Jean-Marc Retrouvey

Mohamed-Nur Abdallah
Editors

3D Diagnosis and
Treatment Planning in
Orthodontics

An Atlas for the Clinician

N Springer



3D Diagnosis and Treatment Planning
in Orthodontics



Jean-Marc Retrouvey « Mohamed-Nur Abdallah
Editors

3D Diagnosis and Treatment
Planning in Orthodontics

An Atlas for the Clinician

@ Springer



Editors

Jean-Marc Retrouvey Mohamed-Nur Abdallah
Leo Rogers Endowed Chair and Professor Department of Orthodontics
Department of Orthodontics School of Dentistry
University Missouri Kansas City University of Detroit Mercy
Kansas City, MO Detroit, MI

USA USA

ISBN 978-3-030-57222-8 ISBN 978-3-030-57223-5 (eBook)

https://doi.org/10.1007/978-3-030-57223-5

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether the whole or
part of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information storage and
retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now known or hereafter
developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication does not
imply, even in the absence of a specific statement, that such names are exempt from the relevant protective laws and
regulations and therefore free for general use.

The publisher, the authors, and the editors are safe to assume that the advice and information in this book are believed
to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors give a warranty,
expressed or implied, with respect to the material contained herein or for any errors or omissions that may have been
made. The publisher remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland


https://doi.org/10.1007/978-3-030-57223-5

Introduction

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.
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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
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Fig. 1.1 Relationship between the dentition and the craniofacial
complex

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],

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021 3
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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
areal 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

To store the data efficiently

To simulate different treatment options

To formulate a final treatment plan

To compare the findings to other types of malocclusions
To facilitate an analysis of treatment progress

To plan for orthognathic surgery

To produce individualized and customized appliances

To communicate with other specialties (Figs. 1.3 and 1.4)
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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
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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

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

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. 1.4 Semi-adjustable articulator and virtual 3D articulator that allows an orientation of dental casts in space more accurately
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Fig. 1.5 Digital intraoral photographs

Fig. 1.6 Panoramic radiograph showing impacted canines

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].
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1.3  The Rationale for 3D Digital

Fig. 1.9 Dental casts trimmed to orthodontic standards. No spatial
relationship to the cranial structures is present

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.
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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).

496/ 1418 L @ e ® 0% K - Wm =
aron L Exacrmearcy
Arch Length Discrepancy
T e s e o D e 7 o s S e e e 2
] =

Fig. 1.10 Examples of electronic forms with data entry capability

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
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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 Single
shots—angle shot
Combine with CBCT No Yes
Capture Static Static
Orthognathic surgery planning Satisfactory Excellent
Prediction of surgical outcome Satisfactory Excellent
Craniofacial deformities Satisfactory Excellent

(syndromes, clefts)

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.I™ (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
structures.

2. More precise radiographic data.

Structures are visible in their exact positions with their

exact shapes.

No radiographic projection errors.

No enlargement or distortion of structures.

Ease of landmark identification.

Superimposition with 3D facial photograph.

Ability of accurately comparing several CBCTs of the

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

representation of the craniofacial

bt

N s
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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

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).
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A: Reformatted panoramic radiograph

C: 3D rendering from a Cone Beam

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

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].

D: Accurate representationofthe cranial base from a Cone Beam

illustrating the 3D relationship of craniofacial structures. (d) A mid-
sagittal cut of a CBCT showing the cranial base clearly

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).
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Fig. 1.17 (a) Lateral 3D cephalometric analysis.
(b) Anteroposterior 3D analysis. (¢) 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

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).
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b

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

Fig. 1.19 Automatic Ortho Ana|y2ef'
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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

Fig. 1.20 Teeth are repositioned three-dimensionally with DDP
software

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

Fig. 1.22 Aligners from Invisalign™
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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

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

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

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-
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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

Fig. 1.25 The visualization process is initiated by manual software
manipulation. Three software are superimposed but not integrated

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. Al 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,
Al 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, Al requires the orthodontist’s
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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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CONVENTIONAL DIAGNOSIS PROCESS
a

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

knowledge and experience as crucial inputs into the machine
learning process. Al 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

3D DATABASED DIAGNOSIS PROCESS
b

» Photographs

Initial Information

Data stored
locally

Data acquisition
and integration

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

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 Al-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. 1.28 Describes a potential neural network developed for orthodon-
tic diagnosis using some of the most common orthodontic variables (1 to
n) shown on the far left side of the drawing. Then connectors are used and
“weighted” according to the importance of variables on the severity of
malocclusion. Nodes arranged in layers are used to mimic neural activity
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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
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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:

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

e Allow for effective and valuable communication with the
patient.

e Contribute significantly to obtaining comprehensive
records.

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

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

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

2.2.1 Camera Body

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

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

Advantages of DSLR camera
Larger sensors produce better
quality images

Fine control over settings
LCD monitor screen for
immediate review

Histogram

Consistency and
reproducibility of images

Disadvantages of DSLR camera
More expensive

Needs more expertise from the operator
Heavy

Higher learning curve
Somewhat intimidating for the
novice user

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: /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
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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 zoom
Advantages of macro lens lens
Best image quality Acceptable image
quality
Versatility and
convenience
Less equipment to carry

Variable distance

Adjustable and improved magnification

Good luminosity

Good distance from subject for intraoral
and extraoral photography
Reproducible picture Variability in
reproducing picture
Not as sharp as prime
macro lenses

Improved sharpness when compared to
zoom lenses

to deliver the best possible uniform and shadowless light-
ing of the oral cavity.

