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REVIEWS

ABSTRACT
Background. Early diagnosis and monitoring the evolution of the patients is required to be able to have effective 
preventive attitudes. An easy and cost-effective way of diagnosis is needed for this purpose. The aim of the study 
was to evaluate the AI level of use in dentistry diagnosis and the fields of its applicability especially for early diag-
nosis purposes. A secondary objective was to point out the measured performances for automated AI diagnosis by 
comparison with standard diagnosis procedures.
Material and methods. A comprehensive electronic search was performed in November 2022 through PubMed, 
Scopus, and Web of Science databases. The following keywords were used to search the databases: (”Artificial Intel-
ligence” OR ”neural network” OR ”Deep learning” OR “Machine learning”) AND (”Dentistry” OR “Dental medicine”) 
AND (” periodontal disease” OR ”periodontics” OR ”Carious lesions” OR ”oral cancer” OR ”restorative” or “early 
diagnosis”). The risk of bias (RoB) of the included studies was assessed using PROBAST tool.
Results. A total of 334 publications were collected after searching the databases. For 218 remaining publications 
the title and the abstract were assessed. The reviewers agreed to continue with 69 studies for full text assessment. 
Because 49 studies had not completely fulfilled the inclusion criteria only 20 publications were included in the final 
analysis. AI automatic data processing for diagnostic purposes was implemented in the field of dental radiology, 
oral pathology, restorative dentistry, pedodontics, oncology, endodontics, and periodontics. 
Conclusion. AI based automatic diagnostic is a powerful and reliable tool that has a great future potential for differ-
ent fields of dental medicine like periodontal disease, oral cancer, and carious lesions.

 Keywords: artificial intelligence, machine learning, early diagnosis, preventive dentistry,  
automatic diagnosis

Ref: Ro J Stomatol. 2022;68(3)
DOI: 10.37897/RJS.2022.3.7

Article History:
Received: 26 September 2022   
Accepted: 29 September 2022 

InTRoDuCTIon

Dental caries and periodontal disease are ex-
tremely widespread conditions globally [1,2]. The 
number of people with untreated oral conditions 
rose from 2.5 billion in 1990 to 3.5 billion in 2015 [3]. 
In 2019, there were 3.09 billion new cases of un-
treated dental caries in permanent teeth (48.00% 
increase) and there were 1.1 billion prevalent cases 

of severe periodontitis globally [4]. Data from the 
Global Cancer Observatory (GCO) shows that the an-
nual incidence of Oral squamous cell carcinoma 
(OSCC) in 2020 was 377,713 cases worldwide, with 
the highest number recorded in Asia (248,360), fol-
lowed by Europe (65,279) and North America 
(27,469) [5]. Early diagnosis and monitoring the evo-
lution of the patients is required to be able to have 
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effective preventive attitudes. An easy and cost-ef-
fective way of diagnosis is needed for this purpose. 
New specific, reliable, and valid diagnostic tech-
niques should be developed, independent from the 
operator’s subjective perception of variables like 
carries lesion color and tissue hardness, to avoid ac-
cidental invasive treatment [6] or undertreatment. 
This kind of technology should detect initial stages 
of demineralization, allowing non-invasive inter-
vention as early as possible to prevent further dam-
age [7]. Periodontal diagnosis is still operator de-
pendent due to the drawbacks of manual probing. 
The periodontal probing and periodontal diagnosis 
errors can impact clinical decision-making, espe-
cially during longitudinal monitoring of the perio-
dontal status [8]. Progress in solving this situation 
was made by Lee et al, demonstrating in 2020 that 
digital measurements of the keratinized tissue width 
using 3D scanned images can replace conventional 
clinical measurements using a periodontal probe 
since they are more accurate and reliable [9]. New 
technologies should be developed to lower the oper-
ator dependency during diagnosis processes, which 
can replace the lack of highly qualified personnel in 
the medical system, especially in developing coun-
tries and in areas with reduced accessibility to the 
medical services. Late diagnosis of oral cancer is 
probably the main reason why the prognosis of this 
disease—essentially referring to mortality—has not 
changed substantially in the last 50 years, despite 
advances in treatment [10]. 

Artificial intelligence (AI) showed in the past 
years a great potential to improve dental care, dis-
ease diagnosis and prognosis, treatment planning, 
and risk assessment. The advantages of using AI are 
better efficiency, accuracy, and time saving through 
the automatization [11,12]. 

The aim of the study was to evaluate the AI level 
of use in dentistry diagnosis and the fields of its ap-
plicability especially for early diagnosis purposes. A 
secondary objective was to point out the measured 
performances for automated AI diagnosis by com-
parison with standard diagnosis procedures.

