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Background/purpose: Artificial intelligence (AI) has experienced 
rapid expansion in biomedical sciences, with increasing integration 
into dental practice and dental materials research. This scoping review 
aimed to provide a concise and structured overview of recent advanc-
es in AI and to identify the techniques employed in dentistry and 
dental materials science to enhance diagnosis, accuracy, detection, 
and clinical decision-making. 
Materials and methods: A comprehensive electronic search was 
conducted in ScienceDirect, PubMed/MEDLINE, and Scopus for 
studies published between 2020 and 2025. Original research articles 
investigating AI applications in various dental specialties and dental 
materials science were screened according to predefined inclusion 
criteria. Thirty studies met the eligibility criteria and were included 
in this review. Data were extracted and synthesized based on study 
characteristics, AI techniques used, assessment methods, reported 
outcomes, and methodological quality.   
Results: AI technologies have been widely implemented across mul-
tiple dental specialties, including restorative dentistry, prosthodontics, 
endodontics, orthodontics, oral and maxillofacial surgery, implantol-
ogy, periodontology, and dental materials science. Deep learning 
models-particularly convolutional neural networks (CNNs)— were the 
most frequently applied techniques. Across studies, AI systems demon-
strated high diagnostic accuracy, improved detection sensitivity, 
enhanced workflow efficiency, and promising predictive performance 
in treatment planning and biomaterial optimization. 
Conclusion: Artificial intelligence represents a transformative ad-
vancement in dentistry. Current evidence indicates that AI-based 
systems significantly improve diagnostic precision and support clin-
ical decision-making. However, despite their high performance, AI 
technologies remain complementary tools and cannot fully replace 
human expertise. Continued development, validation, and responsi-
ble clinical integration are essential for their future implementation 
in patient-centered dental care.
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Introduction

A
rtificial intelligence (AI) 
has rapidly evolved over 
the past decades and is 
now transforming bio-
medical research and 

clinical practice. In dentistry, the inte-
gration of AI technologies has acceler-
ated significantly, driven by advances 
in digital imaging, computational 
power, and data availability. (1) AI-
based systems are increasingly applied 
to diagnostic imaging, treatment plan-
ning, predictive modeling, and work-
flow automation. (2) 
Artificial intelligence encompasses 
several subfields, including machine 
learning (ML), deep learning (DL), and 
artificial neural networks (ANNs).(3) 
Among these, deep learning—particu-
larly convolutional neural networks 
(CNNs)—has demonstrated remarkable 
performance in medical and dental 
image analysis.(4) These models are 
capable of automatically extracting 
complex features from radiographs, 
cone-beam computed tomography 
(CBCT), intraoral scans, and clinical 
photographs, enabling enhanced detec-
tion and classification of pathological 
conditions.(5) 
In dentistry, AI applications span mul-
tiple specialties, including restorative 
dentistry, endodontics, orthodontics, 
oral and maxillofacial surgery, implan-
tology, periodontology, prosthodontics, 
and dental materials science.(6) Re-
ported applications include automated 
detection of dental caries, periapical 
lesions, periodontal bone loss, temporo-
mandibular joint disorders, implant 
failure prediction, cephalometric land-
mark identification, prosthetic design 
optimization, and biomaterial perfor-
mance prediction.(7) 
In recent years, the number of publica-
tions exploring artificial intelligence 
in dentistry has increased substan-
tially, reflecting growing scientific and 
clinical interest. However, reported 
applications vary considerably in terms 
of study design, dataset size, validation 

protocols, and performance metrics. (8)
This heterogeneity makes it challenging 
to draw comprehensive conclusions 
regarding the most effective AI tech-
niques and their true clinical applica-
bility.(9) A structured mapping of the 
existing evidence is therefore essential 
to identify prevailing trends, method-
ological gaps, and areas requiring 
further investigation.(10) 
Despite the rapid expansion of research 
in this field, AI applications in den-
tistry remain heterogeneous in terms 
of methodologies, validation strategies, 
and clinical integration.(11) The grow-
ing number of studies highlights the 
need for a structured synthesis to 
clarify which AI techniques are cur-
rently employed and how they contrib-
ute to improving diagnostic accuracy, 
detection sensitivity, and decision-
making processes.(12) 
Therefore, the aim of this scoping re-
view was to identify the artificial intel-
ligence techniques used in dentistry 
and dental materials science and to 
evaluate their applications and perfor-
mance in enhancing diagnosis, accu-
racy, detection, and clinical decision-
making.

