from the fifth 
week onwards until the transverse deficit had been corrected 
[32] (Fig. 8.21). Once this had been achieved, a Petit face-

a

d
c

b

Fig. 8.15  Location of the palatal miniscrews in the working plaster cast and in the maxillary palatal vault (a, b). Bone-borne unilateral distalising 
appliance on the working resin cast (c) and its in vivo placement (d)
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Fig. 8.16  Pre-treatment extraoral photographs

Fig. 8.17  Pre-treatment intraoral photographs
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Fig. 8.18  Pre-treatment radiographs

Table 8.1  Pre-, post-SKAR III and post-treatment cephalometric values of case 1

Measurements
Pre-treatment cephalometric 
values

Post-SKAR III cephalometric 
values

Post-treatment cephalometric 
values

Normal 
values

Horizontal skeletal
SNA (°) 75.8° 77.5° 76.5° 82.0°
SNB (°) 75.5° 75.8° 75.9° 80.0°
ANB (°) 0.3° 1.7° 0.6° 2.0°
Maxillary skeletal (A-Na Perp) 
(mm)

−0.4 mm −0.1 mm −0.3 mm 0.0 mm

Mandibular skeletal (Pg-Na 
Perp)

−0.6 mm −0.4 mm −0.2 mm −4.0 mm

Witts appraisal (mm) −0.1 mm −0.2 mm −0.2 mm 0.0 mm
Vertical skeletal
FMA (MP-FH) (°) 25.6° 24.4° 23.7° 26.0°
MP-SN (°) 35.4° 34.8° 33.7° 33.0°
Palatal mandibular angle (°) 23.4° 22.5° 21.0° 28.0°
Palatal occlusal plane (PP-OP) 4.8° 5.0° 6.0° 10.0°
Mandibular plane to occlusal 
plane

18.7° 17.1° 15.0° 17.4°

Anterior dental
U: Incisor protrusion (U1-APo) 
(mm)

0.5 mm 3.2 mm 2.6 mm 6.0 mm

L1: Protrusion (L1-APo) (mm) 0.1 mm −0.3 mm 0.0 mm 2.0 mm
U1: Palatal plane (°) 123.0° 117.6° 115.2° 110.0°
U1: Occlusal plane (°) 52.3° 57.4° 58.8° 57.5°
L1: Occlusal plane (°) 71.2° 73.0° 75.5 72.0°
IMPA 90.5° 89.9° 89.5° 95.0°
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a b

c d

Fig. 8.19  Planning palatal miniscrew insertion after accurate matching between DICOM data and STL files in different views (a–c). Digital 
design of MAPA surgical guide (d)

a b

c d

Fig. 8.20  Location of the two palatal miniscrews in the working plaster cast (a) and positioning of the two palatal miniscrews in the palatal vault 
(b). SKAR appliance positioned on the working plaster cast (c) and in the palatal vault (d)
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mask (Ormco, Glendora, CA, USA) (Fig.  8.22) was fitted 
and worn for 14 h per day until the sagittal dental relation-
ships had been corrected and the overjet improved.

These objectives were achieved in 4 months of therapy, 
with a marked improvement in the patient’s profile (Fig. 8.23) 
and in the cephalometric values (Table 8.1). As a matter of 
fact, skeletal relationship between arches has been improved 
with an augmentation of SNA values (1.5°) and a spontane-
ous retroclination of upper incisors (5.4°) probably caused 
by transverse augmentation of maxillary apical base and by 
the augmented upper lip pressure as a consequence of for-
ward displacement of upper arch. Moreover, post-SKAR III 
extraoral investigation revealed an increased smile display, 
no longer featuring buccal corridors (Fig. 8.24) and increased 
transverse diameters in the anterior sector of the upper arch 

upon smiling. Also, the skeletal relationship was remarkably 
improved. In order to finish the occlusion (Figs.  8.25 and 
8.26), a second phase of treatment using both F22 Aligners 
and a partial lingual fixed appliance in the area encompass-
ing 2.4, 2.5 and 2.6 was planned (Sweden & Martina, Due 
Carrare, Padua, Italy).

This hybrid approach (fixed and removable appliances 
used synergistically) was adopted in order to satisfy both the 
request of the patient for a comfortable and aesthetic orth-
odontic treatment [33] and at the same time to increase the 
predictability of the treatment. Indeed, the orthodontic move-
ment analysis revealed a roughly 29° rotation of tooth 2.5, a 
movement that would be poorly predictable if attempted using 
aligners alone, due to both the type and degree of the move-
ment required and the conical crown of the premolars [34, 35].

Fig. 8.21  Post-expansion intraoral photographs

a b c

Fig. 8.22  Comparison between pre- and post-expansion photographs in the occlusal view (a, b) and fitting the facemask to the patient (c)
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Hence, in order to perform the most efficient treatment 
possible, three lingual brackets (Stb, Ormco, Glendora, CA, 
USA) were positioned on teeth 2.4, 2.5 and 2.6, and the 
arches were then scanned and digitalised, simulating a digi-
tal archwire passing through them (Fig. 8.27). The aligner 
treatment prescribed involved a series of 10 upper and lower 
F22 aligners with grip points positioned on teeth 1.6, 1.3, 

2.3, 2.6, 3.3, 3.5, 4.4 and 4.6, in addition to slight IPR 
(0.2 mm) from the mesial side of the 2.6 to the mesial side of 
1.2 in the upper jaw and from the mesial 3.4 to the mesial 
4.6 in the lower.

A 0.013-inch NiTi archwire (Copper NiTi, Ormco, 
Glendora, CA, USA) was engaged in the lingual brackets, 
and F22 aligners were delivered immediately afterwards 

a b c

Fig. 8.23  Pre-facemask treatment (a), delivery of facemask (b) and post-facemask treatment (c)

Fig. 8.24  Post-SKAR III extraoral photographs
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Fig. 8.25  Post-SKAR III intraoral photographs with palatal miniscrews inserted

Fig. 8.26  Post-SKAR III radiographs
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(Fig. 8.28). The patient was instructed to swap aligners every 
10 days, and the archwire was replaced with a 0.016 NiTi 
after a month of aligner treatment.

This finishing phase lasted a total of 3 months and 10 days 
(Figs. 8.29 and 8.30), and the post-treatment extraoral photos 
confirm that a balanced profile with increased incisor display 
and a consonant smile arc was achieved (Fig.  8.31). 

Intraorally, despite occlusal contacts in the premolar area 
and centring of midlines should have been little improved, a 
good bilateral molar and canine Class I had been achieved 
and overbite and overjet were good (Fig. 8.32). The align-
ment of marginal ridges is acceptable (Fig. 8.33), and radiog-
raphy revealed good root parallelism (Fig.  8.34) and 
improved dental and skeletal relationships (Table 8.1).

a b

c d

Fig. 8.27  Positioning of the lingual braces (a, b). Digital cast with digital lingual archwire (c, d)

a b

Fig. 8.28  Positioning of the 0.016-inch NiTi lingual archwire (a) and delivery of F22 aligners (b)
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Cephalometric measurements show an advancement of 
both the maxilla (SNA = 76.5°), induced by SKAR III treat-
ment, and mandible (SNB  =  75.9°) that seems to be the 
expression of the mandibular growth. A mandibular counter-
clockwise rotation has been recorded with a subsequent 
reduction of facial divergency (FMA = 23.7°), but this effect 
could be explained by the slight opened position of the mouth 
during pre-treatment CBCT examination and only partially 
by improvement of occlusal contact in the posterior area, 
especially in the right side, and by the use of the hybrid 

anchorage used in the facemask therapy, avoiding the extru-
sion of upper molars. An overall improvement of intermaxil-
lary relationship has been registered (ANB  =  0.6°). As 
regards dental cephalometric measurements, a retroclination 
of upper incisors (115.2°) has been recorded, while lower 
incisors remain almost stable (IMPA = 89.5°) (Table 8.1).

Superimposition of pre-, post-SKAR III and post-
treatment lateral cephalograms showed the skeletal and the 
dental effects of the treatment (Fig. 8.35). SKAR III protocol 
caused a forward displacement of maxilla (1.7°) and a spon-

Fig. 8.29  Intraoral views of F22 aligners

a b

Fig. 8.30  Occlusal view of pre-F22 aligner treatment (a) and post-treatment outcome (b)
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taneous retroclination of upper incisors (5.4°). Skeletal 
anchorage provided a good control of the unwanted dental 
effects with good sagittal stability of upper molars with no 
mesialisation of these teeth detectable. As regarding the end 
results, despite a mesial movement of upper molars has been 
detected during the orthodontic therapy with F22 aligners, 
the upper incisors remain almost stable in their antero-
posterior position, registering however an uprighting due to 
controlled palatal crown tipping. It could be due to the fact 
that space gained through skeletal expansion by SKAR III 
device has been filled up totally by the mesial movement of 

the upper molars and that widening of maxillary base allowed 
this retraction.

Figure 8.36 shows the situation before and after SKAR III 
treatment, and after aligner finishing, highlighting the good 
intra- and extraoral outcomes.

8.3.2	 �MAPA and F22 Aligners: An Adult Case

A 23-year-old female presented with the chief complaint 
of her front teeth ‘sticking out’ and the fact that her upper 

Fig. 8.31  Post-treatment extraoral photographs

Fig. 8.32  Post-treatment intraoral photographs
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back teeth were ‘inside’ the lower. Extraoral assessment 
revealed mandibular asymmetry, with a deviation of the 
lower jaw towards the left, and a flat profile with steep 
mandibular plane. Upon smiling, there were wide buc-
cal corridors, and an unsightly display of the anterior teeth 
(Fig.  8.37). Intraoral examination revealed bilateral 2  mm 

Class III molar and canine Class I and normal overjet, but 
reduced overbite (Fig. 8.38). Bilateral cross-bite was pres-
ent, and the gingival biotype was thin, and several areas 
of gingival recession were present. Radiographic analysis 
showed the presence of all teeth, including the upper third 
molars (Fig.  8.39). Cephalometric analysis revealed skel-

Fig. 8.33  Alignment of posterior marginal ridges

Fig. 8.34  Post-treatment radiographs
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a c

b

Pre-treatment

Post-SKAR III

Post-treatment

Fig. 8.35  Superimposed pre-, post-SKAR III and post-treatment tracings: superimposition on the cranial base (a), maxillary superimposition (b) 
and mandibular superimposition (c)

a b c

Fig. 8.36  Pre-SKAR (a), post-SKAR (b) and post-treatment results (c)
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Fig. 8.37  Pre-treatment extraoral photographs

Fig. 8.38  Pre-treatment intraoral photographs
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etal Class III (ANB = 0°; Wits = −5 mm) with a hyperdi-
vergent facial pattern (FMA  =  30.8°). The upper incisors 
were proclined (117°), while the lower incisors were retro-
clined (IMPA = 82°), in an attempt at dental compensation 
(Table 8.2). Analysis of the CBCT scan highlighted thin sup-
porting vestibular alveolar bone in the posterior sectors of 
the upper jaw, which limited the possibility of resolving the 
cross-bite using dental expansion (Fig. 8.40).

The patient refused orthognathic surgery, and in order to 
respect the patient’s wishes, we therefore proposed an initial 
phase of non-surgical skeletal expansion of the upper jaw 
using a bone-borne appliance, with a subsequent phase of 
F22 aligners to detail the occlusion. This treatment plan was 
designed with the patient’s periodontal issues [36, 37] and 
age [38] in mind; indeed, in order to expand the upper jaw 
without worsening the periodontal situation [39, 40], it 
would be necessary to rely on pure skeletal anchorage.

After the accurate matching of CBCT scans and digital 
models, optimum miniscrew insertion sites and adequate 
lengths (2 × 9 mm in the anterior palate and 2 × 11 mm in 

the posterior palate, each 2 mm in diameter) were identi-
fied, and the MAPA surgical guide was planned (Fig. 8.41). 
This was used for the correct insertion of the four minis-
crews (Spider Screw K2 Regular Plus, HdC, Thiene, 
Vicenza, Italy) into the palate after local anaesthesia (mepi-
vacaine 3%), and then a polyvinyl siloxane (PVS) (Elite 
HD+ Regular and Light Body, Badia Polesine, Rovigo, 
Italy) impression of the upper dentition was taken. In this 
way, a bone-borne expansion device was designed and was 
delivered at the subsequent appointment (Fig.  8.42). An 
activation protocol of two turns per day for a total of 
24 days (48 activations) was performed until the mid-pala-
tal suture opened (Fig. 8.43) and the bilateral cross-bite had 
been resolved. With 9 mm of appliance expansion, 7 mm of 
expansion was obtained at the upper first molars and 4 mm 
at the upper canines. Due to early contact between the 
upper and lower second molars, the open bite was increased, 
and the device was left in situ for 2 months to stabilise the 
expansion (Fig. 8.44).

Post-expansion intraoral scans were taken and used to 
plan the second phase with F22 aligner therapy (Sweden & 
Martina, Due Carrare, Padua, Italy). In this phase, interprox-
imal reduction of teeth 13 and 22, 35 and 43 was performed 
to create space and facilitate the derotation movements. 
Then, 20 individualised upper and lower aligners were deliv-
ered to the patient after composite grip points had been 
attached to the buccal surfaces of teeth 1.3, 2.2, 2.3, 3.5, 4.4 
and 4.5 and the lingual surfaces of teeth 1.2, 1.1 and 2.1 and 
from 3.1 to 4.2, as prescribed by the digital set-up (Fig. 8.45). 
Each aligner was worn for 7 days and, after this series, five 
upper and lower refinement aligners were prescribed in order 
to detail the occlusion (Fig. 8.46).

Fig. 8.39  Pre-treatment radiographs

Table 8.2  Pre-treatment, post-treatment and difference of bucco-
palatal angulation measurements of teeth on CBCT coronal slice is 
reported

Measurements Pre-treatement Post-treatement Differences
16 angulation 99.1° 99.7° +0.6°
26 angulation 99.1° 99.2° +0.1°
15 angulation 92.2° 92.2° 0.0°
25 angulation 90.6° 92.0° +1.4°
13 angulation 102.2° 100.0° −2.2°
23 angulation 104.2° 101.0° −3.2°

Positive values state for vestibular crown tipping, while negative values 
for palatal crown tipping
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a b

Fig. 8.40  CBCT volumetric rendering of the skeletal structure in frontal view (a). Coronal slices of the CBCT view investigating the vestibular 
bone thickness of the maxilla (b)

a b

c d

Fig. 8.41  Planning palatal miniscrew insertion: anterior (a) and posterior miniscrews (b). Digital occlusal view of the location of the miniscrew 
heads (c). MAPA surgical guide (d)
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a b

c d

Fig. 8.42  Application of the four palatal miniscrews (a). Comparison of palatal miniscrew placement and bone-borne appliance placement in the 
working resin cast (a, c) and the palatal vault (b, d)

a b c

Fig. 8.43  Active phase of skeletal expansion. Placement of the bone-borne appliance (a), occlusal post-expansion photo (b) and digital superim-
position of pre- and post-expansion digital casts (c)
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a b

c d

Fig. 8.44  Pre- (a, c) and post-expansion photos (b, d). The post-expansion photographs show resolution of posterior cross-bites without unwanted 
dental effects

Fig. 8.45  Application of grip points and execution of IPR before the second phase of therapy with F22 aligners
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The treatment was completed in a total of 10 months. 
Thanks to the bone-borne expander, the transverse hypo-
plasia of the maxilla and the bilateral posterior cross-bite 
were resolved without any unwanted effect on posterior 
teeth that is well documented in literature when a dental-
borne RPE was used [39]; this type of appliance-enabled 
maximisation of the skeletal results with no effect in the 
upper posterior sectors which could easily have worsened 
the patient’s bone status and periodontal health (Fig. 8.47). 
As reported in Table  8.2, teeth angulation measured in 
CBCT axial slices (Fig. 8.48) revealed that they remained 
fairly stable during orthodontic treatment and that the 
slight differences between pre- and post-treatment tooth 

angulation values are due to the effect of clear aligners 
rather than first phase of orthopaedic expansion.

Extraoral analysis revealed an improvement in incisor dis-
play during smile, a significant reduction in buccal black cor-
ridors, and a balanced smile (Fig. 8.49). Intraoral examination 
showed bilateral molar Class I with a residual tendency 
towards Class III relationship and bilateral canine Class I with 
ideal overjet and overbite. The midlines were both coincident 
with the sagittal midline of the face (Fig. 8.50), and the mar-
ginal crests were well levelled (Fig.  8.51). Radiography 
revealed good root parallelism, although tooth 3.2 shows a 
slight distal inclination in the intraoral photos, with no evident 
signs of root resorption (Fig. 8.52), and cephalometric analy-

Fig. 8.46  Intraoral photos of F22 aligner treatment

a

b

Fig. 8.47  Pre- (a) and post-treatment photos (b)
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sis highlighted slight retrusion of point B with a reduction of 
SNB value (0.6°) and an increase in ANB value (1°). On the 
vertical plane, there were no differences in the upper jaw, but 
the lower jaw was slightly post-rotated with an increase in 
FMA (31.7°), that could explain the slight retrusion of point B 
and the reduction of SNB value (0.6°). As regards the dental 
measurements, the upper incisors had been extruded and 
uprighted (107°), while the lower incisors had been slightly 
retroclined (IMPA = 81°) (Table 8.3).

Analysis of the superimpositions clearly shows the 
effects of the orthodontic treatment with a slight post-rota-
tion of the mandible, retroclination of lower teeth and 
extrusion and uprighting of upper incisors (Fig.  8.53). 
Figures 8.54 and 8.55 confirm the excellent dental and skel-
etal stability at the 18-month check-up, and Fig. 8.56 shows 
the situation after periodontal surgery, with connective tis-
sue graft, performed 2 months after completion of the orth-
odontic treatment.

a b c

Fig. 8.48  Axial coronal slices of post-treatment CBCT examination, on which tooth angulation measurements have been performed in molar (a), 
premolar (b) and canine (c) regions. Results are summarised up in Table 8.2

Fig. 8.49  Post-treatment extraoral photographs
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Fig. 8.50  Post-treatment intraoral photographs

Fig. 8.51  Alignment of posterior marginal ridges
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Fig. 8.52  Post-treatment radiographs

Table 8.3  Pre- and post-treatment cephalometric values of case 2

Measurements
Pre-treatment cephalometric 
values

Post-treatment 
cephalometric values Normal values

Horizontal skeletal
SNA (°) 82.0° 83.0° 82.0°
SNB (°) 82.0° 81.4° 80.0°
ANB (°) 0.0° 1.0° 2.0°
Maxillary skeletal (A-Na Perp) (mm) −0.8 mm −0.8 mm 0.0 mm
Mandibular skeletal (Pg-Na Perp) −3.5 mm 0.8 mm −4.0 mm
Witts appraisal (mm) −5 mm −5.0 mm 0.0 mm
Vertical skeletal
FMA (MP-FH) (°) 30.8° 31.7° 26.0°
MP-SN (°) 40.0° 41.0° 33.0°
Palatal mandibular angle (°) 32.7° 30.9° 28.0°
Palatal occlusal plane (PP-OP) 12.1° 7.4° 10.0°
Mandibular plane to occlusal plane 20.6° 23.5° 17.4°
Anterior dental
U: Incisor protrusion (U1-APo) (mm) 7.4 mm 6.5 mm 6.0 mm
L1: Protrusion (L1-APo) (mm) 5.3 mm 4.4 mm 2.0 mm
U1: Palatal plane (°) 117.0° 107.0° 110.0°
U1: Occlusal plane (°) 51.0° 64.4° 57.5°
L1: Occlusal plane (°) 73.9° 72.6° 72.0°
IMPA 82.0° 81.0° 95.0°
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a

c

b

Fig. 8.53  Superimposed tracings: superimposition on the cranial base (a), maxillary superimposition (b) and mandibular superimposition (c)

Fig. 8.54  Eighteen-month post-retention extraoral photos
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Fig. 8.55  Eighteen-month post-retention intraoral photos

Fig. 8.56  Intraoral photos 
after connective tissue graft 
(CTG)
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Visualizing Treatment Objectives 
and Treatment Planning Using 2D 
and 3D Occlusograms
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9.1	 �Conventional Approach of Treatment 
Planning

A major part of orthodontic diagnosis and treatment plan-
ning is done by studying the relationship of dentition, dental 
alveolar process, and the basal bones of maxilla and mandi-
ble with each other and to the skull and overlying soft tissues 
through clinical, radiographic, and dental model examina-
tions [1]. By comparing the records to the subjective esthetic 
and functional goals, cephalometric norms and Andrew’s six 
keys of normal occlusion [2], as well as considering the 
patient’s chief complaint, a problem list can be formulated 
[1]. It leads to the setting of treatment objectives and treat-
ment options with the involvement of the patient which is 
called shared decision-making [3].

Conventionally, there was a great emphasis on space 
analysis of dental models, and the Royal London Space 
Analysis is probably the most commonly taught proce-
dure for undergraduate and postgraduate training world-
wide [4, 5].

The analysis is done by filling in a form with a list of 
factors which affects the space condition of the dental 
arch. Some factors relate to the existing condition of the 
patient, e.g., arch length discrepancy to align the over-

lapped and rotated teeth. There are other factors which 
relate to the effect of the planned treatment, e.g., extrac-
tion and overjet correction. Their implications on space 
condition are recorded to the nearest millimeter and are 
positive when space is present or is created (e.g., by pro-
clination of incisors) and is negative when there is crowd-
ing or space is required (e.g., for retraction of incisors). 
In theory, after the form is completed, the residual space 
requirement for each arch should sum to zero. Otherwise, 
it indicates that the treatment plan must be modified as 
the result does not conform to the Andrew’s six keys of 
normal occlusion [2].

9.2	 �Limitations of the Conventional 
Approach and the Need for Tools 
to Visualize Treatment Objectives 
and Plan Treatment

Although the teaching of the Royal London Space Analysis 
provides orthodontic students a very good foundation on 
understanding how a treatment can potentially affect the 
space condition of the arches, it is not used routinely for 
most clinicians after a few attempts due to its limitations 
such as measurement accuracy, space analysis on dental 
asymmetry, and definition of the anchorage needs for 
extraction [6].

