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ABSTRACT

Artificial intelligence (Al) is reshaping endodontic practice through advances in diagnostic imaging, treatment plan-
ning, prognostic assessment, and clinical decision support. Machine learning and deep learning algorithms, particularly
convolutional neural networks, have demonstrated promising capabilities in analyzing periapical radiographs and cone-
beam computed tomography (CBCT) datasets for detecting periapical lesions, identifying vertical root fractures, and
characterizing root canal morphology. Emerging applications include Al-assisted guided endodontics, dynamic navi-
gation, outcome prediction, and digital education. This state-of-the-art review synthesizes evidence from PubMed/
MEDLINE, Scopus, Web of Science, and Google Scholar to critically examine the diagnostic, therapeutic, prognostic,
educational, and ethical dimensions of Al in endodontics. Emerging technologies, including explainable Al, radiomics,
and integrated digital workflows, are discussed alongside challenges related to dataset heterogeneity, algorithmic
transparency, external validation, data privacy, and medico-legal accountability. Current evidence indicates that Al may
enhance diagnostic consistency, procedural precision, and individualized treatment planning. However, methodologi-
cal heterogeneity, limited external validation, and a predominance of retrospective and laboratory-based studies con-
strain its clinical generalizability. Future translation into routine practice will require robust multicenter validation,
standardized reporting, interpretable algorithms, and responsible clinician-supervised implementation. Al should
therefore be regarded as an adjunct to, rather than a replacement for, clinical expertise in evidence-based, patient-cen-
tered endodontic care.
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INTRODUCTION

Artificial intelligence (AI) has emerged as one of the
most transformative technologies in contemporary
healthcare, significantly influencing diagnostic inter-
pretation, clinical decision-making, and precision-
based treatment approaches. Advances in machine
learning, deep learning, and neural network architec-
tures have enabled automated analysis of complex
medical datasets with diagnostic performances ap-
proaching human expertise.'” Consequently, Al-as-
sisted systems are increasingly being integrated into
healthcare to improve diagnostic accuracy, workflow
efficiency, predictive analytics, and evidence-based
patient care.’

Dentistry has experienced substantial digital trans-
formation with the introduction of digital radiogra-
phy, cone-beam computed tomography (CBCT),

intraoral scanning, and computer-assisted treatment
planning technologies.” Among dental specialties,
endodontics is particularly suitable for Al integration
because diagnosis and treatment planning rely heavily
on radiographic interpretation and precise anatomical
assessment.’ Conventional interpretation of two-di-
mensional and three-dimensional imaging findings
may be influenced by observer variability, clinician
experience, and image quality limitations.”

Accurate identification of periapical lesions, vertical
root fractures, accessory canals, and complex root
canal morphologies remains a major challenge in
endodontic practice.® Recent advances in Al-driven
image analysis and convolutional neural networks
(CNNs) have demonstrated promising accuracy in
detecting pathological changes and anatomical varia-
tions from radiographic and CBCT datasets.”'’ Cur-
rent applications of Al in endodontics include
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periapical lesion detection, root fracture identifica-
tion, working length determination, canal segmenta-
tion, root canal
prognostic prediction.

morphology assessment, and

11-13

The emergence of guided endodontics and dynamic
navigation systems has further expanded the role of
Al-assisted technologies in minimally invasive and
precision-based endodontic therapy.'*'” In addition,
Al-assisted educational platforms, simulation tech-
nologies, and conversational Al systems have shown
potential in improving clinical training, treatment
planning abilities, and rapid access to scientific in-
formation in endodontics.'*"’

Despite these advancements, several limitations con-
tinue to restrict the routine clinical implementation of
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Al in endodontics. Many currently available studies
are based on relatively small datasets with limited
multicenter validation, while variations in imaging
protocols and algorithm training methods may influ-
ence reproducibility and reliability.'® Ethical concerns
related to explainability, data privacy, algorithm bias,
and medico-legal accountability remain additional
barriers to widespread adoption.” Although Al sys-
tems have demonstrated considerable diagnostic and
predictive capabilities, they should currently be re-
garded as supportive adjunctive technologies rather
than replacements for clinical expertise. The expand-
ing applications of artificial intelligence in endodon-
tics are summarized in Figure 1.
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Figure 1: Current Applications of Artificial Intelligence in Endodontics.

The purpose of this state-of-the-art comprehensive
review is to critically evaluate the current evidence
regarding the diagnostic, therapeutic, prognostic,
educational, and ethical applications of artificial in-
telligence in endodontics. In addition, emerging tech-
nologies including explainable Al, radiomics, Al-
assisted navigation systems, and digitally integrated
workflows are discussed to provide insight into future
directions of precision-based endodontic care.

2. Literature Search Strategy

A comprehensive literature search was conducted to
identify studies evaluating the applications of artifi-
cial intelligence in endodontics. Electronic databases
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including PubMed/MEDLINE, Scopus, Web of Sci-
ence, and Google Scholar were searched for articles
published up to March 2026. The search strategy used
combinations of

keywords and Medical Subject Headings (MeSH)
terms such as “artificial intelligence,”
learning,” “deep learning,” “convolutional neural
network,” “endodontics,” “CBCT,” “periapical le-
sions,” “guided endodontics,
ogy,” and “prognostic prediction.”

machine

9 ¢

root canal morphol-

Original research articles, systematic reviews, narra-
tive reviews, and clinically relevant studies related to
Al-assisted endodontic diagnosis, treatment planning,
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prognostic assessment, guided procedures, and edu-
cation were included. Non-English articles, studies
unrelated to endodontics, and reports lacking ade-
quate methodological information were excluded.

Priority was given to recent high-quality studies,
landmark publications, and clinically relevant inves-
tigations contributing to the current understanding of
Al-assisted endodontic practice. Manual screening of
reference lists was also performed to identify addi-
tional relevant studies not retrieved through electronic
database searching.

