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A B S T R A C T

The last decennary has marked as the breakthrough in the advancement of technology with evolution of artificial
intelligence, which is rapidly gaining the attention of researchers across the globe. Every field opted artificial
intelligence with huge enthusiasm and so the field of dental science is no exception. With huge increases in
patient documented information and data this is the need of the hour to use intelligent software to compile and
save this data. From the basic step of taking a patient's history to data processing and then to extract the
information from the data for diagnosis, artificial intelligence has many applications in dental and medical
science. While in no case artificial intelligence can replace the role of a dental surgeon but it is important to be
acquainted with the scope to amalgamate this advancement of technology in future for betterment of dental
practice.

1. Introduction

Ever since the field of science has originated, researchers and
technologists have been busy in solving the complexity of the human
brain that is a maze of neurons interconnected with each other and
transmitting signals to the whole body.1 To design a model that will
mimic just like the human brain has remained a big puzzle to solve for
the scientific community. Constant effort and hard work of researchers
from several years results in the evolution of ‘Artificial Intelligence’.
The term was coined in 1950 and refers to the idea of designing ma-
chines that are capable of performing tasks that are normally done by
humans. It is at times called as machine intelligence.

In Machine Learning (ML), a subfield of AI, algorithms are applied
to perform tasks by learning patterns from data. Machine learning
technique involves parameter adjustment with regards to underlying
technique such as, number of neurons, layers in a neural network
technique; population size, rate of mutation and crossing over rate in
genetic algorithms technique etc.2 ML models like Genetic algorithm,
Artificial Neural Network (ANN), Fuzzy logic can learn and inspect the
data to execute various functions. Out of these, the most popular model
is ANN.

The major components of any ANN are the artificial neuron, which
is a mathematical model system that was influenced by the human
neuron. By assembling artificial neurons and connecting the layers of
these artificial neurons by several mathematical operations, a network
is engineered that is capable of solving specific tasks like image clas-
sification (e.g., radiographic image showing a decayed tooth, locating

canals during RCT)(Fig. 1).
Moving on to a subset of ML which is called Deep Learning (DL),

refers to ANN with a complex multilayer system. This system hasa
complex arrangement of layers and a greater number of interconnected
neurons which makes it capable of visualizing simple features like lines,
edges, corners and macroscopic patterns in a hierarchical structure.3

In the last seven decades, AI and its applications were regarded both
as boon and curse. During this period several times the technology
doesn't meet the expectations. But last decade is regarded as the decade
of extraordinary achievements in the field of AI. The state of art which
is the AI based natural language model became so convincing that the
readers did not even distinguish whether it is human written, or system
written. The other advancement is the face recognition system. Finally,
AI based technologies move from curse to boon, impacting every part of
society, healthcare and politics. Dentistry is one amongst them.

1.1. AI methodologies

Artificial Intelligence methodologies have immense capability to
detect and diagnose the lesions of oral cavity also, which may usually
go unnoticed by the human eye, therefore making their way towards
dental practice.4 The various methodologies of AI which are being ap-
plied in dentistry include artificial neural networks (ANN), genetic al-
gorithms (GA), and fuzzy logic.
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1.2. Artificial neural networks

Artificial Neural Networks were invented keeping the structure of
the brain as its basis and it has the ability to imitate human brains.5 In
1951, Minsky and Dean Edmunds developed the stochastic neural
analog reinforcement calculator, which is recognized as the very first
neural network in its developmental history.6 In 1955, Allen Newell and
Herbert Simon developed programs of AI for the first time in records.7

The greatest advantage of these systems is that they have capability
to solve the problems that are too complex to be solved by conventional
methods. They are useful in various areas of medicinal science like
diagnosis of diseases, biomedical identification, image analysis and
data analysis.8 In dental practice also the clinical support systems are
actively progressing.

