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NARRATIVE REVIEW

Impact of Artificial Intelligence and Generative Al on
Dental Education

Background: Artificial intelligence (Al), particularly
generative Al (GenAl), is fundamentally transforming
dental education by enabling highly personalized learning
and refining clinical decision-making. However, the rapid
adoption of tools like ChatGPT has outpaced the
establishment of formal educational guidelines, thereby
introducing novel ethical and practical concerns.

Method: A comprehensive narrative review was
conducted, synthesizing current literature and authoritative
reviews published since 2020, with a focus on the
integration of GenAl integration in dental education.
Additional  sources were identified from key
bibliographies. This review critically evaluates the impacts,
challenges, and optimal strategies for incorporating Al
across undergraduate and postgraduate dental curricula.
Results: Al tools, especially GenAll, are increasingly being
integrated into teaching, learning, and assessment
Documented benefits include personalized feedbadk,
realistic clinical case simulations, and improved diagnostic
reasoning. These technologies promote educational
efficiency, pedagogical innovation, and student engagement
However, significant risks remain, including threats
academic integrity (e.g., Al-generated assignments),
algorithmic bias, and data privacy issues. Most dental
institutions currently lack discipline-specific Al policies,
though broader university and global guidelines emphasize
ethical use, transparency, and critical thinking. Successful
integration depends on comprehensive faculty development,
clear ethical frameworks, and student literacy regarding the
capabilities and limitations of Al.

Conclusion: The integration of Al and GenAl into dental
education not only offers transformative potential but also
introduces unique challenges. Proactive curriculum
development and institutional policies are essential
harness these technologies effectively while upholding
academic integrity and ethical standards.

Keywords: Artificial Intelligence, Generative Al, Dental
Education, Curriculum, Ethics, ChatGPT, Guidelines
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Al and GenAl in Dental Education

INTRODUCTION

The rapid evolution of artificial intelligence (Al) is
fundamentally reshaping healthcare education, and
dental training finds itself at the forefront of this
transformative movement (1). Overthe past decade,
foundational advancements in digital technology
including computer-aided  design,  three-
dimensional imaging, and high-fidelity simulation
have established the necessary infrastructure for
integrating more sophisticated Al systems in both
preclinical and clinical dentaleducation (2).

A pivotal developmentin recent yearshasbeen the
emergence and widespread integration of
generative Al, including large language models
(LLMs) suchas ChatGPT (3). These tools represent
a significant advancement beyond traditional
discriminative  artificial intelligence,  which
primarily  serves classification and pattem
recognition tasks such as detecting caries on
radiographs. In contrast, GenAl can create novel
and realistic contentincluding texts, images, and
interactive patient simulations, thereby enabling
dynamic, adaptive, and highly personalized
educationalexperiences (4).

The potential applications of generative artificial
intelligence in dental education are already
becoming evident across several critical domains.
Regarding personalized learning, Al-driven
systemscan tailor educational content to individual
student needs and learning paces, thereby
facilitating a shift toward competency-based
education (5). In the realm of enhanced clinical
simulation, generative models can create realistic
virtual patient scenarios, provide automated
feedback, and support clinical decision-making,
effectively bridging the gap between theoretical
knowledge and practical application (3). For
research and academic writing, generative artificial
intelligence tools can assist with literature reviews,
proposal drafting, and data analysis, accelerating
research workflows while simultaneously sparking
new debates around authorship and integrity (5).
Concerning assessment and feedback, automated
essay scoring systems, chatbots, and Al-powered
formative assessment tools can deliver timely and
individualized feedback, thereby promoting self-
directed learning. Finally, in communication and
professional skills, Al-powered conversational
tools can simulate patient interactions, allowing
students to safely develop and refine interpersonal
and counseling skills (6).