While some of these limitations can be overcome by 
taking measurements on virtual dental models [7] and the 
use of custom-made orthodontic treatment planning soft-
ware [8], these analyses generate only numbers relating 
to two-dimensional tooth movements (Figs.  9.1, 9.2, and 
9.3). Therefore, it is very difficult to relate to the three-
dimensional change in a real patient situation especially for 
difficult cases. As such, we need a system to visualize the 
change of jaw relationship and occlusion three dimension-
ally which is based on the proposed treatment objectives, and 
both the VTO and the occlusogram are the solutions [9].
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a b

Fig. 9.1  Limitation of conventional approach. Scenario 1. (a) Both 
arches A and B were developed from the same well-aligned arch. 
However, space analysis can be done more accurately for case A as only 
four measurements are required as highlighted by the blue and green 
arrows. For case B, since all the teeth except 17 and 27 are displaced 

from the ideal arch form, the width of every tooth has to be measured 
(green arrows) and subtracted to the arch length (blue line), the crowding 
is often over-estimated as each measurement is rounded up to the nearest 
millimeter. The accumulated errors can be enormous which lead to 
extraction therapy if the buccal occlusion and profile are not considered

Fig. 9.2  Limitation of conventional approach. Scenario 2. (a) Midline 
of both lower and upper arches are shifted to left 2 mm, and there is 
crowding of 12 mm on each arch. There is 2 mm extra space left after 
extracting two 7 mm premolars (14, 24, 34 and 44) on each arch. (b) It 
would be difficult to determine the anchorage need by only referring to 
the space analysis form as it does not separate the space condition on 
each quadrant. More information is needed to formulate a treatment 
plan. (c) Extra information for treatment planning. Dental arch midlines 
(blue) are added to illustrate the shift of anterior midline. The perpen-

dicular lines (red) to the dental arch midlines (blue) which are flushed 
on the mesial contacts of 26 and 36 show that 16 and 36 are shifted 
2 mm mesial. (d) Extra information for treatment planning. Since molar 
relationships are class I on both sides and canine relationship is more 
class II on the right than the left side, 26 and 36 can move forward 
2 mm. Therefore, after extraction, absolute anchorage need is required 
at quadrants 1 and 4, and maximum anchorage need is required on 
quadrants 2 and 3

a

F. She Tsang Tsang et al.



197

Lower arch

Crowding/spacing

Level curve of Spee

Arch width change

Incisor AP change

Tip/torque change

Tooth reduction/Enlargement

Extractions

Space opening for replacement

Molar distalization

Molar mesialization

TOTAL (should = 0)

Lower Upper

-12 -12

+14+14

-2-2

00

+/-mm +/-mm

+ = Space available or gained

- = Space required or lost

Overjet - lower incisor AP change/2 - 2 = Overjet to be corrected

Overjet to be correct × -2 = upper incisor AP change

Modified Royal London Space analysis formb

c

Fig. 9.2  (continued)
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d

Fig. 9.2  (continued)

Fig. 9.3  Limitation of conventional approach. Scenario 3. (a) Two 
cases A and B which have different anchorage needs after extraction but 
look the same on the space analysis form. (b) If all premolars are 7 mm 
wide, both cases present with 14 mm of crowding which can be relieved 
by the extraction of one premolar on each side. Therefore, the first 
molars are not allowed to move forward a single millimeter. The form 

cannot help deciding the anchorage need. (c) Extra information for 
treatment planning. If the treatment objective is to keep upper incisors 
where they are, since the canine relationship is class I for case A and 
class II for case B, after the extraction of one premolar on each side, 
case B needs absolute anchorage to retract 13 and 23 along the arch 
(blue arrow). Therefore, case B is far more difficult than case A

a

a b
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Lower arch

Crowding/spacing

Level curve of Spee

Arch width change
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Lower Upper
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Modified Royal London Space analysis formb
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Fig. 9.3  (continued)
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9.3	 �VTO and Occlusogram

Burstone introduced the use of visual treatment objectives 
(VTO) and 2D occlusogram for diagnosis and treatment 
planning in 1961 [10, 11]. The procedure can now be done 
by a computer software (t3DO) (True3d Occlusogram, IOSS, 
GmbH) which is developed by Giorgio Fiorelli [12], and the 
3D occlusogram can be generated on virtual dental models 
(DDP-Ortho) (DDP-Ortho, Ortolab Sp. Z o.o.) [9] (Fig. 9.4).

VTO consists of the patient’s tracing of pretreatment lat-
eral cephalogram which is modified to demonstrate move-
ments of incisors and first molars and/or surgical changes in 
sagittal and vertical dimensions, based on the facial treat-
ment objectives [13]. Therefore, it is a face-driven approach 
of treatment planning which contrasts to the conventional 
lower incisor-driven approach [9, 14].

Furthermore, the procedure is a tool for risk management 
as the movement of the incisor roots confine to the envelope 
of the alveolar process [15]. Any violation of the root posi-
tion to the supporting bone can be seen immediately which 
suggests to the clinician to rethink the treatment objectives 
and treatment plan to prevent gingival recession, root resorp-
tion, and tooth non-vitality due to treatment [15].

The information of the VTO is then transferred to the 
occlusogram. 2D occlusogram is a graphic representation of 
the dental arches from the occlusal surface and is essentially 
a simplified diagnostic setup of the teeth which indicates the 
treatment objectives of the tooth movement in sagittal and 
transverse dimensions [13]. It consists of two lines where 
each of them is joined by a series of dots. The shape of the 
two lines describe the objective arch forms. The dots depict 
the mesial and distal contact points of the upper and lower 
teeth respectively at their objective positions. The mutual 
position of the upper and lower arches indicates their relation-
ship in space with reference to the jaws and cranial base [12].

Therefore, the combination of the VTO and the 2D occlu-
sogram allows the clinician to visualize the treatment objec-
tives of central incisors and first molars in 3D while 
movement of other teeth can be visualized only in 2D. When 
virtual models and 3D occlusograms are used, three-
dimensional simulations of all planned tooth movements can 
be performed [9].

Fig. 9.4  VTO and occlusogram. (a) Pretreatment occlusal surfaces of 
teeth and the 2D occlusograms indicate the contact points of the objec-
tive position of teeth and the intended shape of the arches (top and bot-
tom images). Tracing of lateral cephalogram and the shaded incisors 
indicate the treatment objective position of teeth and is called visual 
treatment objectives (VTO) (middle image). (b) A typical t3DO gener-
ated VTO and 2D occlusogram report (left). Occlusogram of the lower 
arch is traditionally viewed from the bottom so that it can be superim-
posed on the upper occlusogram to show the interarch relationship 
(right). Therefore, the lower occlusogram is presented in mirror image 
to the occlusal view of clinical photo. In the following cases (Figs. 9.5, 
9.6, and 9.7), the lower occlusograms were flipped to match with the 
occlusal view of clinical photos to avoid confusion. (c) 2D occlusogram 
from t3DO as shown in (b) is transferred to virtual dental models 
(DDPOrtho) as a 3D occlusogram
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Fig. 9.4  (continued)
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Furthermore, the latest version of virtual models (DDP-
Ortho) allows full diagnostic setup of teeth based on the 3D 
occlusogram so that the relative position of individual teeth 
between pretreatment to objectives can be shown even 
more clearly. Figure 9.5 illustrates an example of using a 
combination of VTO with a 3D occlusogram for treatment 
planning.

9.4	 �Construction of VTO and Occlusogram 
by DDP-Ortho and t3DO

During VTO and occlusogram construction, the clinician has 
to go through a series of procedures to define the treatment 
objectives which lead to a treatment plan simulation [9, 12]. 
Therefore, they are excellent tools to learn and execute treat-

Fig. 9.5  Case NGM treated by Dr. Franklin She. Face-driven treatment 
planning by VTO of an orthodontic camouflage case with straight wire 
mechanics, extraction, and the use of TADs. (a) Frontal facial photos. A: 
Pretreatment. Rest incisal exposure and lip separation 10 mm B: After 
treatment: Rest incisal exposure and lip separation 3  mm. (b) Three-
quarter smile photos. A: Pretreatment. Maxillary dentoalveolar excess in 
AP and total vertical. Gingival exposure at emotional smile at central 
incisor region 6 mm, premolar region 5 mm. B: After treatment: Intrusion 
and retraction of anterior teeth and intrusion of posterior teeth improved 
protrusion and gummy smile. (c) VTO: Upper central incisors were 
intruded 4 mm and retracted 7 mm. Upper first molars were intruded 
4 mm. Counterclockwise rotation of mandible 3°. Lower central incisors 
were extruded 2 mm and retracted 5 mm. (d) VTO as a tool to test bio-
logical limit. A: Cortical bone on the palatal side is perforated by bodily 
retraction of upper central incisor by 7 mm. B: Since the shape of ante-
rior dentoalveolar process of the maxilla resembles a funnel, a different 
incisor movement can be planned to avoid violating the biological limit. 
Retracting the upper central incisor by controlled tipping with the same 
amount of retraction (7 mm) as in A, and intrusion 4 mm as measured at 
the incisal edge, prevent perforation of cortical bone of the palatal side. 
(e) Pretreatment virtual dental models of DDP-Ortho. (f) Superimposition 
of virtual dental models to the lateral cephalogram. Simulation of change 
of occlusion in response to 3° counterclockwise rotation of mandible on 
virtual articulator of DDP-Ortho. (g) Occlusion in response to 3° coun-
terclockwise rotation of mandible on virtual articulator of DDP-Ortho. 
(h) 2D occlusograms: Lines in red indicate objective arch form. Dots in 

pink, green, and red indicate contact points of incisors, canines, and sec-
ond premolars and molars, respectively. Dots in blue indicate mesial 
contacts of first molars. A: Upper arch: Retraction of upper central inci-
sors 7 mm and extraction of upper first premolars. Upper first molars 
move mesial 2  mm and canines move distal 5  mm, which indicates 
maximum anchorage. B: Lower arch: Retraction of lower central inci-
sors 5 mm and extraction of lower left second and right first premolars. 
Upper first molars move mesial 2 mm and canines move distal 5 mm, 
which indicates maximum anchorage. (i) 3D occlusograms of the upper 
and lower arches which are viewed below the dental models in occlu-
sion. (j) Virtual ideal setup based on 3D occlusogram of the right side of 
the upper arch. Teeth in transparent yellow color indicate pretreatment 
positions. Teeth in white color indicate the objective positions. The 
arrows in red indicate the movement of upper right first molar, second 
premolar, and canine. (k) Occlusal view of the virtual ideal setup. (l) 
Treatment progress 1: Orthodontic miniscrews (Orlus, Ortholution) 
were inserted at 16, 26 mesial buccal (1O16107) and distal palatal 
(1O18208) regions, between 11, 21 and 31, 41 (1O14107). Smartclip® 
brackets (3M Oral Care) in MBT® prescription were installed. 
Powerchains were used to move the teeth toward the miniscrews to 
achieve the objective positions. Stainless steel 0.036″ transpalatal and 
lingual arches were used for transverse control. (m) Treatment progress 
2: Space closure by powerchain with reciprocal anchorage after intru-
sion. Extensive remodeling of the maxillary dentoalveolar process can 
be seen. (n) End of treatment. Gingivectomy was performed by Dr. Tak 
On Ryan, Tse

a
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Fig. 9.5  (continued)
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ment planning in a systematic way. On each treatment simu-
lation, VTO and occlusogram will allow the clinician to 
(Fig. 9.6 illustrates an example of the steps below):

	 1.	 Simulate the pretreatment jaw relationship and occlusion
	 2.	 Visualize the change of jaw relationship due to orthog-

nathic surgery or mandibular repositioning, e.g., after 
molar intrusion by TADs

	 3.	 Define symmetry axis, detect asymmetry of dental 
arches

	 4.	 Identify individual teeth or segments of teeth which are 
displaced from the objective arch form

	 5.	 Perform space analysis
	 6.	 Estimate tooth size/arch size discrepancies
	 7.	 Assess the changes needed in the length and the width of 

dental arches
	 8.	 Simulate the tooth movements in 3D
	 9.	 Define the active and reactive dental units
	10.	 Define the force systems (force and moment) necessary 

for the planned tooth movements [16, 17]
	11.	 Evaluate the anchorage requirements

It is an iterative process where each parameter, such as the 
final position of the incisors, arch shape, symmetry line, and 
extraction plan must be tested repeatedly so that the outcome 
is rational and practical to the existing condition of patient. 
The advantages of the computerized procedure are a reduc-
tion in execution time, improved accuracy, and, especially, 
the possibility of simulating different treatment options by 
changing just a single input parameter. In fact, once the first 
treatment plan is simulated, the clinician may explore other 

options by changing one of the parameters, and the software 
will recalculate the whole treatment simulation immediately. 
Figure 9.7 demonstrates the importance of defining the sym-
metry line during the treatment planning phase.

9.5	 �Application of VTO and 2D and 3D 
Occlusograms on Diagnosis 
and Treatment Planning

VTO and occlusogram are very useful for planning difficult 
cases such as:

	1.	 Dental asymmetries
	2.	 Surgical orthodontics
	3.	 Orthodontic camouflage with TADs to create orthogna-

thic surgery-like results [14, 18]
	4.	 Interdisciplinary treatment, e.g., hypodontia [19, 20], 

temporomandibular disorder [21], and rehabilitation of 
pathologically migrated dentition [22–25]

These cases can be divided into two categories based on 
the age of the patients. The first group consists of young 
adults with dentofacial deformities. Extensive tooth move-
ments are required to camouflage the existing basal dis-
crepancy or to remove the dentoalveolar compensations 
in preparing for orthognathic surgery. The second group 
consists of older adults with degenerated or mutilated denti-
tion due to tooth loss and periodontal breakdown. Extensive 
tooth movements are required to bring the drifted teeth back 
to the original position and open space for tooth replace-
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Fig. 9.6  Case AA treated by Dr. Giorgio Fiorelli: A temporomandibular 
disorder (TMD) patient presented with severe headaches and reciprocal 
clicks on the right temporomandibular joint (TMJ). (a) Posttreatment extra-
oral photos. (b) Pretreatment occlusion: Asymmetrical occlusal relationship: 
Right side: Class II molar and canine relationship. Left side: Class I molar 
and canine relationship. Lower dental midline deviated to right side. Deep 
overbite with increased curve of Spee. Retroclined upper incisors. (c) Case 
AA: Deviation of chin to the right side can be seen on the front view of 3D 
volume rendering of dentofacial complex from CBCT data. (d) Simulation 
of mandibular reposition on DDP-Ortho software. Step 1: Superimposition 
of the virtual dental models to the frontal and lateral views of 3D volume 
rendering of dentofacial complex by the DDP-Ortho software. The position 
of the condyles were located on the images to calibrate the virtual articulator. 
(e) Simulation of mandibular reposition on DDP-Ortho software. Step 2: 
The virtual articulator simulated the occlusion when patient wore the stabi-
lization splint which relieved the signs and symptoms of temporomandibu-
lar disorder (TMD). It is where the mandible was rotated around left condyle 
1.8° on the articulator and the lower dental and facial midlines coincide to 
the upper midlines. (f) Simulation of mandibular reposition on DDP-Ortho 
software. Step 3: Simulated occlusion was saved in DDP-Ortho software 
and imported into t3DO software. (g) Construction of 2D occlusogram by 
t3DO. Step 1: Definition of symmetry axis. Symmetry axis (in blue color) of 
the dental arches is the objective midline which is defined by the clinician. It 
is often coincided with the facial midline along the median raphe of the pal-
ate unless there is a yaw rotation of the maxilla. A reference line (in red 
color) is formed by selecting two points on the upper arch which is consid-
ered symmetrical in one of the dental arches. The symmetry axis (in blue 
color) is constructed automatically which is perpendicular to and bisects the 
red reference line. Step 2: Alignment of the virtual dental models to the lat-
eral cephalogram. The blue dots are registered along the symmetry axis by 
the clinician in the software which indicate incisal edges of upper and lower 
central incisors before treatment. (h) Construction of 2D occlusogram by 
t3DO. Step 2 (continued): The incisal edges (blue dots) of the upper and 
lower central incisors before treatment were transferred to the lateral cepha-
logram which is generated from the 3D image. Alignment of the virtual 
dental models to the lateral cephalogram is completed by registering the 
functional occlusal plane (in red color) on the lateral cephalogram. Step 3: 
Registration of the positions of upper and lower central incisors on the lateral 
cephalogram. Root apexes (green dots) of the upper and lower central inci-
sors before treatment were registered to indicate the length and inclination of 
the central incisors and thus the images of central incisors are generated 
automatically (blue lines). (i) Construction of 2D occlusogram by t3DO. 
Step 4: Location of objective position of upper and lower central incisors (in 
red color) by the clinician with the consideration of biological limits. In this 
case, inclination of upper central incisor is changed by uncontrolled tipping 
(Torque). Lower central incisor was planned to move labial and apically 
without any change of inclination (Bodily movement). (j) Construction of 
2D occlusogram by t3DO. Step 5: Definition of arch width and shape on the 
automatically generated 2D occlusogram. Since the contact points and the 
width of individual teeth were located and calculated by DDP-Ortho service 
provider, upper and lower occlusograms (red lines with dots in green, red 
and blue colors) are generated once the previous steps were completed. The 
objective arch width and shape can be modified by the clinician with the 
consideration of biological limits. The space analysis is done automatically 
and in real time when the width and shape of the objective arch form is 

modified (A). The software offers to indicate the alignments of individual 
teeth before treatment (blue lines) for clearer comparison with their objec-
tive position (B). (k) Construction of 2D occlusogram by t3DO. Step 6: 
Management of tooth size discrepancy, tooth extraction, or open space for 
tooth replacement. Individual tooth size can be seen in the chart, and the 
Bolton analysis is generated for reference. The software offers to show both 
upper and lower occlusograms on the same arch to illustrate inter-arch rela-
tionship. In this case, 1 mm tooth width was added to the upper lateral inci-
sors (blue rectangle) to improve the molar relationship in sagittal dimension 
from half unit class II to full unit class I (compare relationship of blue dots 
on the occlusograms which indicate mesial contact points of first molars. 
Blue circle, before adjustment. Red circle, after adding 1 mm on each lateral 
incisors). If extraction is needed, the width of extracted teeth will be deduced 
from the arch length immediately by removing the tick in the checker box. 
(l) Diagnosis of tooth displacement by 2D occlusogram. Treatment objec-
tives of the buccal tooth segments on sagittal and transverse dimensions 
were indicated. (1) Proclination of upper central incisors (orange). (2) 
Unilateral distalization of the right side of the upper arch (blue). (3) 
Unilateral expansion on the left side of the upper arch (red). (4) Unilateral 
expansion and mesialization on the right side of the lower arch (green). 
Lines of force which produce the objective tooth segment movements are 
indicated by arrows in colors representing the respective segments. (m) 
Construction of 3D occlusogram by t3DO. The position of the 2D occluso-
gram in the vertical plane of space is registered on the buccal and frontal 
view of the digital dental models in t3DO, and the data is transferred back to 
DDP-Ortho to generate the 3D occlusogram. (n) A: 3D occlusogram on the 
simulated occlusion of mandibular reposition on DDP-Ortho software. 
Pretreatment tooth position (yellow), lower teeth at the objective position 
(blue outline), lines of force to produce the individual objective position (red 
arrows). The need for tipping, intrusion, or extrusion of clinical crowns of 
buccal segments can be shown more clearly with the help of 3D occluso-
gram. (B) Virtual ideal setup which is based on the 3D occlusogram can be 
done either manually or semi-automatically. Objective tooth position 
(white). (o) Treatment progress 1: 3 months after mandibular repositioning 
by Triad® gel (Dentsply Sirona). Asymmetric expansion of upper right and 
lower left buccal segments by beta-titanium 0.036″ palatal and lingual 
arches. Orthodontic miniscrew (68.99.28A) (The Aarhus System, American 
Orthodontics) was used to fixed the position of 36, lingual arch was acti-
vated. Another miniscrew will be inserted to fix the position of 16 
(68.99.30A), by that time palatal arch will be activated. (p) Treatment prog-
ress 2: Beta-titanium 0.017 × 0.025″ cantilever was used to tip 17, 16, and 15 
distally. Beta-titanium 0.017 × 0.025″ box loop was used to move 23 labial. 
Vertical elastics were used to extrude buccal segments of the upper and 
lower arches reciprocally for occlusion setting. (q) Treatment progress 3: 
Beta-titanium 0.017 × 0.025″ cantilever was used to procline upper incisors. 
Beta-titanium 0.017 × 0.025″ box loop was used to extrude 35 34 and 33 for 
occlusion setting. (r) Treatment progress 4: Beta-titanium 0.017 × 0.025″ 
cantilever was welded on the TMA 0.036″ transpalatal arch to move 27 by 
extrusion and palatal tipping. Beta-titanium 0.017 × 0.025″ box loop was 
used to derotate and extrude 14. (s) Treatment progress 5: Beta-titanium 
0.017 × 0.025″ box loops were used to intrude 21 to level the gingival mar-
gin with 11 and derotate 42. Beta-titanium 0.017 × 0.025″ cantilever was 
extended from the miniscrew at 16 region to 11 distal to counteract the side 
effect of the box loop to the 13 to 11 segment. (t) Posttreatment photos
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Fig. 9.7  Case AA: Significance of defining the symmetry axis. (a) 
Photos taken from submental region to show the relationship of the 
maxilla to the face. (A) The original case AA with facial midline coin-
cides with the dental midline anteriorly and the symmetry is aligned 
along the median raphe of the palate. (B) The same case with a simu-
lated counterclockwise yaw rotation of the maxilla with the facial mid-
line coincides with the dental midline anteriorly, and the symmetry axis 
is in an angle with the median raphe. (b) 2D occlusograms. (A) Original 
symmetry axis. Movement of individual tooth segments as shown on 

Fig. 9.6k. (B) Alternate symmetry axis to camouflage yaw rotation of 
maxilla as shown on (a). Lines of force that produce the objective tooth 
segment movements are indicated by arrows in colors, representing the 
respective segments. Movement of individual segments are completely 
different compared to A and are likely to violate biological limits espe-
cially on quadrant 4. Based on the treatment simulation of two different 
options, the clinician can decide to accept the yaw rotation or consider 
orthognathic surgery
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ment. Sometimes, the dental movement must go further to 
compensate for the existing basal discrepancy to improve 
stability and function. There is a much narrower margin of 
error of the force system which the orthodontic appliance 
can deliver in these two groups of patients. It is because 
they are lacking favorable growth, normal oral function, and 
bone support to overwhelm the side effects which can be 
produced by the nonspecific force system generated by the 
straight wire mechanics. Therefore, clearly defined treat-
ment objectives on the VTO and the occlusogram are ben-
eficial to the design of the appropriate treatment mechanics 
which deliver the correct force system to the active unit 
and prevent anchorage loss of the reactive unit. Straight 

wire appliance and clear aligners with special treatment 
sequences, application of TADs, or even customized seg-
mented arch appliances are needed to reduce round tripping 
and other complications, improve treatment efficiency, and 
achieve good results (Fig. 9.8).