A study done by Kim et al. used Artificial neural network to build a
model that can predict toothache on the basis of association between
toothache and daily toothbrushing frequency, toothbrushing time, use
of dental floss, toothbrush replacement pattern, undergoing scaling and
other factors like diet and exercise.9 This successful study aided de-
velopment of a toothache predictive model with great accuracy. This
model recognizes adequate eating habits, oral hygiene, and stress pre-
vention as the most important factors in preventing toothaches.

Another research used Bayesian network analysis to identify re-
lationships between various factors affecting the diagnosis and final

treatment outcome of impacted maxillary canines. In this study all the
pretreatment and posttreatment data of the patients was gathered along
with patient related variables to identify links between these variables.
The study inferred that Artificial intelligence could be used in dentistry
to assist dental professionals.10 Some researchers made a model using
the Artificial neural network to predict the necessity of extraction
during orthodontic treatment regime.11

Data mining analysis done on bulk of restorative data of patients
revealed that differences in material of restoration of tooth serve as
important factors determining the lifespan of restoration.12 The
strength of data mining lies in its ability in finding causal relationships
and comparisons that are innate in existing data.

Study done by Kakilehtoet al.observed that the mean and median
survival time (MST) of the amalgam restorations for the occlusal surface
was 16.8 years within the 1960 cluster, 13.6 years within the 1970
cluster, and 7.9 years with in the 1980 cluster. For glass ionomer and
composite resin restoration on the occlusal surface MST was 4.9 years
within the 1970 cluster and 7.3 years within the 1980 cluster. The
observations were obtained by data mining analysis, the only role of
dental professional was to collect and tabulate the data.11

All the above studies proved the application of AI in the current
dental field to diagnose and make prognosis through extrication of
useful information from large amounts of medical records. So, Artificial
intelligence is basically concentrated on making strong systems to

Fig. 1. Human and Artificial Intelligence: Human intelligence is denoted by perception, interpretation and biological result. In comparison, Artificial intelligence
which cannot replace Human Mind in any ways, but largely supports human interpretation and action. In Artificial Intelligence there are two categories- Machine
learning the features are firstly engineered by human experts and then learned., In deep learning, relevant features are learned and mapped in one step, this makes it
more capable of handling complex data sets.
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facilitate dental professionals to make decisions as well as to help pa-
tients understand their diseases and its prognosis.

In conclusion, the actual examination, diagnosis and treatment is
done by dentists and AI only plays a role in assisting the dental pro-
fessional.

1.3. Genetic algorithms

Genetic algorithms have also gained success during the last decade
as optimization methods for complex problems. They are stochastic
search methods which are based on the principle of survival of the
fittest in natural selection. It includes approaches such as mutation,
inheritance, selection and crossover to search for a better option of the
problem. The greatest advantage of genetic algorithms over conven-
tional methods is that it works on the basis of problem solution instead
of analytical relations concept of conventional methods. Despite being a
powerful optimization tool, it works on simple rules, which makes it
easy to implement.

Łodygowski T and coworkers used genetic algorithms for optimiza-
tion of dental implant system to reduce the problem of mechanical
fracture and to provide long term strength to the implant.12 Another
study done by Li H et al.used genetic algorithm along with back pro-
pagation neural network to improve the tooth color matching which is
one of the greatest challenges in prosthodontic dentistry.13 A recent
study reported the genetic algorithm based approach to detect dental
caries in early stages in order to avoid the severity of decay.14,15

Also, Genetic algorithm is employed in reconstruction of missing
parts of the tooth by optimizing a set of control points in computer
aided design. This study showed that there is a good scope of geometric
modeling and optimization techniques using genetic algorithms to
regulate the reconstructed surface and to maintain the overall
smoothness.14

1.4. Fuzzy logic

The term Fuzzy means the things which are not clear or vague. In
our daily life, we may come across a situation where we are not able to
decide whether the statement is true or false. At that time, fuzzy logic
provides very valuable reasoning for the fuzzy problem. The term fuzzy
logic was coined by Lotfi Zadeh. Fuzzy logic is flexible and un-
complicated to execute machine learning technique. Fuzzy Logic system
has four important parts 1) Rule Basse 2) Fuzzification 3) Inference
Engine 4) Defuzzification.