2.2.3.2 RingFlash

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

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).
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Table 2.3 Advantages and disadvantages of digital flash photography

The advantages of flash The disadvantages of flash

photography photography

e The flash eliminates the camera ¢ The cost of an additional piece
shake (no blurry pictures) of equipment plus the batteries

» The great intensity of light  Proper setup is necessary to
allows for the use of small avoid blinding the subject with
apertures needed for sharp overpowered flash light

images of entire dentition

The color balance of the flash is ¢ The added weight of the

that of daylight (white balance equipment

set to “flash” results in realistic

color)

The external flash is compact  The bulkiness of the flash

enough and light enough to system specially the R1 and

allow for hand-held R2 systems may be

photography intimidating to the patient

It generates compelling pictures * Operator needs additional
training

Table 2.4 Flashes used for dental photography

Speed light flash with
and/or without
extensible arms

Directional light

Pop-up flash
Inadequate
intensity and
direction of

Ring flash
Uniform light

light
Harsh and large Shadows are Bouncers soften light
shadows eliminated: Flatten and deliver softer

shadows: Ideal for
portraiture and creative
photography;

images—Decreased 3D
perception in
portraiture. Eliminate

overjet Reduce flash reflection
on dentition
Better overjet rendering
No control of Ideal for surgery and Difficult to avoid

shadows when used to
photograph posterior

luminosity or
direction of

intraoral cavity

light areas of the oral cavity
No adjustments No adjustments needed Adjustment of arms
possible needed according to the

subject and direction of
light

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

Eliminates lateral
negative space

Negative space
(buccal
corridors)

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

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

Advantages of the DSLR equipment  camera
Excellent image quality
Complete control over light, aperture,
magnification, color
Minimal image distortion with the
proper lens
May be used for intra- and extraoral

Needs more expertise from
the operator

May require assistant’s help

dental photography

LCD monitor screen for immediate Heavy and bulky

review

Histogram Higher learning curve
Consistency and reproducibility of Somewhat intimidating for
images the novice user

Long-term cost-effectiveness High initial expense

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.
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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

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

Fig. 2.9 (a) left side oblique; (b) left side smiling; (¢) submental vertical view; (d) right side smiling oblique; (e) right side oblique
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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 100400 (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

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
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Fig.2.12 Camera setup and most common intraoral views
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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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Fig.2.14 (a) Lip retractor; (b) cheek retractors; (¢) occlusal and buccal mirrors

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: f/22 to f/32

Shutter speed 1/125 s or according to flash-sync speed of a given
camera body in Av mode

Iso 100400 (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 % or ETTL

Camera positioned in landscape position

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.

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

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

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
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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]:

The smile arc

The ratio and symmetry of the upper central incisors
The proportion between the upper anterior teeth

No spacing between the upper anterior teeth

The gingival aspect and exposure

The buccal corridor

The midline

Tooth angulation

Tooth color and shape

Lip volume and shape

e A ol e

~
e

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

Fig. 2.16 Description of the smile arch. (a, b) Consonant smile; (¢, d) flat smile; (e, f) reversed smile
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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)

e Determine the interdental width proportion of the upper
anterior teeth

* Note the central incisor width and length proportions

e Verify the gingival curve

e Evaluate the papillae curve

e Trace the vermillion curve

e 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™,
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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.

Fig. 2.18
system

Digital simulation of an intraoral scan using the iTero

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.
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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

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,
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Fig. 2.21 Facial planning and alignment. (a) Facial axis drawn by markers; (b) smile arc design; (¢) symmetrical axis of the pupils; (d)

uprighting

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.



S.Lacombe et al.

lo@lef’

o iii“"‘-.:"

—

YTy
\ g

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;

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.

/

(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

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:

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

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

e 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.
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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

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
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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. 2.26 Software repositioning of the dentition according to predetermined position obtained by 2D photographic analysis
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Fig. 2.27 (Upper image) line between pupils; (lower image) lower
third plan and midline

Fig. 2.29 Calibration and verification of the axis

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

monitoring

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

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].
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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.
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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].
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Table 3.1 Etiology of tooth impaction

Impacted tooth

Systemic factors

Endocrine and nutrition:

* Growth disorders

e Vitamin D deficiency

Syndromes:

 Familial gingival fibromatosis

¢ Cleidocranial dysostosis

Non-syndromic

* Multiple supernumeraries and
impacted teeth

» Familial history of impaction
such as canine

Local factors

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

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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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-T7]. 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]:

. Canine angulation to the midline (Fig. 3.1)

. The vertical height of the canine crown

. Anteroposterior position of the canine root apex (Fig. 3.2)
Canine crown overlap of the adjacent incisor

. Root resorption of adjacent incisor

. Labio-palatal position of the canine crown

. Labio-palatal position of the canine apex

e N N SO

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).

.

Fig. 3.1 The angulation of canine to the midline

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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Fig. 3.4 CBCT of palatal impacted canines viewed in 3D, which facilitates the localization of their positions

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].

Treatment Considerations
for Impacted Teeth

3.3

The treatment of impacted canine can be as following:

e Monitoring
e 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).
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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

Fig. 3.6 Impacted canine sector classifications by Kurol and Ericsson

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.
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Fig. 3.8 Impacted upper central incisors [11] due to the presence of a supernumerary tooth (SN1)
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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 612 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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Fig. 3.10 Maxillary sinus infection with an odontogenic origin. The upper first molar has a periapical infection which penetrated the maxillary

sinus floor

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).
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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

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

Table 3.2 Classification of supernumerary teeth

Location

Morphology

Position

Supernumerary teeth

Orientation

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).

Mesiodens
Para-molar
Para-premolar
Disto-molar

Conical
Tuberculate
Supplemental
Odontome

Buccal
Transverse
Palatal

Vertical or normal
Inverted
Horizontal
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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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