Materials and methods:

Focused question and study design
This scoping review was conducted and 
reported in accordance with the PRISMA-
ScR (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses ex-
tension for Scoping Reviews) guidelines. 
The present analysis was guided by the 
following research question: "Which 
artificial intelligence techniques are 
employed in dentistry and dental ma-
terials science to enhance diagnosis, 
accuracy, detection, and decision-
making processes?".
This review aimed to explore the influ-
ence of artificial intelligence (AI) across 
various branches of dentistry, including 
restorative dentistry, endodontic, or-
thodontics, oral and maxillofacial 
surgery, dental implantology, and den-
tal materials science. 
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Eligibility Criteria
Relevant articles were selected accord-
ing to predefined inclusion criteria:
1)	 Articles written in English,
2)	 Articles published between 2020 and 

2025,
3)	 Original research articles related to 

artificial intelligence in dentistry,
4)	 Prospective studies,
5)	 Clinical trials,
6)	 Studies related to advances in dental 

materials,
7)	 In vitro investigations involving AI 

applications. 

Exclusion criteria
•	 Letters to the editor, editorials and 

comments, grey literature, case re-
ports, and articles related to other 
medical specialties.

•	 Full texts of eligible studies were 
retrieved and analyzed. Data extrac-
tion focused on study characteris-
tics, AI techniques used, assessment 
methods, and reported outcomes. 

Search strategy
The electronic search was conducted 
using the following databases: 
•	 Science Direct
•	 PubMed/MEDLINE
•	 Scopus
The search targeted articles published 
between 2020 and 2025. A free-text 
search strategy was applied using com-
binations of the following keywords: 
(Art if icial intelligence), (AI in 
dentistry),(machine learning), (deep 
learning), (neural networks), (dental 
medicine), (dental biomaterials). 
To ensure comprehensiveness, refer-
ences of selected articles were manu-
ally screened. Titles and abstracts were 
carefully reviewed for relevance. 

Study selection process 
The screening process was conducted 
by the authors. Titles and abstracts were 
evaluated for eligibility, and full-text 
articles were assessed when necessary. 
Discrepancies were resolved through 

Figure 1
The PRISMA flow 

diagram for the 
literature search 

conducted in this study.

Identification

Records identified through database searching: PubMed (n= 756) Scopus (n=524) Science direct (n=165). 
(n = 1445)

Records screened (n = 578)

Records excluded (n = 578) 
Literature review 
Systematic review 
Grey literature

Records after duplicates removed (n = 689)

Full text articles excluded: 
Not related to AI in dentistry (n=5) 
Articles that do not cover both 
dentistry and dental materials (n= 3)

Studies included in review (n = 30)

Included

Full-text articles assessed for eligibility (n = 38)

Screening

Eligibility
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First author and date 
of publication

Scope of 
application

Objective of the study No. of images/
photographs for testing

Assessment methods Results

Kuwada C (2020) (13) oral and 
maxillofacial 
surgery

This study aimed to 
verify and compare the 
performance of three 
deep learning systems 
when classifying 
supernumerary teeth 
on panoramic 
radiographs.

550 panoramic 
radiographs

Three learning models 
were created by using 
AlexNet, VGG-16, and 
DetectNet

The results showed that, 
in general, DetectNet 
produced the highest 
values for diagnostic 
accuracy  

 Lee J H (2020) (14) Oral Pathology Evaluating fully deep 
convolutional neural 
network method 
(R-CNN) for automated 
tooth segmentation on 
panoramic radiographs 
is the focus of this 
study.

846 images deep learning method 
using the mask R-CNN 
model was 
implemented

Panoramic dental images 
were successfully 
automated using the 
proposed method, that 
performed excellently                                                                                                                                      
                                                                     

S Yamaguchi (2020) 
(15)

restorative 
materials

This study aimed to 
evaluate the 
usefulness of the 
convolutional neural 
network (CNN) deep 
learning method for 
predicting the 
probability of CAD/
CAM composite resin 
crown detachment.