For growing patients, their dentofacial development and 
oral function make errors of the force systems delivered 
more forgiving. However, there are issues which have to be 
considered during treatment planning, for example, extrac-
tion vs non-extraction, space closure vs tooth replacement in 
fixed appliance therapy. Furthermore, the clinicians have to 
assess the treatment outcome of growth modification with 
favorable growth and good compliance and prepare the con-

Fig. 9.8  Case LS treated by Dr. Franklin She: A case with pathologi-
cally migrated incisors due to periodontal disease. (a) Frontal facial 
photos. (A) Pretreatment. (B) Posttreatment. (b) Three-quarter smile 
photos. (A) Pretreatment. (B) Posttreatment. (c) Pretreatment virtual 
dental models on DDP-Ortho. (d) Sectioning of upper model at middle 
of 11 on sagittal plane to study the inter-incisal relationship. (e) 21 was 
planned to retract 7 mm and intrude 2 mm. After subtracting the width 
of 24 for extraction, occlusogram indicates moderate anchorage need 
on closing space at 16 and 24 regions. (f) Lower incisors are planned for 
proclination of 2 mm and intrusion of 2 mm with extraction of 32 to 
relieve crowding. Objective position of 36 (yellow). Distal buccal dero-
tation of 36 is indicated with the center of rotation located at its mesial 
contact point (black dotted circle). (g) Use of a software Dental 
Movement Analyzer (IOSS, GmbH) to calculate the line of force to 
intrude 11 to the objective position. A three-piece intrusion and retrac-
tion arch was used to produce the planned line of force. (h) Ideal virtual 
setup based on 3D occlusogram shows clearly that after extraction of 
32, sequential intrusion of 31, 33, 41, 42, and 43 are required as they 
present with different level of extrusion. Pretreatment position (yellow). 
Objective tooth position (white). Sequence of intrusion (A) 31, 41, and 
42 (red arrows), (B) 33, 31, and 43 (blue arrows), (C) 43 (green arrow). 
(i) Pretreatment photos. Aggressive periodontitis was treated and moni-
tored by Dr. Siu Keung Kenny, Tong. (j) Treatment progress 1: Upper 
arch: Beta-titanium 0.017 × 0.025″ T loops were used to close space at 
16 and 24 region. Ligature wires were used to tip incisors distal during 
space closure. Lower arch: Beta-titanium 0.017 × 0.025″ three-pieces 
intrusion and retraction arch was used for proclination and intrusion of 
lower incisors. A passive stainless steel 0.036″ lingual arch and a stain-
less steel 0.019 × 0.025″ archwire were used to splint lower premolars 
and first molars together as an anchorage unit. (k) Treatment progress 
2: Upper arch: Beta-titanium 0.017 × 0.025″ three-pieces intrusion and 
retraction arch was used to intrude and retract 11. Lower arch: Beta-

titanium 0.018″ archwire was used to hold the position of 41 and 42. 
Beta-titanium 0.017 × 0.025″ box loop was used to intrude 31. A beta-
titanium 0.017 × 0.025″ archwire was connected with two orthodontic 
miniscrews (68.99.28A) (The Aarhus System, American Orthodontics) 
at 33 and 43 regions. It served as anchorage to intrude 33 and 43. 
Another Aarhus screw was used to fix the position of 36 with stainless 
steel 0.019 × 0.025″ archwire and a beta-titanium 0.036″ lingual arch 
was used to derotate 46. (l) Treatment progress 3: Upper arch: Intrusion 
and retraction of 11 was in progress. Lower arch: 32 and 43 were lev-
eled. 46 was derotated and was fixed by an Aarhus screw at 46 region. 
The beta-titanium 0.036″ lingual arch which was fixed by Aarhus 
screws at 36 and 46 regions and was used as an anchorage to further 
intrude 33 on the lingual side. The labial wire which was fixed by 
Aarhus screws at 33 and 43 regions were to be used as an anchorage to 
further intrude 33 on the labial side. (m) Treatment progress 4: Upper 
arch: Intrusion and retraction of 11 were completed. Lower arch: Lower 
incisors and canines intrusion were completed. A super-elastic nickel-
titanium 0.017  ×  0.025″ archwire was inserted for the alignment of 
lower teeth. (n) Treatment progress 5: Upper arch: Bracket of 11 was 
rebonded to the normal position. A stainless steel 0.019 × 0.025″ arch-
wire was inserted. Closure of anterior spaces were done by bonding 
lingual buttons on 13–23 and powerchains. The line of force of space 
closure is closer to center of resistance which reduced friction. A stain-
less steel 0.019 × 0.025″ archwire was inserted on lower arch, and slid-
ing mechanics was performed to close residual spaces. (o) Treatment 
progress 6: Upper arch, upper incisors and canines were cemented by a 
cobalt-chromium cast splint with extensions to direct the line of space 
closure force at the level of center of resistance of teeth with reduced 
bone support. Reciprocal anchorage was used for space closure as 
planned. (p) Posttreatment photos. Treatment was terminated before 
complete space closure due to periodontal flare-up. Periodontal condi-
tion was stabilized after debonding
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tingency plan in case of poor response and cooperation from 
the patients. This is where the use of the VTO and the occlu-
sogram facilitate the treatment planning as these tools can 
simulate treatment results in different scenarios. In addition, 
the VTO and the occlusogram facilitate communication 
between the orthodontist, members of the treatment team, 
patients, and parents. This allows the different parties to 
“see” the outcome in advance, so they are able to compre-
hend the options more clearly.

9.6	 �Future Developments

9.6.1	 �Reducing Risk of Violation of Biological 
Limit

Conventional VTO can be used as a risk management tool to 
explore the biological limit of tooth movement which is the 
envelope of alveolar process [15]. However, it can only be 
applied on the central incisors in sagittal and vertical dimen-
sions. Therefore, the next rational move is to superimpose a 
virtual dental model to CBCT images which is now a com-
mon feature of many dental implant and orthognathic sur-
gery treatment planning software. At the time of writing this 
chapter, there is one commercially available planning soft-
ware targeting clinicians as end users which can merge the 
image of clinical crowns from virtual models to the roots 
from CBCT images to facilitate virtual diagnostic setup [26]. 
However, the software is not able to show the supporting 
bone, and the accuracy of superimposition is not studied. At 
the same time, there is ongoing research working to overcome 
the limitations. For instance, researchers are now using pro-
fessional engineering software to validate the accuracy of 
superimposition of 3D facial images, CBCT images, and vir-
tual dental models [27]. In the future, software that supports 
accurate superimpositions of multiple structures will allow 
clinicians to compare all the teeth in the virtual setup to the 
existing supporting alveolar process and vital structures, e.g., 
incisive canal [28, 29] to explore their limitations to tooth 
movement in 3D.  On the other hand, further research is 
required to address a very important question: What limits 
the orthodontic tooth movement? To be more specific, we 
need to know if we can manipulate bone growth in buccal 
and lingual directions by orthodontic tooth movement. Some 
clinical studies have shown an indirect proof of manipulated 
bone growth by preserving gingival attachment on labial 
lower incisor bodily movement with the use of segmented 
arch mechanics [30, 31], but this has to be investigated fur-
ther using CBCT.

9.6.2	 �Improving Control of Tooth Movement 
and the Selection of Orthodontic 
Appliance

The next move after the success of superimposing CBCT to 
virtual dental models and the diagnostic setup based on the 
3D occlusogram is the improved accuracy of estimating the 
position of centers of resistance of individual teeth. Our cur-
rent understanding considers the center of resistance as a 3D 
volumetric center instead of a pinpoint because periodontal 
ligament and bone support are different in different direc-
tions [32, 33]. If the 3D volumetric center of resistance can 
be mapped, by comparing the change of position of individ-
ual teeth to the treatment objectives, the force system that 
leads to the shortest path of the planned tooth movement can 
be worked out more precisely [17]. This information can be 
input to the finite element analysis which is customized to 
individual patients in the future. This facilitates the design of 
the most suitable orthodontic appliance to achieve the treat-
ment objectives which includes determination of position of 
TAD placement [34]. Therefore, it helps by determining 
which cases are best to be treated by straight wire fixed 
appliance, clear aligners, or customized segmented arch 
appliances.

9.6.3	 �Improving Patient Communication 
and Soft Tissue Change Prediction 
Due to Treatment

Software is now available which combines 2D and 3D facial 
imaging and simple digital ideal setup of front teeth to show 
the clinician and patient how the treatment would affect the 
smile [35, 36]. It helps with planning very simple orthodon-
tic cases which involves minor anterior tooth movement 
which does not affect the lip and facial profiles [37]. 
Otherwise, this software is more of a sales tool which forms 
a part of so-called emotional dentistry and has a risk of giv-
ing unrealistic expectations to the patients. On the other 
hand, even if we can superimpose the 3D facial image, 
CBCT, and comprehensive digital setup of the teeth based on 
the occlusogram, it is still difficult to predict the soft tissue 
change in response to orthognathic surgery or extensive orth-
odontic tooth movement with TADs anchorage [38]. This is 
partly due to the fact that there have not been enough studies 
that included enough sample sizes on the soft tissue change 
in response to different treatments [39–41]. Also, soft tissue 
changes are subjected to huge individual variations [42, 43]. 
Therefore, further research is required to produce more via-
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ble data that would make the prediction of soft tissue changes 
more reliable. This will allow us to give a more accurate 
assessment of soft tissue change to different treatment 
options in the future.

9.7	 �Conclusions

Use of the VTO and the 2D and 3D occlusograms helps treat-
ment planning in various ways. First, they provide an algo-
rithm for the clinician to practice diagnosis and treatment 
planning in a rational and systematic way. Second, they 
allow visualization of treatment objectives. This reduces the 
risk of violating biological limits and facilitates the design of 
orthodontic appliances to deliver specific force systems 
which in turn improves treatment efficiency. Furthermore, it 
improves communication between members of the treatment 
team, parents, and patients.
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10.1	 �Introduction

The orthodontic profession has observed a significant para-
digm shift in the delivery of orthodontic care, as evolving 
technological advances have been incorporated into our spe-
cialty practice. The implementation of digital diagnostic pro-
cedures has expanded the capabilities of the orthodontist to 
make more informed treatment decisions as it allows for the 
fusion of data obtained from different digital sources. The 
main files used for data analysis are the STL (Standard 
Tessellation Language) files, obtained from intraoral scan-
ning of the dentition, and the DICOM (Digital Imaging and 
Communications in Medicine) files, from the cone beam 
computed tomography (CBCT) (Fig. 10.1). Combining these 
two files into diagnostic software allows for a three-
dimensional analysis of the malocclusion that can be used to 
diagnose and plan treatment effectively [1–3]. Digital diag-
nosis is especially important as it provides the clinician with 
the opportunity to perform treatment simulations prior to and 
during treatment. Additionally, each patient file is instanta-
neously retrievable chairside for consultation during treat-
ment, and treatment progress can be continuously monitored 
through the use of sequential intraoral scans. The software 
used for digital diagnostic procedures also allows for precise 

measurement of tooth movement, which facilitates accurate 
treatment planning and execution.

10.2	 �Digital Dental Casts and Diagnostic 
Measurements

Obtaining and analyzing orthodontic models is an essential 
part of orthodontic diagnosis and treatment planning. Digital 
models can be obtained from either intraoral scans using 
laser or structured light [4] or scans of plaster models 
obtained from alginate impressions (Fig.  10.2). Both have 
inherent advantages over conventional dental casts [5–7]. 
Conventional impressions from alginate or PVS material 
have several shortcomings including patient discomfort dur-
ing the impression recording procedure, need for physical 
storage, material-related issues such as bubbles, time sensi-
tivity, and distortion inaccuracies, and risk of breakage or 
loss of the models [3, 8]. Digital models obtained from intra-
oral scanning mitigate these disadvantages by providing 
improved patient comfort and experience during the intraoral 
scanning process and by allowing for subsequent digital stor-
age of STL files. Digital casts are also obtained much more 
rapidly than conventional models and can be easily shared 
with the patient, other clinicians, and the dental laboratory 
for the fabrication of appliances [3, 9]. Additionally, studies 
have shown that digital models are as accurate as dental casts 
obtained from conventional impressions [10–12], which 
makes the use of digital models an easy diagnostic choice.

Similar to plaster models, two dimensional static mea-
surements such as arch length, estimation of dental crowd-
ing, and estimation of rotations can be performed using 
digital casts. However, with digital models, these estimations 
can be transformed into much more precise computer-
assisted measurements that can be stored in the patient data-
base [11]. Several software programs are available which can 
be utilized to predictably measure the virtual files of dental 
casts in order to perform common orthodontic model analy-
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ses [13]. OrthoCAD™, affiliated with Invisalign, was one of 
the first developed software programs and can be utilized to 
perform several diagnostic measurements such as space 
analysis, Bolton analysis, overbite, and overjet [14] 
(Fig.  10.3). Other software that offer the most commonly 
used orthodontic measurements include 3Shape™, 
Orchestrate 3D™, and Maestro 3D™. As dental cast mea-
surements are an essential part of orthodontic diagnosis and 
treatment planning, the ability to perform these measure-
ments on digital casts allows for an accurate, efficient, and 
thorough digital diagnostic process.

10.3	 �Assessment of Dental Movement 
Through Superimposition

Digital models obtained from intraoral scanning can be uti-
lized to assess tooth movement and treatment progress. By 
taking sequential scans as the patient’s treatment progresses, 
superimposition of the different stages of treatment is possi-
ble (Fig.  10.4). This allows the practitioner to assess the 
amount and direction of tooth movement that has occurred 
between different timepoints and to determine if the intended 
tooth movement has occurred. Superimposition of scans is 
also important as it allows the clinician to assess the efficacy 
of their biomechanical plan.

10.4	 �STL Segmentation

An STL file is a cloud of points joined to form triangles, 
which describes the surface geometry of three-dimensional 
objects, such as the teeth, but does not have any color or 
texture [15]. As the STL file represents the natural curva-
ture of the teeth by creating flat triangles, the accuracy of 
the STL file is largely influenced by the number and size of 
these triangles [16] (Fig.  10.5). STL files can be trans-
formed by software into a specific file format [such as com-
puter-aided design (CAD) files] that can be 3D printed by 
different methods [17, 18].

Fig. 10.1  Cone beam CT of a patient showing the three planes and the 3D reconstruction

Fig. 10.2  STL file of a dentition obtained from a scan with a mask 
applied to show the surface. The mask covers the triangles
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Virtual models obtained from STL files are extremely 
useful in orthodontics as they can be utilized for orthodontic 
treatment simulations via teeth segmentation (or surface cut-
ting technique), which is a critical aspect of the preparation 
of the simulation files [19]. Segmentation involves partition-
ing the files either manually or automatically to create 
boundaries and to allow each tooth to become “free objects,” 

Fig. 10.3  OrthoCAD™ software, which allows for measurements of the dental casts

Fig. 10.4  Digital dental scans allow for superimposition of the denti-
tion, allowing for the evaluation of treatment

Fig. 10.5  The STL files may have different quantity and number of 
triangles. The more triangles that are present, the more precise the STL, 
but the larger the file
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separated from the rest of the dental cast [20] (Fig.  10.6). 
Once segmented, the software enables the user to select one 
tooth and move it with six degrees of freedom using the com-
puter mouse. The movements can be recorded and accurately 
measured in all three planes of space. Incremental tooth 
movement can be performed by positioning the virtual dental 
casts with the segmented teeth into maximum interdigitation 
and uploading them into proprietary software [21]. The soft-
ware programs record tooth movements individually and in 
relation to the rest of the dentition. The clinician can assess 
any potential collision that may occur and can also maintain 
an ideal occlusal plane.

Several software programs, including Maestro 3D™ and 
DDP-Ortho™, allow the user to stitch radicular CBCT data 
to the intraoral scan to simulate a more realistic environment 
for tooth movement. Software such as DDP-Ortho™ allows 

the user to locate the instantaneous center of rotation 
(Fig. 10.7). Locating the center of rotation enables the clini-
cian to better assess the needed tooth movement and to deter-
mine the force system that must be applied for the intended 
tooth movement [22].

10.5	 �Simulated Tooth Movement Using 
Digital Models

A main advantage of STL-driven digital study cast analysis 
is the ability to move each segmented tooth to a different 
position incrementally and precisely [21, 23]. As all orth-
odontic tooth movements are a combination of translation 
and rotation [24], software companies have built these move-
ments into their interfaces to allow the teeth to be tipped, 
translated or rotated around instantaneous centers of rota-
tions [25]. While each software program uses different meth-
ods to move teeth to their desired location, most programs 
allow for mesio-distal, labio-lingual, and vertical linear 
movements, as well as rotational movements, around the 
long axis of the tooth [26, 27]. Most software has built-in 
constraints, which will warn the practitioner if the pro-
grammed tooth movement is excessive or interferes with the 
dental occlusion [28, 29] (Fig. 10.8).

10.6	 �Dental Collisions

During simulated tooth movements, interproximal and occlu-
sal collisions may occur, and computer assisted design (CAD) 
files used to simulate tooth movement need to be formatted to 

Fig. 10.6  Automatic segmentation of the dentition using the 3ShapeTM 
software

a b

Fig. 10.7  (a) Visualization of the crowns and roots to calculate center of rotation. (b) Imaging of the center of rotation of orthodontic 
movements
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be able to detect these collisions [30]. For example, during 
tooth alignment, if the teeth are arranged along a smaller arch 
form, collisions will occur between the teeth as they will end 
up occupying a smaller space. Complex algorithms are neces-
sary to accurately document these collisions and to apply the 
necessary steps to eliminate them [31, 32].

Various software programs are capable of both detecting 
these collisions and quantifying the amount of overlap that is 

occurring (Fig. 10.9). With this information, the orthodontist 
can make informed decisions as to whether the teeth should 
be moved into different positions (usually labial or buccal 
displacements) or whether interproximal reduction (IPR) to 
reduce the mesio-distal dimensions of the teeth or if extrac-
tions should be performed in order to obtain the desired 
alignment [33].

10.7	 �Assessment of Occlusal Contacts

Several software programs can detect and provide informa-
tion about occlusal contacts in maximum intercuspation, 
which helps with the detection of premature or heavy contacts 
(Fig.  10.10). Providing this information to the practitioner 
allows for the correction of premature or heavy contacts in 
order to create a balanced occlusion with even contacts [28].

10.8	 �Detection of Dynamic Mandibular 
Movements

SICAT-Dentsply™ is a unique software that combines data 
from the CBCT, the intraoral scan, and a mandibular tracking 
device. This combination of data allows for the visualization 
of dynamic excursive mandibular movements and condylar 
movements and allows the user to detect abnormal patterns 
of mandibular motion. When combined with the static regis-

a b

Fig. 10.8  (a) New software updates now indicate the boundaries of desired treatment. (b) The software allows for individual tooth movement and 
records the amount of movement in three planes of space

Fig. 10.9  Software program showing the collision between teeth dur-
ing movement
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tration of centric relation, the SICAT-Dentsply™ software 
provides information on normal and abnormal condylar 
motion and can be used to assist the practitioner in the treat-
ment of cases with severe asymmetries and/or facial trauma.

10.9	 �Creating Space for Tooth Movements

In the early aligner systems, limitations within the soft-
ware capabilities allowed only for the application of sim-
ple forces that pushed on the crown of teeth [34]. Therefore, 

the alignment of the dentition was mainly obtained by den-
toalveolar expansion. Due to advancements in the soft-
ware, current software programs offer more options to 
optimize dental alignment, such as IPR, distalization, or 
uprighting of posterior teeth [35] (Fig. 10.11). Using these 
techniques alone or in combination provides the practitio-
ner with a variety of methods to create space without 
excessively relying on dentoalveolar expansion. This is 
important as studies have shown that excessive dentoalve-
olar expansion, especially in the premolar region, can pro-
mote bone loss [36].

Fig. 10.10  Simulation software has the capabilities to record occlusal contacts in maximum interdigitation

J.-M. Retrouvey et al.



245

10.10	 �Staging

With conventional straight wire fixed orthodontic appliance 
systems, most orthodontists routinely place orthodontic 
brackets on all teeth and engage the wires in as many brackets 
as possible to achieve leveling and alignment of the dentition 
[37]. With this method, no specific individual tooth move-
ment predictions can be built in, but rather the shape and 
energy that is stored in the wire dictate the final position of 
the teeth. This movement is described as a statistically inde-
terminate system, where the force systems cannot be accu-
rately measured due to too many unknown variables, and the 
forces are for the most part uncontrolled [38, 39]. This level-
ing and aligning method is therefore more of a mechanistic 
stepwise approach, where the orthodontist moves from one 
wire to another, observes the result of the preceding action, 
and adjusts the mechanical approach accordingly.

One of the main advantages of treating with aligners is the 
ability to plan movements of a single tooth or a group of 
teeth without affecting the whole dentition (Fig. 10.12). This 
feature allows for the occlusion to be modified or maintained 
depending on the treatment requirements established by the 
orthodontist [40, 41]. With aligner therapy, teeth can also be 
aligned and moved sequentially in a process called aligner 
staging [42]. Currently, only a few software companies allow 
the aligner staging process to be modified. When modifiable, 
the orthodontist is able to move every single tooth or a group 

of teeth in three dimensions to correct the malocclusion with 
pre-planned mechanics. This staging method is then auto-
matically applied by the software to obtain a sequence of 
aligners, which will correct the malocclusion with the desired 
mechanics [43].