The idea behind fuzzy logic is to imitate human reasoning ability
that works with not so clear terms. Mago et al. designed a fuzzy logic
based expert system that accepts imprecise values of dental sign-
symptoms associated with mobile teeth to assist dental professionals in
decision making.15

Oral and dental diseases are common in every age, but patients
ignore these problems. The reason being the fear of going to the dentist
or the costly treatment. Ambara and collegues designed a fuzzy logic
based expert system that is time and cost friendly and consultation can
be done without using any tools that reduces fear of the patient.16

Hererra and coworkers used a fuzzy logic based system that predicted the
color change after tooth bleaching on the basis of tooth's initial chrome
values.17 The fuzzy logic system has a set of rules that corresponds to
prebleaching shades of the well-known Vita commercial shade guide.

1.5. Augmented and virtual reality

Nowadays the use of computer aided technologies has gradually
increased to assist the dental professionals in treatment and diagnosis of
oral diseases. Two such technologies are:

Augmented Reality (AR) is the first application that is used widely.
This is an interactive experience with the real world in which a 3D
virtual object is consolidated in a 3D real environment. This leads to

superimposition of computer generated virtual content over real en-
vironment.18 The term augmented reality was coined by Caudell and
Mizell in 1990 and the first system that was recognized as AR was
developed by Sutherland in 1968.19 Augmented reality has many ap-
plications in laproscopy as well as plastic and neurosurgery. On the
other hand, Virtual reality is the combination of many technologies that
allows the operator to interact with virtual objects in real time.20 It has
two important functions: Immersion that means the sense of occurrence
in virtual environment and Interaction that means ability of user for
modification.21

AR is more commonly used technology applied in various medical
and dental science areas. Some of the applications of AR in Dentistry
includes 1)The oral and maxillofacial branch of dentistry is one of the
complicated areas due to complex anatomy of the craniofacial region.
Any surgery in this area requires a perfect planning with high precision
which is quite difficult. AR assists dental surgeons by providing clear
graphical information of operative sites that is then modified from a
data source.22 2)The positioning of dental implants that is one of the
difficult steps in dental implantology is made easy by graphically ob-
tained results of AR. The AR system used in dental implantology is
considered as most effective as it reduces the time and cost of the dental
implant.23 3) Used in orthognathic surgery by expansion in facial ske-
leton osteotomy via partial visual immersion employing a head-
mounted display.24 4) Besides all these applications AR is also used in
dental education by combining digital variables with real learning do-
main. 5) AR also made learning live anatomy easy by visualizing the
operator's own body by using augmented mirrored images.25

1.6. Clinical decision support system [CDSS]

Due to continuous increments in patient data, clinical decision
support systems are becoming important tools for healthcare providers.
CDSS are computer programs that are proposed to provide expert
support to health professionals making clinical decisions. They use in-
built clinical knowledge to analyze the data of patients and assist dental
health professionals in taking decisions regarding diagnosis, prognosis,
treatment and prevention of disease. Like for example if a patient comes
to a dentist complaining of toothache then immediately CDSS classify
the patient according to caries risk assessment by filling a short ques-
tionnaire that includes sugar intake history, fluoride exposure history,
past restoration history, last visit to dentist etc. After this a suggested
treatment plan is generated automatically by CDSS.26 CDSS thus pro-
vides valuable information to dental personal, patients or individuals or
populations to produce faster, more systemic and superior dental health
outcomes.27

1.7. The scope of AI in healthcare

Artificial Intelligence in the healthcare sector provides a new
transfiguring drive that will bring about advancements for diverse
clinical specialties as well as hospital operations. With the fact that
modern healthcare facing a lot of challenges in collecting, analyzing
and applying structured and unstructured data to diagnose and treat
diseases, AI systems with their data mining and recognition abilities
provides adequate methods for patient care and an effective treatment
at correct time.28 AI provides several benefits over clinical and con-
ventional analytic decision-making techniques. With the help of AI,
algorithms obtained will be more accurate and clearer that will help
clinicians to provide unprecedented diagnosis treatment and care to the
patients.29

