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Abstract

Artificial intelligence (Al) is taking
hold in public health, especially in dentistry
because everyone are looking to make a
diagnosis using technology that allows them
to work faster and accurately, reducing the
costs, less time consuming and the less count
in number of medical errors. Artificial
Intelligence has proved to be a boon in the
field of health care and in dentistry. In the
future, Al-based comprehensive care systems
are expected to have high-quality patient care
and help researchers know and treat more
about diseases. Even though there are some
misconceptions and  limitations  about
Artificial Intelligence, it continues to be
successful due to its advantages in providing
exact and accurate results. Along with Al,
certain trends are in use, like 3D printing,
Teledentistry, Machine Learning, and Smart
Dental Devices. These are just a few of the
many ways that technology is changing
dentistry. As technology continues to
advance, there will be more innovative and
ground breaking developments in this field in
the coming years. Albert Einstein said,
“Imagination is the highest form of research.”
S0 one needs to be National Dental Thinker
providing innovative Dental Solutions.
Nanotechnology, stem cells, and gene therapy
are also innovative methods that are used in
dentistry. This review describes few present
and future applications of all the above trends
in dentistry.
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Artificial Intelligence --- New Diagnostic Software in Dentistry
I. INTRODUCTION

1. Artificial Intelligence: Tooth loss or tooth pain or any gum disease is very common and
it can be due to disease or trauma and thus dental implants are widely used to provide a
replacement for missing teeth or preventing tooth pain and gum disease. The healthcare
sector is involving more and more technologies like artificial intelligence and machine
learning from the past 5 years. The main objective is to analyse the accuracy of artificial
intelligence and machine learning in the diagnosis of different dental diseases or
conditions. Artificial intelligence (Al) is a fast-moving technology that enables machines
to perform tasks exclusively when compared to human-beings™ % *. Advances in Atrtificial
Intelligence offer benefits such as increase in the quality of life, improve in decision-
making, and decrease in the number of unnecessary procedures®. In 1956, “John
McCarthy”, a mathematician from Dartmouth University, introduced the concept of
Artificial Intelligence at a workshop which credited him as the “Father of Artificial
In‘celligence”6 and he defined the term “artificial intelligence” (Al), as “computerized
synthetic human cognitive function”’. In 1978, “Richard Bellman”, defined Artificial
Intelligence as “The automation of activities associated with human thinking abilities, that
includes learning, decision making and problem-solving™. Al can be regarded as a
valuable tool to help dentists reduce their workload along with diagnosing diseases using
a single information source on a specified disease. Al can diagnose the disease or the
abnormalities by learning from multiple information sources beyond human capabilities.
Al also enables early diagnosis through the search and detection of pre-symptoms of
contracting a given disease’. Al allows machines to learn to adapt to new processes, and
perform tasks like a human being. Based on various advantages of Artificial Intelligence
based technologies, health care and dentistry have gained many benefits™. Back in 2020,
dated Jan 8, there was a very harmful virus called coronavirus, which was referred and
designated as a severe acute respiratory syndrome (SARS)-CoV-2, and was the latest
pandemic that was affecting human health across the world™. At that time, healthcare
providers and especially all the dental care personnels were at an increased risk of
contracting the infection and becoming carriers of the disease. According to Occupational
Safety and Health Administration (OSHA), dental health care personnel (DHCP) were
placed in the very high risk category as dentists work close to the patient’s oral cavitylz.
Al has been demonstrated to increase accuracy, efficiency, and give exact results on par
with medical experts more quickly and affordably™. The main component of artificial
intelligence technology is a neural network that is designed like the human brains, which
can simulate human thoughts. The neurons which are strongly interconnected make up
this sort of brain architecture, that primarily functions as a data processing system to
address a particular disease’®. Al solutions have not, entered routine dental practice,
mainly due to limited data availability, structure, and comprehensiveness, lacking
methodological standards in their development, and practical questions and usefulness of
these solutions™. Al is a platform to make dental care better, and time-saving for the
professionals. Al helps dentistry professionals to fulfil the demands of patients provides
better oral health care and quality treatment. Al can also help in predicting failures of
clinical cases and gives precise and accurate solutions. In this way, it helps in increasing
the quality of treatment of dental problems™. Artificial intelligence appeared as a reliable
mode to enhance future implications in the various fields of dentistry like diagnostic
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dentistry, restorative dentistry, head and neck cancer, orthodontics, radiology,
endodontics and periodontics'’. In dental radiology, Al has been used to improve image
interpretation. The process of machine learning is significantly improving with the help of
deep learning, that enables the computer to process numerous algorithms with graphic
processing units'®. Most of the work is focused on Al models that rely on convolutional
neural networks (CNNs) and artificial neural networks (ANNSs). These Al models are
used in the detection and diagnosis of various abnormalities like vertical root fractures,
dental caries, apical lesions, salivary gland diseases, sinusitis, disorder of the jaw,
cancerous lesions, alveolar bone loss, and orthodontic treatments™. Al enables in the
creation of a virtual database to assist the professionals in the treatment and also helps in
follow-up and emergencies®. The results showed that the accuracy and precision of the
disease is about 90%-96% when the above CNN and ANN algorithms are used. Al can
be involved in the process of locating canals during control trials and radiographic images
which shows damaged or decayed tooth?. Al also has the potential to transform many
features of dentistry, from diagnosis to treatment planning.
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Figure 2: Different Applications of Artificial Intelligence in Dentistry®?