MATeRIAL AnD MeThoDS

Protocol 

The systematic review was conducted according 
to the “Preferred Reporting Items for Systematic Re-
views and Meta-Analyses Protocols (PRISMA) State-
ment [13]. The protocol was registered in PROSPERO 
database (CRD42022373286) before starting the 
study. 

Review question: To what extent is artificial in-
telligence applied in automatic diagnosis in preven-
tive dentistry and what are the performances 
achieved?

Search strategy

The PICO(S) strategy was considered to elaborate 
the research question: (P) The studies should report 
the performances of artificial intelligence-based 
software for oral-dental diagnosis (periodontal dis-
ease, dental decay, or oral cancer); (I) The AI soft-
ware to suport diagnosis can be used by the patient 
for pre-diagnosis or by a dentist; (C) AI automated 
diagnosis and standard clinical diagnosis; (O) gold 
standard metrics and values for oral-dental diagno-
sis; (S) diagnostic accuracy prospective and retro-
spective studies, diagnostic accuracy observational 
studies, and diagnostic accuracy comparative stud-
ies.

A comprehensive electronic search was per-
formed in November 2022 through PubMed, Scopus, 
and Web of Science databases. The following key-
words were used to search the databases: (”Artifi-
cial Intelligence” OR ”neural network” OR ”Deep 
learning” OR ”Machine learning”) AND (”Dentistry” 
OR “Dental medicine”) AND (“periodontal disease” 
OR ”periodontics” OR ”Carious lesions” OR ”oral 
cancer” OR ”restorative” or ”early diagnosis”)

Eligibility criteria 

Inclusion criteria: Articles published in English; 
studies investigating the effectiveness of Artificial 
intelligence software diagnosis in various dental 
medicine fields, comparing the results with stand-
ard clinical and/or para-clinical investigation based 
diagnosis; Articles published in the last 10 years (up 
to November 2022); Exclusion criteria: studies in 
languages other than English; Review articles; me-
ta-analysis studies; letter to editors and case reports; 
Animal studies; in vitro studies; conference ab-
stracts; expert opinions; Full-text not available/ac-
cessible; studies related with disease risk prediction 
and prognostic.

Study selection

Two independent reviewers (R.C. and A.F.B.) per-
formed the bibliographic search and selected the 
articles according to inclusion and exclusion crite-
ria. The titles and abstracts were independently 
evaluated by the two authors. Disagreements be-
tween them were solved by discussions and the fi-
nal decision was made by consulting a third author 
(L.M.D(R).). 

Data collection 

The following data from the included studies 
were extracted: Author, year, Study type, Country, 
Dataset size, Dataset training/validation/testing ra-
tio, Dentistry field, AI model, Outcomes Clinical and/
or para-clinical parameters, Conclusions. EndNote 
20.4.1 Program was used for study selection and for 
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collecting the data after searching databases. Tables 
1 shows the extracted variables from the included 
studies.

Risk of bias assessment 

The risk of bias (RoB) of the included studies was 
assessed using PROBAST tool [14,15]. For each study 
included in the research 20 questions were an-
swered related with Participants, Predictors, Out-
come and Analysis. According to the tool the an-
swers were classified as ”Yes”, ”No”, ”Unclear” using 
the predefined criteria. The statistics of PROBAST 
percentage for the assessed studies are presented in 
Figure 2. 

ReSuLTS

Study selection

After searching the PubMed, Web of Science and 
Scopus databases a total of 334 publications were 
collected (Figure 1). Using EndNote 20.4.1 Program, 
the duplicates were eliminated. For 218 remaining 
publications the title and the abstract were assessed. 
The reviewers agreed to continue with 69 studies 
for full text assessment. Because 49 studies had not 
completely fulfilled the inclusion criteria only 20 
publications were included in the final analysis. 

Studies characteristics

Twenty studies were included. Most of them, as 
seen in Table 1 where the collected data is present-

ed, were retrospective studies. Three of them were 
carried out in China, 5 in USA, 3 in Japan, 2 in Thai-
land, 2 in Turkey and one in each from the follow-
ing: Germany, Croatia, Austria, Saudi Arabia and 
New Zealand.

13 of the included studies were related with the 
field of radiology, analyzing CBCTs – 1 study, CECTs 
– 1 study, bitewing, or periapical X-Rays – 5 studies, 
panoramic X-Rays – 6 studies. 5 studies were related 
to image processing from photos, 1 study was relat-
ed to image processing form videos and 1 study re-
lated to cytology-on-a-chip measurements. AI auto-
matic data processing for diagnostic purposes was 
implemented in the field of dental radiology, oral 
pathology, restorative dentistry, pedodontics, oncol-
ogy, endodontics, and periodontics. 

