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ABSTRACT  

Artificial intelligence (AI) is making a significant impact on the healthcare industry, transforming the way we 

approach diagnosis, treatment, and patient care. It can be helpful in many fields where the human may be 

assisted and helped by new technologies. Neural networks are a part of artificial intelligence, and are similar to 

the human brain in their work and can solve given problems and make fast decisions. The field of dentistry has 

experienced significant advancements with the integration of artificial intelligence (AI) technologies. AI has 

revolutionized various aspects of dental care. The integration of AI in dentistry has the potential to enhance 

diagnostic accuracy, treatment planning, workflow efficiency, and patient access to care. However, it is 

important to remember that AI should be viewed as a supportive tool that complements the expertise and clinical 

judgment of dentists. The collaboration between AI and dental professionals leads to improved patient 

outcomes, personalized care, and advancements in the field of dentistry. 
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INTRODUCTION 

One of the most accepted and complete 

definition of AI (Artificial intelligence) is: 

” A system's ability to correctly interpret 

external data, to learn from such date, and to 

use those learnings to achieve specific goals 

and tasks through flexible adaptation” 

(Kaplan and Henlein,2018).  

Artificial Intelligence (AI) is the ability of 

machines to perform tasks that normally 

require human intelligence. The 

developments in AI started in 1943 but the 

term “artificial intelligence” was created in 

1956 at a conference in Dartmouth by John 

McCarthy. However, it has not become a 

practical tool until two decades ago. Owing to 

the rapid development of three cornerstones 

of current AI technology—big data (coming 

through digital devices), computational 

power, and AI algorithm—in the past two 

decades, AI applications have been started to 

provide convenience to people’s lives. [1,3] 

With more and more electronic devices 

assisting people’s life comprehensively, the 

data recorded by those devices made it 

possible to easily use and analyse the data 

coming from those electronic devices by AI. 

AI is blooming and expanding rapidly in all 

sectors. It can learn from human expertise and 

undertake works typically requiring human 
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intelligence. AI has been adopted in many 

fields of industry, such as robots, 

automobiles, smart city, and financial 

analysis, etc. It has also been used in 

medicine and dentistry. Few of the examples 

are: medical and dental imaging diagnostics, 

decision support, precision and digital 

medicine, drug discovery, wearable 

technology, hospital monitoring, robotic and 

virtual assistants. In many cases, AI can be 

regarded as a valuable tool to help dentists 

and clinicians reduce their workload. Besides 

diagnosing diseases using a single 

information source directed at a specified 

disease, AI can learn from multiple 

information sources (multi-modal data) to 

diagnose beyond human capabilities. Many 

studies on AI applications in dentistry are 

undergoing or even have been put into 

practise in the aspects such as diagnosis, 

decision-making, treatment planning, 

prediction of treatment outcome, and disease 

prognosis. [1,3,14,16] 

AI history 

Turing is widely considered the father to 

be the father of theoretical computer science 

and artificial intelligence. He wrote in his 

paper “Computing Machinery and 

Intelligence” in the 1950. Turing described 

AI as “machines thinking”. He 

mathematically investigated the feasibility of 

AI and explored how to construct intelligent 

machines and assess machine intelligence. He 

proposed that humans solve problems and 

make decisions by utilising available 

information and inference, machines also can 

do the same thing. 

In the 1980s, it developed through two 

paths: machine learning (ML) and expert 

systems. They are two opposite approaches to 

AI considering their theory. ML allows 

computers to learn by experience; expert 

systems, on the contrary, simulate the 

decision-making process of human experts. In 

other words, ML finds the solution by 

learning and summarizing the experience by 

itself, while expert systems need human 

experts to input all possible situations and 

solutions in advance. [1,14,16] 

Types of AI  

Machine learning, neural networks, and 

deep learning are subsets of artificial 

intelligence. Machines can learn through data 

to build algorithms and in this way, they can 

solve the prediction problems without human 

help. Neural networks (NNs) are biologically 

inspired networks that can be regarded as the 

pillars of deep learning algorithms. Neural 

networks (NNs) use artificial neurons that are 

similar to human neural networks and mimic 

the human brain in a mathematical nonlinear 

model. NNs can simulate human cognitive 

skills such as problem solving and human 

thinking abilities, which includes learning and 

decision making. Neural networks in a simple 

form have three layers: input layer (where the 

information enters the system), the hidden 

layer (where the data are processed), and the 

output layer (where the system decides what 

to do). Given a set of mathematical models, 

NNs can outline any input to an output. If an 

adequately large amount of data are available, 

such NNs can be trained to represent the 

intrinsic statistical figures of the provided 

data. [1,3,14,16] 