2. The Future of Artificial Intelligence: Artificial intelligence in health care may involve
activities from simple to very advanced activities which may include medical record
review, population health analytics, radiological image interpretation, and clinical
diagnosis and treatments®*. Avrtificial Intelligence is the new evolution of dentistry which
may involve in any aspects like for example it may evolve the manual dental chairs to an
electrical ones that has voice recognition centres to facilitate command operations by the
dentists. In the future, Al will be used by all dental practitioners and with the use of
machine learning the patient records and diagnostic data can be saved virtually. This will
help patients maintain health track records and also help practitioners share the data for
consultation and discuss the case with the fellow practitioner in a hassle-free way. In the
future, the cutting-edge technologies will serve as great assistant to the practitioner by
increasing their precision and their valuable time will not be wasted®®. Improved
Diagnostic Accuracy, Predictive Analytics, Personalized Treatment Planning, Dental
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Robotics, Augmented Reality, Digital Impression Scanning, and Improved Patient
Communication are included, which can be done by the Al models in the coming future.

3. Challenges of Artificial Intelligence: Al systems are associated with safety issues and
also mechanisms must be created to control the quality in Al algorithms. To improve this
situation, the United States Food and Drug Administration(USFDA) have created a new
drug category, “Software as Medical Device,” through which it regulates patient safety
and safe innovation. In the use of Al systems, the other concern is Ambiguous
accountability which is very challenging for Al to get into day to day life?’.
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Figure 3: Al Dental Image Analysis®
I1. CLINICAL APPLICATION OF Al IN DENTISTRY

1. Osteoarthritis classification: Al has demonstrated the ability to classify 3D images of
the mandibular condyle into structural degenerative changes, achieving 91% close
agreement with clinician consensus and an established classification system?.

2. Cancer Detection: In a recent study, an Al model was able to achieve an F1 score (which
includes precision and recall) of 87% for the identification of images containing lesions*°.

3. Radiology: In Dental radiography, intraoral radiographs, advanced imaging techniques,
and cone beam computed tomography (CBCT), are collected for diagnosis and treatment
planning. Al can be used as an effective tool to help dentists make more reproducible
assessments of radiological images®".

4. Orthodontics: It is the branch of dentistry that focuses on diagnosing and treating the
placement irregularities of the teeth and the development and position disorders of the
H 32
jaws™.

5. Periodontics: It is the branch of dentistry that focuses on health of gums and jawbone.
Periodontitis is the most common oral disease that can cause alveolar bone loss, tooth
mobility, damage gums, destroy jawbone and also lead to tooth loss®. The diagnosis of
periodc3)£1titis can be made by radiographic and clinical examination of periodontal
tissues™.

Copyright © 2023 Authors Page | 56



Futuristic Trends in Medical Sciences

e-ISBN: 978-93-6252-091-3

IIP Series, Volume 3, Book 12, Part 1, Chapter 6
FUTURISTIC TRENDS IN DENTISTRY

Areas of Al research in Pedodontics

m Dental Plaque

® Early Childhood Caries

W Fissure Sealant Categorization
Supernumeray teeth and Mesiodens

m Chronological Age Assessement

m Indentification of Decidious and
Young Permanent Teeth

B Childrens Oral Health

® Ectopic Eruption

Figure 4: Areas of Al research in Pedodontics®

6. Endodontics: It is a branch of dentistry concerned with all components of pulpal and
periapical pathologies from their accurate accessment to their treatment. Anatomical
variations of root canals, canal shaping techniques are some of the topics that are
researched and continue to be developed in endodontics®.

7. Oral pathology®’: Artificial intelligence models and networks can learn and process
dense information in a short time, leading to an efficient, objective, and accurate clinical
and histopathological analysis, which can be useful in improving treatment modalities and
prognostic outcomes®.

8. Machine Learning: It is a branch of Al in which systems learn to perform intelligent
tasks without prior knowledge. The system also identifies patterns in samples from large
data patterns and sets without human help. Deep learning (DL) which is the sub-branch
of ML involves the systems that attempt to learn both patterns and compostable
hierarchies of patterns.