3. Fundamentals of Artificial Intelligence in En-
dodontics

3.1 Machine Learning and Deep Learning

Artificial intelligence in endodontics is primarily
based on machine learning (ML) and deep learning
(DL) technologies. Machine learning refers to com-
putational systems that learn from existing datasets
and improve their performance without explicit pro-
gramming.' These systems identify patterns within
clinical and radiographic data and apply them to di-
agnostic or predictive tasks.’

Deep learning is an advanced subset of machine
learning that utilizes multilayered artificial neural
networks capable of analyzing highly complex imag-
ing datasets.! In healthcare, deep learning models
have shown remarkable accuracy in image recogni-
tion and diagnostic interpretation.” In endodontics,
these systems are increasingly used for detecting pe-
riapical lesions, identifying root canal morphology,
and assisting in treatment planning.®

The growing availability of digital radiographs and
CBCT imaging has accelerated the development of
Al-based diagnostic systems in dentistry.’ Deep
learning algorithms can analyze radiographic images
rapidly and consistently, thereby reducing observer
variability and improving diagnostic precision.” Un-
like conventional software systems, deep learning
models continuously improve as additional datasets
become available.”®

The performance of Al models largely depends on the
quality of training datasets and validation protocols.
During algorithm development, annotated radio-
graphic images are used to train neural networks to
recognize specific anatomical or pathological fea-
tures.'” Following training, these systems are vali-
dated using independent datasets to evaluate their
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reliability and reproducibility.'' Although current

evidence demonstrates encouraging results, further
multicenter validation studies remain necessary be-
fore routine clinical implementation can be widely
adopted.®

3.2 Convolutional Neural Networks in Dental
Imaging

Convolutional neural networks (CNNs) are among the
most widely used deep learning architectures in med-
ical and dental imaging. These models are specifically
designed to process image-based datasets by auto-
matically identifying important visual patterns and
anatomical structures.' Owing to their ability to ana-
lyze pixel-level image details with minimal human
intervention, CNNs have demonstrated high diagnos-
tic accuracy in radiology.’

In endodontics, CNN-based systems are increasingly
used for interpretation of periapical radiographs and
cone-beam computed tomography (CBCT) scans.6
These models can assist in detecting periapical le-
sions, vertical root fractures, root resorption, and
complex canal anatomy with improved consistency.'
Al-assisted radiographic analysis may reduce ob-
server variability and improve early detection of
pathological conditions that are difficult to identify
during routine clinical examination. "

Several studies have reported promising outcomes
using CNNs for automated dental image analysis.
Deep learning algorithms have shown effectiveness in
detecting apical lesions and differentiating pathologi-
cal from normal anatomical structures on radio-
graphs.'* CNN-based models have also demonstrated
encouraging diagnostic performance in identifying
vertical root fractures and dental caries.'>"

The increasing application of CNNs reflects the
growing shift toward Al-assisted diagnosis in en-
dodontics. Although these systems are not intended to
replace clinical expertise, they may serve as support-
ive tools that enhance diagnostic precision and clini-
cal efficiency.*®

3.3 CBCT and AI Integration

Cone-beam computed tomography (CBCT) has sig-
nificantly improved endodontic diagnosis by provid-
ing three-dimensional visualization of dental and
maxillofacial structures. Compared with conventional
two-dimensional radiography, CBCT offers superior
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assessment of root canal morphology, periapical le-
sions, root fractures, and anatomical relationships.?*?!
Integration of artificial intelligence with CBCT
imaging has further enhanced the accuracy and effi-
ciency of radiographic interpretation.

Al-assisted CBCT analysis mainly relies on deep
learning algorithms capable of processing large volu-
metric imaging datasets. These systems can automat-
ically detect pathological changes, segment root canal
systems, and identify complex anatomical variations
with improved consistency.'” Recent studies have
demonstrated promising results in automated detec-
tion of apical periodontitis and assessment of root
canal morphology using Al-based CBCT analysis."

Segmentation represents one of the most important
applications of Al in CBCT imaging. Deep learning

models can separate teeth and root canal systems from
surrounding anatomical structures, thereby improving
diagnostic accuracy and treatment planning.”® Such
technologies may also support guided endodontic
procedures through enhanced virtual planning and
anatomical mapping."

Despite these advancements, important challenges
remain regarding image standardization, dataset
quality, and external validation of Al systems.® Vari-
ations in CBCT resolution, imaging protocols, and
annotation methods may influence algorithm repro-
ducibility and performance. Nevertheless, Al-assisted
CBCT analysis continues to represent a major ad-
vancement in digitally driven endodontic diagnosis
and treatment planning.® The major clinical applica-
tions of artificial intelligence in endodontics are
summarized in Table 1.

Table 1: Applications of Artificial Intelligence in Endodontics

Domain Al Application Clinical Purpose Potential Benefits
Diagnostic Imaging Periapical lesion detection Identification of apical Improved diagnostic ac-
pathology curacy

Diagnostic Imaging

Vertical root fracture detec-
tion

Detection of root fractures

Reduced missed diagnosis

Anatomical Assessment

Root canal morphology anal-
ysis

Identification of canal varia-
tions

Better treatment planning

Working Length Determina-
tion

Automated apex identifica-
tion

Determination of canal
length

Reduced operator vari-
ability

Therapeutic Applications

Guided endodontics

Accurate access cavity
preparation

Minimally invasive treat-
ment

Therapeutic Applications

Dynamic navigation

Real-time procedural guid-
ance

Improved procedural pre-
cision

Prognostic Assessment

Outcome prediction models

Prediction of healing and
success

Personalized treatment
planning

Al-assisted simulation and

Student training and evalua-

Enhanced learning effi-

Education
assessment

tion

ciency

4. Diagnostic Applications
4.1 Periapical Lesion Detection

Accurate detection of periapical lesions is a funda-
mental objective in endodontic diagnosis. Conven-
tional radiographic interpretation may fail to identify
early or small lesions because of anatomical super-
imposition, image quality limitations, and observer
variability.” Artificial intelligence has demonstrated
considerable potential in improving detection and
interpretation of periapical pathologies through auto-
mated image analysis systems.®
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Deep learning algorithms, particularly convolutional
neural networks (CNNs), have shown promising ac-
curacy in detecting apical lesions on both periapical
radiographs and cone-beam computed tomography
(CBCT) images."? Al-assisted systems can analyze
radiographic datasets at the pixel level and identify
subtle pathological changes that may not be easily
visible during manual interpretation.'’ This capability
may improve early diagnosis and facilitate more ac-
curate treatment planning.