Medical Diagnosis involves three major steps: 1. Observation and
examination of the patient, collection of patient information, inter-
pretation of the information obtained from the patient on the basis of
clinician's knowledge and experience, 2. formulation of a diagnosis 3.
Therapeutic plan by the physician. If we assume this diagnostic cycle as
an intelligent agent system then clinician is the intelligent agent, the

D. Tandon and J. Rajawat Journal of Oral Biology and Craniofacial Research 10 (2020) 391–396

393



patient data is the input and the diagnosis is the output (Fig. 2).
There are various benefits of implementing AI based systems in

healthcare:1) AI enable more curated, systematic and structured col-
lection of patient's data.2)AI is specially suitable to overcome the var-
iations in patient's examination and facilitate effective care while
lowering costs of the treatment by reducing routine tasks. 3) AI facil-
itates research and development by introducing insilico experimentation
options. 4) Reduces tedious task of collecting patient's details before
treatment thus increasing more time of face to face discussion between
patient and clinician. 5) AI promises to make healthcare more partici-
patory. 6) Diagnostic and treatment costs are reduced.30

1.8. Challenges for AI in healthcare

Despite the fact that application of AI in healthcare has a very
promising role but challenges both in technical and ethical aspects
exist. AI based systems are machine based and controlled and con-
ducted by computer scientists without any medical training which led
to a very problem oriented approach of AI application in healthcare
delivery.31 AI also can't replace Contemporary healthcare delivery
models whose working completely depends on clinician skills and pa-
tient-clinician communication. Use of robotic assistants has also created
various issues in healthcare.32 Dental professionals are reluctant in
accepting AI based technologies. Preferable suggestion is a model which
accommodates both AI and human elements so that the process of data
collection and categorization becomes easy and at the same time pre-
serve the human aspects of clinical care.

2. Implementation of artificial intelligence in dentistry

Artificial intelligence in Dentistry started procuring its role with
emergence of data computation and availability of large amounts of
patient data. Like for example, in radiology a definite kind of algorithm
is generated which further helps in diagnosis and treatment of oral
pathology/disease.

2.1. Artificial intelligence and diagnostic dentistry

Proper diagnosis of any disease is the basis for successful treatment.

Artificial neural networks work well for this purpose especially in cases
where the etiology of disease is multifactorial. Taking one example of
Recurrent apthous ulcer, a condition whose precise etiology is not
known, and the diagnosis is made on its reoccurrence and by exclusion
of other factors. Another one is internal derangement of tempor-
omandibular joints where clinical and radiological diagnosis is con-
sidered as gold standard. When in several studies the diagnosis given by
a dental surgeon is compared with the one obtained by ANN, results
inferred high specificity and sensitivity of ANN. Thus, revealing the
importance of AI in diagnosis of even complicated oral diseases and
reducing the chances of human errors.33 Even in radiology when vast
amounts of patient data is recorded through digital IOPA (Intra Oral
Peri Apical X ray), 3D scans etc., AI is then needed to gather and
compute the data for prompt diagnosis and treatment of oral disease.
ANN is also the gold standard to identify the patient at risk of devel-
opment of oral precancers or oral cancers. Hence, AI could be able to
satisfy the ever-existing requirement of a method to diagnose oral
cancers at their early stage.34 Genetic Algorithms and ANN are also
useful in predicting the sizes of unerupted canines or premolars35 and
can also be standardized for predicting the tooth surface loss.36

2.2. Artificial intelligence in patient management

Virtual Dental assistants based on Artificial Intelligence can perform
various tasks in dental clinics with less error and more precision. It can
be needed to book a patient's appointment in the clinic, taking proper
medical and dental history of the patient, managing insurance as well as
assisting the dental surgeon in adequate diagnosis and treatment
planning. It also works by warning the dental professional about the
habitual details of patients like use of tobacco or alcohol and medical
history of the patient. In this way a virtual database of every patient is
created which then helps the dentist in diagnosis and treatment of
disease. It will also be beneficial in patients follow up and online
emergency health consultancy.

