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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],
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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).
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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™
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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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