The COVID-19 pandemic served as a catalyst that
accelerated the adoption of virtual and Al-
supported learning modalities, thereby exposing
both the vast opportunities and inherent challenges
of this digital transformation (7). However, a
significant gap persists asmost dentaleducators and
students receive minimal or no formal training in
using Al utilization. This lack of preparedness can

hinder critical evaluation of Al-generated content
and the ethical, responsible application of these
powerful tools in both education and clinical
settings (8).

Significant challenges, particularly those of an
ethical nature, remain largely unaddressed. These
concerns include issues of algorithmic bias, data
privacy,andacademic integrity, as GenAl blurs the
distinction between original student contribution
and Al-assisted creation. At the global level, there
exists a notable absence of discipline-specific
guidelines or formalinstitutional policies governing
the use of GenAl in dental education, even as its
presence becomesincreasingly unavoidable (5).

In response to this evolving landscape, this
narrative review aims to provide a comprehensive
synthesis of the current and potential impact of Al
in dental education. It will critically examine key
benefits, challenges, and evidence-based strategies

for integrating Al into dental curricula.
Furthermore, the review will analyze existing
global and institutional guidelines, identifying

specific gaps relevant to dental education, and will
conclude with practical recommendations for
educators, curriculum planners, and policymakers
on adaptingto the era of Al-powered education.

METHODS

This narrative review was designed to offer a
comprehensive, contemporary, and critical
synthesis of existing literature concerning the
integration and impact of artificial intelligence (Al),
with a particular focus on generative artificial
intelligence (GenAl), within both undergraduate
and postgraduate dentaleducation.

A systematic search was conducted from January
2020 to July 2025 across PubMed/MEDLINE,
Scopus, Web of Science, and Google Scholar
databases, initially identifying approximately 527
articles relevant to artificial intelligence (Al) and
generative  artificial  intelligence (GenAl)
applications in dental education. After a
preliminary screening of titles and abstracts by two
independent reviewers, 31 studies were found to
meet the inclusion criteria. Additionally, a manual
review of references from two recent
comprehensive reviews identified 2 foundational
studies published prior to 2020, considered
essential for context. In total, 33 peer-reviewed
studies and authoritative documents were
ultimately included and synthesized in this
narrative review. The search strategy incorporated
terms related to general Al (“artificial intelligence,"
"Al," "machine learning,” “deep learning,” "dental
informatics™) and specific GenAl technologies
("generative Al," "large language model,” "LLM,"
"ChatGPT," "DALL-E,” "Midjourney"). These
terms were combined using Boolean operators with
keywords reflecting educational contexts ("dental
education,” "dentistry curriculum,"” “teaching,”

non
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"assessment,” ‘“clinical simulation,” “student
learning,” "faculty development”) to ensure
maximum sensitivity and specificity in retrieving
relevant studies.

The review's inclusion criteria prioritized peer-
reviewed articles, systematic or scoping reviews,
narrative reviews, empirical research, conference
papers, guidelines, and policy documents published
from January 2020 to July 2025. Both English and
non-English language  publications  were
considered; non-English articles were included if an
English abstract or summary was availabk.
Foundational works predating 2020 were also
reviewed if they were widely cited or deemed
essential for contextualunderstanding.

A subsequent stage involved a manual review of the
reference lists from two recently published and
highly relevant reviews (1, 5). This process aimed
to uncover additional primary studies, policy
papers,and authoritative reports thatmight not have
been captured in the initial electronic database
searches. Where feasible, primary source
documents referenced within these reviews were
traced and evaluated foreligibility and relevance.
Articles were included if they addressed the
integration, implementation, impact, challenges,
perceptions, or policy aspects of Al or GenAl
within dental education. Articles exclusively
focused on clinical applications of Al without
educationalrelevance were excluded.