2.3. Artificial intelligence and orthodontics

The most talked about and recent revolution in orthodontic den-
tistry is AI driven customized orthodontic treatment. Artificial

Fig. 2. Medical diagnostic cycle.
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Intelligence is now used in various phases of orthodontics starting from
diagnosis to treatment planning and follow-up monitoring. 3D scans
and virtual models are useful in assessing craniofacial and dental ab-
normalities.37 With the help of these 3D scans, aligners can be printed,
and treatment can be customized. After these printed aligners a data
algorithm is created that intelligently decides how the teeth or tooth of
the patients should be moved, how much pressure should be applied
and even also recognize the pressure points for that specific tooth/
teeth. The AI conjugated aligners not only provide precise treatment
but also reduces the chances of error and time for treatment.

2.4. Artificial intelligence and radiology

AI provides the additional capability to learn more to be a dental
professional. When integrated with imaging methods like MRI and cone
beam computed tomography it can identify even the minute deviations
from normal which remains unnoticed by human eye.29 For example,
ANN is used by dental professional teams to localize minor apical
foramen thereby magnifying the precision of working length determi-
nation by radiographs and in diagnosis of proximal caries.38,39 ML al-
gorithms can detect an abnormal or normal lymph node in head and
neck image provided a trained Radiologist who can interpret by ana-
lysing thousands of such images which are labelled as normal or ab-
normal.39

2.5. Artificial intelligence and restorative/prosthetic dentistry

In order to provide perfect prosthesis to the patient, there are sev-
eral factors which a dentist has to keep in his mind like anthropological
calculations, facial measurements, esthetics and patient preferences.
The use of computer aided technology for precise fit of prosthesis is yet
another breakthrough of Artificial Intelligence in dentistry. Also, CAD/
CAM based systemsare used in dentistry to attain finished dental re-
storations with great precision. Furthermore, AI based systemsare used
to design inlays, onlays, crowns and bridges. This system has replaced
the conventional method of casting the prosthesis, reduces time and
errors.40,41

2.6. Head and Neck Cancer

A study on Head and Neck Cancer attempts to use Convolutional
Neural Networks for performing segmentation of organs at risk from
head and cancer in CT images.39 Another study was performed which
demonstrated that genetic programming (GP) performed the best in
oral cancer prognosis when the features selected are tobacco smoking,
alcohol drinking, tobacco chewing, histological differentiation of
squamous cell carcinoma (SCC), and oncogene p53. 42,43 The Artificial
Neural Network may be of great importance for the identification and
grading of patients with a high risk of oral cancer or precancer and
further to plan a treatment regime.

2.7. Artificial intelligence in periodontics

Wang et al. developed a Digital Convolution Neural Network based
system that consists of 16 convolution layers and two fully connected
layers for detecting periodontitis of premolars and molars.44

ANN can also effectively be used in categorizing patients into ag-
gressive periodontitis and chronic periodontitis based on their immune
response profile.45

Besides all these applications of AI the most prevalent and easy to
understand is our dental chair which a dentist uses all day for his pa-
tients. AI has drastically changed the dental chair from conventional
hydraulic chair to electrical and fully automatic dental chair operated
through sensors. The recent and an additional advancement is voice
command operated dental chair which needs no physical efforts from
the dentist. That future is not very far when a dental chair can calculate

patients weight, vital signs and anxiety as the patient sits on the dental
chair for treatment.

2.7.1. Benefits of AI in dentistry

1. Performing tasks in almost no time.
2. Logical and feasible decisions which results in an accurate diagnosis.
3 Procedures can be standardized

2.7.2. Shortcomings of AI use in dentistry

1 Mechanism/system complexity
2 Costly setup
3 Adequate training is required
4. Data is often used for both training and testing, leading to “data

snooping bias”.
5. The outcomes of AI in dentistry are not readily applicable.