Several studies have evaluated the effectiveness of
Al-based lesion detection systems in endodontics.
Endres et al reported successful detection of periapi-
cal disease on dental radiographs using deep learning
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algorithms, while Ekert et al demonstrated high diag-
nostic accuracy of CNN-based systems for detecting
apical lesions.">'* These findings suggest that Al-as-
sisted diagnostic systems may serve as valuable ad-
juncts to conventional radiographic interpretation.

Integration of Al with CBCT imaging has further
improved assessment of periapical pathology by en-
abling three-dimensional evaluation of lesions.'* Al-
assisted CBCT analysis may reduce observer vari-
ability and improve diagnostic consistency, particu-
larly in anatomically complex cases.® However, most
currently available Al models still require larger
multicenter validation studies before routine clinical
implementation can be widely recommended. "

Despite encouraging diagnostic performance, several
limitations continue to affect the clinical applicability
of Al-assisted lesion detection systems. Most avail-
able studies are retrospective and based on relatively
small single-center datasets, which may increase the
risk of overfitting and reduce external validity. Con-
siderable heterogeneity also exists regarding imaging
modalities, annotation protocols, CNN architectures,
and validation methods, making direct comparison
between studies difficult. Variations in radiographic
quality, lesion size, and anatomical overlap may fur-
ther influence algorithm performance under clinical
conditions. Although CBCT-based Al systems gen-
erally demonstrate greater diagnostic sensitivity than
two-dimensional radiographic models, higher radia-
tion exposure and increased financial cost remain
important limitations. Consequently, larger prospec-
tive multicenter studies and standardized validation
frameworks are necessary before Al-assisted lesion
detection systems can be reliably integrated into rou-
tine endodontic diagnosis.

4.2 Vertical Root Fracture Detection

Vertical root fractures (VRFs) are among the most
challenging conditions to diagnose in endodontics
because clinical signs and radiographic findings are
often nonspecific. Conventional periapical radio-
graphs may fail to identify fractures, especially when
fracture lines are narrow or obscured by surrounding
anatomical structures.” Delayed diagnosis can lead to
persistent symptoms, periodontal destruction, and
eventual tooth loss.

Artificial intelligence has recently emerged as a
promising adjunctive tool for VRF detection. Deep
learning systems can analyze radiographic datasets
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and identify fracture-related patterns with greater
consistency than subjective manual interpretation.®
Convolutional neural networks (CNNs) have demon-
strated encouraging performance in differentiating
fractured from non-fractured teeth through automated
image analysis.”” Fukuda et al reported favorable
diagnostic accuracy using an Al-based system for
detecting vertical root fractures on panoramic radio-
graphs.” These findings suggest that Al-assisted
imaging analysis may improve early diagnosis and
reduce missed fractures during routine clinical exam-
ination, particularly in cases with subtle or inconclu-
sive radiographic findings.

Cone-beam computed tomography (CBCT) has fur-
ther enhanced the diagnostic potential of Al for VRF
detection because of its ability to provide three-di-
mensional visualization of root structures.'”” Al-as-
sisted CBCT analysis may improve fracture
identification by reducing observer variability and
enhancing interpretation of anatomically complex
regions.® However, artifacts produced by metallic
restorations and endodontic filling materials remain
significant challenges during automated fracture de-
tection.

Although current evidence demonstrates promising
diagnostic capability, several limitations continue to
restrict clinical applicability of Al-assisted VRF de-
tection systems. Many studies rely on experimentally
created fractures or idealized imaging datasets that
may not accurately represent routine clinical condi-
tions. In addition, differences in fracture orientation,
tooth anatomy, imaging resolution, and validation
methods may contribute to inconsistent results among
studies. The lack of standardized datasets and external
multicenter validation protocols further limits repro-
ducibility and generalizability of existing Al models.
Future research should therefore focus on developing
robust clinically representative datasets and stan-
dardized validation frameworks to improve the relia-
bility and real-world performance of Al-assisted
fracture detection systems in endodontics.

4.3 Root Canal Morphology Assessment

A thorough understanding of root canal morphology
is essential for successful endodontic treatment be-
cause variations in canal configuration, accessory
canals, and complex anatomical patterns can signifi-
cantly influence treatment outcomes. Conventional
radiographic assessment may fail to identify these
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variations because of image superimposition and
limited two-dimensional visualization.” Artificial
intelligence has demonstrated considerable potential
in improving assessment of root canal morphology
through automated image analysis and segmentation
techniques.

Deep learning algorithms are increasingly being ap-
plied for evaluation and segmentation of root canal
systems using radiographic and cone-beam computed
tomography (CBCT) datasets.”® These systems can
identify canal pathways, anatomical curvatures, and
morphological variations with improved precision
and consistency. Al-assisted analysis may help clini-
cians recognize complex anatomical structures that
could otherwise remain undetected during conven-
tional examination.’

CBCT imaging has further enhanced Al-assisted root
canal assessment by providing three-dimensional
visualization of dental anatomy.'? Deep learning seg-
mentation models can separate teeth and root canal
systems from surrounding structures, thereby im-
proving anatomical mapping and treatment plan-
ning."” Such technologies may facilitate detection of
accessory canals, calcified canals, and anatomical
irregularities in complex clinical cases.

