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Abstract---This article aims to discuss how Artificial Intelligence (AI) 
with its powerful pattern finding and prediction algorithms are helping 

orthodontics. Much remains to be done to help patients and clinicians 

make better treatment decisions. AI is an excellent tool to help 

orthodontists to choose the best way to move teeth with aligners to 
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pre-set positions. On the other hand, AI today completely ignores the 

existence of oral diseases, does not fully integrate facial analysis in its 

algorithms, and is unable to consider the impact of functional 

problems in treatments. AI do increase sensitivity and specificity in 
imaging diagnosis in several conditions, from syndrome diagnosis to 

caries detection. AI with its set of tools for problem-solving is starting 

to assist orthodontists with extra powerful applied resources to 

provide better standards of care. 

 

Keywords---artificial intelligence, orthodontics, aligners, diagnosis, 
dentistry. 

 

 

Introduction 

 
The last decades have witnessed enormous changes in our profession. The arrival 

of new and more aesthetic options in orthodontic treatment, the transition to the 

fully digital workflow, the emergence of temporary anchorage devices and new 

imaging methods all work to provide both patients and professionals with a new 

focus in orthodontic care.1 

 
To make the diagnostic process more accurate and efficient, the use of Artificial 

Intelligence (AI) in orthodontics has grown significantly in recent years. This 

knowledge is fundamental for predicting treatment prognosis. However, the 

addition of this AI-based knowledge does not change the fact that the health 

professionals, with their own knowledge gained through specialized education and 
years of experience, are the ones that ultimately have to diagnose and determine 

the best treatment plan. Nevertheless, AI can be useful when making specific 

clinical decisions in a limited time. AI applications can guide clinicians to make 

better decisions and perform better, because the results obtained from AI are 

highly accurate and therefore, in some cases, can prevent human errors.2 

Orthodontic treatments are usually long procedures with an average treatment 
duration of nearly 29 months,3 which is why orthodontists must become more 

efficient to adapt to the needs of society. The application of Machine Learning (ML) 

techniques can help to solve this issue. Recent technological innovations in 

orthodontics, including cone beam computed tomography (CBCT) and 3D 

visualizations, intraoral scanners, facial scanners, instant teeth modelling 
software capabilities and new appliance developments using robotics and 3D 

printing, are changing the face of medical care and are quickly becoming 

integrated into dentistry.4 These tools enable a better understanding of the 

patient's anatomy and are able to create dynamic anatomical reconstructions for 

the specific patient, and therefore accommodate the possibility of 3D treatment 

planning. Convolutional neural networks (CNNs) are increasingly applied for 
medical image diagnostics, most frequently for the detection, segmentation or 

classification of anatomical structures. Deep learning has also recently been used 

for geometric feature learning and classification.5 Machine-learning approaches, 

which are algorithms trained to identify patterns in large data sets, are ideally 

suited to facilitate data-driven decision-making.6 Dentists need to use all their 
acquired knowledge to diagnose and decide the best treatment option. They are 

also required to predict the prognosis where they need accurate clinical decision-
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making skills. However, in some cases, dentists do not have enough knowledge to 

make the right clinical decision in a limited period. AI applications can serve as 

their guide so that they can make better decisions and perform better. Shortliffe, 

Chae et al., Schleyer et al., reported that dentists have become dependent on 

computer applications to get insights for clinical decision making. The aim of this 
review was to identify the development of AI applications that are widely employed 

in dentistry and to evaluate their performance in terms of diagnosis, clinical 

decision-making, and predicting the prognosis of the treatment. 7-9 

 

What is AI? 

 
Broadly speaking, AI is the behavior of non-biological entities that perceive, learn, 

or react to complex environments.10 AI is not a computational tool that 

necessarily mimics the workings of the human brain; rather, it is a set of tools for 

problem-solving, each with its own specific rules. Research is being performed in 

the field of AI to achieve human-like generality.11,12 However, most of the progress 
on AI has been on models that focus on a single problem, having a constrained 

set of rules-problems such as playing chess or identifying caries from X-ray 

scans.13 For many of these problems, computers far surpass human results.  