The study selection process commenced with an
initial review of titles and abstracts to ascertain
potential relevance, followed by the retrieval and
in-depth reading of full texts forstudies meeting the
inclusion criteria. To enhance reliability, at least
two reviewers independently assessed each article
forinclusion, resolving any disagreements through
discussion and consensus. For non-English articles,
translation support was utilized as necessary to
extract critical data. Policy documents and
guidelines were analyzed with specific attention to
their scope (institutional, national, or international),
intended audience, stated principles or rules, and
thematic content such as academic integrity,
transparency, equity,and ethical Al use.

Findings were clustered into major domains
pertinent to dentaleducation: the typesand roles of
Al/GenAl, documented benefitsand transformative
impacts, identified risks and challenges (including
ethical, legal, and practical considerations),
approaches to curriculum integration, institutional
and global guidance, and projections for future
trends. Where possible, findings from disparate
studies addressing similar issues were compared,
and areas of consensus or divergence were
highlighted. Emphasis was placed on evidence
derived from recent, high-impact reviews and
empirical studies, as well as authoritative
statements from academic institutions and
international organizations. This narrative review,

therefore, provides a rigorous and transparent
qualitative synthesis of current knowledge,
challenges, and best practices for integrating Al
into dental education, with the aim of supporting
evidence-informed curriculum innovation and
responsible educationalpolicy development.

RESULTS

The integration of Al in dental education now
encompasses both traditional (discriminative) Al
and the emerging paradigm of generative Al. Al has
been predominantly utilized forclassification tasks,
including radiographic interpretation, caries
detection, and predicting student performance (9).
These machine learning and deep learning-based
systems, have  demonstrated  significant
improvementsin diagnostic precision, standardized
assessment processes, and provided valuable
insights into student learning patterns (10).

In contrast, GenAl represents a transformative
approach to dental education. Large language
models (LLMs) like ChatGPT, DALL-E, and
Midjourney have shown remarkable capabilities in
generating novel content, simulating patient
scenarios, creating diverse visual and textual
teaching materials, and facilitating interactive,
conversational learning experiences (4). These
tools can produce realistic patient histories, provide
tailored responses to studentinquiries, and generate
assessment questions on demand. This
technological advancement has fundamentaly
reshaped educational experiences, fostered more
adaptive, student-centered approach and enabled
previously unattainable forms of simulation and
self-directed learning (1, 5).

GenAl exhibits particular strength in enhancing
clinical reasoning skills by enabling students to
engage in "virtual conversations" with simulated
patients or expert tutors, develop comprehensive
treatment plans, and receive immediate, context-
sensitive feedback (11, 12). Beyond language
generation, multimodal GenAl tools are
increasingly proficient at interpreting images,
radiographs, and even 3D models, thereby
expanding their applicability in both didactic
instruction and clinical training (13).

The integration of Al, particularly GenAl, has
yielded substantial benefits for both dentalstudents
and educators. Multiple studies document improved
access to personalized learning pathways, as Al
systems can adapt content, pacing, and feedback
according to individual learner's specific strengths
and deficiencies (6). Adaptive learning platforms
and Al-powered tutoring systems have
demonstrated  effectiveness in  supporting
remediation, accelerating competency
development,and promoting self-directed learning,
all of which are central objectivesin modern dental
curricula (14).

In clinical skills development, Al-driven simulators
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and assessmenttools empower students to practice
diagnostic and procedural tasks within realistic,
low-risk environments (14). For instance, Al-
powered radiographic analysis platforms can
present learners with diverse, annotated cases and
provide instant accuracy assessments, effectively
bridging the gap between theoretical knowledge
and practical clinical application (15). Generative
Al has further expanded simulation capabilities
through facilitating open-ended dialogue, scenario
variations, and real-time “"what-if* explorations,
resulting in more authentic and engaging learning
experiences (11).

Another significant impact of GenAl lies in its
contribution to research, academic writing, and
administrative efficiency. Large language models
can assist in literature synthesis, manuscript
drafting, research proposal development, and even
creating patient education materials. These
capabilities potentially reduce language barriers
and democratize access to scholarly and clinical
resources, particularly for studentsand educatorsin
non-English-speaking contexts (16).