In conclusion Artificial Intelligence is not a myth but our future in
dentistry. Its applications in every area is growing day by day. While in
no way it can replace the role of dentist as dental practice is not about
diagnosis of disease, but it also includes correlation with various clin-
ical findings and provides treatment to the patient. Nevertheless, a clear
understanding of the techniques and concepts of AI surely have an
advantage in the coming future. We soon hope to see AI to be com-
pletely implied in orthodontics, endodontics and restorative dentistry
(reconstructive surgeries). The only limitations to use of AI presently is
the availability of insufficient and inaccurate data. Hence, it's the re-
sponsibility of dentists and clinicians to focus on collecting and entering
the authentic data in their database that will be fully utilized for AI in
dentistry in near future.

Declaration of competing interest

The authors declare No conflict of interest.

Acknowledgements

DT would like to thank University Grant Commission (UGC), New
Delhi, for postdoctoral fellowship. JR acknowledges DST-WOS-A for
postdoctoral fellowship.

References

1. Brickley MR, Shepherd JP, Armstrong RA. Neural networks, a new technique for
development of decision support systems in dentistry. J Dent. 1998;26:305–309.

2. Kareem SA, Pozos-Parra P, Wilson N. An application of belief merging for the diag-
nosis of oral cancer. Appl Soft Comput J. 2017;61:1105–1112.

3. Yaji A, Prasad S, Pai A. Artificial intelligence in dento-maxillofacial radiology. Acta
Sci Dent Sci. 2019;3:116–121.

4. Kalappanavar A, Sneha S, Annigeri RG. Artificial intelligence: a dentist's perspective.
J Med Radiol Pathol Surg. 2018;5:2–4.

5. McCulloch WS, Pitts W. A logical calculus of the ideas immanent in nervous activity.
Bull Math Biol. 1990;52(1-2):99–115.

6. Park WJ, Park JB. History and applications of artificial neural networks in dentistry.
Eur J Den. 2018;12(4):594–601.

7. Newell A, Simon HA. Computer science as empirical enquiry : symbols and search.
Commun ACM. 1976;19:113–126.

8. Tunjugsari V, Sabiq A, Sofro ASM, Kardiana A. Investigating CDSS success factors
with usability testing. Int J Adv Comput Sci Appl. 2017;8(11):548–554.

9. Kim EY, Lim KO, Rhee HS. Predictive modeling of dental pain using neural network.
Stud Health Technol Inf. 2009;146:745–746.

10. Nieri M, Crescini A, Rotundo R, Baccetti T, Cortellini P, Prato GP. Factors affecting
the clinical approach to impacted maxillary canines: a bayesian network analysis. Am
J Orthod Dentofac Orthop. 2010;137:755–762.

11. Kakilehto T, Salo S, Larmas M. Data mining of clinical oral health documents for
analysis of the longevity of different restorative materials in Finland. Int J Med Inf.
2009;78:68–74.

12. Łodygowski T, Szajek K, Wierszycki M. Optimization of dental implant using genetic
algorithm. J Theor Appl Mech. 2009;47(3):573–598.

13. Li H, Lai L, Chen L, Lu C, Cai Q. The prediction in computer color matching of
dentistry based on GA+BP neural network. Computational and Mathematical Methods

D. Tandon and J. Rajawat Journal of Oral Biology and Craniofacial Research 10 (2020) 391–396

395

http://refhub.elsevier.com/S2212-4268(20)30109-3/sref1
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref1
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref2
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref2
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref3
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref3
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref4
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref4
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref5
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref5
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref6
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref6
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref7
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref7
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref8
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref8
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref9
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref9
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref10
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref10
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref10
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref11
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref11
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref11
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref12
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref12


in Medicin. 2015; 2015https://doi.org/10.1155/2015/816719 2014.
14. Tripathi P, Malathy C, Prabhakaran M. Genetic algorithms based approach for dental

caries detection using back propagation neural network. Int J Recent Technol Eng.
2019;8 2277-3878.