8 640 images convolutional neural 
network (CNN)

This study that 
demonstrated excellent 
performance in predicting 
the probability of CAD/
CAM crown detachment 
using 3D 
stereolithography models 
of dies scanned from 
patients

KS Lee (2020) (16) oral and 
maxillofacial 
surgery

The aim of the present 
study was to develop 
an artificial 
intelligence (AI) based 
diagnostic tool with 
the capacity for 
automatic detection of 
temporomandibular 
joint (TMJ) 
osteoarthritis from 
cone beam computed 
tomography (CBCT) 
image.

3 514 images CBCT deep neural network 
model. (RNN)

The employment of a 
deep The employment of 
a deep neural network 
model has enabled the 
automated detection of 
ATM from sagittal CBCT 
image.

Anselmo Garcia Cantu 
(2020) (17)

Periodontics The utilization of deep 
learning algorithms for 
the identification of 
radiographic caries 
lesions.

3686 radiographs applied a convolutional 
neural network (U-Net)

It has been demonstrated 
that deep neural networks 
exhibit a higher degree of 
accuracy in identifying 
carious lesions when 
compared to the dentists.

Mengxun Li (2020)  
(18)

cosmetic dentistry The objective of this 
study is to develop an 
automated system 
that will enable the 
efficient labeling and 
integration of 
information into facial 
and intraoral images

50 images The system relies on 
ROI detection, tooth 
segmentation, and 
registration.

The proposed algorithm 
demonstrated an 96.0% 
(263/274) recognition 
rate of teeth. The findings 
of this study demonstrate 
that the proposed 
automated system 
facilitates dentists in 
circumventing the arduous 
image integration 
process.

Table 1A
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First author and date 
of publication

Scope of application Objective of the study No. of images/
photographs for testing

Assessment methods Results

Félix Kunz (2020)  (19) orthodontics The study compared 
AI- generated 
cephalometric 
radiographs with those 
of human experts.

1792 cephalometric 
radiographs

Use of a customized 
convolutional neural 
network

Almost no statistically 
significant differences 
were found between AI 
assessments and the 
human reference 
method.

Yoshiko Ariji (2020)  
(20)

Oral and maxillofacial 
surgery

This study aims to 
clarify the diagnostic 
performance of 
computed tomography. 
This is in the 
extranodal extension 
of cervical lymph node 
metastases. The study 
uses deep learning 
classification.

703 CT images Five learning models 
were created using a 
neural network 
"AlexNet"

In terms of extranodal 
extension, the 
diagnostic 
performance of deep 
learning was 
significantly superior 
to that of radiologists. 
Deep learning 
achieved an accuracy 
of 84.0% for 
extranodal extension.

Henriette Lerner 
(2020)  (21)

Dental material The present study has 
been devised for the 
purpose of outlining a 
protocol for the use of 
artificial intelligence in 
the fabrication of 
monolithic zirconia 
crowns (MZC)

106 implant-supported 
MZC

based on the 
proprietary 
ScanPlanMakeDone 
protocol.

The results 
demonstrated that 
following the 
implementation of the 
MZC, the quality of fit, 
interproximal and 
occlusal contact, and 
aesthetic integration, 
were all found to be 
excellent.

Toshihito Takahashi  
(2021) (22)

Prosthodontic A convolutional neural 
network (CNN) method 
has been developed 
for the classification of 
images of partially 
edentulous arches.

1184 images A CNN method for 
classifying images has 
been developed.

The employment of a 
convolutional neural 
network (CNN) has 
facilitated the 
classification and 
prediction of dental 
arches. The diagnostic 
accuracy was 99.5% 
for the maxilla and 
99.7% for the 
mandible   

Kühnisch J  (2021)      
(23)

caries diagnostics The aim of this 
diagnostic study was 
twofold. Firstly, a deep 
learning approach with 
convolutional neural 
networks (CNNs) was 
developed for caries 
detection and 
categorization. 
Secondly, the 
diagnostic 
performance was 
compared with respect 
to expert standards.