Al-powered assessment and feedback tools enable
both formative and summative evaluation of
student progress. These systems can automate
grading, provide immediate feedback, and track
longitudinal learning outcomes with  high
reliability, supporting both self-regulated learning
and programmatic assessment approaches (17).
Despite these advantages, Al adoption in dental
education presents several complex challenges. A
primary concern revolves around academic
integrity, as GenAl's capacity to generate essays,
answer assessment questions, or even "ghostwrite"
research proposals raises fundamental questions
about originality, authorship, and the distinction
between legitimate assistance and academic
misconduct (18).

Ethical concerns extend beyond plagiarism to
include risks of algorithmic bias, data privacy
issues, and transparency problems. GenAl models
trained on extensive, sometimes unfiltered, data
sources may inadvertently introduce or perpetuate
biases in the information presented to students.
Significant concerns exist regarding student and
patient data privacy, particularly when using cloud-
based or third-party Al services (19).

Practical barriers also remain prevalent. Many
educators and students lack formal training in the
proficient Al tool usage, leading to limited digital
literacy, inconsistent application, and potential
over-reliance on algorithmic outputs. The rapid
pace of technological advancement often means
that curricula, accreditation standards, and faculty
development programs struggle to keep pace with
current practices (20).

The integration of Al and GenAl into dental
curricula shows considerable global variability.
While some dental schools have initiated pilot

programs incorporating Al-based modules in
radiology, prosthodontics, or research
methodology, others are only beginning to
introduce digital literacy and ethical topics (21).
However, there is a clear consensus that dental
curricula must evolve to address not only the
technical competencies required for Al tool usage
butalso the critical thinking, ethicalreasoning, and
reflective skills essential for responsibly appraising
and management (22).

Recent evidence indicates that effective integration
requires a multi-faceted approach, encompassing
faculty development, interdisciplinary
collaboration, continuous curriculum review, and
active involvement of studentsin co-designing Al-
enhanced learning activities. Simulation-based
learning, case-based discussions, and problem-
based learning formats are particularly well-suited
for embedding Al and GenAl, as they allow
learners to dynamically interact with complex,
authentic scenarios (23).

Despite the rapid GenAl proliferation, most dental
schools and academic organizations have yet to
formulate formal, discipline-specific usage policies
or guidelines. A recent international survey
revealed that less than 10% of dental schools had
implemented GenAl policies or recommendations
even as faculty and students report frequent and
increasing engagement with these tools in their
daily educationalactivities (5).

The future trajectory of Al in dentaleducation will
largely depend on the institutions' capacity to
effectively address both opportunities and
challenges. Key priorities include developing
robust digital literacy programs for both students
and faculty, establishing dental-specific Al and
GenAl guidelines, and continuously assessing
educational and ethical outcomes associated with
these technologies. There is also a recognized need
to cultivate critical engagement cultures, where Al
tools are perceived as learning partners rather than
unquestioned authorities (24). Emerging evidence
suggests that successful integration will require
ongoing dialogue among educators, technologists,
ethicists, and students, underpinned by a steadfast
commitment to transparency, reflection, and
adaptability as technologies and educational
contextscontinue to evolve (1, 5, 6, 14, 24).
analysis.

DISCUSSION

The integration of artificial intelligence (Al),
particularly  generative Al (GenAl), is
fundamentally reshaping the landscape of dental
education, influencing pedagogical approaches,
assessment methodologies, and the very
development of professional values. While this
review clearly demonstrates the practical benefits
of GenAl, including personalized learning, instant
feedback, and enhanced simulations, its long-term
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success in dental education will ultimately depend
on the institutional, pedagogical, and ethical
frameworksthat guide its implementation (24).