For those programs that allow for individualized aligner 
staging modification, the software does not provide any 
guidance on staging modifications and the staging changes 
rely only on operator experience. Additionally, the software 
programs are currently unable to record the efficacy of the 
planned movements and therefore cannot be used to assist 
with future treatment planning. Both of these factors illus-
trate that operator experience and knowledge are essential 
for orthodontic treatment, even with the advanced digital 
technology that accompanies aligner therapy.

10.11	 �3D Orthodontic Brackets and Robot-
Formed Wires (SureSmile® System)

SureSmile® is an integrated digital technology platform that 
allows for the diagnosis and design of a customized thera-
peutic treatment plan, through the fabrication of prescription 
archwires for the patient [44]. During orthodontic treatment 
with conventional fixed orthodontic appliances, brackets 
often need to be repositioned, or wires need to be bent by 
hand, to properly detail and finish the occlusion [44–46]. 
Additionally, bracket slots in conventional straight-wire 
appliances have been found to have poor tolerances, which 
can lead to imprecise tooth movement [44]. Both of these 
factors can unnecessarily prolong treatment time [44–46]. 
The customized prescription archwire eliminates this issue 
as the 3D planned treatment is utilized to create the custom-
ized prescription archwire [44] (Fig.  10.13). It has been 
reported that the robotic bends are very precise, with linear 
bends having a ±0.1 mm precision, and torsional and angular 
bends having a ±1° precision [47, 48]. This precision in 
appliance design helps to eliminate the reactive elements of 
orthodontic treatment and therefore may shorten treatment 
time [44]. However, this must be interpreted with caution as 
recent reports have questioned the accuracy of third order 
movement (labio-lingual torque) using the technology [49].

The 3D virtual imaging module in the software allows for 
a more precise and predictable treatment plan as the denti-
tion can be visualized and measured in all three planes of 
space [44]. Furthermore, the software allows for decisions to 
be made through interactive simulations, which helps the cli-
nician to both visualize and validate their proposed treatment 
plan [44]. As the software also has built-in workflow automa-
tion and standardized checklists, patient care can be planned 
sequentially, and errors can be minimized [44, 50].

Patients can be shown computer simulations of the pro-
posed plan and can also be involved in the design of the sim-

a

b

Fig. 10.11  (a) Simulation software allows for sequential and pro-
grammed dental movements. (b) After the first sequence of aligners, 
notice that the anterior teeth have remained in their original position
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ulated plan [44]. Showing the patient computer simulations 
has advantages as it has been found that patients who have 
seen computer simulations of their treatment have a better 
understanding of the treatment plan and may become more 
compliant [51, 52]. The software also allows the proposed 
treatment plan to be shared with other clinicians when 
required to facilitate interprofessional collaboration [44].

10.12	 �Clinical Cases

Four clinical cases will be presented below to illustrate the 
use of 3D diagnostics and treatment simulations in the devel-
opment and implementation of a comprehensive and predict-
able treatment plan.

a

b

Fig. 10.12  (a) A group of 
teeth may be displaced as a 
unit to mimic orthodontic 
movement with a wire. (b) A 
single tooth can be moved at a 
time and its movements 
accurately recorded

J.-M. Retrouvey et al.



247

Case 1: 3D Treatment Planning Using Simulations and 
Robotic Wires
A 15-year-old male patient presented with class II, division 1 
malocclusion and a missing upper left lateral incisor with a 
significant maxillary midline deviation to the left (Fig. 10.14). 
Due to the missing left lateral incisor, the posterior dentition 
on the left side shifted more mesially than the right-side den-
tition, leading to more significant class II on the left side 
(Fig. 10.15a). The available space for the missing left lateral 
incisor was inadequate (Fig. 10.15b).

In cases with missing maxillary lateral incisors, two treat-
ment options are possible: (1) closing the space with canine 
substitution or (2) opening the space for an implant-supported 
lateral incisor [53, 54]. Due to facial and occlusal consider-
ations, in this case the decision was made to open the space 
for an implant in the lateral incisor position.

Using a treatment simulation picture provided by the 
SureSmile® simulation software, the malocclusion was cor-
rected virtually and a pontic tooth was added in the left lat-
eral incisor position. The position of the dentition relative to 

the face was verified by superimposing the treatment simula-
tion image on the facial picture (Fig. 10.16).

For enhanced biomechanical advantage in both the cor-
rection of the class II malocclusion and the opening of the 
left maxillary lateral incisor space, the plan was to use a 
palatally positioned mini implant-supported appliance to dis-
talize the molars into a class I position [55] (Fig. 10.17). For 
bracket placement, a simulation model was designed to cor-
rectly position the brackets to ensure the best possible root 
parallelism (Fig.  10.18). The correct occlusion was deter-
mined through the treatment simulation and all recorded 
measurements.

The final intraoral treatment photos show that the pre-
dicted and anticipated result was obtained, with adequate 
posterior occlusion, as well as anterior coupling, coincident 
midlines, and ideal overbite and overjet (Fig.  10.19). 
Adequate space was opened for the implant, and root paral-
lelism was achieved (Fig.  10.20). This case illustrates that 
excellent outcomes can be achieved with 3D diagnostics and 
predictive software.

Fig. 10.13  Recording of 
movements built in the lingual 
SureSmile® software. These 
simulated movements are 
used to produce a 
preprogrammed wire to apply 
these movements to the 
dentition
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a b

Fig. 10.14  (a) Smile line showing a significant deviation of the maxillary midline to the left. (b) Same deviation is observed when the palatal 
raphe is used as a reference line

a

b

Fig. 10.15  (a) Lateral views 
of the dental casts showing 
the class II molar relationship. 
(b) The planned position and 
orientation of the future 
implant
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10.12.1	 �Canine Substitution: 
Assessment of Tooth Reduction 
and Shape Using Open Source 
Software

Although canine substitution was not chosen for case 1, 3D 
diagnostics and treatment simulations can be very helpful in 
the planning of canine substitution treatment. While the deci-

sion to open a missing lateral incisors space for an implant or 
close with canine substitution is based on the dental arch space 
available, the presented malocclusion, the patient’s prefer-
ence, and the facial profile [53, 56], canine substitution is often 
the preferable treatment option since it eliminates the need for 
an implant in this esthetically sensitive zone [57]. However, 
for canine substitution, the canine must have a shape and color 
that is amenable to modification into a lateral incisor [53].

a

b

c

Fig. 10.16  (a) Insertion of the simulated result in the facial frontal picture. (b) Occlusal and frontal views of the simulated treatment with the 
pontic tooth incorporated. (c) Right and left lateral views of the simulated treatment
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a

b

Fig. 10.17  (a) Occlusal view showing the implant supported distalizer appliance. (b) Frontal and lateral views with the distalizer

a b

c

Fig. 10.18  Therapeutic simulation model. (a) Frontal view of the sim-
ulated treatment. (b) Virtual placement of brackets after molar distaliza-
tion. (c) Simulation of treatment and correct positioning of brackets. (d) 

Frontal view of the therapeutic model. (e) Occlusal view of the thera-
peutic model. (f) Lateral view of the simulation model. (g) Occlusal 
view of the simulation model
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The therapeutic approach of reducing the size of the 
canine to match a lateral incisor is usually completed without 
3D measurements or assessments, relying solely on the 
practitioner’s experience [58]. An advantage of 3D software 
in canine substitution cases is that the software can be uti-
lized to volumetrically reduce and reshape the canine, which 

allows the practitioner to assess the treatment needs and lim-
itations (Fig. 10.21). An intraoral scan or a CBCT is needed 
to obtain 3D rendering files of the specific canine. The con-
tralateral lateral incisor can then be used as a mirror tem-
plate, or a virtual shape can be designed to create the desired 
future shape of the substituting canine. Once the shape and 

d e

f g

Fig. 10.18  (continued)

Fig. 10.19  Composite view of the treatment result
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size have been chosen, the crowns of the teeth are segmented, 
and the desired lateral incisor-shaped tooth is incorporated 
into the 3D rendering of the canine to assess the reduction 
that must be performed. This simple method helps the ortho-
dontist to better visualize the most appropriate approach and 
to assess the feasibility of the canine substitution plan.

Case 2: CBCT Digital Models Used for Planning 
Biomechanical Setup of Impacted Canines
The treatment of impacted canines is challenging [59], and 
conventional 2D diagnostic methods may not provide enough 
information about the position of the canine or its effects on 
the adjacent teeth [60, 61]. Impacted canines can lead to root 
resorption of adjacent lateral incisors, and this is not always 
properly visualized on 2D images [62]. Additionally, with 
2D imaging, the exact canine position within the alveolar 
bone is not well-defined, and the superimposition of struc-
tures prevents an accurate diagnosis.

Impacted canines present complex biomechanical chal-
lenges to the orthodontist, where the necessary tooth move-
ments must be carefully planned in order to both avoid root 
damage and to position the tooth optimally within the arch 
[63]. These canines require careful movement in all three 
planes of space and, if they are rotated, will require derota-
tion which adds to the complexity of the procedure [29]. 3D 
imaging and the use of specialized software allow for proper 
visualization of the impacted tooth in all three dimensions of 
space, which provides an accurate diagnosis of the impacted 
tooth position (Fig. 10.22). The ability to visualize, assess, 
and measure the proposed tooth movement before the initia-
tion of treatment is also a significant advantage as the prog-
nosis and complexity of treatment can be assessed before the 
surgery is scheduled, which can decrease the morbidity of 
the orthodontic exposure and traction procedure [64].

To properly visualize impacted canines and to plan their 
movement, an open source software (3D slicer) can be used 
to segment the canines and several maxillary teeth from the 
CBCT DICOM file (Fig. 10.23).

This new data file can then be exported as an OBJ file into 
Meshmixer™, where a duplicate of the impacted canine 
anatomy is produced, and the duplicated tooth can be posi-
tioned in the correct position within the arch in the 3D ren-
dering. DMA-DDP-Ortho™ software can then be used to 
calculate the most efficient force system to seamlessly move 
the impacted tooth into the desired position. Once the ideal 

Fig. 10.20  Posttreatment panoramic radiograph

a

b

Fig. 10.21  (a) Frontal 3D rendering illustrating the differences in size 
and shape of an average lateral and canine. (b) Lateral 3D rendering 
illustrating the differences in size and shape of an average lateral and 
canine

Fig. 10.22  (a) A panoramic view of an upper left impacted canine. (b) 
A frontal view of the cone beam CT rendering. (c) Palatal view. (d) 
Lateral view
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b

c d

Fig. 10.22  (continued)

a

b c

Fig. 10.23  Reformatting of 
the cone beam CT image of 
an impacted canine. (a) 
Lateral view. (b) Oblique 
view. (c) Occlusal view
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force system is determined, this information can be used to 
design an appliance that will deliver this force to the canine 
crown with maximum effectiveness [65, 66]. Figure 10.24 
shows the DICOM conversion to STL files when uploaded in 
Meshmixer™ and DMA-DDP-Ortho™, which allows for 

the center of rotation to be predicted and for the most appro-
priate force system to be determined.

A 15-year and 8-month-old male patient presented with a 
palatally impacted left permanent maxillary canine and a 
retained primary canine (Fig.  10.25a, b). A CBCT was per-

a b

c

Fig. 10.24  The initial and desired position of the canine has been incorporated in a single 3D file. (a) Lateral view. (b) Occlusal view. (c) Correct 
force system applied (DMA-DDP-Ortho™ software)

a

Fig. 10.25  (a) Pretreatment photographs. (b) Pretreatment digital models. (c) Biomechanical considerations and creation of the force system. (d) 
Cantilever design with the appropriate force system
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b

c

d

Fig. 10.25  (continued)

10  Three-Dimensional Treatment Simulation for Predictable Orthodontic Treatment Planning and Implementation



256

formed to determine the exact position and angulation of the 
impacted canine as well as its relationship to the crown of the 
adjacent lateral incisor. An intraoral scan was also performed 
and was utilized to determine the most appropriate biomechan-
ical approach (Fig.  10.25c). A single-force cantilever-type 
mechanical system was then designed in order to apply the 
most appropriate force system for the impacted canine 
(Fig. 10.25d).

Case 3: Hybrid Treatment—Molar Distalization and 
Rotation Followed by Invisalign Therapy
The combination of two different treatment approaches dur-
ing a patient’s orthodontic treatment is often beneficial to the 

patient. For example, in certain cases, limited bracketing, 
growth modification, or the use of specific appliances can be 
utilized prior to the initiation of comprehensive orthodontic 
treatment to obtain the best treatment results [67].

In growing patients with class II malocclusion where dis-
talization of the upper first molars is appropriate, it is benefi-
cial to distalize these molars before the eruption of the 
second molars [68] (Fig. 10.26b). Several appliances may be 
used for this purpose, including the Carriere motion appli-
ance™, headgear, and the Pendulum appliance, among oth-
ers. Using simulation software to predict the treatment result 
of the first phase of treatment (distalization) may be of great 
benefit in the planning of the second phase of treatment.

a

Fig. 10.26  (a) Pretreatment photographs. (b) Treatment needs and cal-
culations of molar and incisor movement. Group 1, without second 
molar; Group 2, with second molar. It shows that the best time for molar 
distalization without loss of anchorage of anterior incisors is before sec-
ond molar eruption [69]. (c) The predicted effect of the Carriere motion 
appliance™ (occlusal view). Occlusal view to visualize arch develop-
ment with the Carriere motion applianceTM. Please note that V-shaped 
arch form is changed to U-shaped arch form after distalization with 
the Carriere motion applianceTM. The ball joint on the molar pads pro-

duces distal rotation during distalization. (d) The Carriere motion appli-
anceTM  from the lateral view. Please note that molar uprighting can 
happen from the ball joint on the molars while the canine moves distally 
with more bodily movement. (e) Result of the Carriere motion appli-
anceTM treatment after 3 months. The canine position (blue line) can be 
compared with the incisor position (yellow line). The vertical position 
of canine moved into solid class I relationship and extruded within 
3  months. (f) The first ClinCheck™ showing 39 aligners. (g) 
Calculations of the amount of distalization movement. (h) Final treat-
ment outcomes
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b

Change in molar relation: 2.5*** ± 0.81, i.e correction
Change in overjet: 1.5*** ± 1.03, i.e. relapse

Change in molar relation: 3.3*** ± 0.89, i.e correction
Change in overjet: 0.9*** ± 0.88, i.e. relapse

0.8*** ± 0.70

0.7*** ± 0.75 0.9** ± 0.73 0.9** ± 1.28

0.6** ± 0.71

MD 1 group MD 2 group

0.6** ± 0.86

0.8*** ± 0.47

1.1*** ± 0.87

1.6*** ± 0.99
1.6*** ± 0.75 2.4*** ± 1.012.2*** ± 0.78

c

Fig. 10.26  (continued)
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e

Fig. 10.26  (continued)
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g

Fig. 10.26  (continued)
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Case 3 was a 13-year-old male patient who presented with 
a class II, division 1 malocclusion and proclined upper inci-
sors (Fig.  10.26a). The Carriere motion appliance™ was 
considered in order to first address the sagittal discrepancy. A 
prediction of the potential posterior tooth movements with 
the Carriere motion appliance™ was performed using imag-
ing software [70] (Fig. 10.26b, c). As the prediction showed 
that the amount of distalization would be adequate, this ther-
apeutic approach was retained.

Once the distalization was achieved (Fig. 10.26e), another 
intraoral scan of the patient was taken, and the virtual dental 
casts were uploaded to the ClinCheck™ software from 
Align™ technology. The software was used to evaluate the 

potential alignment of the dentition and the dental occlusion 
that would be obtained from the use of orthodontic aligners, 
which was chosen as the modality of treatment in this case 
(Fig. 10.26f, g). This prediction allowed the treating ortho-
dontist to decide the most appropriate course of treatment in 
a proactive way.

Figure 10.26h shows the final intraoral photos, where a 
class I molar occlusion was achieved with adequate overbite 
and overjet and coincident midlines. The total treatment time 
was 21 months. This case illustrates the advantages of using 
the predictive capabilities of 3D software in the simulation of 
two-phase treatment options and in designing the most 
appropriate treatment approach.

h

Fig. 10.26  (continued)
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Case 4: 3D Simulation of Extraction Versus Non-
extraction Case
The decision to treat patients with or without premolar 
extractions is complex and not always clear-cut, as both the 
approaches present with advantages and disadvantages [71]. 
Having the capacity to assess and evaluate both the treatment 
options and their outcomes before starting the treatment is an 
asset in the determination of the most appropriate treatment 
plan [72].

A 13-year-old female patient with a class II, division 1 
malocclusion presented for orthodontic assessment. The 
patient was a vertical grower, had moderate crowding in both 
arches (with buccally positioned upper left, upper right, and 
lower right canines), and a 3 mm mandibular midline devia-
tion to the right (Fig. 10.27a, b).

An occlusogram was performed following the facial 
analysis, which indicated that repositioning the upper inci-

sors 1.5 mm lingually and incorporating 1 mm of intrusion 
would result in the most esthetic treatment outcome 
(Fig. 10.27e). Intraoral scanning was performed, and STL 
files of the dentition in occlusion were uploaded to the 
DMA-DDP-Ortho™ software in order to perform the two 
treatment simulations (Fig. 10.27c).

In the first simulation, 4 second premolars were extracted, 
and the spaces were closed, respecting the initial occluso-
gram (Fig. 10.27c). In the extraction simulation, a significant 
amount of protraction in the lower arch was required, which 
made this option more complex than anticipated (Fig. 10.27d).

The second simulation used a non-extraction approach 
(Fig. 10.27c) and quantified the movements that were neces-
sary to reposition the lower midline and to align the denti-
tion. The planned occlusogram could not be used for the 
maxillary incisor position in this treatment option, as no lin-
gual movement of the upper incisors was planned with this 

a

Fig. 10.27  (a) Frontal view of malocclusion showing the lower midline deviation and blocked out upper canines. (b) Occlusal view of the virtual 
models. (c) Simulation of extraction and non-extraction protocols. (d) Models showing the amount of protraction necessary to solve the malocclu-
sion. (e) Cephalometric radiograph showing the desired position of the incisors

b

c
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d

d

e

Fig. 10.27  (continued)

approach. In the non-extraction approach, the midline cor-
rection was better visualized, and a significant amount of 
correction was achieved by uprighting the lower left canine 
and premolars. This uprighting motion was quantifiable in 
the simulation and was deemed to be achievable by the treat-
ing orthodontist.

Figure 10.28 demonstrates the results of the non-
extraction treatment at 1  year post-debond. The non-
extraction approach allowed for lower midline correction 
and provided a satisfactory result without extractions.

10.13	 �Future Directions

While 3D diagnostics and treatment planning are promising, 
further development and advancement in artificial intelli-
gence will still be required to create an ideal system. With 
the possible potential provided through the use of “big data” 
and neural networks, future diagnostic processes and treat-
ment planning simulations in orthodontics may provide 
orthodontists with enhanced capabilities to both diagnose 
and predict treatment outcomes correctly and accurately.
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b

a
Fig. 10.28  (a) Final intraoral 
pictures taken 12 months 
posttreatment showing a 
slight relapse of the class II 
on the left side. (b) Occlusal 
views. (c) Cephalometric 
radiograph 12 months 
posttreatment
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Digital Planning in Orthognathic 
Surgery

Marco Caminiti

11.1	 �Introduction

Planning OGS remains an important challenge for surgeons 
and orthodontists alike. The methods for proper diagnosis are 
well documented and have not changed with the development 
of technologies other than the facilitation of communication 
and ease of data capture. Conversely, the technical orthodon-
tic and surgical aspects have not changed much over the past 
20 years, and advances in materials and surgical outcomes are 
still related to experience and surgical planning. The current 
method of planning cases using 3D technologies has trans-
formed the practice and the outcomes in surgical orthodontic 
treatment. Notwithstanding these improvements, errors do 
occur and are due to errors in judgment. Understanding the 
advantages of digital over analog surgical planning will dem-
onstrate the benefit and accuracy of digital data acquisition 
and planning. It is the production of accurate interfaces that 
have allowed for improved outcomes [1–3].

The biggest change and improvement in the orthognathic 
process have occurred because of digital technologies in 
planning and splint (surgical guide) fabrication [3]. A variety 
of digital platforms can be used to improve the ability to 
accurately diagnose problems and to determine what move-
ments are required—i.e., computer-aided design. These 
same digital platforms are then used to produce accurate 
interfaces that allow for improved outcomes using prefabri-
cated surgical guides and splints—i.e., computer-aided man-
ufacturing. Key steps in the digital workup for OGS will 
include digital panoramic and cephalometric analysis, digital 

occlusal scanning, recommended CT capture with the use of 
fiducial markers for complex cases, understanding the impor-
tance of obtaining a proper centric relation, uploading of 
data, and simplifying the online meeting or planning session. 
New developments that digital planning allows that was not 
previously available includes the determination of hinge axis 
to aid in vertical prediction, the ability to exactly pinpoint 
central incisor position (vertical, horizontal, and angular), 
surgical orthodontic preparation using clear aligner technol-
ogy (while understanding the limitations and advantages), 
proper aids in estimating yaw deformities/deviations, the 
ease of mandible first double-jaw surgery and its advantages, 
and encouraging a degree of comfort in practitioners in the 
control of digitally set occlusions. The final decision requires 
a solid framework and disciplined execution which com-
bines all the data and interprets the findings that are sup-
ported by a sound clinical examination. The eventual goal is 
to be able to attend the operating room with surgical guides 
in hand and a completed and well-documented patients’ cus-
tom surgical plan. The focus of this chapter is describing to 
an orthodontic audience the methods and sequence to accu-
rately position the maxillomandibular complex as followed 
in our surgical orthodontic center at the University of 
Toronto. The final decision requires a solid framework and 
disciplined execution which combines all the data and inter-
prets the findings of the clinical examination.