Recent studies have highlighted the growing role of
Al in evaluating root canal morphology and anatomi-
cal complexity.”® Al-assisted systems may improve
treatment precision, reduce missed canals, and mini-
mize procedural complications during endodontic
therapy. However, further multicenter studies and
standardized validation protocols remain necessary
before routine clinical integration can be recom-
mended.’®

Despite its promising potential, Al-assisted root canal
morphology analysis continues to face important
technical and methodological limitations. Accurate
segmentation depends heavily on CBCT image qual-
ity, voxel resolution, and consistency of dataset an-
notation. Anatomical complexity, calcifications,
image noise, and artifacts may adversely affect seg-
mentation accuracy. In addition, considerable vari-
ability exists among studies regarding imaging
protocols, segmentation algorithms, and performance
evaluation methods, limiting direct comparison be-
tween available Al systems. Most current investiga-
tions are retrospective and laboratory-based, with

limited prospective clinical validation. Therefore,
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future multicenter studies using standardized imaging
protocols and externally validated datasets are essen-
tial to improve the reproducibility, reliability, and
clinical applicability of Al-assisted anatomical as-
sessment systems in endodontics.

4.4 Working Length Determination

Accurate working length determination is essential
for successful endodontic treatment because it di-
rectly influences cleaning, shaping, and obturation
procedures. Inaccurate assessment may result in in-
adequate debridement or overinstrumentation, poten-
tially compromising treatment outcomes.
Conventional methods, including radiographic evalu-
ation and electronic apex locators, possess limitations
related to anatomical variability and interpretation

accuracy.’

Artificial intelligence has recently been explored as a
supportive tool for automated working length estima-
tion. Machine learning and deep learning algorithms
can analyze radiographic images and identify
anatomical landmarks such as the radiographic apex
and apical constriction with improved consistency.®
Al-assisted systems may reduce observer variability
and improve precision during radiographic interpre-
tation.

One of the earliest applications of Al in endodontics
was reported by Saghiri et al, who developed an arti-
ficial neural network model for locating the minor
apical foramen."” Their findings demonstrated the
potential of Al-assisted systems to improve identifi-
cation of anatomical landmarks during endodontic
procedures. Subsequent advances in digital imaging
and computational technologies have further ex-
panded the role of Al in working length assessment.

Integration of Al with digital radiography and cone-
beam computed tomography (CBCT) imaging may
improve procedural efficiency by providing rapid and
reproducible measurements.'> Al-assisted systems
may be particularly beneficial in anatomically com-
plex cases where conventional radiographic interpre-
difficult. However,
regarding Al-based working length determination
remains limited, and additional clinical validation

tation is current evidence

studies are required before routine implementation
can be recommended.® Major studies evaluating Al-
assisted diagnostic systems in endodontics are sum-
marized in Table 2.
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Table 2: Major Studies on AI Applications in Endodontics

Author Year Al Application Imaging Modality Main Findings Reponl"ltlt;(:l:’eerfor-
CNN models demon-
Ekert et al 2019 Apical le'smn detec- | Periapical radio- | strated ’h%gh dlagnpstlc High diagnostic ac-
tion graphs capability for apical curacy reported
lesion detection
Al improved consis-
Ozyiirek etal | 2020 Perlaplcal. lesion CBCT tency of .leswn qetfectlon Improveq diagnostic
detection and radiographic inter- consistency
pretation
Vertical root fracture | Panoramic radio- Al system demonstrated Promising sensitivity
Fukuda et al 2020 . favorable fracture de- T
detection graphs . and specificity
tection performance
L . Deep learning success- . -
Endres et al 2020 Periapical d 15€45¢ | Dental radiographs | fully detected periapical High predictive per-
detection . formance
disease
. . . ANN model accurately
Saghiri ot al 2012 Workmg. length de- Radlographlc anal- identified apical fora- Improveq lar}dmark
termination ysis . localization
men location
CBCT-guided sys- Accurate guided access High procedural
Zehnderetal | 2016 Guided endodontics g M cavity preparation and £1 proc
tems . precision
canal localization
Microguided en- Guided access I.m proygd accutacy Qur- Favorable proce-
Connert et al 2017 . . ing minimally invasive
dodontics preparation . dural accuracy
access preparation
. . Machine learning pre- .. _
Luetal 2025 | Prognostic prediction Clinical gnd radio- dicted regenerative Promising pre dictive
graphic data capability
treatment outcomes

The rapid evolution of Al-assisted diagnostic tech-
nologies has significantly influenced the therapeutic
landscape of contemporary endodontics. Advances in
radiographic interpretation, anatomical mapping, and
CBCT-based image analysis have facilitated devel-
opment of more precise and minimally invasive
treatment approaches. As diagnostic accuracy contin-
ues to improve through machine learning and deep
learning systems, increasing attention has shifted
toward Al-assisted therapeutic guidance technologies
capable of enhancing procedural precision and clini-
cal predictability during endodontic treatment.

5. Therapeutic Applications
5.1 Guided Endodontics

Guided endodontics represents one of the most im-
portant therapeutic advancements associated with
integration of artificial intelligence and digital tech-
nologies into endodontic practice. The technique
combines cone-beam computed tomography (CBCT)
imaging, digital surface scanning, virtual planning
software, and guided templates to improve procedural
accuracy.”’ Guided endodontics is particularly useful

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY

in cases involving pulp canal obliteration, calcified
canals, and complex anatomical variations where
conventional access preparation is challenging.

Al-assisted planning systems improve visualization of
root canal anatomy and facilitate precise access cavity
preparation while preserving healthy tooth structure.
Integration of digital imaging datasets with virtual
planning software allows clinicians to create highly
accurate treatment pathways before initiating treat-
ment.”> These technologies may reduce procedural
errors, excessive dentin removal, and the risk of per-

foration during canal location.