A crucial insight emerging from current literature is
the pressing need for comprehensive digital literacy
programs targeting both students and faculty.
Digital literacy in this context extends beyond
technical proficiency to encompass critical
evaluation skills and ethical reasoning when using
Al technologies (25). As Al tools become more
common and advanced, simply providing access
isn‘t enough. The genuine educational value
emerges from the ability to employ these tools
thoughtfully, critically, and responsibly (26). To
bridge the gap between Al's potential and its
effective implementation in dental education,
strategic initiatives including faculty development
programs, continuous digital upskilling, and active
student involvement in curriculum design are
essential (27). A recent global survey revealed that
both students and faculty often lack confidence in
critically ~ assessing  Al-generated  content,
underscoring the urgent need for digital literacy
programs that integrate ethical reasoning and data
management (22).

A significant barrier to the responsible integration
of GenAl in dental education is the widespread
absence of formal, discipline-specific guidelines.
Despite the rapidly expanding adoption of GenAl
tools, fewer than 10% of dental schools worldwid e
have established clear policies governing their use
in educational contexts (5). This policy vacuum
exposes studentsand educators to risks concerning
academic integrity, privacy, and algorithmic bias
(28). Existing policies, where present, typically
emphasize general principles like ethical use,
transparency, security, and academic honesty, but
frequently fail to address the unigque requirements
of dental education (5). Major international
organizations have consequently issued for
developing comprehensive frameworks that
prioritize critical thinking, privacy protection, and
equitable access to Al technologies (29).

The dynamic evolution of Al technology
necessitates ongoing evaluation mechanisms that
assess not only educational outcomes but also
ethical and societal implications (21). Responsible
implementation requires continuous monitoring of
student performance, effectiveness of Al-powered
educational support, and Al's impact on the
development of students' professionalidentity (30).
Furthermore, educators must remain vigilant in
regard to emerging challenges, such asthe potential
for over-reliance on Al that might undermine
independent clinical reasoning, or the risk that
complex  "black box" algorithms  could
inadvertently reinforce existing biases (31).

As Al transitions from a supplementary tool to a
core component of dentaleducation, a fundamental
cultural shift becomes imperative. Al should be

conceptualized not as an infallible authority but as
a collaborative learning partnerthat requires critical
scrutiny, contextualization,and open dialogue (32).
This perspective aligns with recommendations from
both scientific literature and global policy
organizations for a thoughtful, human-centered
approach that places critical engagement at the
heart of digital transformation. Cultivating this
mindset requires not only technicaltraining butalso
creating structured, safe environments where
students and educators can openly discuss, debate,
and experiment with Al technologies (33).

The successful future integration of Al in dental
education  will depend  on sustained,
interdisciplinary  collaboration among dental
educators, clinicians, computer scientists, ethicists,
and policymakers (34, 35). As Al and GenAl
capabilities evolve rapidly, curriculum design and
institutional policies must maintain flexibility, be
grounded in empirical evidence, and remain
adaptable to unforeseen challenges and
opportunities. A committed focus on transparency,
inclusivity, and evidence-based practice will ensure
that Al integration in dental education benefits the
widest possible range of stakeholders while
upholding the fundamental values of academic
integrity and social responsibility (36).

CONCLUSION

Artificial intelligence, particularly generative Al, is
fundamentally transforming dental education
through innovative applications in personalized
learning, adaptive feedback mechanisms, and
advanced clinical simulations. While these
technologies offer considerable advantages, their
effective  implementation faces significant
challenges including insufficient digital literacy,
inadequate ethical training, and a lack of specific
guidelines tailored to dentistry. Most dental
institutions are still in the early stages of creating
comprehensive policy frameworks to manage both
the opportunities and risks presented by GenAl. For
Al to realize its full potential in dental education,
institutions must invest in training for both faculty
and students, encourage collaboration across
different fields, and establish transparent, adaptable
policies grounded in evidence and ethical
principles. Ultimately, the potentialof Al in dental
education will be realized not merely through
technological progress, but through a dedication to
critical engagement, inclusivity, and continuous
reflective practice.
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