Figure 5: Key Aspects of Artificial Intelligence®

9. 3D Printing: It is being used to create custom dental restorations such as crowns, bridges,
and dentures; well, it allows dentists to create these restorations quickly and accurately.
With accurate 3D scans and virtual models, it is easy to take the 3D print of the aligners
with treatment plans. As the whole data get computed, it creates an algorithm that decides

Copyright © 2023 Authors Page | 57



Futuristic Trends in Medical Sciences

e-ISBN: 978-93-6252-091-3

1P Series, Volume 3, Book 12, Part 1, Chapter 6
FUTURISTIC TRENDS IN DENTISTRY

how a patient’s teeth should be moved, with how much pressure to be applied and even
identifying pressure points for that particular teeth®".

10. Teledentistry: Teledentistry is a combination of telecommunications and dentistry which
involves the exchange of clinical information over remote and far distances for dental
consultation and treatment planning*. Teledentistry which is defined as the use of health
information technology and telecommunications for oral care has the potential to identify
high-risk population without any contact, facilitate patient access to dental care, and
reduce waiting lists, unnecessary travel*®. Teledentistry has also the potential to address
the oral care needs of those who have limited access to care**. Teledentistry demonstrated
that dental professionals could consult each other as well as with the patients even at large
distances. Teledentistry was able to reduce total patient care costs, extending dental care
to distant, remote and rural areas and offering complete information required for tooth
analyses®.

11. Smart Dental Devices: These are being developed that can track a patient's oral health
and provide feedback to the dentist. These devices can be used to monitor a patient's
brushing habits, track the progress of gum diseases and identify potential problems
earlier. Artificial neural networks (ANNSs) can be more helpful for the diagnosis of the
dental conditions, and assisting dental professional in timely treatment of the patient. This
is very prominent in the identification of risk groups who are more susceptible to oral
cancers. It also helps in the prediction of erupted canine sizes or premolars as well as
tooth surface loss.

12. Computer-Aided Design (CAD) Technologies: Computer-aided design (CAD)
technologies introduced in the last decade into the dental industry have significantly
facilitated achievements in dentistry*.

13. Robotics in Dentistry: The role of intelligent robots in oral implantation mainly includes
pre-operative digital 3D scanning of the implant site, imaging data collection, diagnosis
analysis, digital implant surgery plan design, and real-time navigation to improve the
accuracy of dental implant surgery and shorten the operation time*’. In 1920, the Czech
writer “Karel Capek” published the science fiction script “Rossum’s Omnipotent
Robots”, in which the word “robot” was first coined from the Czech word “Robota,” with
a meaning which is similar to “labour”*®, Masticatory robots are robots or devices that
can simulate human chewing motion. It can be used in dentistry, food science and
biomechanics®. A six-axis robot was programmed with clinical tooth brushing programs
and it performed tooth brushing on artificial teeth, which were covered with a plaque
simulation®. The robotic technology in dentistry has the ability to provide improved and
accurate treatment in a very short time and has a good quality of work.

I11.APPLICATIONS OF Al IN THE VARIOUS FIELDS OF DENTISTRY
Today, Artificial Intelligence-based virtual dental assistants are available in the

market and these softwares can perform a number of simple tasks in the dental clinic with
greater accuracy , less man-power and fewer errors than human assistants.
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IV. SOME OF THESE TASKS INCLUDE

Booking and co-ordinating regular appointments according to the convenience of the
dentists and the patients, alerting the patients and dentists about check-ups whenever any
genetic or lifestyle information indicates increased susceptibility to dental diseases like
diabetes and oral cancer, and managing paperworks>".

V. CONCLUSION

The above overview depicts that artificial intelligence has emerged a lot in current
times and might emerge as a common tool in ultramodern dentistry in the upcoming future.
The benefits of this system are effectiveness, delicacy, bettered perfection, bettered
monitoring, and time savings®. As per researchers, Al is the future of helping dentists and the
other professionals to integrate different fields of knowledge for better patient care®. Dental
practitioners can identify Al as a tool to reduce their workload and also can improve accuracy
in diagnosis, treatment planning, and prediction of treatment outcomes. The benefits of the
digital applications will help professionals to achieve improved and cost-efficient healthcare
for patients™. Teledentistry will help dentists to assist patients without any contact and that
too in remote areas and also without adding the risks of infections®. These are just a few of
the many ways that technology is changing dentistry. In coming future, as technology
continues to advance, Al will be the best view as an intelligent assistant in therapeutic and
diagnostic care, providing reliable data to inform clinical decision-making and ultimately this
could help in translate to improved protocols and health outcomes for patients. With Al,
dentists can provide more effective and efficient care, leading to better patient outcomes and
improved oral health of the patients. To have the full benefit of the technology, one should
have a clear understanding of the concepts and models of Al. Dentists and clinicians also
should ensure the collection and providing authentic data in their database to have accurate
results from the models. In addition, Al also plays a very important role in augmented reality
(AR) and virtual reality(VR), which will be very useful to us in the coming future.
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