2.417 anonymized 
photographs  

Develop a deep 
learning approach with 
convolutional neural 
networks (CNNs)

The present study 
demonstrated that the 
CNN demonstrated an 
92.5% success rate in 
accurately identifying 
caries in images.

Table 1B
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First author and date 
of publication

Scope of application Objective of the study No. of images/
photographs for testing

Assessment methods Results

Frank C Setzer (2021) 
(24)

endodontic This study set out to 
achieve two key 
objectives. Firstly, a 
deep learning (DL) 
algorithm was used to 
automate the 
segmentation of cone-
beam computed 
tomography (CBCT) 
images. Secondly, it 
aimed to detect 
periapical lesions.

Cone beam computed 
tomography (CBCT) 
images  n = 20

Application of a deep 
learning (DL) algorithm

The DL algorithm has 
demonstrated 
excellent results in 
terms of lesion 
detection accuracy.

Chihiro Tanikawa 
(2021)  (25) 

orthodontic treatment The objective of the 
present study was to 
develop two artificial 
intelligence (AI) 
systems with the 
capability to predict 
three-dimensional 
facial topography 
subsequent to 
orthognathic surgery 
and orthodontic 
treatment

137 oral photographs The development of 
two AI systems that 
combine deep learning 
and a genetic model 
(GMM)

The system for 
predicting facial 
morphology after 
treatment was 
successfully 
developed using a 
combination of GMM 
and deep learning.

Qiwen Cui, BS (2021) 
(26)

prosthodontics The objective of this 
prospective study to 
construct a 
computerized decision 
support (CDS) model 
that utilizes electronic 
dental records to 
predict dental 
extraction treatment.

4135 EDRs (electronic 
dental records)

CDS model The CDS model 
employed for the 
purpose of dental 
extraction treatment 
has demonstrated a 
high level of 
proficiency in terms of 
decision-making as 
evidenced by the 
analysis of EDRs.

Hamdan MH (2022) 
(27)

Dentomaxillofacial The present study 
aims to examine the 
efficacy of utilizing the 
Denti.Al system in 
assisting dentists in 
the detection of apical 
radiolucencies on 
periapical radiographs.

Sixty-eight intraoral 
periapical radiographs

Denti.AI system The study 
demonstrated that the 
DL technology (Denti.
Al) has the capacity to 
augment the 
capabilities of dental 
professionals in 
detecting apical 
radiolucencies in 
intraoral radiographs 

Preda F (2022) 
(28)

Oral diseases The present study 
investigated the 
accuracy consistency 
and time efficiency of 
a novel deep 
convolutional neural 
network (CNN) model 
for automated 
maxillofacial bone 
segmentation.

144 scans A three-dimensional 
(3D) U-Net (CNN) 
model was developed, 
and the automated 
segmentation obtained 
was compared to a 
manual approach.

It is recommended 
that the proposed CNN 
model be used for the 
efficient, accurate and 
consistent automated 
segmentation of the 
maxillofacial complex 
using CBCT data.  

Table 1C
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First author and date 
of publication

Scope of application Objective of the study No. of images/
photographs for testing

Assessment methods Results

Pavel Alekseevich 
Lyakhov  (2022)  (29)

Dental Implantology The objective of this 
study is to develop a 
neural network system 
to evaluate the 
survival of dental 
implants.

1 646 oral 
photographs

Optimal linear neural 
network topologies 
have been developed 
on the basis of 
research into their 
functionality.

The results 
demonstrated that the 
neural network system 
developed possesses 
the capacity to predict 
the positive or 
negative outcome of a 
single implant 
procedure, however, its 
application as a 
comprehensive 
medical aid tool 
remains unfeasible.

Mihee Hong (2022) 
(30)

Orthodontics Creation of an AI-
based model for 
precise landmark 
identification in serial 
lateral cephalometric 
radiographs of class III 
patients who have had 
orthodontic treatment 
and orthognatic 
surgery.

302 digitized 
panoramic radiographs

algorithme de réseau 
neuronal convolutif 
(CNN)

The total mean error 
was 1.17 mm. the 
cascaded 
convolutional neural 
network (CNN) 
algorithm proposed in 
this study 
demonstrated the 
potential for identifying 
landmarks from bone 
anatomy in lateral 
cephalograms.  