There are also more complex artificial 

neural networks where there are more hidden 

layers, and these are called multilayer 

perception (MLP) neural networks. The most 

used types of neural networks are artificial 

neural networks (ANN), convolutional neural 

networks (CNN), and recurrent neural 

networks. Deep learning is a part of neural 

networks where the computer learns on its 

own how to process the data. Deep learning 

neural networks have between a few thousand 

and a few million neurons in the hidden layer.  

Applications of AI  

Artificial intelligence (AI) may be used in 

planning more effective therapies, 
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prophylaxis, and the reduction in treatment 

costs. 

a. Dental clinic management. The market 

offers dental software’s with the capability to 

integrate several aspects related to the 

management of the office. AI manages to 

integrate the clinical component with the 

managerial one and by increasing the 

database of the clinic and the understanding 

of patterns it manages to anticipate certain 

needs and to generate forecasts. So, AI can 

help to achieve a high predictability of the 

treatment plan from the point of view of 

planning the number of treatment sessions 

and the financial aspect. With the help of AI 

(based on the pathology described, the degree 

of damage, the general state of health and the 

local, loco-regional diagnoses made by the 

dentist) can predict different therapeutic 

solutions, predict duration of treatment, 

number of sessions, to virtually schedule the 

patient in different specialties and issue 

payment quotes for each therapeutic solution 

created. Through voice recognition, filling of 

certain documents can be done more easily by 

the medical team. [3,4,5,7] 

Using this type of the integrated software, 

dentists of different specialties who treat the 

same patient can have easy real-time access 

to the patient's file and they are able to see the 

progress in certain therapies and can discuss 

the case with colleagues at any time, they can 

intervene in making certain decisions and 

with the help the software can schedule 

patients accordingly. By collecting clinical 

data, it can generate pre-filled documents for 

patients, suggest post-operative indications, 

maybe even drug prescriptions that doctors 

could prescribe to patients. The anticipation 

and predictability gained in this way ensures 

a fluidity in complex treatments and an 

efficiency of the scheduling agenda and the 

resources involved.  

This type of integrated software enables 

the digital collection of patient information 

starting with the first consents and with the 

help of AI can integrate information related to 

paraclinical examinations, about the evolution 

of the treatment plan in different clinical 

stages, thus contributing to its electronic file. 

Based on this file, recommendations related 

to the patient's dispensary can be generated. It 

can be easily accessed and used at any time 

for efficient, clear communication with the 

patient. [6,7,11,12] 

Including access to the disinfection and 

sterilization steps can effectively document 

the record of instrument traceability. can 

subsequently integrate this information into 

the patient's electronic file. The new 

European rules that are expected to take 

effect from 2025 require the digital 

traceability of the instruments used on the 

patient. With the help of these software this 

integration can be done much easier. 

Also, by collecting data on the 

consumption of materials, the instrument roll 

can predict the need for them customized for 

each specialty and doctor and possibly 

suggest their purchase. 

b. Prosthodontics    

AI is also easily found in Digital Smile 

Design (DSD), 3Shape software (3Shape 

Design Studio and 3Shape Implant Studio), 

Exocad, and Bellus 3D or RAYFace. Their 

main objective was treatment predictability 

and treatment planning using digital dentistry 

and communication among different dental 

professionals. [2,3,5,6] 

DSD (digital smile design) simulation 

software. An important note is the presence as 

an alternative of SMILE CLOUD – a DSD 

program with Romanian creators that is 

successful among dentists. These programs, 

based on intra- and extra-oral photos and 

intra-oral and/or extra-oral scans of the 

patient's arches and face, can simulate the 

design, shape of a future smile. The obtained 

result helps the patient visualize and become 

aware of a future "smile".  
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In the classic DSD 3D version, 

photographs, intraoral scans, and computed 

tomography scans can be used for treatment 

planning. This software program allows the 

manual segmentation and measurement of 

teeth, as well as the superposition of the new 

desired teeth.  Part of this workflow can be 

automated by means of AI techniques.  The 

automation is mainly focused on the 

segmentation and the tooth generation 

elements. This type of segmentation can be 

performed using CNNs trained in a similar 

way as in other studies.  