Zehnder et al demonstrated that guided endodontic
systems could achieve highly accurate access cavity
preparation and root canal localization in difficult
clinical situations.” Similarly, Connert et al reported
favorable accuracy using microguided endodontic
techniques for minimally invasive access preparation
in anterior teeth.” These findings highlight the grow-
ing role of digitally assisted procedures in improving
treatment precision and predictability.
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Guided endodontics may also reduce chairside oper-
ating time and operator-related variability. Al-as-
sisted planning can improve procedural confidence,
particularly for inexperienced clinicians and anatom-
ically challenging cases.® In addition, guided tech-
niques may enhance patient comfort through
minimally invasive treatment approaches with greater
precision.

Despite these advantages, guided endodontics has
certain limitations. The requirement for CBCT imag-
ing, digital scanning systems, and specialized soft-
ware may increase treatment cost and technical
complexity.® Furthermore, inaccuracies in image ac-
quisition or guide fabrication can affect procedural
precision. Nevertheless, continued advances in Al-
assisted planning and digital workflow integration are
expected to further improve the effectiveness and
accessibility of guided endodontic procedures.

5.2 Dynamic Navigation

Dynamic navigation systems provide real-time in-
strument tracking and guidance, distinguishing them
from static guided endodontics, which relies on pre-
fabricated templates.”’ By integrating cone-beam
computed tomography (CBCT), motion tracking, and
navigation software, these systems enable precise
visualization of instrument position and angulation
during access cavity preparation and canal localiza-
tion. Al may further enhance anatomical mapping,
image interpretation, and treatment planning.®*

Dynamic navigation is particularly beneficial in cases
involving calcified canals, complex root anatomy, and
restricted access. It may improve procedural accu-
racy, preserve tooth structure, and reduce complica-
tions such as perforation and canal deviation.”
Integration of Al-assisted planning with navigation
may further support minimally invasive and pre-
dictable treatment.® However, high equipment costs,
technical complexity, calibration errors, and the need
for specialized training limit widespread adoption.
Moreover, evidence remains largely based on labora-
tory studies, case reports, and small clinical investi-
gations. Large-scale prospective trials are therefore
required to establish clinical effectiveness, repro-
ducibility, and cost-effectiveness.

6. Prognostic Applications
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Artificial intelligence has increasingly been investi-
gated for prognostic assessment in endodontics be-
cause of its ability to analyze large clinical and
radiographic datasets and identify predictive patterns
associated with treatment outcomes. Conventional
prognostic evaluation often relies on clinician experi-
ence and subjective interpretation of clinical findings,
whereas Al-assisted systems may provide more ob-
jective and data-driven prediction models for evalu-
ating treatment success, healing potential, and disease
progression.

Machine learning algorithms can simultaneously
process multiple variables, including patient age,
lesion size, root canal anatomy, treatment quality, and
radiographic characteristics.** By collectively analyz-
ing these factors, Al systems may help clinicians
estimate the probability of treatment success and
identify cases at higher risk of failure. Such predictive
capabilities may improve treatment planning and
support more personalized endodontic care.

Recent studies have demonstrated promising applica-
tions of machine learning in regenerative endodontic
procedures and outcome prediction. Lu et al reported
that machine learning models showed considerable
potential in predicting prognosis following regenera-
tive endodontic therapy.” Al-assisted prognostic sys-
tems may also contribute to assessment of healing
outcomes after root canal treatment and apical
surgery.

Another important application involves automated
monitoring of lesion progression and post-treatment
healing using serial radiographic datasets.® Deep
learning systems may assist clinicians in detecting
subtle radiographic changes over time with improved
consistency and reduced observer variability, thereby
enhancing long-term follow-up and evidence-based
clinical decision-making.

Despite these promising developments, prognostic Al
models in endodontics remain in the early stages of
clinical application. Many available studies are based
on limited datasets and still require external validation
before routine clinical implementation can be recom-
mended."" Nevertheless, integration of Al into prog-
nostic assessment represents an important step toward
more predictive and personalized endodontic treat-
ment strategies.

7. Al in Education
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Artificial intelligence (Al) is increasingly transform-
ing dental and endodontic education through person-
alized learning, simulation-based training, and
automated assessment. Al-assisted platforms provide
interactive learning environments and real-time feed-
back, potentially enhancing clinical understanding,
procedural skills, and decision-making.>'¢ Al-inte-
grated simulations may facilitate training in access
cavity preparation, canal identification, and treatment
planning, while improving the consistency of compe-
tency assessment.

Conversational Al and large language models have
further expanded educational applications by sup-
porting evidence-based learning, scientific informa-
tion retrieval, and academic assessment.””?® However,
responsible implementation requires transparency,
accountability, and ethical oversight.”® Concerns re-
garding inaccurate Al-generated information, overre-
liance, academic integrity, and potential impairment
of critical thinking necessitate cautious integration
into educational curricula.

Accordingly, Al should complement rather than re-
place faculty supervision, evidence-based teaching,
and clinical mentorship. Its effective integration into
endodontic education will depend on responsible use,
critical appraisal of Al-generated outputs, and
preservation of essential clinical reasoning and pa-
tient-centered communication skills.

8. Clinical Implications

The integration of artificial intelligence into en-
dodontic practice has important clinical implications
for diagnosis, treatment planning, procedural preci-
sion, and long-term patient management. Al-assisted
radiographic interpretation may improve early detec-
tion of periapical lesions, root fractures, and anatom-
ical variations that might otherwise remain undetected
during conventional examination. Enhanced diagnos-
tic consistency may contribute to more accurate
treatment planning and reduction of observer-depen-
dent variability.