It must be noted that creating surgical guides using analog 
methods (alginate impressions, stone models, articulators, 
semi-adjustable articulators (galletti), stone cutting, and lut-
ing of segmental stone models, acrylic, or PVS splint fabri-
cation) is still commonplace and still has a role in simple 
single-jaw cases. The very early comparisons between ana-
log and the rudimentary digital planning did not show that 
the digital technologies were adequate [4]. However, with 
time, the errors with the analog method when compared to 
the accuracy of digital planning eventually revealed a level 
of precision that is not comparable especially when dealing 
with double-jaw surgery [1, 3, 5, 6].
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The teeth guide the occlusion, but the occlusion is guided 
by the desired esthetics. The surgical orthodontic treatment 
plan is based on the position of the maxillary central incisor 
(angular, vertical, horizontal). This position is determined 
using the clinical, panoramic, cephalometric, and computed 
tomography. Esthetics starts with recognizing best esthetic 
relative to specific racial and gender norms, determining the 
vertical and horizontal position of the dentition as well as 
evaluation of the cant, occlusal plane, and incisor angula-
tions and obviously patient expectations.

The intraoral examination in a surgical candidate is some-
what different from that in a nonsurgical orthodontic candi-
date in that in the former, the malocclusion is secondary to 
discrepancies in the maxillary and mandibular position. In 
other words, in a surgical candidate, the occlusion in situ is 
not representative of the orthodontic needs or “readiness.” 
Therefore, much of the needed information is obtained from 
a set of dental models (standard or digital), as these allow the 
clinician to hand-articulate them into a better sagittal rela-
tionship and assess a multitude of important orthodontic 
data. It is for this reason that in a surgical candidate, evalua-
tion of dental models should be regarded as part of the physi-
cal examination and not an ancillary step.

Prior to making the esthetic diagnosis, it is important to rec-
ognize that facial esthetics is a subjective quality that is subject 
to change with time, gender, race, and cultural setting. The clini-
cian must be cognizant of these variations and attempt to elicit 
as much information as possible during the initial patient inter-
view. Key items in the esthetic evaluation are discussed below.

	(a)	 Incisal display
An esthetically pleasing incisal display at rest is a key 
component to facial esthetics. There is some variability 
in age and gender, with a higher display range seen in 
younger patients and in females.

	(b)	 Central incisor position and angulation
The horizontal position and angulation have a profound 
impact on the overall facial esthetics. The A-P position 
and angulation play a crucial role in upper lip support, 
which in turn play a central role in nasolabial esthetics. 
We clinicians must be able to reasonably anticipate the 
incisal position after presurgical orthodontics, surgery, 
and postsurgical orthodontics.

	(c)	 Profile and nasolabial esthetics
A straight profile is generally preferred, and both quali-
tative (clinician’s subjective assessment) and objective 
quantitative (e.g., convexity angle [7]) can be used dur-
ing the assessment. Elements that make up the profile 
silhouette include the nasal projection, upper lip projec-
tion and angulation, chin position, and morphology.

In this chapter, no single measurement is suggested. A 
dogmatic approach to esthetic determination is fraught with 

error, and determination of changes requires patient and cli-
nician discussion as the definition of best esthetics is contro-
versial [8]. For example, while a nasolabial angle of 90–105° 
is considered esthetically pleasing, the components that 
make up the nasolabial angle is arguably more important, 
i.e., nasal tip projection and lip position.

11.2	 �When Is the Ideal Age for OGS 
and How Can We Determine This 
with Our Digital Processes?

The combination of wrist films, superimposition of lateral 
cephalometry or spheno-occipital synchondrosis seen in 
CBCT guides to determine growth cessation. The surgical 
orthodontic team should get a good idea of the suitability for 
timing. In general, the ideal age for surgery appears in the 
realm of [9–12]:

•	 Severe class III mandibular excess: You can initiate phase 
1 orthodontics with expansion and alignment. Delay sur-
gery until demonstration of completion of mandibular 
growth. This could be as late as 22–24 years old.

•	 In severe asymmetry and unilateral hypertrophy, the sur-
gery may need to be delayed until bone scans demonstrate 
cessation of growth activity of the hypertrophic condyle.

•	 In cases with vertical maxillary excess (class I + class II): 
The surgery can be considered before growth is complete 
when psychosocial factors dictate; however, these patients 
may require mandibular surgery in the future.

•	 In cases with maxillary transverse deficiency: Orthodontic 
expansion may be effective up to age 14 years (girls) and 
16 years (boys). Thereafter, expansion of the maxilla may 
require either a surgical expansion (SARPE) or segmental 
osteotomy.

•	 Some mandibular deficiencies may be treated early as 
these patients will have the same class II relationships 
throughout growth. The mandibular advancement in this 
group is stable. However, younger patients do show 
greater changes than adult treated cases especially in 
larger movements.

Notwithstanding, the psychosocial needs and require-
ments of the patient may supersede these growth determi-
nants, and close monitoring of mental maturity and 
preparedness is required. The influence of social media on 
our patients is a further element to be aware of when coun-
seling is performed [13]. A fine balance between too early 
surgery resulting in a poorly prepared patient subjecting 
them to relapse and possible stunting subsequent growth 
needs to be tempered by performing surgery too late when 
orthodontic management, patient compliance, the effects of 
social stigma, and burnout lead to an unsatisfied patient.
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“Readiness” for surgery depends on three items:

	1.	 Maturity/growth (including patient mental maturity)
	2.	 Orthodontic preparedness for postoperative finishing
	3.	 Requirements for successful surgical preparation and 

execution

11.3	 �When Are Patients Orthodontically 
Ready for Surgery?

This was once completely dependent on the orthodontic 
setup. Decompensation of the occlusion was the main objec-
tive. Teeth ideally should be placed over basal bone and in a 
stable position. Orthodontists must also minimize any exces-
sive intrusive or extrusive movements or indeed even expan-
sive movements outside of the alveolar envelope. It is 
important not to perform class II or class III elastic mechan-
ics in correction.

With the push toward surgical first OGS [14], different 
mechanical systems (clear aligners, lingual orthodontics, 
Damon, Andrews, etc.) [15] and the movement to mandible 
first sequencing [16] what was once established protocol is 
no longer de rigueur. Orthodontic treatment to level and 
align the occlusion, the closure of all spaces, study model 
checks of the setup, and seeing if a perfect class I can be 
obtained is no longer a requirement. Current approaches to 
preparedness are whether the orthodontic team can finish 
postsurgical cases. The ideal A-P position with a class I 
canine, the securing of proper overbite, and no crossbites are 
the minimal needs for the orthodontist. Given these results, 
final alignment [12] or leveling may be facilitated after sur-
gery, but the orthodontist needs to play a role in this 
decision.

Study models: Either stone (analog) or digital models 
physically produced are used to demonstrate the direction 
the presurgical orthodontic movements are taking. If patients 

are having the orthomechanics with clear aligners, then diag-
nostic working models can be virtually demonstrated to the 
surgical orthodontic team using the software interface used 
by the CAT provider (e.g., Invisalign and ClinCheck) 
(Fig. 11.1). However, the accuracy of ClinCheck with certain 
movements—especially in the transverse dimension—tends 
to be underestimated [17].

With time, the surgical execution of OGS and the associ-
ated osteotomies does usually not present with great chal-
lenges. It remains the planning, preparation, patient care, and 
vigilant follow-up that now have shifted our focus. 
Technologies have facilitated the preparation of the surgical 
plan unlike any other advancements in surgical orthodontics. 
Advances in materials (miniplates) and techniques (clear 
aligners) have made a significant difference in the way we 
practice, but by far the greatest improvement has been in the 
ease of planning and computer-aided simulated surgery 
(CASS) [3, 18].

11.3.1  �Space Analysis, Arch Length, Incisor 
Position Angulations

It is important to quantify the amount of crowding or spacing 
within the dental arches because treatment will vary accord-
ing to the severity of crowding or spacing. Space analysis is 
simply the difference between the space available and the 
space required. It can be performed directly on dental casts 
(by calipers) or on digital scans (by computer algorithm). In 
general, class II malocclusions tend to have multiple factors 
affecting space analysis because they have increased crowd-
ing in the mandible compared to the maxilla, and the maxil-
lary incisors can have excess angulation (Division 1) or 
retroclination (Division 2). Most of the time, the incisor 
angulation is compensated with proclination, and most class 
II have an accentuated curve of Spee.

It is important to recognize that the incisor angulation 
affects the total space required. It is these measurements that 

a b c

Fig. 11.1  There is uncertainty in planning for the transverse discrep-
ancy seen in (a). Measurements showed an 8 mm too narrow maxilla. 
Whether a SARPE or segmental expansion or dental expansion was 
required was solved by a clear aligner “ideal diagnostic wax up”. These 
realistic predictions showed that in (b) (pre-surgery with decompensa-

tions) the dentition did not require SARPE or Segmental Lefort. The 
image in (c) shows the post-surgical prediction with good transverse 
alignment. These predictions can be invaluable in surgical orthodontic 
planning
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help the orthodontist decide on whether teeth are required to 
be extracted, proximally reduced, or merely tipped to gain or 
create space in the arch.

The classic method to determine these measurements was 
with stone models; however, contemporary and more accu-
rate measurements are obtained with Digital Planning soft-
ware and Clear Aligner Technology and the applied 
computer-aided simulations (i.e., ClinCheck) as shown in 
Fig. 11.1.

11.3.2  �Bolton Analysis and Its Importance: 
Assess Tooth Size Discrepancies

The Bolton Analysis relates the mesiodistal width of the 
maxillary teeth compared with the mandibular teeth. The 
ratio of widths of the anterior six teeth (incisors and 
canines) is about 77.2% (mandibular teeth/maxillary 
teeth) and the ratio of the widths of all teeth from first 
molar on the right side to the first molar on the left side is 
about 91.3% (mandibular teeth/maxillary teeth) [19].

Approximately 5% of the population have some degree of 
tooth size discrepancy (TSD). A TSD of greater than 1.5 mm 
is considered clinically significant. And most of the clini-
cally significant TSDs are in the anterior region and due to 
small maxillary laterals. If not accounted for, in the desire to 
establish an ideal overbite and overjet, it may result in a class 
II end-on buccal segment relationship [20]. The method in 
which to correct most TSD is by building up the maxillary 
lateral incisor, performing interproximal reduction of the 

anterior mandibular teeth, or even extracting a lower incisor 
(but this results in a challenge in canine coordination and 
leaves excess overjet at times).

The problem with the Bolton Analysis is that it should be 
used as a guide because it does not consider the labio-lingual 
thickness of incisors, the axial inclination of the incisors, nor 
the marginal ridge thickness (see Fig.  11.2). However, it 
must be recognized that almost 60% of surgical class II 
patients present with anterior Bolton excess [21].

11.4	 �Decompensation of the Occlusion

To perform stable and predictable orthodontics, the goals 
remain that to aligning the arches, level the curve of Spee, 
and decompensate the dentition. The general trend is to 
create a presurgical discrepancy that is at least as great as the 
underlying skeletal discrepancy. This will permit the use of 
the occlusion as a guide to position jaws during surgery. It 
maximizes surgical correction of the malocclusion.

Space may be required for ideal alignment in order to cor-
rect arch length deficiency (crowding), an accentuated curve 
of Spee, incisor proclination/protrusion, dental arch asym-
metries/midline deviations, and as mentioned previously, 
tooth size discrepancy. The treatment options depend on the 
amount of space required, and in general [20], if the space 
required is ≤4  mm, then extractions are rarely indicated. 
These can be managed by expansion and/or IPR. Extractions 
may be considered in cases of severe incisor protrusion or 
vertical discrepancy [21, 22].

Fig. 11.2  These images demonstrate that even with the best intentions, 
tooth size discrepancies may not always be addressed orthodontically. 
Here the canines cannot be placed into a class I without segmentation of 

the maxilla—however, the already wide lateral incisors cannot afford to 
be cosmetically widened so the compromise is to leave the occlusion in 
this class II position
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11.5	 �Leveling the Curve of Spee

The decision to level the curve of Spee before or after sur-
gery should be based on planning for the desired vertical 
change. Presurgical leveling allows for mandibular advance-
ment with minimal clockwise rotation of the mandible, 
which helps promote horizontal movement and chin promi-
nence. Postsurgical leveling allows for mandibular advance-
ment with increased clockwise rotation of the mandible, 
which helps promote vertical movement. The decision to the 
curve of Spee presurgically has an important impact on the 
lower face height and chin projection! [22]. In Low angle 
cases, the curve of Spee is not leveled in general. Steps are 
placed in all rectangular arch wires including the stabilizing 
arch wire. During surgery, the splint utilized tends to be 
thicker in premolar area. The overall movements of the man-
dible induce a clockwise rotation of mandible which will 
increase the mandibular angle and increase in lower face 
height. Post-surgically, the extrusion of premolars with 
reverse curve of Spee arch wires, intermaxillary vertical 
elastics, is performed, and the teeth will erupt faster without 
an opposing dentition.

In high-angle cases, the curve of Spee is leveled presurgi-
cally. This is done by intrusion of incisors with intrusive base 
arch, TADs. Sometimes, an anterior open bite may occur. 
During surgery, a thin splint and counterclockwise rotation 
of mandible is allowed, and this will decrease in lower face 
height and increase chin projection. Postsurgically, the extru-
sion of premolars is minimized, to prevent the development 
of an AOB and maintain chin projection and improves 
stability.

11.6	 �Quick Method to Measure Transverse 
Discrepancy

Discrepancies in sagittal position of the maxilla and the man-
dible alter the relative transverse relationship. When this rela-
tionship is corrected (via hand-articulation into a class I 
occlusion, which roughly “simulates” the anteroposterior sur-
gical movements), the transverse relationship could change. 
Reversal of a transverse discrepancy on hand-articulation is 
then referred as a relative transverse discrepancy, and mainte-
nance of a preexisting transverse discrepancy is referred as an 
absolute transverse discrepancy. In addition to the posterior 
transverse relationship, that in the anterior (i.e., canine region) 
must be analyzed. This is because strategies to address ante-
rior and posterior maxillary constrictions differ, and the tim-
ing may be significantly impacted depending on the choice of 

treatment (e.g., surgically assisted rapid palatal expansion for 
anterior maxillary constriction) [23–25].

A simple assessment used by the author includes an algo-
rithm that evaluates four elements: the absolute transverse 
measurement; the curve of Wilson; tooth-arch requirements 
(crowding); and the inclination of the buccal segments. By 
using the table in Fig.  11.3, the surgical-orthodontic team 
can be aided in the decision whether a case can be treated by 
segmentation of the maxilla during OGS or that a SARPE is 
needed prior to orthodontic level and alignment (Fig. 11.3 
SARPE Score).

Obviously, it is the clinician’s decision and comfort level 
that influence the final treatment plan. Other reasons that 
may influence the decision to perform a SARPE over a seg-
mental Lefort include:

–– Uncertainty of long-term stability (if expansion was done 
previously)

–– Unstable presurgical orthodontic movements (closing an 
open bite for example)

–– Large advancement of the maxilla is required (cases 
requiring large Lefort advancements (>5  mm) with the 
need to segment to expand are prone to relapse)

11.6.1  �What Is Normal? Where Do the Central 
Incisors Belong?

An esthetically pleasing incisal display at rest is a key com-
ponent to facial esthetics [26]. There is some variability in 
age and gender, with a higher range seen in younger patients 
and in females. In general, a favorable incisal display at rest 
for the young patient is accepted as 2–4 mm for males and 
slightly more for females [27]. It is important to recognize 
that incisal display at rest does not always correspond to inci-
sal display on smile, as the latter is a dynamic measurement 
affected by how high or low an individual’s smile line is. 
Therefore, the term “gummy smile” is not always equated to 
a vertical maxillary excess. There are no standardized and 
validated “numbers” to provide, but the evidence is clear that 
the most unesthetic position is where there is no tooth shown 
at rest [28–30].

Central incisor angulation has also been evaluated [31] 
with the ideal range being 103–108° in men and slightly flatter 
in women. A maxillary incisor that is upright or in slight lin-
gual inclination is preferable, regardless of the AP position of 
the maxillary incisors. Labial inclination of the upper incisors 
could easily ruin a pleasing smiling appearance, and maxillary 
incisor protrusion is preferable to retruded incisors.
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11.7	 �Profile and Nasolabial Esthetics

The profile and nasolabial esthetics are determined not only 
by horizontal incisor position but as well the angulation of 
the tooth and its role in the upper lip support. In general, a 
straight profile is preferred regardless of gender. Both quali-
tative (clinician’s subjective assessment) and objective quan-
titative can be used in NLA assessment. The elements that 
make up the profile silhouette include the nasal projection, 
upper lip projection and angulation, chin position, and mor-
phology. The clinician should correlate each region with the 
corresponding facial unit. This includes the A-P position of 

the central incisor relative to forehead (Andrews), the upper 
lip with the maxillary dentoalveolar unit (Steiner), and the 
chin position with the mandibular skeletal unit and Skeletal 
base (Holdaway) [32, 33].

If an acute nasolabial angle is deemed primarily due to a 
ptotic nasal tip (Fig.  11.4), strategies involving improving 
the nasal tip (e.g., maxillary advancement or rhinoplasty) 
should be considered, whereas if it is deemed secondary to a 
procumbent upper lip, consideration should be given to 
retract or upright the maxillary anterior teeth should be con-
sidered. This is especially important to determine in the ini-
tial consultation phase, as the decision to extract and retract 

Score 1 2 3

Transverse measurement* 0-4mm 4-8mm >8mm

Lingual Inclination of the Buccal
Segment 

Lingually inclined Straight/Vertical Buccally inclined

Tooth Arch discrepancy Need to Extract teeth Moderate: IPR Mild: Non-Extraction

Curve of Wilson Flat Shallow/Mild Deep

Total

*measure the central fossa of the upper maxillary 1st molar compared to the distal buccal cusp of the 

lower mandibular 1st molar (or measure the relationship in the predicted (final) class I molar 
occlusion)
The SARPE Score table is a guide to help determine the management of transverse discrepancies.
The score is added for each row and the total score is applied to the decision range as follows:
<5 = manage orthodontically.
5-8= manage with a segmental Lefort 
>8 = manage with a SARPE

Fig. 11.3  This case indicates that the transverse measurement is 
11 mm (3 points), the buccal segment is in a straight axial position(2 
points); there is moderate crowding (2 points) and a mild curve of 
Wilson (2 points). Total 10 points—this helps support the clinical deci-

sion to first correct the maxillary transverse discrepancy with a 
Surgically Assisted Rapid Palatal Expander (A TAD retained appliance 
is shown) [25]
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in the maxilla should be made as soon as possible to avoid 
unnecessary delays in treatment.

A challenge for patients, surgeons, and orthodontists is 
how and where to normalize structures while ensuring opti-
mal esthetics. Blinded to soft tissue outcomes, establishing 
a “normal” occlusion—class I molar and proper overbite 
and overjet can easily be achieved. However, the difficulty is 
in determining where that maxillomandibular complex is 
positioned vertically, horizontally, angularly, and rotation-
ally (the so-called pitch/yaw/roll or x–y–z axis positioning) 
[2, 3, 34].

11.8	 �Occlusal Esthetic Quartet: Incisor 
Angulation, Occlusal Plane Angle, 
Effectiveness of Pogonion 
and Fullness at Subnasale

The occlusal plane determination will influence many points 
(Figs. 11.5 and 11.6). For example, if the occlusal plane is 
increased during the digital planning session, then expect:

	1.	 Upright proclined incisors
	2.	 Increasing the fullness at Sn
	3.	 Reducing the prominence of pogonion
	4.	 Promoting an esthetic U-shaped smile1

1 The case in Fig. 11.5 shows how small changes in the occlusal plane 
and vertical increase show more tooth display, resulting in subtle 
esthetic improvements. A final (nonesthetic) change that occurs with 
occlusal plane alteration includes changing the occlusal function 
pattern.

Although these elements can be used in beneficial esthetic 
changes, it must be noted that they can quickly and easily 
ruin a well-executed plan. Simply increasing the occlusal 
plane to soften pogonion and ignoring that a patient has 
upright incisors, will induce a very unesthetic retroclined 
incisor look. Furthermore, over steepening the plane will 
cause unesthetic alterations to subnasale and cause the 
patient to have the appearance in the subnasal/labial area 
akin to the “Whoville” look [35].

Finally, consideration must be given for the age of the 
patient. Sarver has evaluated extensively the position of the 
teeth and gingiva and mandibular teeth. Over decades of 
evaluation, it is obvious that with aging there is less tooth 
display of the maxillary incisors and more tooth display of 
the mandibular incisors. To this effect, it should be noted that 
providing patients with more tooth display is more youthful 
[28].

11.9	 �Digital Aids to Planning

11.9.1  �System Requirements for Complete 
Digital Recording, Transfer, Design, 
and Manufacturing

These include commonplace software and some specialized 
hardware that constantly evolve. Obvious requirements 
include some form of processing computer, whether desktop 
or laptop. With current cloud-based data storage (Dropbox, 
Sync, OneDrive, iCloud), the data can be kept secure and 
readily available.

Adobe Acrobat DC Pro: This enables the transformation 
of the images, PowerPoint slides, Word documents into and 
out of PDF with a broad range of functionality and security.

Fig. 11.4  In this case the 
NLA is considered acute. But 
the ptotic nasal tip can be 
manipulated by maxillary 
advancement which causes 
the nasal tip to rise while 
advancing the position of the 
upper lip into a more 
esthetically pleasing position
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Windows 7 or 10: This is dependent on the software pref-
erences of the practitioner—in general, PC formats work 
well with the large file formats of the terabytes needed with 
radiographs and other imaging without compatibility issues.

PowerPoint: A simple and efficient program with signifi-
cant flexibility to store high-quality images, videos, nota-
tions, and chart information. All images PDF, JPG, STL, and 
videos can be stored in this one. Cases are stored in a .pptx 
format, labeled, and indexed for ease of retrieval and 
research.