Xuan Zhang (2022) 
(31)

Oral diseases The development and 
evaluation of a deep 
learning system 
employing a 
convolutional neural 
network (ConvNet) for 
the purpose of 
detecting the presence 
of dental caries in oral 
photographs will be 
conducted.

3,932 oral 
photographs

A deep ConvNet was 
developed by adapting 
the singles shot 
MultiBox detector. The 
hard negative 
exploration algorithm 
was applied to 
automatically train the 
model.

The utilization of deep 
learning model has 
demonstrated 
considerable potential 
in the identification of 
dental caries in oral 
photographs.

Chunan Zhang  (2023) 
(32)

Dental implant The objective of this 
study was to develop a 
deep learning-based 
model for predicting 
dental implant failure.

529 periapical images .ResNest-50 deep 
convolutional neural 
network (CNN)

The deep learning 
model exhibited an 
87% prediction 
accuracy for implant 
malfunction

Zhang Yimeng (2023) 
(33)

pediatric dentistry This study aimed to 
develop a machine 
learning model to 
determine the 
prevalence of molar 
incisor 
hypomineralisation 
(MIH) among children 
living in a region of 
central China affected 
by endemic fluorosis.

1568 samples In this study, 
supervised machine 
learning and 
correlation analysis 
were used.

The incidence of MIH 
dereased with 
increasing severity of 
dental fluorosis (DF), 
as shown by the 
nomogram.

Table 1D
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First author and date 
of publication

Scope of 
application

Objective of the study No. of images/
photographs for testing

Assessment methods Results

Anastasia Grymak 
(2023) (34) 

Dental material The aim of study is to 
develop algorithms that 
can predict the in vitro 
wear resistance of 
conventional prosthetic 
teeth that have been 
machined using CAD and 
printed in 3D.

Six prosthetic tooth 
materials

An LSTM model was 
developed

The LSTM model was 
successfully developed. 
It can reduce the 
duration of simulations. 
It can also reduce the 
number of samples 
required for wear testing 
of various dental 
materials.  

Jun-Ho Cho (2024) 
(35)

restorative 
dentistry

A comparative analysis 
was conducted of the 
dental morphology, 
internal fit, occlusion, 
and proximal contacts of 
dental crowns generated 
by conventional software 
with two deep learning 
(DL)- based dental 
software systems

30 scans The crowns were 
designed using two DL 
methods (AA and AD) 
and one technician 
method (NC).

The results indicated 
that the variations 
observed were 
attributable to internal 
adjustment, occlusion, 
and proximal contacts.

Seung-Hwan Ong 
(2024) (36)

forensic 
odontology

Utilizing deep learning 
and adopting Demirjian’s 
methodology, this study 
endeavours to a dental 
development staging 
system.

5,133 panoramic 
radiographs

The proposed 
methodology includes 
three CNN model 
procedures: the Yolov5 
detection model, 
U-Net, and 
EfficientNet.

The proposed deep 
learning approach can 
serve as a support tool 
for dentists.

Rabia Karakuş  (2024)  
(37)

restorative 
dentistry

The objective of this 
study was to develop a 
system for the detection 
and classification of 
dental caries that is 
based on deep learning.

860 interproximal 
radiograph

The AI-based learning 
process was 
performed using the 
YOLOv8 algorithm.

The success rate for 
detecting occlusal, 
secondary, and 
interproximal caries was 
high, with an accuracy of 
97.7% and a recall of 
the mean score was 
93.2%, and the F1 score 
was 95.4%

Oana-Maria Butnaru  
(2025)  (38)

Periodontology The objective of this 
comparative study was to 
compare AI-assisted 
dental and periodontal 
diagnoses with those 
made by specialists and 
general dentists.

Six radiological images The AI system used for 
diagnosis (Planmeca 
Romexis, version 
6.4.7, Helsinki, 
Finland).

AI systems have 
significant potential as 
reliable tools for dental 
and periodontal 
assessment, 
complementing the 
expertise of human 
practitioners.

Allihaibi M (2025) (39) endodontics Evaluation of the 
performance of the 
diagnostic at AI platform 
in assessing endodontic 
treatment results on 
periapical radiographs 
compared to that of 
experienced clinicians.