The incorporation of Al-driven guided endodontics
and dynamic navigation systems may further support
minimally invasive treatment approaches by improv-
ing procedural accuracy and preservation of healthy
tooth structure. In addition, predictive Al models may
assist clinicians in identifying cases with higher risks
of treatment failure and facilitate more personalized
evidence-based treatment strategies.
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Despite these potential benefits, Al-assisted systems
should currently be regarded as supportive adjunctive
technologies rather than replacements for clinical
expertise. Successful clinical integration will require
appropriate clinician training, ethical oversight, stan-
dardized validation protocols, and continued interdis-
ciplinary collaboration. As Al technologies continue
to evolve, their future incorporation into routine en-
dodontic workflows may significantly contribute to
precision-based and patient-centered clinical care.

9. Ethical Challenges and Limitations

Despite its promising applications, artificial intelli-
gence in endodontics faces substantial ethical, tech-
nical, and clinical challenges. The limited
interpretability of deep learning algorithms may
compromise clinician trust and complicate account-
ability for diagnostic errors and treatment-related
decisions. *, ' Al performance also depends heavily
on the quality, diversity, and representativeness of
training datasets. Single-center studies, heteroge-
neous imaging protocols, inconsistent annotations,
and limited external validation may restrict repro-
ducibility and clinical generalizability, while algo-
rithmic bias may contribute to diagnostic disparities
across patient populations. ¢, ', '8 26

Patient privacy, data security, and medico-legal ac-
countability remain critical concerns, particularly
when clinical and radiographic data are used for
model development and validation.*,' Furthermore,
imaging artifacts, computational requirements, im-
plementation costs, and limited technical expertise
may hinder clinical adoption.'? High reported diag-
nostic accuracy under controlled conditions, coupled
with publication bias and inconsistent validation
standards, may also overestimate real-world perfor-
mance.'®

Accordingly, Al should be regarded as a supportive
clinical tool rather than a replacement for professional
judgment. Future research should prioritize explain-
able algorithms, representative multicenter datasets,
standardized reporting, robust external validation, and
secure data governance. *, 2 Interdisciplinary collab-
oration and ethically guided implementation are es-
sential to ensure reliable, equitable, and clinically
meaningful integration of Al into endodontic practice.
The principal advantages and limitations are summa-
rized in Table 3. The broader implications of Al in-
tegration in dentistry also highlight the importance of
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understanding biological responses at the pulp—dentin
interface and critically evaluating whether emerging
Al technologies represent meaningful clinical ad-
vances or merely technological innovation.”*°

Table 3: Advantages and Limitations of Al in En-
dodontics

Advantages Limitations

Improved diagnostic accu-
racy

Dependence on dataset
quality

Reduced observer variabil- | Limited multicenter vali-
ity dation

Enhanced radiographic in-

; High impl i
terpretation 1gh implementation cost

Requirement for technical

Better treatment planning expertise

Support for minimally inva-
sive procedures

Black-box nature of deep
learning systems

Ethical and medico-legal

Faster image analysis
concerns

Personalized prognostic
prediction

Data privacy and security
issues

Limited standardization
across studies

Improved educational as-
sessment

10. Future Perspectives

Artificial intelligence (Al) is poised to advance en-
dodontics through the integration of deep learning,
cone-beam computed tomography (CBCT) analysis,
and data-driven clinical decision support. Future Al
platforms may combine clinical findings, radio-
graphic interpretation, and prognostic models to im-
prove diagnostic precision, treatment planning, and
individualized care.®** Integration of Al-assisted
image segmentation with guided endodontics and
dynamic navigation may further enhance canal local-
ization, procedural accuracy, and preservation of
healthy tooth structure in anatomically challenging
cases.'®
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Emerging technologies, including explainable Al
(XAI), radiomics, federated learning, and real-time
chairside systems, offer promising opportunities for
precision-based endodontic care. XAl may improve
algorithm transparency and clinician trust, while ra-
diomics could facilitate quantitative characterization
of periapical pathology and prognostic assessment.
Federated learning may enable collaborative model
development across institutions while minimizing
direct patient-data sharing. Integration with robotic-
assisted procedures and digital workflows may further
expand minimally invasive and personalized treat-
ment strategies.*

Al-assisted simulation, virtual learning platforms, and
conversational systems may transform endodontic
education by supporting competency-based training,
clinical decision-making, and evidence-based learn-
ing.””*® However, clinical translation remains con-
strained by limited prospective multicenter validation,
dataset diversity, inconsistent imaging and annotation
protocols, and uncertainties regarding cost-effective-
ness and algorithmic bias. Future research should
prioritize standardized validation frameworks, ex-
plainability, ethical governance, and real-world clini-
Ultimately,  multidisciplinary
collaboration and robust clinical evidence will deter-
mine the safe and effective integration of Al into

cal evaluation.

patient-centered endodontic practice.
11. Limitations of the Review

Several limitations associated with the present review
should be acknowledged. First, although extensive
literature screening was performed, the rapidly
evolving nature of artificial intelligence research may
result in continuous emergence of new evidence after
manuscript preparation. Second, many currently
available studies evaluating Al applications in en-
dodontics demonstrate considerable heterogeneity
regarding imaging modalities, dataset characteristics,
algorithm architectures, validation methods, and out-
come measures, thereby limiting direct comparison
between investigations. Third, a substantial propor-
tion of the available evidence is derived from retro-
spective or laboratory-based studies with limited
multicenter clinical validation. In addition, publica-
tion bias toward studies reporting favorable Al per-
formance may influence the overall interpretation of
current evidence. Finally, because this review repre-
sents a state-of-the-art narrative synthesis rather than
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a systematic review or meta-analysis, quantitative
assessment of pooled diagnostic accuracy and statis-
tical heterogeneity was not performed.