Fiducial Markers/Laser Leveler: Accurate registration of 
natural head position may be required. Most office pan-
oramic/cephalometric machines or CBCTs will have vertical 
and horizontal lights that are projected on a patient’s face to 
indicate the facial midline and Frankfort horizontal. 
Radiopaque fiducial markers can be added, and the image 
will have these points that facilitates the orientation of the 
head by the DPC engineers when they segment and clean the 
images (Fig. 11.7).

A Cephalometric Tracing Software with 2D or 3D Virtual 
treatment objective capability. These programs can also act 
as image storing, and higher-level in-house manufacturing of 
splints can be generated with some computing knowledge. 
Free online programs with limited capability are available, 
and for small fees, they can increase in sophistication.

SLR Digital Camera: Preferably a full-frame SLR camera 
with a 100-mm macro lens with no distortion; or recent mir-
rorless SLRs with super-sensitive image processors: Nikon 
Z, Sony Alpha. Handheld phone cameras may be enough to 
record video or quick photos, but standard esthetic facial 
images need to be created with proper lenses without distor-
tion and reproducible lens ratios.

Dental Scanners/Intraoral Scanners [36]: Few scanners 
can reproduce accurately a dentition with orthodontic brack-
ets in place. A recommended unit is the Trios scanner which 
is an open format STL video capture not needing powder 
coating. It is simple to use with a short learning curve 
[37–39].

STL Reader: This is not always required if the IOS images 
are fed directly to the digital planners. However, if storage of 
these in your database is of interest, then they need to be 
viewed. Software is available to download; however, there 
are many numerous free online versions.

Sync/Dropbox/OneDrive/iCLoud: Numerous safe, reli-
able, and dependable cloud-based storage methods are avail-
able. However, the encryption of your data may be required, 
and regional legislative requirements need to be followed 
and differ across countries.

Adaptable CAD/CAM Digital Manufacturer or the Digital 
Planning Company (DPC): The DPC engineers need to be 

Fig. 11.5  A Skeletal Class 
III with anterior open bite 
corrected with maxillary 
advancement and downgraft 
with steepening of the 
occlusal plane. Both these 
cases show the smile is 
converted from and inverted 
U-shape to a more esthetic 
U-shape with the added 
vertical augmentation
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Fig. 11.6  The considerable 
esthetic and youthful 
improvements by vertical 
augmentation of facial 
structures

Fig. 11.7  Utilization of the CBCT or PAN/CEPH alignment lights to 
help determine natural head position and the midline. These are impor-
tant in asymmetric case and large cants or yaws. Radiopaque markers 

are placed on the skin and these are transferred to the CT image which 
help the planning engineers zero and match the images and coordinate 
these positions
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flexible to your needs and adapt to your “custom” flow and 
requirements. Currently available CASS include Dolphin 
3D, 3D Systems, Materialise/PROPLAN, KLS Martin, 
Protomed, and Nemotec, but many more and many surgical-
orthodontic teams now develop their own “home grown” 
processing and in-house printing.

Treatment Coordinator: Although this is not a “Digital 
Aid,” it is a system requirement. A knowledgeable computer 
literate assistant is required to compile, collate, organize, 
prepare, upload and download, and basically keep track of all 
the different small bits of information that is distributed to 
the many members of the team. One person needs to hold 
this responsibility and collect all the data.

Reminders: The CAD/CAM process is nothing but a 
tool—a “fancy articulator.” It should be an aid to support 
your diagnosis and plan, it provides excellent occlusal posi-
tioning, it accurately predicts the outcomes, and it signifi-
cantly simplifies “model surgery” especially segmental 
surgery.

Centric relation is critical when bimaxillary surgery is per-
formed with maxilla-first surgery. A misconception is that for 
mandible-first surgery, CR is not important (or can be elimi-
nated). That is not entirely true because if we are generating our 
digital plan to position the maxillomandibular complex, your 
final splint still positions the maxilla according to the CR of the 
digital mandible. If your condylar positions (digital and opera-
tive) are not coincident, there will be changes in postoperative 
maxillary position (occlusion will still be good). This is only 
truly avoided by prefabricated plates and positioners, but then 
this will limit your vertical control for the maxillomandibular 
complex, and it is not favored by the author.

Intraoral scanners may provide better accuracy [40] in 
representing the occlusion when compared to scanned wax 
bites. Different registration methods and imaging can pro-
duce a centric relation that changes. Another challenge is 
that the imaging to reproduce the CR position can vary. 

Recently we evaluated that the CR record taken during the 
CT was more accurate in positioning the condyle in the fossa 
when compared to the CR record taken with an intraoral scan 
[41]. Although the method of digital planning with CAD/
CAM format is accurate, intraoperative condylar positioning 
still presents as a challenge [6].

The reason centric relation is important is because regard-
less of position, it is reproducible and stable, so each practi-
tioner may develop his or her own sense of centric relation. If 
it is reproduced at the time of surgery, then the planning will 
match [6]. The argument is not what the definition of centric 
relation is but rather its reproducibility at the time of surgery 
in order to make your splint ability accurate. In cases where 
there are significant cants or asymmetries, fiducial markers 
will be placed in the centric relation record as seen here.

Natural Head Position, like centric relation, has many 
definitions and practitioners use numerous data points. These 
range from the Natural Head Position obtained in a physical 
examination or clinical photographs, to cephalometric refer-
ence of Frankfort horizontal, and to the axis-orbital plane 
derived from articulated dental models. Some aids that are 
used to assess NHP may include laser light indicators 
(obtained from panoramic or cephalometric machines, gyro-
scopic positioners placed in the mouth and linked to elec-
tronic referencing devices or the placement of fiducial 
markers [42]. On average, the positioning of the head can 
produce differences by up to 8°, and this problem alone can 
be responsible for a 15% difference in maxillary projection 
between planned and actual outcomes [3, 18, 43–45].

Hinge Axis Determination: Not often required, this sim-
ple registration aids in the ability of the engineer and practi-
tioners to determine where the hinge axis of the patient may 
be. This is helpful in cases where there is a large CR to CO 
shift, where there may be a habitual bite (dual bite) and when 
planning large vertical changes where an inaccurate hinge 
axis may produce unwanted horizontal changes (Fig. 11.8).

Fig. 11.8  The image shows 
the difference in the condylar 
position using two centric 
relation recording records. 
The condyles drift down and 
back before rotating. This 
small but subtle change is 
seen as a 4 mm discrepancy. 
On large vertical changes this 
difference will be magnified 
even more. Therefore, a good 
centric relation and hinge axis 
is required in large vertical 
impactions or downgrafts
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11.9.1.1	 �Surgery First OGS
This topic is of great interest. It was introduced to eliminate 
the presurgical orthodontic phase and accelerate the manage-
ment of dentofacial deformities by restaging the orthodontic 
decompensation until after surgery. Emerging data from the 
literature shows an overall decrease in treatment time, with 
stability comparable to that of the traditional “orthodontics-
first” approach [14, 16, 46]. Despite these benefits, routine 
use of the surgery-first approach is often not feasible, as 
there are many difficulties in the planning phase that are not 
apparent in the traditional approach. Some malocclusions 
(anterior open bite extraction class II vertical divergent 
cases) may be more of a challenge with surgery first, whereas 
other cases (non-extraction class III corrections) are more 
easily approached.

Because the surgery-first approach involves no presurgi-
cal orthodontics, the skeletal movements must be planned 
with the final orthodontic outcome in mind. This can be 
extremely challenging if there are significant arch length/
width discrepancies, asymmetries, and vertical discrepan-
cies. There are technical disadvantages as well due to the 
absence of braces at the time of surgery; however, these are 
easily overcome using Clear Aligner technologies and the 
development of and use of clear aligner orthognathic splints 
[15]. Postoperatively, the clinician typically must deal with 
shifting occlusion with TADs or other anchors until such a 
time that the patient may be able to start orthodontic 
bonding.

Due to these challenges, case selection must be done with 
full understanding of the anticipated benefits, predictability, 
and the clinicians’ comfort level.

11.10	 �Timeline Challenges with Digital 
Planning

Table 11.1 demonstrates a recommendation of the time 
required by both surgical and orthodontic teams to set up and 
prepare a case given the numerous steps necessary. In tradi-
tional model surgery, the lab time dictates the creation of the 
surgical splint. In digital planning, it is the transport of the 
material that is the rate-determining step. Obvious in-house 
methods of splint or surgical guide fabrication can shorten 
some steps.

11.11	 �Final Digital Planning Meeting: 
A Suggested Sequenced Approach

All these steps above are then combined and brought together 
during the virtual digital planning session. The decision of 
what gross movements in all axes must be determined 
BEFORE the digital planning session (DPS). The DPS is 

only a guide or confirmation of what you decided in the clini-
cal examination and the 2D and 3D analyses. The influence 
of the movements must be tempered with surgical knowl-
edge and the limitations of OGS. Movements to minimize 
relapse should be understood. Condylar positioning and its 
replication intraoperatively need to be coincident. Finally, 
application of rigid fixation techniques and occlusal stabili-
zations need to be mastered in order to avoid postsurgical 
complications. The sequence and appropriate images are 
shown in Fig. 11.9 and detailed below:

11.11.1  �Determine the Need 
for Segmentalization and Where 
to Osteotomize

Most anterior open bites will require segmentation. Obvious 
transverse discrepancies will also require segmentation. 
However, many cases (subtle Bolton issues, crossbites in 
final occlusions) may be difficult to predict prior to the plan-
ning session. The team should share this with the DPC prior 
to the online meeting in order to allow them to prepare for 
this. Sometimes, the DPC determines that segmentation may 
be best, and a good working relationship needs to be estab-
lished in order to relinquish this decision. Most often, seg-
mentation is preferred between lateral and canines and rarely 
in the midline. Root divergence for possible segmentation is 
NOT recommended as this will distort planned occlusal rela-

Table 11.1  Orthognathic surgery workup timeline with digital plan-
ning technologies

Step Plan Timing
1 Surgical orthodontic diagnosis and 

preliminary surgical treatment plan 
and visual treatment objective

Initial consults

2 Orthodontic presurgical preparation 0–6 (for surgery first) to 
12–18 months (for 
traditional set up)

3 Determination of suitability/
readiness for surgery and establish a 
draft of the surgical treatment plan

4–6 months pre op

4 Establish operating room time
5 Confirm appointments for hospital 

presurg/medical tests/exams/dental 
exam/hygiene/orthodontic visits/
surgical work up

2 months pre op

Presurgical preparation steps
6 Orthodontic prep: remove 

attachments or add surgical wire
4 weeks pre op

7 Digital data gather, final counseling 4 weeks pre op
8 Distribute/upload digital material 3 weeks pre op
9 DPC video conference 2 weeks pre op
10 Confirmation of CASS plan 2 weeks pre op
11 Apply surgical hooks 1 weeks pre op
12 Collect splints/try in prn 1 weeks pre op

Surgery T0
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Fig. 11.9  Digital planning steps TASKS: SET UP THE HEAD POSITION

1 DETERMINE THE NEED FOR
SEGMENTALIZATION AND WHERE TO
OSTEOTOMIZE   

2 CHECK AND VERIFY THE NATURAL HEAD
POSITION  

3 CHECK AND VERIFY THE CANT.

4 CHECK THAT  THE MIDLINES ARE PROPERLY
INDICATED/MARKED  

TASK:  EXECUTE MOVEMENTS

5 ROTATE THE MAXILLA TO CORRECT THE CANT

6 DETERMINE HINGE AXIS IF YOU HAVE LARGE
VERTICAL CHANGES 

7 CENTRAL INCISOR POSITION BASED ON BEST
ESTHETICS  
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tionship (and we surgically “split” the alveolus rather than 
osteotomize through it).

11.11.2  �Check Natural Head Position

There are many methods to obtain an accurate NHP as previ-
ously discussed. Confounding the issue is what position 
should you base the NHP and treatment on has no consensus. 
Frankfort horizontal may still be the most reliable method, 
but we use the image created from our lateral cephalogram. 
Whether you use an elaborate XYZ axis determination using 
gyroscopes, fiducial markers, occlusal radiopaque template, 
or simple laser levelers on most CBCT/ceph machines, you 

must be able to indicate to the DPC if the lateral head posi-
tion is accurate. The author uses a transparent lateral ceph 
that is taken at the presurgical workup and quickly overlays 
this over the DPC CBCT/CT image and communicates 
whether to reposition in the x, y, or rotated axis. Eventually, 
it is the DPC that fuses the scans and radiographs [47, 48].

11.11.3  �Check and Verify the CANT

This assessment must be correlated to the clinical examina-
tion. Virtual planners use the orbital rim to the canines or 
molars to make this assessment, and any bony abnormality/
deformity will create inaccuracies. However, your clinical 

8 OCCLUSAL PLANE ALTERATION AND THE
QUARTET EFFECT  

9 SET UP THE BEST OCCLUSION 

10 YAW CORRECTION; WORMS AND BIRDS EYE
VIEW 

11 LOOK AT INTERFERENCES 

12 PLAN YOUR GENIOPLASTY 

13 MANDIBLE OR MAXILLA FIRST?

14 SPLINTS: GENERATE TYPE, THICKNESS,
GUIDES, RETAINERS

Fig. 11.9  (continued)
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examination MUST supersede this. Facial CANTS are deter-
mined from the pupils to the occlusal plane and NOT the 
orbital rims. A quick overlay of the clinical photo over the 
DPC CBCT/CT will aid in communicating with the engineer 
to rotate the CBCT image to match your clinical CANT.

11.11.4  �Check That the Midlines Are Properly 
Indicated

This, perhaps next to incisor show, is the most important ele-
ment in planning any OGS case. The clinical determination 
of the midline is the veto over any midline determined from 
a radiograph. DO NOT let the DPC/engineers alter your mid-
line position if you have a solid understanding of where it 
lies. In general, if the lips are anatomically correct (i.e., no 
previous surgeries, clefts, fillers), then use the midline of the 
philtrum as your reference. The figure shows the patients 
true clinical midline in red. The DPC engineers indicated 
that the facial midline was in black (following nasal spine). 
If the surgeon concedes and plans according to the DPC, 
then the midline would have been unesthetically shifted to 
the patients’ right. These small subtleties are critical.

Steps 1–4 help with the orientation of the maxilloman-
dibular complex and the occlusal relationships. The next 
steps deal with the planned movements which are based on 
the clinical plan and supported by imaging.

11.11.5  �Rotate the Maxilla to Correct 
the CANT

The rotation point can be determined during the DPC session 
and can use various center of rotations. In general, it is easi-
est to place the center of rotation at the contact point of the 
central incisors. Large canted movements require the use of 
fiducial markers on the skin to obtain more accurate results.

11.11.6  �Determine Hinge Axis

This is important only in cases where they may be large ver-
tical changes. Any error in positioning the condyle during the 
VSP will create horizontal discrepancies (errors) because of 
the arc of rotation of the mandible may not always be accu-
rate because true hinge axis is a soft tissue phenomenon and 
not simply based on a reformatted 3D image. The author 
uses two CR wax bites at tooth contact and 10 mm apart, and 
the intraoral scans of the two are sent to the DPC to calculate 
the HA.

11.11.7  �Central Incisor Position

This is the central decision in ultrafine planning. It is a com-
bination of the clinical, cephalometric, CBCT/CT position, 
but it must be matched to the understanding of the surgically 
induced soft tissue changes that each surgeon must develop 
an instinct for. Although many reports have been reviewed 
above, where the central incisor needs to be placed remains 
the “art” of OGS.

11.11.8  �Occlusal Plane Alteration

Evaluation of the occlusal plane must be matched with inci-
sor angulation, pogonion position, and subnasale promi-
nence and cannot be left in isolation. It bears repeating that 
as the occlusal plane steepens, there is a quartet effect: the 
patient will tend to have the central incisors in a more upright 
position, the projection of Pogonion is softened, the area 
around SubNasale becomes fuller (which may require osteo-
plasty of the nasal sill), and finally the patients’ occlusion 
will tend more toward a cuspid rise occlusion.

11.11.9  �Best Occlusion

The fitting of the mandible into the best occlusion is the next 
step. The DPC can establish this with pre-set indices created 
by the surgical orthodontic team generated with articulators 
(wax bites, blue mousse bites, acrylic wafer, or any other 
material that will help the DPC provide for the best-fitting 
bite). Currently, most DPC will set the occlusion given the 
models provided, and they can share wherever the interfer-
ences may lie. The author now relies completely on the STL 
scanned dentition to be matched with the CBCT/CT and let-
ting the DPC engineer “fit” the best occlusion. This is then 
reviewed during the online meeting. Particular attention must 
then be addressed if occlusal adjustments are required espe-
cially if greater than 1–1.5 mm. The DPC engineer must let 
you know if this is the case and you need to approve of this.

11.11.10  �Yaw Correction

Looking at the maxillomandibular complex from an inferior 
or superior perspective (worms view and birds view) can 
address esthetic issues of yaw asymmetries as well as the 
shape of the inferior border of the mandible, the uneven full-
ness at the nostrils and most importantly the interferences 
that may occur as a result of the mandibular osteotomies.
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11.11.11  �Interferences

The DPC can immediately report on interferences at the pter-
ygoid plates, the ramus, the BSSO sites, the maxillary move-
ment osteotomy, genioplasty, and all boney contact points. 
Also, the occlusal map interferences is provided to trim the 
enamel for the splints to fit (and for the occlusion to fit!) This 
is a very helpful tool to make accurate adjustments.

11.11.12  �Genioplasty

The final step of the session will be to demonstrate the pos-
sible bony changes with a genioplasty. DPCs all have differ-
ent approaches,2 but they only follow on the direction of the 
surgeon. The location of the osteotomies and the changes in 
boney positioned are discussed between the engineer and the 
surgeon. Clinical, cephalometric, and CBCT data will help 
with these movements. Most of the time, the DPC will dem-
onstrate and indicate possible genioplasty movements as a 
form of record. At times, surgical cutting and positioning 
guides can be utilized. The author finds these useful when 
reducing pogonion transversely.

11.11.13  �Mandible or Maxilla First?

Depending on the movements, the intermediate splint can be 
too bulky or cumbersome. For example, in mandible first 
surgery and large anterior open bite cases the splint is too 
thick. Conversely in maxilla first surgery for class II cases 
with maxillary advancements, the A-P splint length is a chal-
lenge to wire or position intraoperatively. The DPCs can 
quickly demonstrate the size of the splints to guide the sur-
geon to which direction they would like to go. This surgeon 
preference is to use mandible first for all cases however due 
to the numerous benefits.

11.11.14  �Splints

Final step is to design the splints whether thick or thin, clear 
or opaque, flange or no flange, palatal shelf or strut. There 
are many variations, and the preferences are surgeon spe-
cific. A preference is to always use clear splints and no flange 
(unless there is a segmental that needs to be wired in place. 
The absence of a flange allows the operator to see that the 
cusp tips are fully engaged in the splint—remember—it is all 
about the occlusion.

2 Currently there are many digital planning companies that provide the 
service for CAD/CAM fabrication of surgical guides or splints. They all 
work closely with surgical teams to develop good and consistent results 
but they are only as good as the information that is provided to them.

11.12	 �Conclusions

OGS brings together a complex set of domains which results 
in one of the more transformative outcomes in medicine. It is 
the outcome of a challenging and invasive surgical interven-
tion. But before and after the surgery, there are so many peo-
ple and so many steps involved in producing the best outcome 
possible. By understanding and scrutinizing the data and 
clinical examinations available, the planning team can pro-
vide for near perfect results with attention to detail. This 
chapter demonstrated that 3D planning is useful, and with 
some practice, the many layers, nuances, and steps involved 
become simple and rewarding. For the novice entrant into 
this realm, the establishment of a relation with a mentor is 
very helpful.
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in Orthognathic Surgery
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12.1	 �Introduction

Rapid advancements in three-dimensional (3D) imaging 
technology has revolutionized the fields of orthodontics and 
orthognathic surgery [1, 2]. The advent of 3D imaging allows 
for more accurate diagnosis and more predictable treatment 
planning [3]. Building on the concepts previously discussed, 
this chapter showcases four complex cases that effectively 
utilize the concept of 3D treatment planning and surgery. The 
first case shows combined clear aligner therapy with orthog-
nathic surgery; the second case demonstrates a complex orth-
odontic case involving osteochondroma requiring total joint 
replacement; the third case illustrates the benefits of using a 
surgery-first approach; the final case shows the posttreatment 
management of idiopathic condylar resorption.

12.2	 �Role of Clear Aligners in Orthognathic 
Surgery

Due to an ever-increasing demand among perspective orth-
odontic patients for more esthetic and comfortable treatment 
options, clear aligner therapy (CAT) has rapidly increased in 
popularity and quickly became a mainstay in contemporary 
orthodontics [4–7]. The challenge of adopting this technol-
ogy for patients requiring orthognathic surgery has only been 
discussed to a limited extent [8]. In a recently published 
article, we proposed the use of a 3D printed clear aligner 

orthognathic splint (CAOS) for intraoperative control of the 
occlusion during surgery [9]. The following case demon-
strates the use of this appliance as well as several other tech-
niques that are helpful in the adoption of CAT to OGS.

12.3	 �Case Report

A 25-year-old healthy male patient presented with a class III 
malocclusion of skeletal and dentoalveolar etiology for orth-
odontic treatment. Extraorally, the patient had a prognathic facial 
type with a concave profile. Intraoral examination revealed a 
slightly constricted maxillary arch with mild crowding and a 
moderately crowded mandibular arch with excess negative over-
jet (Fig. 12.1). A non-extraction treatment plan using CAT was 
selected in conjunction with orthognathic surgery to advance the 
maxilla, rotate the occlusal plane, and set back the mandible.

The presurgical set of aligners consisted of only ten stages 
in total. Crowding in the lower anterior region was alleviated 
by proclination of the lower incisors. The presurgical phase 
was completed in approximately 3  months. Following 
decompensation, the method of temporary MMF used was 
with the aid of the CAOS splint and four temporary anchor-
age devices (TADs) (Fig.  12.2). The planned movements 
were a setback of the mandible of 4.5 mm and slight asym-
metry correction followed by a 4  mm advancement and 
3  mm impaction of the maxilla. The patient had all CAT 
attachments removed 1 month prior to surgery, and four pas-
sive aligners were delivered. These were to be worn for 
1 month presurgery and 1 month postsurgery. During the first 
2 weeks following surgery, the patient was kept on corrective 
elastics to maintain the occlusion, using the same TADs as 
points of attachment (Fig.  12.3). Following an uneventful 
postoperative course, the patient returned to clinic on week 2 
and was scanned for the refinement set of aligners. The vir-
tual treatment plan was performed in coordination with the 
surgeon and the orthodontist, resulting in 20 additional align-
ers delivered to the patient by approximately the fourth 
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week. The final occlusion was achieved after 11  months, 
with complete correction of the anterior-posterior and trans-
verse deficiencies and satisfaction of the patient. The total 
treatment time was 16 months (Fig. 12.4).