3Shape or Medit Clinic have developed 

multiple specialized software programs that 

allow a full digital workflow for treatment 

and the design of the prosthetic procedures 

(3Shape design studio) and implants (3Shape 

implant studio), as well as for visualizing the 

result of the design. In addition, it allows 

enough versatility for the dental clinician to 

make any changes. These software programs 

work with digital images and videos that are 

obtained using an intraoral digital scanner. 

The digital model of the teeth can be easily 

moved, and its geometry can be modified. by 

adding or removing part of it. It is also able to 

automatically generate an optimal alignment 

for the teeth from the 3D model, which can be 

also manually fine-tuned if necessary. These 

types of functionalities can be mimicked 

using 3D CNNs to obtain an accurate 

segmentation and/or GANs  to correct the 3D 

model and generate the alignment. Apart 

from tooth visualization and modification, the 

software supports the design of 3D implants 

with a large built-in variety of manufacturers 

and options. It also integrates with some 

dedicated printers to obtain the desired 

physical product.  

Exocad is a computer-aided design (CAD) 

software program that allows a full digital 

workflow for the design of implants and other 

dental applications. Many options are 

available for building a tooth set from scratch 

by importing a single tooth or a full set of 

teeth from multiple dental libraries. It can 

also work using stl 3D files generated by a 

3D scanner. As for 3Shape, the 3D model can 

be easily modified, allowing operations such 

as scaling and displacement or rotation of the 

teeth. It also contains some semi-automatic 

segmentations, such as the detection of the 

edge line of the teeth by selecting a point over 

it, which can be reproduced using 3D 

CNNs over the imported model to add the 

extra feedback. The software also allows for 

the design of implants with an interface that 

guides the user through the many advanced 

options presented in the process. 

Bellus 3D Dental Pro Integration can make 

a 3D scan of the full face. The main purpose 

of this software is to integrate the dental 

treatment plan with the face configuration, 

providing a visualization of the final results in 

full 3D, shortening the process of patient 

acceptance, and making the treatment easier. 

Bellus 3D provides automatic detection of the 

patient's teeth and their removal, with the 

possibility of manually modifying the 

segmentation.  

A new tooth set can be chosen and 

superposed with the model in the correct 

place. This final aligned 3D scan can be 

imported into other software programs such 

as 3Shape software or Exocad. 

This type of software creates a much-

improved communication with the patient in 

relation to the chosen therapeutic solution and 

can make costs more efficient in the office by 

eliminating the analogue wax-up and 

replacing it with a digital one (a much more 

affordable printed model). Also, the long 

execution time of analogue wax-up is 

replaced with an easy to execute, digitally 

changeable design and a printed model. 

Improved relationship with the dental 

laboratory - the intraoral scanner allows the 

dentist to follow the design of the preparation 

in real time and improve it, to check the 
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insertion axis of the future prosthetic piece, to 

send to the laboratory both the initial 

situation, the occlusion, the colour , and even 

recordings of mandibular dynamics. All this 

information is transmitted quickly eliminating 

the time needed to transport the prints to the 

laboratory. A potential economy is also 

achieved by eliminating any necessary 

reprints and the work time required for them. 

The use of the intraoral scanner can shorten 

the time both in the office and in the 

laboratory. Thus, scanning a case can take 

less time than taking an analogue impression, 

especially in the case of implant restorations. 

Other software that helps in the diagnosis 

of certain joint pathologies, the determination 

and recording of mandibular movements and 

for the realization of a correct prosthetic 

rehabilitation are Modjaw or Zebris. With the 

help of cameras and sensors placed extraoral, 

they can record condylar excursions, 

determine the degree of inclination of the 

condylar slopes and help program a virtual 

articulator. 