376 teeth IA (Diagnocat) The results showed that 
evaluation of endodontic 
treatment outcomes 
requires clinical 
monitoring, and that the 
AI- driven platform is a 
complementary tool.

Table 1E
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discussion and consensus. The study 
selection process is illustrated in the 
PRISMA flow diagram. 

Risk of Bias assessment
Although this review followed a scop-
ing methodology, the methodological 
quality of the included studies was 
assessed qualitatively. Risk of bias was 
evaluated based on study design, 
sample size, validation methodology, 
dataset characteristics, and clarity of 
outcome reporting. Studies were catego-
rized as having low, moderate, or high 
risk of bias accordingly.

Results

Study selection
The electronic search initially identi-
fied 1445 records (PubMed: 756; Scopus: 
524; ScienceDirect: 165). After removal 
of duplicates and screening of titles and 
abstracts, 38 full-text articles were as-
sessed for eligibility. Eight articles were 
excluded for not meeting the inclusion 

criteria. Ultimately, 30 studies pub-
lished between 2020 and 2025 were 
included in this scoping review. The 
study selection process is illustrated in 
the PRISMA flow diagram. 

General characteristics
of included studies 
The included studies covered multiple 
dental specialties, including oral and 
maxillofacial surgery, restorative den-
tistry, prosthodontics, endodontics, 
orthodontics, periodontology, dental 
implantology, pediatric dentistry, fo-
rensic odontology, and dental materials 
science.
Most investigations focused on imag-
ing-based applications, particularly 
panoramic radiographs, cone-beam 
computed tomography (CBCT), intraoral 
radiographs, and oral photographs.
Deep learning models-especially con-
volutional neural networks (CNNs)-
were the most frequently employed 
artificial intelligence techniques. 
Other reported approaches included 

Table 1A-1F
The studies that have 

used AI based models in 
various specialties of 
dentistry and Dental 

material. 

First author and date 
of publication

Scope of application Objective of the study No. of images/
photographs for testing

Assessment methods Results

Yunus Balel  (2025) 
(40)

Dental implantology The objective of this 
study was to develop a 
deep learning model 
based on artificial 
intelligence (AI) that is 
capable of detecting 
and number implants.

32585 panoramic 
radiographs

deep learning models 
compared: YOLOv8, 
RetinaNet, Faster 
R-CNN, DETR, U-Net, 
Mask R-CNN, and 
DeepLab v3+

The AI model exhibiteb 
a high degree of 
accuracy in the 
detection and 
enumeration of dental 
implants in panoramic 
radiographs.  

Pul U  (2025) (41) endodontics Detection of periapial 
radiolucenies (PR) with 
and without artificial 
intelligence.

50 panoramic 
radiographs

dentalXrai Pro The 
software uses a 
convolutional neural 
network (CNN) 
architecture.

The use of AI 
assistance slightly 
improved the detection 
of periapical 
radiolucencies (RP), 
with junior dentists 
showing the most 
significant 
improvement.

Paniagua K (2025) 
(42)

Dental material The aim of this study 
is to evaluate the 
effectiveness of AI 
models in predicting 
organoleptic 
properties (OP) in 
order to develop more 
sustainable 
composites while 
reducing time, effort 
and costs.  

233 samples Nine ML classification 
algorithms [SVM], 
Decision Tree, KNN 
classifier, [LGBM], 
Random Forest, 
Logistic Regression, 
Gaussian Naïve Bayes, 
[ELM], and [XGBoost])

Different AA models 
achieved better results 
depending on 
performance, with 
some performing 
better than others.

Table 1F
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machine learning algorithms, recurrent 
neural networks (RNNs), long short-
term memory (LSTM) models, object 
detection models (YOLO, Mask R-CNN), 
and clinical decision-support systems. 