CONCLUSION

Artificial intelligence is emerging as a valuable ad-
junct in endodontics, with promising applications in
diagnostic imaging, anatomical assessment, treatment
planning, prognostic prediction, and clinical educa-
tion. Integration of machine learning, deep learning,
and Al-assisted digital workflows may enhance diag-
nostic consistency, procedural precision, and person-
alized patient care. However, heterogeneity in study
designs, limited external validation, and challenges
related to algorithmic transparency, data quality, and
clinical generalizability continue to constrain wide-
spread implementation. Future progress will require
robust multicenter validation, standardized reporting,
explainable Al, and ethically guided clinical integra-
tion. Ultimately, Al should complement, rather than
replace, professional expertise, supporting evidence-
based, minimally invasive, and patient-centered en-
dodontic care.

13. Declarations

13.1 Ethical approval

Not required for narrative review.

13.2 Conflict of Interest

The authors declare no conflict of interest.
13.3 Acknowledgements

None.

13.4 Data Availability

Not applicable.

13.5 Funding

No funding received.
REFERENCES

1. LeCun, Y., Bengio, Y. & Hinton, G. Deep
learning. Nature 521, 436444 (2015). doi:
10.1038/nature14539

2.

11.

INTERNATIONAL JOURNAL DF SCIENTIFIC RESEARCH AND TECHNOLOGY

Esteva A, Kuprel B, Novoa RA, et al. Dermatol-
ogist-level classification of skin cancer with deep
neural networks. Nature. 2017 Feb;542
(7639):115-118. DOI: 10.1038/nature21056.
PMID: 28117445; PMCID: PM(C8382232.

Topol EJ. High-performance medicine: the con-
vergence of human and artificial intelligence.
Nature Medicine. 2019 Jan;25 (1):44-56. DOI:
10.1038/541591-018-0300-7. PMID: 30617339.

Char DS, Shah NH, Magnus D. Implementing
Machine Learning in Health Care - Addressing
Ethical Challenges. The New England Journal of
Medicine. 2018 Mar;378 (11):981-983. DOI:
10.1056/nejmp1714229. PMID: 29539284;
PMCID: PMC5962261.

Jha Kukreja B, Kukreja P. Integration of Artifi-
cial Intelligence in Dentistry: A Systematic Re-
view of Educational and Clinical Implications.
Cureus. 2025 Feb 20;17 (2): €79350. doi:
10.7759/cureus.79350.  PMID:  40125123;
PMCID: PMC11929126.

Setzer FC, Li J, Khan AA. The Use of Artificial
Intelligence in Endodontics. Journal of Dental
Research. 2024;103 (9):853-862.
doi:10.1177/00220345241255593

Asgary S. Artificial Intelligence in Endodontics:
A Scoping Review. Iran Endod J. 2024;19
(2):85-98. doi: 10.22037/iej. v19i2.44842.
PMID: 38577001; PMCID: PMC10988643.

Dennis D, Suebnukarn S, Heo MS, Abidin T,
Nurliza C, Yanti N et al. Artificial intelligence
application in endodontics: A narrative review.
Imaging Science in Dentistry. 2024;54 (4):305-
312. doi: 10.5624/isd.20240321

Kumar MSS, Rai A, Singh N, Shroff Y, Rao V,
Prasad KV, Surana P. Artificial Intelligence (Al)
in Endodontics: A Review. J Pharm Bioallied
Sci. 2025 May;17 (Suppl 1): S96-S98. doi:
10.4103/jpbs.jpbs 1679 24. Epub 2025 Feb 3.
PMID: 40511038; PMCID: PMC12156729.

Kun K, Gonzalez NA, Malla G. Artificial Intel-
ligence in The Diagnosis, Treatment, and Prog-
nostication in Endodontics: A Comprehensive
Literature Review. Eur Endod J. 2025 Dec;10
(6):466-478. doi: 10.14744/eej.2025.83788.
PMID: 41685843; PMCID: PMC12686871.

Doumani M, Almagboul F, Alduwaysan SSS,
Alzahrani MA, Al Ghamdi SA, Alzahrani MN,

668 | Page



12.

13.

14.

15.

16.

17.

Dr. Anshuman Mishra, Int. J. Sci. R. Tech., 2026 3(11), 658-670 | Review

Alanazi AT, Al Ghamdi NM, Alsalem AH, Al-
turaif D, Almokayad FH, Algahtani AS, Alanaz
L. Effectiveness of Artificial Intelligence in En-
dodontic Diagnosis and Treatment Evaluation: A
Systematic Review. Cureus. 2025 Nov 4;17 (11):
€96091. doi: 10.7759/cureus.96091. PMID:
41356988; PMCID: PMC12677359.

Ozyiirek T, Kravtsov A, Ezhov M, Bayrakdar I,
Orhan K. Evaluation of artificial intelligence for
detecting periapical pathosis on cone-beam
computed tomography scans International En-
dodontic  Journal.  2020;53  (5):680-689.
doi:10.1111/iej.13265

Ekert T, Krois J, Meinhold L, et al. Deep Learn-
ing for the Radiographic Detection of Apical
Lesions. Journal of Endodontics. 2019 Jul;45
(7):917-922.e5. DOLI: 10.1016/
jjoen.2019.03.016. PMID: 31160078.

Endres MG, Hillen F, Salloumis M, et al. De-
velopment of a Deep Learning Algorithm for
Periapical Disease Detection in Dental Radio-
graphs. Diagnostics (Basel, Switzerland). 2020

Jun;10 (6): E430. DOI: 10.3390/diagnos-
tics10060430. PMID: 32599942; PMCID:
PMC7344682.

Fukuda M, Inamoto K, Shibata N, Ariji Y,
Yanashita Y, Kutsuna S, Nakata K, Katsumata
A, Fujita H, Ariji E. Evaluation of an artificial
intelligence system for detecting vertical root
fracture on panoramic radiography. Oral Radiol.
2020 Oct;36 (4):337-343. doi: 10.1007/s11282-
019-00409-x. Epub 2019 Sep 18. PMID:
31535278.