Extraoral face scanners can take a 3D 

image of the patient's face which can aid in 

DSD design. The images thus obtained 

together with the patient's CBCT, the 

intraoral scan and the recording of the 

condylar excursions give a complete picture 

to the dental technician who can integrate 

them to obtain a predictable functional design 

of the prosthetic parts. 

c. Diagnosis and planning in 

orthodontics - AI is an ideal tool for solving 

orthodontic problems. AI in the field of 

orthodontics helps the specialist to have 

access to more accurate information needed 

for diagnosis. Thus, there are software that 

can perform the patient's cephalometric 

analysis based on a digital cephalometric 

analysis. The doctor is no longer obliged to 

draw and measure analogically on tele 

radiography, and thus the working time is 

made more efficient.  

In orthodontics, AI has applications in 

treatment planning and prediction of 

treatment results, such as simulating the 

changes in the appearance of pre- and post-

treatment facial photographs. The impact of 

orthodontic treatment, the skeletal patterns, 

and the anatomic landmarks in lateral 

cephalograms can be clearly seen with the aid 

of AI algorithms, greatly assisting 

communication between patients and dentists. 

A Bayesian-based decision support system 

was developed by Thanathornwong to 

diagnose the need for orthodontic treatment 

based on orthodontics-related data as input. 

Xie et al. proposed an ANN model to 

evaluate whether extractions are needed from 

lateral cephalometric radiographs; Apart from 

the application in predicting the extractions 

needed for orthodontic purposes. Choi et al. 

proposed an AI model to judge whether 

surgery is needed using lateral cephalometric 

radiographs. It looks like most of the 

orthodontic applications are on landmarking 

identification and treatment planning, which 

are tedious procedures for orthodontists. A 

basic task for orthodontic treatment planning 

is to segment and classify the teeth. AI has 

also been used for these purposes on multiple 

sources, such as radiographs and full-arch 3D 

digital optical scans Cui et al. proposed 

several AI algorithms to automatically 

segment teeth on a digital teeth model 

scanned by a 3D intraoral scanner and CBCT 

images. [8,9] 

AI has also made it possible to design 

aligner orthodontic braces and or splints. In 

this case, based on CBCT, cephalometric 

radiographs and intraoral scanning, the design 

of these parts can be made according to 

requirements. These trays can be created with 

the help of the software, together with the 

doctor and a team of specialists. The design 

of the retention brackets required after 

orthodontic treatment can also be made. 

Another advantage is that by integrating 
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face scanner images the doctor can preview 

what the patient may look like after 

orthognathic surgery. 

d.AI in oral and maxillofacial pathology 

Oral and Maxillofacial Pathology (OMFP) 

is a specialty for examining pathological 

conditions and diagnosing diseases in the oral 

and maxillofacial region. The most severe 

type of OMFP is oral cancer. AI has been 

researched mostly for tumour and cancer 

detection based on radiographic, microscopic 

and ultrasonographic images. CNN 

algorithms were demonstrated to be a suitable 

tool for the automatically detecting cancers. It 

is worth mentioning that AI also plays a role 

in managing cleft lip and palate in risk 

prediction, diagnosis, pre-surgical 

orthopaedics, speech assessment, and surgery. 

Early detection and diagnosis of various 

mucosal lesions are essential to classify 

benign or malignant. Warin et al. used a CNN 

approach to detect oral potentially malignant 

disorders (OPMDs) and oral squamous cell 

carcinoma (OSCC) in intraoral optical 

images. In addition to intraoral optical 

images, OCT has been used in identify benign 

and malignant lesions in the oral mucosa. 

James et al. used ANN and SVM models to 

distinguish malignant and dysplastic oral 

lesions. Heidari et al. used a CNN network, 

AlexNet, to distinguish normal and abnormal 

head and neck mucosa. [3,4] 

e. Predictability in surgery - with the 

help of software and AI that compiles 

information obtained from the patient's CBCT 

of intraoral scans, medical specialists can 

highlight certain anatomical landmarks and, 

based on a virtual design of the prosthetic 

part, create surgical guides for the predictable 

insertion of implants. Guidelines can also be 

created for gingivectomy with or without 

osteoplasty. [3,4] 

f. Applications in endodontics. In 

endodontics, artificial intelligence is gaining 

more relevance [14]. Its significance in 

endodontic treatment planning and disease 

diagnosis is growing now [15]. Even trivial to 

minuscule changes at the level of a single 

pixel that the human eye could miss can be 

found using AI-based networks. AI can be 

useful in detecting periapical lesions and root 

fractures, root canal system anatomy 

evaluation, predicting the viability of dental 

pulp stem cells, determining working length 

measurements, and predicting the success of 

retreatment procedures 

h. Prognostics in periodontology - there 

are software that, with the help of AI, can 

integrate information related to periodontal 

diseases based on measurements that 

determine the degree of bone loss. Following 

the analysis, the prognosis and risk of this 

type of condition is determined. 