15. Mago VK, Mago A, Sharma P, Mago J. Fuzzy logic based expert system for the
treatment of mobile tooth. Soft Tools Algor Biol Sys. 2011;696:607–614.

16. Ambara B, Putra D, Rusjayanthi D. Fuzzy expert system of dental and oral disease
with certainity factor. IJCSI. 2017;14(3) https://doi.org/10.20943/01201703.2230.

17. Herrera LJ, Pulgar R, Santana J, et al. Prediction of color change after tooth
bleaching using fuzzy logic for Vita Classical shades identification. Appl Optic.
2010;49(3):422–429.

18. Hugues O, Fuchs P, Nannipieri O. New augmented reality taxonomy: technologies
and features of augmented environment. Handbook of Augmented Reality. Springer;
2011:pp850.

19. Feiner SK. Augmented reality: a new way of seeing. Sci Am. 2002;286:48–55.
20. McCloy R, Stone R. Science, medicine, and the future. Virtual reality in surgery. BMJ.

2001;323:912–915.
21. Albuha Al-Mussawi RM, Farid F. Computer-based technologies in dentistry: types and

applications. J Dent. 2016;13:215–222.
22. Wang J, Suenaga H, Yang L, Kobayashi E, Sakuma I. Video see-through augmented

reality for oral and maxillofacial surgery. Int J Med Robot. 2017;13(2) https://doi.
org/10.1002/rcs.1754.

23. Ewers R, Schicho K, Undt G, et al. Basic research and 12 years of clinical experience
in computer-assisted navigation technology: a review. Int J Oral Maxillofac Surg.
2005;34:1–8.

24. Wagner A, Rasse M, Millesi W, Ewers R. Virtual reality for orthognathic surgery: the
augmented reality environment concept. J Oral Maxillofac Surg.
1997;55(5):456–462.

25. Ma M, Fallavollita P, Seelbach I, et al. Personalized augmented reality for anatomy
education. Clin Anat. 2016;29:446–453.

26. Shin H, Markey M. A machine learning perspective on the development of CDSS
utilizing man spectra of blood sample. J Biomed Inf. 2006;37(2):22–248.

27. Mendonça EA. Clinical decision support systems: perspectives in dentistry. J Dent
Educ. 2004;68(6):589–597.

28. Right Care Shared Decision Making Programme, Capita. Measuring Shared Decision
Making: A Review of Research Evidence NHS. 2012; 2012.

29. Bush J. How AI is taking the scut work out of health care. Harv Bus Rev. 2018https://
hbr.org/2018/03/how-ai-is-taking-the-scut-work-out-of-health-care.

30. Naylor CD. On the prospects for a (deep) learning health care system. JAMA.
2018;320(11):1099–1100.

31. Coiera EW. Artificial intelligence in medicine: the challenges ahead. J Am Med Inf
Assoc. 1996;3(6):363–366.

32. Diprose W, Buist N. Artificial intelligence in medicine: humans need not apply? N Z
Med J. 2016;129(1434):73–76.

33. Varshitha A. Prevalence of oral cancer in India. J Pharmaceut Sci Res.
2015;7:845–848.

34. Moghimi S, Talebi M, Parisay I. Design and implementation of a hybrid genetic al-
gorithm and artificial neural network system for predicting the sizes of unerupted
canines and premolars. Eur J Orthod. 2011;34:480–486.

35. Al Haidan A, Abu-Hammad O, Dar-Odeh N. Comput Math Methods Med. 2014:1–7
2014.

36. Mario MC, Abe JM, Ortega NR, Del Santo Jr M. Paraconsistent artificial neural
network as auxiliary in cephalometric diagnosis. Artif Organs. 2010;34:215–221.

37. Saghiri MA, Asgar K, Boukani KK, et al. A new approach for locating the minor apical
foramen using an artificial neural network. Int Endontic J. 2012;45:257–265.