In Kearney et al., 2022 study used the largest da-
tabase for training, validation and testing the AI 
model. Bitewing and periapical radiographs from 
12400 patients were processed to predict the clinical 
attachment loss according to the radiographic bone 
level. In all the 20 studies, 23 different AI models 
were used.

Risk of bias assessment 

All the included studies were assessed using 
PROBAST tool for the risk of bias. In Figure 2 one 
can see the overall average score for the four types 
of answered questions during the evaluation pro-
cess. 

FIguRe 1. Prisma (preferred reporting items for 
systematic reviews and meta- analyses) flowchart
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DISCuSSIon

Bayraktar et al., 2021 study evaluated a tool for 
proximal carious lesions diagnosis using AI models 
to process bitewing and periapical X-Rays [24]. This 
could be a powerful tool for monitoring the carious 
lesions activity of the patients, saving in the future a 
lot of time for the clinicians. Schwendicke et al, 2022 
showed that research toward individualized appli-
cation of AI for caries detection seems warranted to 
optimize cost-effectiveness [25].

The screening program is found to be cost-inef-
fective for oral precancer detection in Thailand [36]. 
In United Kingdom oral cancer screening program 
has not been implemented because had only provid-
ed evidence to satisfy five of the 20 criteria required 
by the UK Screening Committee [37]. Some of the un-
addressed criteria were: “The program should be 
cost effective”, and “the distribution of test values 
should be known (for example, sensitivity and spec-
ificity) and the criteria for a positive test should be 
agreed” [37]. The studies from our review showed 
that AI automated diagnosis tools meet both of those 
criteria being cost-effective due to the automated 
processes and their outcome is easily quantified 
through specific parameters. Machine learning 
technology used for diagnosis purposes, being de-
veloped recently, imposes a lot of future research 
and testing in clinical environments. Recent studies 
showed AI models promising results for identifying 
from intra-oral images precancerous or cancerous 
lesions. Warin et al., 2022 demonstrated good re-
sults for Oral potentially malignant disorders 
(OPMD) identification [20], Liu et al., 2022 showed to 
be a feasible technology in detecting premalignant/
precancerous oral lesions of epithelial dysplasia 
(OED) [22] and Fu et al., 2020 used it for automatical-
ly identifying oral cavity squamous cell carcinoma 
(OCSCC) patients with the performance matching or 
even beyond that of skilled human experts [23].

Providing the field of dentistry with an enhanced 
non-invasive method to diagnose gingivitis using in-
traoral images can help to reduce the complications 

of untreated gingivitis [29]. Using non-invasive diag-
nosis methods, early signs of periodontal disease 
can be identified from intra-oral photos. This means 
reduced costs and could be a very good way to moti-
vate and remotivate the patient to have proper oral 
hygiene. Assessing radiographic bone level (RBL) is 
important for periodontal diagnosis. The interpreta-
tion of radiographic images is subjective, and accu-
racy depends on a clinician’s experience and knowl-
edge [34]. Kearney et al., 2022 pointed out that 
well-chosen AI model and properly trained can pre-
dict clinical attachment level, found to be within the 
1mm clinician-determined measurement standard, 
automated prediction based on periapical or bitew-
ing radiographs [19]. The results of our study 
showed that good performance can be obtained, 
comparable with standard diagnosis methods but as 
previous studies showed, the AI technology it has 
not yet been fully introduced to dental research nor 
have reached technological readiness and cost-effi-
ciency to enter the dental market [38].

We consider that the aim of this literature review 
was achieved by identifying multiple credible stud-
ies that show a sustained use, especially for research 
purposes of AI based diagnosis tools in periodontics, 
restorative dentistry, oral cancer, endodontics, and 
orthodontics. There is a real potential for extended 
future use, on a large scale, due to the very good re-
sults obtained compared to standard diagnostic 
methods. There are several limitations of our study. 
The most important is that the search was per-
formed only in three databases. Future studies 
should extend the research to other databases and 
provide metanalysis to recommend the most effi-
cient AI models according to the imaging techniques 
being used and to the field of dentistry where are 
applied. 

ConCLuSIon

AI based automatic diagnostic is a powerful and 
reliable tool that has a great future potential for dif-
ferent fields of dental medicine like periodontal dis-

FIguRe 2. Risk of Bias assessment, PROBAST tool
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ease, oral cancer, and carious lesions. It may help 
the clinician become more efficient and point out 
problems which could be omitted at first glance dur-
ing clinical examination. It can also be an important 
tool for the efficiency of screening generating costs 
and time efficiency, helping to implement preven-
tive methods through the early diagnosis. 
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