In periodontics, AI has been utilised to 

diagnose periodontitis and classify plausible 

periodontal disease types. In addition, Krois 

et al. adopted CNN in the detection of 

periodontal bone loss (PBL) on panoramic 

radiographs. Lee et al. evaluated the potential 

usefulness and accuracy of a proposed CNN 

algorithm to detect periodontally 

compromised teeth automatically. Yauney et 

al. claimed that periodontal conditions could 

be examined by a CNN algorithm developed 

by their research group using systemic health-

related data. Also Vadzyuk et al. took into 

consideration the psychological features to 

predict the development of periodontal 

disease. They concluded that patients’ level 

of anxiety and stress hormone levels had an 

impact on periodontitis. Assessment of the 

condition of teeth hard tissues, the level of 

oral hygiene, and the evaluation of 

psychophysiological features with the use of 

neural networks can effectively predict the 

risk of periodontal disease development in 

young people. The use of neural networks in 

periodontology can be a helpful tool for 

clinicians in daily practice as well as for 

scientists. The precise assessment of bone 
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loss can be crucial in making periodontal 

diagnosis and treatment planning.  [14] 

i. Restorative dentistry  

To enhance the detection of caries, beside 

clinical exams, additional tests such as 

radiographs are essential in modern dentistry 

and. The most common types of radiological 

images used in caries screening are bitewings, 

periapical X-rays, and panoramic X-rays. 

CBCT is used less frequently in tooth decay 

detection. Dental caries detection on 

radiological images might be assisted by 

neural networks, which makes the 

examination faster and more precise. Neural 

network use in conservative dentistry has 

developed quickly but is not very widespread 

yet. Algorithms can be used to locate the 

edges of anatomical and pathological 

structures, which might be very similar to 

each other due to the image noise and low 

contrast. Neural networks might be helpful in 

planning the selection of the dental treatment 

and cavity preparation technique. Frequently 

performed diagnosis and the choice of 

treatment method can now be assisted by 

artificial intelligence. The most common way 

to engage new technologies is the analysis of 

dental X-rays and caries or restoration 

detection, but also in other fields such as 

microbiology, which can be assisted by 

neural networks to make the best treatment 

decisions. Each pixel has a degree of grey in 

two-dimensional X-Ray which represents the 

object density. An AI algorithm may 

assimilate the model and provide auguries to 

several dental lesions from this concept. In 

fact, several studies performed a CNN 

algorithm dental caries detection on 

periapical x-rays and intraoral images 

[17,18]. Others found that AI in proximal 

caries detection was further productive and 

cheaper than dentists [19]. AI showed 

encouraging results in precocious detection of 

dental lesions, which accuracy was better 

than dentists or at less the same. Neural 

networks in restorative dentistry may be used 

in a few clinical purposes. Frequently 

performed diagnosis and the choice of 

treatment method can now be assisted by 

artificial intelligence. The most common way 

to engage new technologies is the analysis of 

dental X-rays and caries or restoration 

detection, but also in other fields such as 

microbiology, which can be assisted by 

neural networks to make the best treatment 

decisions. 

 

 

 

 

CONCLUSIONS 

Dental practitioners can identify AI as a 

supplemental tool to reduce their workload 

and improve precision and accuracy in 

diagnosis, decision making, treatment 

planning, prediction of treatment outcomes, 

and disease prognosis. A multiple of AI 

systems are being developed for diverse 

dental disciplines and have produced 

encouraging results which predicts a bright 

future for AI in dentistry. Thereafter, it is now 

a necessity that institutions integrate AI into 

their theoretical and practical training 

programs without forgetting the continuous 

training of dentists. The integration of AI in 

dentistry raises ethical considerations, such as 

patient privacy, data security, and algorithmic 

biases. It is crucial to ensure patient 

confidentiality, establish robust data 

protection measures, and address any biases 

in AI algorithms to maintain trust and ethical 

standards in dental practice. 
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