While an AI model can be classified as narrow or general on the basis of its 

problem-solving capabilities, from an algorithmic perspective, there are two main 

categories of AI: Symbolic AI and machine learning.  Symbolic AI is a collection of 
techniques that are based on structuring the algorithm in a human-readable 

symbolic manner. This category was the paradigm of AI research until the late 

1980s and is widely known as GOFAI – good old-fashioned AI.14 The techniques in 

symbolic AI use rules, such as if-then statements, where if a certain criterion is 

met, then the corresponding action must be taken. These systems are limited to 
the current human understanding of the problem and the ability to organize this 

understanding in an algorithmic form. Symbolic AI is still used for solving 

problems, in which the possible outcomes are limited, computational power is 

scarce, or human explainability is essential. However, in health care, where 

problems tend to be complex, not always fully understood, and have with many 

explanatory variables, building a model based on a set of rules is extremely 
difficult, if not impossible.12 The other structural approach to AI is machine 

learning, which is the current paradigm. The fundamental difference between 

machine learning and symbolic AI is that, in machine learning, the models learn 

from examples rather than a set of rules established by a human. In this way, 

algorithms shift from rules on how to tackle a problem, to rules on how to learn 
from the data available. Different types of machine learning algorithms process 

data in different ways. Some algorithms, known as unsupervised learning 

algorithms, require only a set of input data to group and identify patterns in the 

data. Principal component analysis, a common type of unsupervised learning 

algorithm, can be used, for example, to indicate the determining attributes to 

arch size, shape, and occlusal relations from a wide set of variables.13 

 
Machine Learning for Tooth Movement Planning 

 

The use of AI for assisting in orthodontic treatment planning has apparently been 

a reality for some time. More than one aligner company claims to use AI 

algorithms to optimize orthodontic planning, thereby saving the time of 
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orthodontists in this process. Because these algorithms are industry secrets, the 

truth is that the point where AI algorithms end and marketing strategies begin is 

unknown.  AI is an excellent tool to help orthodontists to choose the best way to 

move, for instance, a tooth or group of teeth from point A to point B, once the 
orthodontist instructs the machine where the final position should be. This is 

useful because orthodontics performed in a totally traditional way – with brackets 

only – require high manual skill, and many professionals do not have or have not 

received proper training to develop it. AI assists these dentists, but there are 

several limitations of machine learning in contemporary aligner treatment. AI 

used in contemporary planning does not consider the impact of functional 
problems and the stability of the tooth position – or lack thereof – when tooth 

movements are performed. For example, problems associated with important 

functional etiology, such as the open bite malocclusion, can be treated using 

aligners.14 However, AI today cannot determine the etiology of the problem or 

predict specific retention strategies. 

 
AI in Diagnosis 

 

Imaging diagnoses have gradually incorporated AI to increase sensitivity (ability to 

adequately predict the existence of a disease or problem in a patient) and 

specificity (ability to exclude the disease or problem when an individual does not 

have it). AI has excellent application in imaging diagnostics due to the ease with 
which the machine deals with patterns. There are more than 8000 identified 

genetic syndromes. However, despite all the advances in genetics, including next-

generation sequencing-based tests, establishing the correct diagnosis is still a 

difficult task. Timely diagnosis of genetic syndromes tends to improve the 

outcomes. By the same token, craniofacial phenotypes are extremely informative 
for establishing the correct diagnosis of genetic congenital diseases because many 

syndromes have recognizable facial features. These changes in facial morphology 

are often of significant orthodontic interest. Several syndromes lead to dentofacial 

deformities and malocclusions that require orthodontic treatment.15,16 In this 

field, AI has helped in a relevant way. One such advancement is a mobile phone 

application called Face2Gene (FDNA, Boston, USA). The application uses the 
contrast of a patient’s image against thousands of images in its databases to 

determine the subtle patterns that different syndromes tend to have. The 

diagnostic hypothesis established by the App has already proved to be useful for 

Caucasian and Asian populations17 and outperformed clinicians in diagnosing a 

number of syndromes.18 Another interesting recent application of AI is the 
prediction of extractions in orthodontic planning.19 The teeth to be extracted (first 

and second premolars) and the variability of dentofacial alterations included in 

this study were limited, and this arbitrary constraint probably reflects the 

relatively small original database. However, this is a promising and exciting first 

step toward determining whether extractions are required in the treatment plan. 

AI has already been used to diagnose and classify osteoarthritis in the 
temporomandibular joint,20 and it may provide future data for establishing 

treatments for problems that are specific to the different severities of the 

condition. 
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Conclusion 

 

AI is a set of tools for problem-solving that can assist orthodontists with extra 

powerful and applied tools to provide better standards of care. AI can assist 

orthodontists to choose the best way to move a tooth or group of teeth, but AI 
today completely ignores the existence of oral diseases, does not fully integrate 

facial analysis in its algorithms, and is unable to consider the impact of 

functional problems in treatments. At the same time, imaging diagnosis has been 

incorporating AI do increase sensitivity and specificity in numerous conditions, 

from syndrome diagnosis to caries detection.  
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