Musri N, Christie B, Ichwan SJA, Cahyanto A.
Deep learning convolutional neural network
algorithms for the early detection and diagnosis
of dental caries on periapical radiographs: A
systematic review. Imaging Sci Dent. 2021
Sep;51 (3):237-242. doi: 10.5624/isd.20210074.
Epub 2021 Jul 13. PMID: 34621650; PMCID:
PMC8479439.

Saghiri MA, Asgar K, Boukani KK, et al. A new
approach for locating the minor apical foramen
using an artificial neural network. International
Endodontic Journal. 2012 Mar;45 (3):257-265.
DOI:  10.1111/.1365-2591.2011.01970.  x.
PMID: 22007705.

18.

19.

20.

21.

22.

23.

24.

25.

INTERNATIONAL JOURNAL DF SCIENTIFIC RESEARCH AND TECHNOLOGY

Chen Z, Liu Q, Wang J, Ji N, Gong Y, Gao B.
Tooth image segmentation and root canal mea-
surement based on deep learning. Front Bioeng
Biotechnol. 2025 Jun 9; 13:1565403. doi:
10.3389/fbioe.2025.1565403. PMID: 40552111;
PMCID: PMC12183224.

Kot WY, Au Yeung SY, Leung YY, Leung PH,
Yang WF. Evolution of deep learning tooth seg-
mentation from CT/CBCT images: a systematic
review and meta-analysis. BMC Oral Health.
2025 May 26;25 (1):800. doi: 10.1186/s12903-
025-05984-6. PMID: 40420051; PMCID:
PMC12107724.

Hassan W, Mehta V, Singdha NT, Karobari MI.
Al in Root Canal Morphology: A Detailed Bib-
liometric Analysis of Research Trends and
Global Contributions. Clin Exp Dent Res. 2025
Dec;11 (6): €70269. doi: 10.1002/cre2.70269.
PMID: 41457722; PMCID: PMC12745845.

Suebnukarn S, Rhienmora P, Haddawy P. The
use of cone-beam computed tomography and
virtual reality simulation for pre-surgical practice
in endodontic microsurgery. Int Endod J. 2012
Jul;45  (7):627-32.  doi:  10.1111/5.1365-
2591.2012.02018. x. Epub 2012 Jan 30. PMID:
22288913.

Zehnder MS, Connert T, Weiger R, Krastl G,
Kiihl S. Guided endodontics: accuracy of a novel
method for guided access cavity preparation and
root canal location. International Endodontic
Journal. 2016 Oct;49 (10):966-972. DOI:
10.1111/iej.12544. PMID: 26353942.

Connert T, Zehnder MS, Weiger R, Kiihl S,
Krastl G. Microguided Endodontics: Accuracy
of a Miniaturized Technique for Apically Ex-
tended Access Cavity Preparation in Anterior
Teeth. J Endod. 2017 May;43 (5):787-790. doi:
10.1016/j.joen.2016.12.016. Epub 2017 Mar 11.
PMID: 28292595.

Gupta D, Shaw AK, Jadhav AB, Mhatre S, Mali
SD, Patil AH. Diagnostic Efficacy of Artificial
Intelligence Models for Predicting Endodontic
Outcome - A Systematic Review and Meta-
Analysis. Indian J Dent Res. 2025 Oct 1;36
(4):465-470. doi: 10.4103/ijdr.ijdr_497 25.
Epub 2025 Dec 14. PMID: 41396192.

LuJ, Cai Q, Chen K, Kahler B, Yao J, Zhang Y,
Zheng D, Lu Y. Machine learning models for

669 | Page



26.

27.

@

Dr. Anshuman Mishra, Int. J. Sci. R. Tech., 2026 3(11), 658-670 | Review

prognosis prediction in regenerative endodontic
procedures. BMC Oral Health. 2025 Feb 13;25
(1):234.  doi:  10.1186/s12903-025-05531-3.
PMID: 39948515; PMCID: PMC11827326.

Rokhshad R, Karteva T, Chaurasia A, Richert R,
Moérch CM, Tamimi F, Ducret M. Artificial in-
telligence and smile design: An e-Delphi con-
sensus statement of ethical challenges. J
Prosthodont. 2024 Oct;33 (8):730-735. doi:
10.1111/jopr.13858. Epub 2024 Apr 24. PMID:
38655727.

Ardila CM, Pineda-Vélez E, Vivares-Builes AM.

Artificial Intelligence in Endodontic Education:
A Systematic Review with Frequentist and
Bayesian Meta-Analysis of Student-Based Evi-
dence. Dent J (Basel). 2025 Oct 23;13 (11):489.
doi: 10.3390/dj13110489. PMID: 41294470;
PMCID: PMC12650973.

&

28.

29.

30.

Alpay S, Darafarin Y, Dagdelen B, Al-Shammari
SMM, Buyukbayram IK. Comparison of Chat-
GPT-40 and expert evaluation in endodontic
education: a cross-sectional pilot study. BMC
Med Educ. 2025 Dec 1;26 (1):12. doi: 10.1186/
$12909-025-08358-2. PMID: 41327262;
PMCID: PMC12777446.

Priyadarsini C, Mishra A. Bridging regeneration
and biomechanics: Stem cell responses at the
pulp-dentin interface. J Orofac Health Sci.
2025;12 (4):205-209.

Mishra A, Nayak SC. Artificial Intelligence in
orthodontics: Clinical revolution or technologi-
cal illusion? J Int Coll Dent. 2026;64 (3):129-
131.

HOW TO CITE: Dr. Anshuman Mishra, Dr. Chinmayee
Priyadarsini, Artificial Intelligence in Endodontics: A
State-of-the-Art Comprehensive Review, Int. J. Sci. R.

Tech.,

2026, 3 658-670.

(1),

https://doi.org/10.5281/zenodo0.24216740

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY

670 | Page