Diagnostic and predictive 
performance
The majority of studies evaluating AI 
in radiographic interpretation reported 
high diagnostic performance. Accu-
racy values frequently exceeded 85%, 
with several studies demonstrating 
results comparable to or exceeding 
those of experienced clinicians in de-
tecting dental caries, periapical lesions, 
periodontal bone loss, temporoman-
dibular joint disorders, and maxillofa-
cial pathologies.
In implantology, predictive models for 
implant survival and failure demon-
strated accuracy rates ranging ap-
proximately from 84% to 87%. Auto-
mated implant detection systems also 
showed high reliability in identifying 
and numbering implants on panoram-
ic radiographs. 
In orthodontics, AI-assisted cephalo-
metric landmark identif icat ion 
achieved clinically acceptable preci-
sion, with reported mean errors close 
to 1mm. Systems developed for facial 
morphology prediction and growth 
assessment demonstrated promising 
predictive capabilities. 
In prosthodontics, AI-based CAD/CAM 
systems achieved high accuracy in clas-
sifying partially edentulous arches and 
designing dental crowns. 
In dental materials science, machine 
learning models successfully predicted 
wear resistance, debonding probability, 
and composite material performance, 
supporting accelerated biomaterial 
optimization.

Overall findings
Overall, the findings indicate that ar-
tificial intelligence applications in 
dentistry predominantly enhance di-
agnostic accuracy, detection sensitiv-
ity, workflow efficiency, and predictive 
modeling. Across specialties, AI sys-

tems consistently demonstrated high 
performance, particularly in imaging-
based tasks and decision-support ap-
plications. 

Discussion and conclusion

The present scoping review aimed to 
identify which artificial intelligence 
techniques are employed in dentistry 
and dental materials science and to 
evaluate how these technologies en-
hance diagnosis, accuracy, detection, 
and clinical decision-making pro-
cesses.
The analysis of the included studies 
demonstrates that the most frequently 
used artificial intelligence techniques 
are machine learning (ML) and deep 
learning (DL) models, particularly con-
volutional neural networks (CNNs). 
Other architectures such as recurrent 
neural networks (RNNs), long short-
term memory (LSTM) models, decision-
support systems, and object detection 
algorithms (e.g., YOLO, Mask R-CNN) 
were also reported.(43) Overall, AI 
systems were mainly applied to imag-
ing-based diagnostics, predictive mod-
eling, digital workflow automation, and 
biomaterial optimization. 

AI in diagnostic imaging
and disease detection
The majority of the included studies 
focused on radiographic interpretation. 
CNN-based systems showed high diag-
nostic performance in detecting dental 
caries, periapical lesions, periodontal 
bone loss, temporomandibular joint 
disorders, maxillofacial pathologies, 
and Implant-related complications. 
Several investigations reported that AI 
–assisted diagnosis improved clini-
cian’s performance, particularly among 
less experienced practitioners.(44) 
These findings suggest that AI en-
hances diagnostic accuracy, reduces 
inter-operator variability, and increas-
es reproducibility. However, AI systems 
function primarily as clinical decision-
support tools rather than replacing 
human expertise. 



50

Applications and performance of artificial intelligence in dentistry and dental materials: a scoping review

Giornale Italiano di Endodonzia  March 2026, 40(1)

AI in dental implantology
AI in dental implantology represents 
one of the most rapidly expanding ap-
plication fields of artificial intelligence 
in dentistry. Neural network systems 
and deep learning models have been 
developed to predict implant survival, 
detect implant failure from panoramic 
and periapical radiographs, and auto-
matically identify and number im-
plants. These predictive approaches 
contribute to improved risk assessment, 
prognosis estimation, and treatment 
planning. The integration of AI into 
implant workflows reflects a shift to-
ward more data-driven and personal-
ized therapeutic strategies. (45) 

AI in orthodontics
and craniofacial analysis
In orthodontics, AI applications main-
ly involve automated cephalometric 
landmark detection, growth and devel-
opmental assessment, and prediction 
of facial morphology after orthognathic 
surgery. CNN-based systems demon-
strated accuracy comparable to expe-
rienced orthodontists while offering 
improved consistency and time effi-
ciency. The ability of AI systems to 
reproduce landmark positioning with 
minimal variability may contribute to 
treatment standardization and im-
proved longitudinal monitoring. 