12.4	 �Total Joint Replacement in Complex 
Ortho Treatment

Total joint replacement is a surgical approach to the treat-
ment of a heterogenous group of pathologies involving the 

temporomandibular joint, collectively known as temporo-
mandibular disorders (TMD) [10]. These disorders are the 
most frequent source of chronic orofacial pain and can have 
significant psychosocial impact for the affected individual 
[11]. There exist many conservative approaches to the treat-
ment of TMD, including both articular and muscular, such 
as physiotherapy, various pharmacological agents, and 
occlusal splints [12, 13]. However, in cases of TMD that do 
not respond to traditional approaches or in cases involving 
structural anomalies, a surgical intervention may be neces-
sary [14].

Fig. 12.1  Pretreatment records for case 1: extraoral photographs, intraoral photographs, and radiographs
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12.5	 �Case Report

This 47-year-old healthy female patient initially presented to 
the orthodontist for the treatment of her “facial asymmetry.” 
Significant extra-oral findings included a maxillary cant with 
the right side being more superior, as well as a mandibular 
asymmetry with deviation toward the left hand side 
(Fig. 12.5). Intraorally, the patient had a class II malocclu-

sion with both dentoalveolar and skeletal contributions. 
Upon further investigation and imaging, the etiology of the 
mandibular asymmetry was recognized to be due to an osteo-
chondroma of the right condyle. This case was then subse-
quently referred to our center for further treatment.

The digital treatment planning for this case was aided by 
CASS and 3D printing, which can help with minimizing the 
errors of traditional analog methods. The treatment of the 
mandibular asymmetry involved an initial resection of the 
right mandibular condyle to remove the osteochondroma. 
Following 1  year of observation and no new growth, the 
planning for the reconstruction took place. This consisted of 
a total joint replacement using a custom joint, a LeFort oste-
otomy advancement and downgraft to correct the cant, and a 
BSSO to advance, rotate, and correct the cant of the mandi-
ble and establish an ideal occlusion. With the aid of 3D print-
ing, the essential planning materials were developed: the 
surgical splints (intermediate and final) as well as surgical 
cutting guides can be accurately pre-fabricated. The TMJ 
components are custom titanium milled condylar prosthesis 
and a milled high-density polyethylene fossa (Fig. 12.6).

The surgery proceeded as planned and was uneventful. 
The access for the right TMJ was performed with an extra-
oral approach requiring a preauricular incision superiorly to 
access the fossa and a retromandibular incision to access the 
ramus (Fig.  12.7). The maximum opening at the 3-week 

Fig. 12.2  The 3D printed clear aligner orthognathic splints (CAOS) used for achieving temporary maxillomandibular fixation intraoperatively

Fig. 12.3  Two-week postoperative result. Intraoral elastics were used 
to maintain and stabilize the occlusion using the same TADs that were 
placed during surgery
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postoperative follow-up was 46 mm and improved to more 
than 50 mm after 1 year. The incision site healed with mini-
mal scarring and is well hidden under the patient’s hairline 
(Fig. 12.8).

12.6	 �Surgery-First

The surgery-first approach (SFA) is a two-stage procedure 
where OGS is performed at the initial stage treatment, fol-
lowed by a postsurgical phase orthodontic therapy [15]. 

Due to issues with occlusal instability and relapse, this 
method fell out of favor to the traditional three-stage con-
ventional surgical orthodontic approach we have today 
[16]. With the rapid technological advances in 3D imag-
ing techniques, there has been growing interest in the SFA 
[17]. Indeed, recent studies have shown that 3D imaging 
and simulation can allow for the clinician to treatment 
plan and diagnosis with better precision and accuracy [3]. 
Some of the benefits of the SFA include early improve-
ments in facial esthetics, increased rate of orthodontic 
tooth movement due to the regional acceleratory phenom-

Fig. 12.4  Posttreatment records for case 1: extraoral photographs, intraoral photographs, and radiographs
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enon, as well as improved stability and patient compli-
ance [16, 18–20].

12.7	 �Case Report

A 24-year-old female patient who was previously treated 
with a functional appliance as a child presented to the ortho-
dontist for retreatment with a chief concern of “limited 
mouth opening and a large overbite” (Fig. 12.9). Extraorally, 
she had a skeletal class II pattern associated with vertical 
maxillary excess, a retrognathic mandible, and retrognathic 
chin. Intraorally, she had a class II div 1 malocclusion with 

8  mm of overjet. Functionally, her maximal opening was 
29 mm, limited by pain, and her lateral excursions were lim-
ited bilaterally (2 mm only). She was ultimately diagnosed 
with bilateral anterior disc displacement without reduction.

Her treatment was a combined surgical orthodontic 
approach using clear aligner therapy and surgery first and 
management of her dislocated discs in order to improve her 
opening. The presurgical setup using virtual treatment plan-
ning software helped to involve the diagnostic predictions 
and aided in the decision to decompensate via extraction of 
the lower first bicuspids to maximize the surgical move-
ments. Surgery involved two consecutive steps. The first was 
the TMJ surgery. This involved bilateral plication of the 

Fig. 12.5  Pretreatment records for case 2: extraoral photographs, intraoral photographs, and radiographs
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articular disc with the use of Mitek anchors placed bilaterally 
in the condylar neck (Fig. 12.10). The orthognathic move-
ments involved a 5 mm LeFort impaction, 4 mm of BSSO 
advancement, and a 3 mm sliding genioplasty (Fig. 12.11). 
Clear Aligner Orthognathic Splints were 3D printed to help 
facilitate the accurate transfer of the digitally planned move-
ments during surgery.

The surgery proceeded uneventfully without complica-
tion, and intermaxillary fixation was achieved with 8 MMF 
screws. At the 2-week postoperative appointment, the 
patient’s maximal opening was 24  mm (Fig.  12.12). The 
remaining lower spacing was closed during the postsurgical 
phase of orthodontic treatment with clear aligners. Following 
completion of treatment, the patient’s maximal opening 
improved to 39 mm at the 1-year follow-up.

12.8	 �Idiopathic Condylar Resorption 
Following Orthognathic Surgery

Idiopathic condylar resorption (ICR) is a pathological condi-
tion that has been well documented throughout the literature 
yet poorly understood [21, 22]. It is described by condylar 
bone loss along with progressive alteration in condylar shape 
with no obvious underlying cause [21, 23]. The consequence 
of these changes include reduction of the posterior face 

height, anterior open bites, as well as TMJ dysfunction and 
pain [24]. This condition is often seen in young women 
between ages of 15 and 35 years and most common among 
teenage girls during the prepubertal growth spurt [21]. These 
patients are often dolichofacial with a skeletal class II rela-
tionship, vertical growth tendency, as well as history of TMJ-
related disorders [22]. The treatment of ICR ranges from 
conservative management with occlusal splints to orthogna-
thic surgery and/or prosthetic joint replacement [25–27].

12.9	 �Case Report

This case was selected to demonstrate the management of 
ICR following orthognathic surgery. A 22-year-old female 
patient presented with a hyperdivergent skeletal pattern, 
involving vertical maxillary excess as well as a retrognathic 
and clockwise-rotated mandible (Fig. 12.13). Medically she 
was a known Ehlers–Danlos syndrome patient but with no 
major systemic conditions. Intraorally, she had an anterior 
open bite along with two congenitally missing upper bicus-
pids and lower arch crowding. Her initial surgical-orthodontic 
treatment involved extraction of two lower biscuspids fol-
lowed by orthodontic leveling and alignment and surgery 
which included a LeFort 1 osteotomy 4  mm impaction, a 
BSSO advancement of 1 mm, and a genioplasty of advance-

Fig. 12.6  Condylar prosthesis was digitally designed and custom milled from titanium, and the articular fossa was made from high-density 
polyethylene
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ment of 6 mm. The patient was placed on the surgeon’s anec-
dotal condylar resorption protocol.1 Regardless, the surgery 
and immediate postop course was uneventful with good sta-

1 ICR Prophylaxis Protocol:

	1.	 Vitamin D and CaCO3 (chewable forms usually 600  mg tab-
lets * BID OTC)

	2.	 Meloxicam (Mobicox) 15 mg po OD (or Celebrex 200 mg po bid)
	3.	 Omega 3 fatty acids (or fish oils 1000 mg)
	4.	 Doxycycline 100 mg po OD

bility, and no complaints at the 1-year post-surgical 
follow-up. However, before the second-year postop exami-
nation, the patient began having painful joints and limited 
opening and evidence of relapse of the anterior open bite due 
to idiopathic condylar resorption (Fig. 12.14).

There are several ways to approach the treatment of this 
case, including re-osteotomizing the maxilla, the mandible, 
or a combination of both jaws. However, these approaches 
run the risk of further deterioration of the anterior open bite 
if the condylar resorption continues to advance. As a result, 
the final treatment plan selected for this case was resection 

Fig. 12.7  Posttreatment records for case 1: extraoral photographs, intraoral photographs, and radiographs
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Fig. 12.8  One-year following demonstrating maximum opening of <50 mm (left) and minimal scarring at the incision site (right)

Fig. 12.9  Pretreatment records for case 3: extraoral photographs, intraoral photographs, and radiographs
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Fig. 12.10  Mitek anchor 
with prolene suture and ruler 
showing its 5-mm length

Fig. 12.11  Virtual surgical planning and setup for case 3
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and total joint replacement of both mandibular condyles. 
This case was visualized using CASS to facilitate virtual 
treatment planning. This process allows the surgeon to accu-
rately locate critical anatomic structures such as the inferior 
alveolar nerve and design the appropriate appliances to avoid 
their injury (Fig.  12.15). The subsequent custom surgical 
guide, joint, and fossa implants were accurately fabricated 
via 3D printing.

The surgery proceeded successfully and uneventfully, 
with the occlusion being unchanged from the planned state at 

the 1-year follow-up (Fig. 12.16). This case demonstrates the 
importance of preoperative identification of at-risk patients 
of condylar resorption. Techniques that could reduce the risk 
of ICR includes limiting the mandibular advancement, mini-
mizing counterclockwise condylar repositioning, passively 
seating the condyle, as well as early postoperative TMJ phys-
ical therapy and occlusal equilibration. Notwithstanding all 
these measures, for this specific case, however, the medical 
connective tissue disorder may have played a role in the 
development of the ICR.

Fig. 12.12  Posttreatment records for case 3: extraoral photographs, intraoral photographs, and radiographs
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Fig. 12.13  Pretreatment records for case 4: extraoral photographs, intraoral photographs, and radiographs
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Fig. 12.14  Posttreatment records for case 4: extraoral photographs, intraoral photographs, and radiographs
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Fig. 12.15  Utilization of 3D planning to digitally design a prosthesis with care and attention to critical anatomical structures, such as the inferior 
alveolar nerve

Fig. 12.16  Post-retreatment records for case 4: extraoral photographs, intraoral photographs, and radiographs
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13.1	 �3D Treatment Planning Consideration 
for Orthodontic-Prosthodontic 
Patients

13.1.1	 �Esthetic Consideration

The idiom of beauty being in the eye of the beholder was first 
written over 140 years ago [1]. Esthetic dentistry, over the 
same time period, has not been immune to the subjectivity of 
beauty and has continued to evolve due to advancements in 
dental materials and the development of new techniques and 
innovative technologies [2]. Previous studies have shown 
that the general perception of an esthetic smile may not be as 
varied between dental professionals and laypeople as might 
be expected [3–6]. The creation of a beautiful smile, through 
the collective blending of artistic and scientific principles, is 
a process known as smile design [7]. While there is no single 

correct approach to this process, given its multifaceted 
nature, a methodical approach is recommended, often by 
way of a form or a checklist [7–9]. An esthetic analysis 
should similarly progress systematically from macro to 
micro, addressing five levels of esthetics: facial, oral-facial, 
oral, dentogingival, and dental [10]. Facial esthetics includes 
facial form and symmetry, and oral-facial esthetics examines 
the maxillomandibular and dental midline relationships to 
the face, while oral esthetics involves the relationship of the 
lips to both arches, including the teeth and gingiva. 
Dentogingival esthetics relates the teeth and gingiva collec-
tively and independently, and finally, dental esthetics 
includes tooth shape, size, and shade within the dental arches 
(Figs.  13.1 and 13.2) [10]. Such a progression requires a 
multidisciplinary approach, particularly between the ortho-
dontist and the prosthodontist, as shown in the cases pre-
sented in this chapter.
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Generally, the maxillary anterior teeth receive the main 
focus when considering the smile esthetic, with the central 
incisors receiving significant attention, and the canines and 
laterals sequentially receive less visual attention as they are 
further from the midline (Fig. 13.1) [11]. Visual deviation in 
the maxillary incisal plane from an otherwise parallel to 
interpupillary line and posterior occlusal plane, particularly 
where contralateral incisor lengths are uneven, is indicative 
of oblique wear and requires a concerted effort between the 
orthodontist and prosthodontist [12]. Another esthetic exam-
ple requiring the collaboration between orthodontist and 
prosthodontist is the excessive gingival display “gummy 
smile” with supraerupted, short, abraided incisors due to 
protrusive bruxism [12]. Whether the prosthodontist is 
replacing or restoring the maxillary central incisors or the 
entire anterior segment, the orthodontist defines the available 
space through the positioning of the adjacent and antagonist 
teeth [13]. The extent of this space is envisioned and estab-
lished through mutual communication throughout treatment 
planning and active treatment. Further, it is essential to iden-
tify the final restorative materials at the outset of treatment 
planning and during orthodontic treatment prior to the defin-
itive prosthodontic restoration [13].

Historically, esthetic analysis relied mainly on static 
images. However, a recent study evaluating the use of static 
images and video clips for analyzing posed and dynamic 
smiles revealed that spontaneous smiles tend to show more 

maxillary teeth, mandibular teeth, and gingival display when 
compared to posed smiles [14]. Therefore, these findings 
highlight the importance of considering adjunctive use of 
dynamic video images. Another possible paradigm shift 
from the traditional esthetic analysis is the facial flow con-
cept. This concept shifts away from smiles designed using 
symmetry and is rather guided by mathematics and geometry 
in order to establish harmony with the notion that faces are 
often asymmetrical in nature [15] and are appreciated as 
such [11]. With the advent of 3D face scanners and virtual 
and augmented reality which can be incorporated into smart-
phone applications, the evolution of esthetic dentistry may, 
in fact, be at the precipice of a revolution, where perhaps, in 
time, machine learning and artificial intelligence will auto-
mate the esthetic analysis [2]. Nevertheless, even if beauty 
evolves to being in the microprocessor of a computing 
device, esthetics are only one of the considerations during 
treatment planning orthodontic-prosthodontic patients and 
the skilled clinician must remain cognizant of biology, occlu-
sion, and other prosthodontic principles.

13.1.2	 �Biological Consideration

Ideally, dental implants should be placed after completion of 
facial growth to avoid the risk of infraocclusion of the 
implant restoration, which compromises the masticatory 
function and esthetic appearance [16]. Traditionally, hand-
wrist radiographs and cervical vertebral maturation were 
used to assess the completion of facial growth. However, 
such methods proved to have low reliability in determining 
the completion of facial growth [17]. The more accurate 
technique is to superimpose serial lateral cephalometric 
radiographs every 6 months to 1 year [18]. It should be noted 
that even after completion of growth in adolescents, the den-
tal implant might become infra-occluded due to continuous 
eruption of the teeth [19].

Five indices are usually used to assess the periodontal soft 
tissue status: plaque index (PI), papilla index (PpI), bleeding 
index (BI), probing depth (PD), and gingival index (GI) [16, 
20–22]. Periodontal stability is an important factor to con-
sider during both orthodontic and prosthodontic treatment 
planning. For instance, identifying the best therapeutic 
approach to manage maxillary lateral incisor agenesis 
(MLIA) has always been controversial due to the variability 
encountered in each clinical case. The two major alternatives 
being orthodontic space closure and substitution with the 
canines or space opening for prosthetic replacements. 
Clinicians that support opening the space and restoring the 

Fig. 13.2  Dental micro-esthetic considerations for orthodontic and 
restorative treatment planning, including height–width proportions, 
ideal tooth width proportions, connectors and embrasures, and gingival 
zenith
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missing lateral incisor claim that obtaining canine guidance 
occlusal scheme is better for stability of occlusion and argue 
that it is difficult to obtain a satisfactory esthetic outcome 
from canine substitution due to the differences between 
canine and lateral incisors in terms of color, shape, and gin-
gival level [23, 24]. On the other hand, clinicians that are 
inclined to close spaces and reshape the canines argue that 
this option is superior in terms of periodontal health and 
patient satisfaction as well as avoids long-term restorative 
work and decreases the financial burden [22, 25].

Nordquist et  al. compared the two management 
approaches of MLIA in terms of periodontal and occlusal 
evaluation [21]. This study showed that the greatest plaque 
accumulation was observed next to the maxillary lateral inci-
sor pontic in the case of fixed dental prosthesis (FDPs) and 
on the lingual surfaces of the removable partial denture in the 
cases that the maxillary canine substituted the maxillary lat-
eral incisor. However, cases using dental implants to replace 
the missing maxillary lateral incisor after opening the space 
were not included in this study. Black triangles were observed 
in the canine substituted cases more often than cases that 
restored the maxillary lateral with dental implant cases after 
opening the space [16]. This could be attributed to the fact 
that the geometry of the maxillary canine is different bucco-
lingually and mesiodistally when compared to the maxillary 
lateral incisor as well as the difficulty to recontour the maxil-
lary canine to mimic the maxillary lateral incisor in the cer-
vical region.

13.1.3	 �Occlusal Consideration

Skeletal and dental discrepancies could complicate the 
development of ideal occlusal characteristics. For example, 
the dental compensation that occurs in certain cases of trans-
verse skeletal discrepancies make it more difficult to obtain 
ideal axial loading on the posterior teeth. Vertical discrepan-
cies can also affect the lateral occlusal guidance scheme. 
Patients with increased lower anterior facial heights and ver-
tical excess tend to demonstrate a group function occlusal 
scheme, whereas the occlusal scheme of patients with short 
lower anterior facial heights and vertical deficiency tends to 
be a canine guidance occlusal Scheme [26]. Studies have 
found no significant difference between the number of pre-
mature centric and excursive contacts, as well as the signs 
and symptoms of temporomandibular disorders (TMDs) 
between the cases were treated by canine substitution and 
those treated by opening the space for prosthodontic replace-
ment when managing MLIA [21, 22].

13.2	 �The Orthodontic-Prosthodontic Cases

This section presents clinical cases that required a combined 
orthodontic and prosthodontic treatment approach with an 
emphasis on the digital planning steps.

13.2.1	 �Tooth Size Discrepancy

Tooth size discrepancy exists when the maxillary and man-
dibular teeth are not in proportion with each other. Tooth size 
discrepancy provides an additional challenge to the orth-
odontic treatment plan. For example, in peg-shaped maxil-
lary lateral incisors, if no restorative plan is considered, 
performing inter proximal reduction (IPR) of the opposing 
mandibular incisors or compromising the ideal overjet and 
overbite is necessary to achieve an adequate occlusion. On 
the other hand, if considering restorative options, orthodon-
tic treatment can prepare the space(s), either mesial or distal 
to the undersized teeth for placement of direct or indirect 
restorations. Utilizing digital tool aids in visualization, plan-
ning the final position of the teeth, and determining the 
restorative work are needed to achieve optimum esthetic and 
function outcomes.

Figure 13.3 shows a 23-year-old patient with a class II 
subdivision right malocclusion associated with 5  mm of 
crowding in the mandibular arch and mild spacing distal to 
left maxillary canine. The patient had a retained left man-
dibular primary second molar and a congenitally missing left 
mandibular second premolar. The retained primary molar 
and the undersized maxillary lateral incisors resulted in a 
tooth size discrepancy (maxillary deficiency/mandibular 
excess) [27].

The interdisciplinary treatment plan of this case involved 
maintaining the primary molar with the possibility of future 
restorative work, accepting the mandibular dental midline 
discrepancy, and restoring the ideal proportion of the under-
sized maxillary lateral incisors by opening the space distal to 
the maxillary lateral incisors. Prosthodontic digital diagnos-
tic planning was performed near the end of the finishing 
stage of orthodontic treatment and before the removal of the 
fixed orthodontic appliance (Fig. 13.4). Two digital diagnos-
tic setups were considered to address the tooth discrepancy 
on the right side: building up the lateral incisor (Fig. 13.4c) 
or building up both the lateral incisor and the canine 
(Fig. 13.4e, f). The decision was made to build up the distal 
surface of right maxillary lateral incisor and mesial surface 
of right maxillary canine. On the other hand, the digital diag-
nostic setup showed that it was sufficient to build up the dis-
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a b

c d

e f

Fig. 13.4  Digital diagnostic 
planning for addressing the 
tooth size discrepancy in the 
anterior maxillary dentition. 
(a–b) Initial digital scans of 
the dentition was taken using 
Trios 3Shape scanner (TRIOS 
3; 3Shape Inc, Copenhagen, 
Denmark). (c–f) Digital 
diagnostic setups including 
the anticipated final outcomes 
after performing different 
scenarios of tooth digital 
build ups. 3Shape Trios 
Design Studio software 
(3Shape Inc, Copenhagen, 
Denmark) was used to 
perform the diagnostic setups

Fig. 13.3  Initial treatment 
records showing the mild 
spacing in the anterior 
maxillary arch distal to 
maxillary left canine and 
crowding in the anterior 
mandibular arch. (Courtesy of 
Dr. Hadeel Alohali)
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tal surface of maxillary left lateral incisor with a composite 
restoration to address the tooth-size discrepancy on the left 
side (Fig. 13.4d).