38. Wang CW, Huang CT, Lee JH, et al. A benchmark for comparison of dental radio-
graphy analysis algorithms. Med Image Anal. 2016;31:63–76.

39. Tan MS, Tan JW, Chang S-W, Yap HJ, Abdul Kareem S, Zain RB. A genetic pro-
gramming approach to oral cancer prognosis. PeerJ. 2016;4:2482.

40. Susic I, TravarM, Susic M. The application of CAD/CAM technology in Dentistry. IOP
Conf Series: Mater Sci. 2016;200. https://doi.org/10.1088/1757-899X/200/1/
012020 2017 Engineering.

41. Yaji A, Prasad S, Pai A. Artificial intelligence in dento-maxillofacial radiology. Acta
Sci Dent Sci. 2019;3:116–121.

42. Bas B, Ozgonenel O, Ozden B, Bekcioglu B, Bulut E, Kurt M. Use of artificial Neural
network in differentiation of subgroups of temporomandibular internal derange-
ments: a preliminary study. J Oral Maxillofac Surg. 2012;70:51–59.

43. Nieri M, Crescini A, Rotundo R, Baccetti T, Cortellini P, Prato GP. Factors affecting
the clinical approach to impacted maxillary canines: a bayesian network analysis. Am
J Orthod Dentofac Orthop. 2010;137:755–762.

44. Jackson J. Data mining: a conceptual overview. Commun Assoc Inf Syst.
2002;8:267–296.

45. Devito KL, de Souza Barbosa F, Filho WN. An artificial multilayer perceptron neural
network for diagnosis of proximal dental caries. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2008;106:879–884.

D. Tandon and J. Rajawat Journal of Oral Biology and Craniofacial Research 10 (2020) 391–396

396

https://doi.org/10.1155/2015/816719 2014
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref14
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref14
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref14
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref15
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref15
https://doi.org/10.20943/01201703.2230
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref17
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref17
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref17
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref18
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref18
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref18
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref19
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref20
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref20
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref21
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref21
https://doi.org/10.1002/rcs.1754
https://doi.org/10.1002/rcs.1754
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref23
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref23
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref23
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref24
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref24
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref24
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref25
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref25
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref26
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref26
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref27
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref27
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref28
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref28
https://hbr.org/2018/03/how-ai-is-taking-the-scut-work-out-of-health-care
https://hbr.org/2018/03/how-ai-is-taking-the-scut-work-out-of-health-care
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref30
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref30
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref31
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref31
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref32
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref32
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref33
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref33
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref34
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref34
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref34
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref35
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref35
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref36
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref36
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref37
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref37
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref38
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref38
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref39
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref39
https://doi.org/10.1088/1757-899X/200/1/012020
https://doi.org/10.1088/1757-899X/200/1/012020
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref41
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref41
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref42
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref42
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref42
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref43
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref43
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref43
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref44
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref44
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref45
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref45
http://refhub.elsevier.com/S2212-4268(20)30109-3/sref45

	Present and future of artificial intelligence in dentistry
	Introduction
	AI methodologies
	Artificial neural networks
	Genetic algorithms
	Fuzzy logic
	Augmented and virtual reality
	Clinical decision support system [CDSS]
	The scope of AI in healthcare
	Challenges for AI in healthcare

	Implementation of artificial intelligence in dentistry
	Artificial intelligence and diagnostic dentistry
	Artificial intelligence in patient management
	Artificial intelligence and orthodontics
	Artificial intelligence and radiology
	Artificial intelligence and restorative/prosthetic dentistry
	Head and Neck Cancer
	Artificial intelligence in periodontics
	Benefits of AI in dentistry
	Shortcomings of AI use in dentistry


	Declaration of competing interest
	Acknowledgements
	References