AI in prosthodontics
and digital workflows
In prosthodontics, deep learning mod-
els have been integrated into CAD/CAM 
systems for classification of partially 
edentulous arches, crown morphology 
design, and automated integration of 
intraoral and facial images. These tech-
nologies enhance workflow automation, 
improve precision, and reduce manual 
workload in restorative procedures. 
The synergy between AI and digital 
dentistry represents a major advance-
ment toward semi-automated restor-
ative planning and fabrication. 

AI in dental materials science 
In recent years, there has been an in-

creased interest in biomaterials for 
dental applications, with many new 
biomaterials being introduced for these 
purposes (46). The implementation of 
artificial intelligence (AI) in materials 
science has been a subject of consider-
able interest. Recent advancements in 
artificial intelligence have led to sub-
stantial enhancements in rational de-
sign and accelerated the identification 
of diverse biomaterials (47). In the 
contemporary era of rapid advance-
ments in data processing and algo-
rithms, machine learning and deep 
learning have emerged as pivotal meth-
odologies for the identification of 
novel biomaterials prior to their actual 
production. 
Within dental biomaterials research, 
machine learning and SLTM-based 
models have been employed to predict 
wear resistance, debonding probability, 
mechanical behavior, and organoleptic 
properties of restorative materials. AI 
contributes to accelerating material 
development, optimizing biomaterial 
performance, and reducing experimen-
tal time and cost. 
Recent contributions continue to ex-
pand the scope of AI in dentistry. For 
example, a 2026 study published in 
Applied Sciences (DOI: 10.3390/
app16010396) highlights the integration 
of explainable artificial intelligence 
models in dental diagnostics and ma-
terials research, emphasizing transpar-
ency, interpretability, and clinical ap-
plicability AI systems. (48) 
The application of artificial intelligence 
(AI) in conjunction with three-dimen-
sional printing techniques has yielded 
substantial benefits, particularly in the 
domain of prosthetics and device fab-
rication (55) (48). The advent of artificial 
intelligence (AI) has had a profound 
impact on the realm of 3D printing, 
particularly in the domain of manufac-
turing various types of implants and 
prosthetics. The combination of artifi-
cial intelligence with three-dimension-
al printing technologies further en-
hances precision in prosthetic fabrica-
tion and material customization. 
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Methodological considerations
and limitations 
Notwithstanding the promising find-
ings, several limitations should be ac-
knowledged. Many included studies 
were retrospective and based on rela-
tively limited datasets, with heteroge-
neous validation protocols. External 
validation across different populations 
and imaging systems remains insuffi-
cient. 
Furthermore, the complexity of AI 
systems, implementation costs, data 
privacy concerns, and ethical consid-
erations must be carefully considered 
before large-scale clinical adoption. 
Standardized reporting guidelines and 
multicenter prospective studies are 
needed to strengthen the evidence base 
and enhance generalizability.
Overall, the findings of this review 
indicate that computerized neural net-
works and machine learning models 
provide substantial support for dental 
practitioners in diagnosis, treatment 
planning, and outcome prediction. 
Artificial intelligence is expected to 
play an increasingly important role in 
dentistry, particularly in personalized 
and patient-centered care. 

Conclusion

This scoping review demonstrates that 
artificial intelligence is increasingly 
integrated across multiple dental spe-
cialties, including diagnostic imaging, 
implantology, orthodontics, prosth-
odontics, oral pathology, and dental 
materials science. 
The most frequently employed tech-
niques are machine learning and deep 
learning models, particularly convolu-
tional neural networks, which enhance 
diagnostic accuracy, improve lesion 
detection, support treatment planning, 
and contribute to predictive modeling 
and biomaterial optimization. 
Although many AI systems show per-
formance comparable to human ex-
perts, current evidence supports their 
primarily as clinical decision-support 
tools rather than autonomous diagnos-

tic systems. 
Despite promising results, challenges 
remain regarding data standardization, 
external validation, ethical consider-
ations, and cost-effectiveness. Future 
research should focus on multicenter 
prospective studies and the develop-
ment of explainable AI models to fa-
cilitate safe and responsible clinical 
implementation. 
Artificial intelligence represents a 
transformative advancement in den-
tistry and dental materials science. 
With continued refinement and inter-
disciplinary collaboration, AI has po-
tential to significantly improve preci-
sion, efficiency, and patient-centered 
care in modern dental practice. 
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