Figure 13.5 shows the final treatment outcomes after the 
restorative work. Certain deviations from ideal orthodontic 
finishing were accepted including dental midlines discrepan-
cies, particularly the mandibular dental midline and mild 
class II relationship on the right side. Furthermore, the 
patient was advised to attend regular follow-ups to monitor 
the resin composite restorations in case there is a need for 
reparative work or additional polishing.

Figure 13.6 illustrates a 13-year-old female patient who 
presented to the orthodontic clinic with concerns about tooth 
crowding. Upon intraoral and radiographic examination, the 
left maxillary lateral incisor had a malformed crown shape 
(cylindrical) and a type-1 dens invaginatus according to 
Oehlers classification [28]. Such dental anomalies require 
additional considerations, and an interdisciplinary approach 
was needed to achieve ideal final results as feasible as pos-
sible (Fig. 13.6a).

The cylindrical-shaped crown of the left maxillary lateral 
incisor created certain functional occlusal interferences dur-
ing the detailing and finishing stage of the orthodontic treat-
ment (Fig.  13.6b). There were heavy contacts on the left 
maxillary lateral incisor, most probably because of its 
increased bucco-lingual shape, thus risking a traumatic 

occlusion. Due to the presence of type-1 dens invaginatus, a 
cone beam computed tomography (CBCT) was obtained to 
evaluate the thickness of enamel and dentin (Fig.  13.6c). 
Gradual enameloplasty was performed on the palatal surface 
of the lateral incisor over a 3-month period to minimize 
pulpal irritation as well as to create adequate and equal con-
tacts on the maxillary anterior teeth.

The second challenge of the presence of a cylindrical-
shaped crown was restoring the ideal esthetics, so a digital 
diagnostic setup was conducted on to facilitate accurate 
space assessment and possible final outcomes using a design 
software (3Shape Trios Design Studio software, 3Shape Inc., 
Copenhagen, Denmark) (Fig.  13.6d–f). The shape of the 
contralateral lateral incisor was copied digitally and trans-
ferred to the left maxillary lateral incisor, then the digital 
mock-up was modified according to the desired final form 
and occlusion. Two treatment options were discussed with 
the patient: a direct resin composite restoration and an indi-
rect ceramic crown to reshape the left maxillary lateral inci-
sor and consolidate the space between the left maxillary 
lateral incisor and canine. After assessing the dentition and 
occlusion, it was concluded that a 1.5 mm space between the 
left maxillary lateral and canine (at the narrowest point) was 
sufficient to allow for the fabrication of a direct resin com-
posite restoration or a ceramic crown. A resin composite res-
toration was used in this case to reshape the left maxillary 

Fig. 13.5  Final treatment 
records after opening the 
spaces distal to the maxillary 
lateral incisors and 
performing composite resin 
build ups for the maxillary 
lateral incisors and the right 
maxillary canine
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lateral incisor and consolidate the space between left maxil-
lary lateral incisor and canine as conservatively as possible 
(Fig. 13.6g–i). Restoration with a ceramic crown would also 
have a feasible treatment option, but it is a less conservative 
restorative approach and carries the risk of pulpal sensitivity 
and/or exposure during tooth preparation. The patient was 
informed of the need for annual follow-up for the possibility 
of repairing or re-polishing of the resin composite 
restoration.

When evaluating the micro esthetics results, the gingival 
levels on the upper canines and lateral and central incisors 
were not ideal because the gingival margins of the lateral 
incisors were more apically positioned compared to the cen-
tral incisors and canines (Fig. 13.6g). That was not a major 
concern to the patient due to the low smile line with no gin-
gival display on smiling.

13.2.2	 �Management of Congenitally Missing 
Maxillary Lateral Incisors

Tooth agenesis is one of the most common dental anomalies 
and can be defined as the congenital absence of one or more 

primary or permanent teeth. Tooth agenesis of permanent 
dentition is commonly observed in the third molar and fol-
lowed by the mandibular premolars and the maxillary lateral 
incisors [29]. Usually undesirable compensatory movement 
of the neighboring and/or opposing teeth accompanies max-
illary lateral incisor agenesis. Treatment planning options for 
congenitally missing lateral incisor(s) are either orthodontic 
space closure by canines substituting for the lateral incisors 
and reshaping the canine to mimic lateral incisor form, 
shape, and color or by prosthodontics involvement 
approaches with or without orthodontic space openings, but 
most commonly with orthodontic space opening [30].

Although managing missing maxillary lateral incisor(s), 
either unilaterally or bilaterally, might initially seem straight-
forward, the reality is that it requires a great deal of careful 
planning and consideration before deciding which manage-
ment approach should be considered to achieve a predictable 
esthetic and functional outcomes. Several authors considered 
evaluating various factors before selecting the suitable thera-
peutic option, such as patient’s age, type of malocclusion, 
presence or absence of crowding, facial profile, canine size, 
shape and color, tooth-size proportion, and smile level 
(Fig. 13.7) [17, 31, 32]. Specific patient criteria for canine 

h i
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d e f
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Fig. 13.6  (a) Initial pretreatment occlusal view of the maxillary denti-
tion. (b) Progress record showing the occlusal view of the maxillary 
dentition. (c) CBCT scan illustrating the dens invaginatus in the left 

maxillary lateral incisor. (d–f) Digital diagnostic setup. (g–i) Intraoral 
photographs of the final treatment outcomes
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substitution should be considered in order to obtain an opti-
mum outcome. Generally, patients with a straight to slightly 
convex facial profile with class II malocclusions with no 
crowding in the mandibular anterior teeth region or class I 
malocclusions with mandibular anterior crowding that neces-
sitates tooth extractions are the types of malocclusions that 
present better final outcomes with the canine substitution 
approach.

13.2.2.1	 �Space Closure and Canine Substitution
The major advantage of canine substitution approach in ado-
lescent patients is the possibility of completing the treatment 
at an early stage without the need of provisional restorative 
or prosthodontic treatment until the completion of facial 
growth, as is the case for the space-opening approach and 
implant replacement. Additionally, studies have shown that 
combining esthetic dentistry with the canine substitution 
approach yields a satisfactory long-term treatment outcome 
[33, 34]. Furthermore, the gingival health and dental papilla 
will change in synchrony with the patient’s own teeth over 
time. However, esthetic matching of the functional occlusion 
may become compromised, especially with unilateral cases 
[22, 25].

The patient presented in Fig.  13.8 was a 13-year-old 
female with maxillary missing lateral incisors and com-
plained of spacing between her anterior teeth. She presented 
with a class I malocclusion associated with retroclined man-
dibular incisors, normally inclined maxillary incisors and 
protrusive lips. She also had a retained primary left mandibu-
lar second molar.

It was decided after discussion with the patient and her 
parents to manage the malocclusion by following space clo-
sure approaches for the missing lateral incisors and mandib-
ular second premolar to avoid the future need of prosthetic 
interventions and/or implant surgeries. Near the completion 
of orthodontic treatment, prosthodontics consultation was 
requested to consider reshaping the maxillary anterior teeth 
(Fig. 13.9).

Initial scans were obtained after removing the orthodontic 
archwires, but without removing the orthodontic brackets, 
using an intraoral scanner (TRIOS 3; 3Shape Inc., 
Copenhagen, Denmark). The intraoral scan file was incorpo-
rated into a design software (3Shape Trios Design Studio 
software, 3Shape Inc., Copenhagen, Denmark), and several 
digital diagnostic setups were planned. Three digital setups 
with their corresponding digital smile designs presented to 
the patient to determine the most esthetic outcome and 
decide whether only reshaping the maxillary canines is suf-
ficient or the maxillary centrals and premolars should also be 
reshaped (Fig. 13.10).

After discussing the different possible scenarios with the 
patient, it was decided to reshape both maxillary centrals and 
maxillary canines by using resin-composite restorations. The 
mockup cast of reshaping maxillary central incisors and 
canines was printed by a 3D printer (Max X, ASIGA) using 
a resin material (DentaMODEL, ASIGA) and a vacuum-
forming machine was used to fabricate a plastic template in 
order to be used as guide for reshaping the four anterior teeth 
(Fig. 13.10). A maxillary orthodontic retainer was modified 
according to the newly restored maxillary teeth, and the 
patient was instructed to wear it on a full-time basis to avoid 
creating diastema between the two maxillary central 
incisors.

13.2.2.2	 �Space Opening and Prosthodontic 
Replacement

Orthodontic space opening prosthodontic replacement of 
missing lateral incisor presents different prosthodontic treat-
ment options including a dental implant-supported crown or 
a tooth-supported prosthesis. The tooth-supported prosthesis 
can be a resin-bonded fixed dental prothesis (FDP), a canti-
lever FDP, or a conventional FDP.

One of the essential considerations before deciding the 
most appropriate prosthodontic option is the conservation of 
tooth structure. From a restorative prospective, two major 
principles are generally followed when managing congeni-
tally missing teeth. The first principle is to establish appro-
priate horizontal and vertical spaces for the missing teeth 
that correspond to the size of the natural teeth to be replaced. 
The second principle is to optimize the position of the exist-
ing teeth within the dental arches and to position the anterior 
teeth in an ideal overjet and overbite with proper inclination 

5. LINE ANGLES

2 Mesial and Distal
Enamelplasty

1 Cusp tip Enamelplasty

2
3

REDUCE LABIAL RIDGE

COMPOSITE

4

Fig. 13.7  Illustrative image demonstrating the transitional line angles 
and considerations when adjusting the maxillary canine to substitute for 
the maxillary lateral incisor
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as much as clinically feasible without compromising the 
hard and soft tissues. This concept will often provide appro-
priate anterior guidance during excursion movements. In 
some circumstances, teeth can be moved into a deficient 
edentulous ridge to encourage the formation of alveolar bone 
in order to eliminate or reduce the need for bone augmenta-
tion prior to implant placement. For instance, it was proposed 
by Dr. Kokich that facilitating the eruption of the permanent 
canine mesially into the space of the missing lateral incisor 
can establish a more favorable implant site development. The 

permanent canine can then be distalized to develop the 
implant site with adequate bucco-lingual alveolar bone 
dimensions that can house an implant without the need of a 
bone graft [18].

Resin-Bonded Fixed Dental Prosthesis 
(Resin-Bonded FDP)
A resin-bonded FDP is commonly used as an interim solu-
tion to restore a single tooth space in growing children and 
young adults until a definitive long-term solution can be 

Fig. 13.8  Initial pre-orthodontic patient records. Note the congenitally missing maxillary lateral incisors. (Courtesy of Dr. Hajer Alsabban)
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employed. The advantage of resin-bonded FDP is that it 
requires minimal preparation of the adjacent teeth and is 
considered the most conservative tooth-supported fixed 
option. In addition, the fabrication time is short, and it costs 
less compared to a conventional FDP [35]. Although the 
success rate is significantly lower than that of the conven-

tional FDP due to high debonding rate [36], it remains a 
viable short-term solution, until patients complete their facial 
growth and are more clinically suitable to receive an implant-
supported prosthesis.

Resin-bonded FDP still demonstrates a high risk of 
debonding (15–20%) despite the advancement of dental 

Fig. 13.9  Intraoral photographs after orthodontic space closure and before the prosthodontic consultation. (Courtesy of Dr. Hajer Alsabban)

Fig. 13.10  Left column: Different digital smile designs. Middle column: Digital diagnostic setups. Right column: Post-restorative photograph 
after completion of the orthodontic treatment and restorative buildup of the maxillary anterior teeth with composite resin
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materials and techniques of bonding agents [36]. This option 
is restricted to patient with certain clinical criteria that 
include a shallow to normal overbite, normally proclined 
maxillary central incisors and the absence of heavy occlusal 
contact on the maxillary anterior teeth. Cases of deep over-
bites, mobile teeth, and increased proclination of maxillary 
incisors showed a higher rate of failure, particularly, in 
patients with parafunctional habits [17].

Figure 13.11 shows an 11-year-old female patient who 
initially presented to the orthodontic clinic to manage spac-
ing between the maxillary teeth due to congenitally missing 
maxillary lateral incisors. After consultation with the patient 
and her parents, it was decided to open spaces for the place-
ment of dental implants to replace the maxillary lateral inci-
sors when facial growth is complete.

After completion of orthodontic treatment at age 14 years, 
the patient received an orthodontic retainer with provisional 
acrylic teeth to replace the maxillary lateral incisors; how-
ever, the patient was not satisfied with the esthetic properties 

of the acrylic teeth. Upon prosthodontic consultation, the 
patient was presented with the option of restoring the miss-
ing maxillary lateral incisors with resin-bonded FDP using 
high translucent lithium disilicate ceramic materials until she 
completes her facial growth (Fig. 13.12).

After removing the maxillary fixed retainer, maxillary 
central incisors required a minimum finish line preparation 
for the fabrication of the resin-bonded FDP. However, there 
was no need to reduce that palatal surfaces of the incisors 
due to the deep concavities of the palatal surfaces. An intra-
oral scan was obtained using an intraoral dental scanner 
(TRIOS 3; 3Shape Inc., Copenhagen, Denmark). The margin 
of the preparation was defined digitally to facilitate the com-
munication with the laboratory technician (Fig. 13.13).

The scan Standard Tessellation Language file (STL file) 
was transferred to the laboratory technician to design the 
prosthesis digitally (Fig. 13.14). The resin-bonded FDP was 
designed with sufficient thickness that can serve as a fixed 
retainer to avoid diastema formation.

Fig. 13.11  Pre-orthodontic treatment records of a patient with congenitally missing maxillary lateral incisors. (Courtesy of Dr. Kathleen Martin)
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The prosthesis was milled using lithium disilicate blocks 
(IPS e.max CAD, Ivoclar Vivadent, Liechtenstein). After 
clinical try-in was confirmed, the standard protocol of 
bonding lithium disilicate to tooth structure was performed 
to bond the prosthesis to the tooth structure using resin 
cement (RelyX™ unicem, 3M) (Fig. 13.15).

Cantilevered Fixed Dental Prosthesis
Another option to replace MLIA is the cantilevered FDP. This 
option is valid because the geometry of the maxillary canine 
(root length and diameter) can effectively serve as an ideal 
abutment for the cantilevered FDP option. This option can be 
successful if the occlusion of the pontic can be managed with 

Fig. 13.12  Post-orthodontic treatment records after opening the space to replace the missing maxillary lateral incisors. (Courtesy of Dr. Kathleen 
Martin)

Fig. 13.13  Digital intraoral scan showing the design of the planned preparation margins. This facilitates the communication with the laboratory 
technician and allows proper visualization of the palatal surface of the maxillary incisors
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minimal eccentric contact. A partial coverage retainer can be 
used on the canine if there is no need to alter the shape of the 
canine facially; otherwise, the full coverage retainer should 
be considered to retain the cantilevered lateral incisor pontic. 
Excessive eccentric contact of the pontic showed higher risk 
of fracture of the restoration, loosening of the restoration, or 
migration of the abutment [37].

Conventional Fixed Dental Prosthesis
Conventional fixed dental prosthesis (CFDP) is considered 
the least conservative option to replace missing teeth. It is 
often indicated when the adjacent teeth have significant caries 
or fractures or in cases where a previous FDP needs to be 
replaced or if the implant-supported prosthesis option is con-

traindicated for the patient. Furthermore, it can be considered 
an option in cases that necessitate a significant alteration in 
the facial morphology of the teeth adjacent to the maxillary 
lateral incisor. The advantage of having CFDP is that it allows 
better control of the final occlusal outcomes. However, an 
important concern that should be addressed for the CFDP 
option is the alignment and parallelism between the long axis 
of maxillary central incisor(s) and the facial surface of 
canine(s) along the common pathway to avoid over-preparing 
the teeth and to achieve a parallel path of insertion. This also 
provides sufficient space accommodate the CFDP connector. 
Over-preparing the teeth, especially in the young patients, can 
lead to pulp exposure and necessitate the need for root canal 
treatment and, possibly, shorten the longevity of the teeth.

Fig. 13.14  Digital designing of splinted resin-bonded fixed dental 
prosthesis. The digital designing ensured adequate thickness and size 
(yellow) of the prosthesis especially at the connectors. Designing the 

prothesis digitally enhanced the visualization and optimization of the 
occlusion. (Courtesy of Mr. Jae Won Sim B.I.D at Paul Ro Dental 
Laboratory, Vancouver, Canada)
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13.2.3	 �Management of a Unilateral Impacted 
Canine

Figures 13.16 and 13.17 illustrate an impacted right maxil-
lary canine in a 13-year-old female patient. The patient pre-
sented with a convex profile, competent lips, and mild 
hyperdivergent skeletal class II. Dentally, she had a class I 
molar relationship and a class II canine relationship on the 
left side with moderate curve of Spee and severe crowding in 
both the maxillary and the mandibular arches. The overjet 
and overbite were 1 mm and 5%, respectively, and the maxil-
lary and mandibular incisors were proclined and protrusive. 
Maxillary and mandibular dental midlines were shifted to the 
right by 2 mm. The right maxillary canine and right man-
dibular second premolar were impacted.

The orthodontic treatment plan involved a fixed edgewise 
appliances after the extraction of the right maxillary canine, 
left maxillary first molar, left mandibular first premolar, and 
right mandibular second premolar. Premolar–canine substi-
tution was planned in the maxillary right quadrant, and an 
interdisciplinary approach was followed to achieve optimum 
restoration of esthetics and function. The prosthodontist was 
consulted near the end of finishing stage of orthodontic treat-
ment to confirm the desired final location of the right maxil-
lary first and second premolars (Figs. 13.18 and 13.19).

Digital diagnostic setup was performed after digitally 
coping the shape of the contralateral canine and superimpos-
ing over the right maxillary first premolar (Fig. 13.20a, b). 
The setup was then finalized according to the optimum 
esthetic and function requirements (Fig.  13.20c–e). The 
patient was presented with two conservative options, resin-

Fig. 13.15  Final records after the orthodontic and prosthodontic treatment of missing maxillary lateral incisors with lithium disilicate resin-
bonded fixed dental prosthesis
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bond composite build up or porcelain veneers; however, she 
preferred the resin-composite option. A vacuum forming 
machine was used to fabricate a plastic template according to 
the digital diagnostic setup in order to build up the right max-
illary first and second premolars with resin-composite resto-
ration (Fig. 13.21).

13.2.4	 �Management of a Deep Bite Case

The patient in Fig. 13.22 is a 52-year-old female who pre-
sented to the clinic asking for veneers to improve her smile. 
She presented with a deep bite and associated with uneven 
wear of the occlusal surface of the anterior teeth. She also 
had an uneven gingival architecture.

The treatment plan was to improve alignment and achieve 
a functional occlusion to minimize the amount of tooth prep-
aration needed combined with having a mutually protected 
occlusion. The patient had some periodontal and oral maxil-
lofacial surgery prior to orthodontic treatment. Orthodontic 
treatment spanned over 18 months to correct bite and achieve 
an optimal occlusion and gingival architecture. This also 
minimizes the amount of tooth structure removal during the 
veneer preparation.

After the completion of the orthodontic treatment, the 
dentition was scanned digitally using an intraoral scanner, 
and a 2D virtual smile design was performed to involve the 
patient in the design and decision process. The 2D smile 
design was communicated to the laboratory technician on the 
exact size and shape of veneer design in mind. After that 

Fig. 13.16  Initial pre-orthodontic treatment records of a patient with impacted right maxillary canine and right mandibular second premolar. 
(Courtesy of Dr. Hajer Alsabban)
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Fig. 13.17  Pre-orthodontic treatment records, top left; panoramic radiograph, bottom left; cone bean computerized tomography (CBCT) to locate 
impacted maxillary right canine, right; Cephalometric radiograph

Fig. 13.18  Progress records during orthodontic treatment and after extracting impacted right maxillary canine and right mandibular second pre-
molar. (Courtesy of Dr. Hajer Alsabban)
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Fig. 13.19  Progress panoramic radiograph at the finishing stage of 
orthodontic treatment

Fig. 13.20  (a) Digital simulation of the obtained intraoral scan. (b) 
Diagnostic mock-up of right maxillary first and second premolars was 
designed using 3Shape Trios Design Studio software. The black arrow 
points at a digital copy of the left maxillary canine which was flipped to 

help with designing the buildup for the left maxillary first premolars. It 
should be noted that the lingual cusp of the right maxillary first premo-
lar was maintained. (c–f) The digital mock-up was finalized according 
to the esthetic and functional requirements

step, a 3D digital smile design was performed, and its STL 
file was obtained (Fig. 13.23). A model was printed using a 
3D printer and a vacuum forming machine was used to fabri-
cate a plastic template in order to be used for clinical esthetic 
try-in. An esthetic mock-up was satisfactory after trying it on 
in the laboratory with chemically cured acrylic resin.

The template was also used as a preparation guide for 
veneers. Feldspathic porcelain was the material choice 
selected for the fabrication of the veneers due to the high 
esthetic demand of the patient. Preparations were performed 
and provisionals were placed, then in the following appoint-
ments veneers were fitted and cemented (Fig. 13.24).
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Fig. 13.21  Final records after the prosthodontic management of the reshaping right maxillary first and second premolars

a

b c d

e

f

Fig. 13.22  Initial preoperative treatment records. (a) Panoramic radiograph. (b–f) Intraoral photographs
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Fig. 13.24  Left and top middle photos are the initial pretreatment records, and the lower middle is the digital setups for the complete maxillary 
teeth; to the right is the posttreatment photograph

13.3	 �Summary

Digital workflow provides an efficient route for the inter-
disciplinary orthodontic-prosthodontic treatment plan-
ning process. It serves as a tool for 3D visualization and 
facilitates communication during treatment planning and 
execution. This chapter presented several orthodontic-
prosthodontic cases that incorporated digital diagnostic 
setups in their treatment progress and planning. Intraoral 
digital scans provide high-quality simulations and images 
for diagnosis and the fabrication of final prostheses. 
Incorporating the digital diagnostic setups in your treat-
ment planning phase helps with identifying the final orth-
odontic position of the teeth according to the restorative 
plan and consequently allows the fabrication of predict-
able restorative work.
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