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ABSTRACT
Background: Artificial intelligence (Al), including machine learning, natural language processing, and
generative Al, is rapidly transforming medical education, particularly anatomy, assessment, and simulation.
Objective: To systematically review the applications, educational benefits, limitations, ethical concerns, and
emerging trends of Al in medical education since 2023. Methods: A structured literature search was conducted
across PubMed/MEDLINE, Embase, Scopus, Web of Science, Cochrane Library, and major medical-education
publishers for studies published from January 2023 to July 2026. Twenty-nine eligible studies were synthesised
across seven thematic domains. Results: Al applications included large language models, anatomy education
tools, virtual simulation, Al-assisted assessment, and personalised learning. Evidence suggests potential benefits
in learning support, simulation, question generation, and anatomy education. However, concerns regarding
accuracy, hallucination, bias, academic integrity, privacy, and inadequate Al literacy remain. Evidence for
improved educational outcomes is still limited, with many studies being small, single-centre, or pilot
investigations. Conclusion: Al is becoming an important component of medical education, with particularly
promising applications in anatomy and pre-clinical teaching. Responsible integration requires faculty oversight,
competency-based Al literacy, ethical governance, validation of Al-generated educational content, and stronger
outcome-based research.
How to cite this article: Vinay Kumar Veeranna Shettyl Dr. Sameer Mohommed Khan2 Dr. Swathi3 Dr. Shilpakala Leshappa
Bolshetty4. Artificial Intelligence in Medical Education: A Systematic Review. Int J Drug Deliv Technol. 2026;16(77s):1564-
1570. DOI: 10.25258/1jddt.16.77s.181.
INTRODUCTION for studying, note-taking, and even clinical
Artificial intelligence (AI) — encompassing reasoning practice, while simultaneously grappling
machine learning (ML), deep learning, natural with  unresolved  questions of  accuracy,
language processing (NLP), and, since late 2022, hallucination, bias, and academic integrity (14152,

generative large language models (LLMs) such as
ChatGPT — has moved from a peripheral research
interest to a mainstream feature of medical training
within a remarkably short period. Earlier syntheses,
including the Best Evidence Medical Education
(BEME) Guide No. 84 scoping review and several
pre-2023 integrative reviews, mapped a field that
was still largely exploratory, dominated by proof-of-
concept studies and learner-attitude surveys [=281,
The public release of ChatGPT in November 2022 is
widely regarded as an inflection point: within a year,
the volume of published literature on Al in medical
education multiplied several-fold, and the character
of that literature shifted from abstract discussion of
Al's potential toward concrete, testable applications
in teaching, assessment, and simulation [5-6:24-26,

Medical schools have had to respond quickly to
students' spontaneous adoption of LLM-based tools
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Anatomy and other pre-clinical disciplines —
traditionally reliant on cadaveric material, atlases,
and didactic teaching — have proven a particularly
active site of innovation, with Al-enabled chatbots,
three-dimensional reconstruction, gamified
learning, and generative image tools all reported
since 2023 [7-9,10]. In parallel, Al has been applied
to the historically labour-intensive tasks of item-
writing and examination question generation,
prompting a fast-growing body of validity and
psychometric research [1213],

Given the pace of change, a review restricted to the
period from January 2023 onward is warranted to
capture developments specific to the generative-Al
era, distinguish them from the earlier, more
incremental ML-based literature, and identify where
evidence remains thin. This review addresses four
guiding questions: (i) What categories of Al

Page: 1564



Artificial Intelligence in Medical Education: A Systematic Review

application have been reported in medical education
literature since 2023? (ii)) What is the current
strength of evidence for their educational efficacy?
(iii) What ethical, academic-integrity, and equity
concerns have been identified? and (iv) What gaps
should guide future research, curriculum design, and
institutional policy — including for anatomy and
pre-clinical education specifically.

2. METHODS

2.1 Protocol and Reporting

This review followed the structure and reporting
principles of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
2020 statement. The review was not prospectively
registered in PROSPERO at the time of this draft;
registration is recommended before formal journal
submission, and the search strategy documented
here (Section 2.3) is provided to support that
registration and independent reproduction of the
search.

2.2 Eligibility Criteria

Studies were eligible if they: (a) were published in a
peer-reviewed journal or as a peer-reviewed
conference proceeding between 1 January 2023 and
27 July 2026; (b) addressed an application of Al,
ML, NLP, or generative AI/LLMs within
undergraduate or postgraduate medical (including
anatomy and allied pre-clinical) education; (c)
reported empirical data, a
systematic/scoping/narrative review, or a structured
position paper with defined methodology; and (d)
were available in English. Studies concerning Al in
clinical practice without an educational component,
non-medical health-profession curricula without
transferable relevance, editorials without original
synthesis, and non-peer-reviewed preprints (except
where explicitly noted as such) were excluded.

2.3 Information Sources and Search Strategy

A structured literature search was conducted using
an Al-assisted scholarly search workflow spanning
content indexed in PubMed/MEDLINE, Embase,
Scopus, Web of Science, Cochrane Library, and
major medical-education publishers (JMIR, BMC,
Wiley, Elsevier, Springer, MDPI, Cureus/PLOS).
Search terms combined, using Boolean operators:
(“artificial intelligence” OR “machine learning” OR
“deep learning” OR “large language model*” OR
“ChatGPT” OR “generative AI”’) AND (“medical
education” OR “medical student*” OR “anatomy
education” OR “clinical skills training” OR
“medical curriculum” OR “medical assessment”).
Searches were run iteratively across seven thematic
sub-searches  (general/overview; LLM  and
ChatGPT; anatomy-specific; simulation and virtual
patients; assessment and item generation; ethics and
academic integrity; and learner/faculty perceptions)
between July 2026, with reference and citation
tracking of key reviews used to identify additional
primary studies.
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2.4 Study Selection and Data Extraction

Records were screened at title/abstract level and
then at full-text level against the eligibility criteria
above. Data extracted for each included record
comprised: author(s), year, country/setting, study
design, sample or corpus, Al modality studied,
thematic domain, and principal findings. Screening
and extraction for this draft were performed by a
single reviewer using a structured protocol;
independent dual screening by a second reviewer, as
required for full methodological rigour in a journal-
standard systematic review, should be completed
before submission (see Section 6, Limitations).

2.5 Quality Appraisal

A general critical appraisal of study design, sample
size, and risk of bias was applied narratively during
synthesis. Formal appraisal instruments appropriate
to each design (e.g., AMSTAR-2 for included
reviews, MERSQI or the Newcastle-Ottawa Scale
for observational/cross-sectional studies, and the
Medical Education Research Study Quality
Instrument for intervention studies) were not
systematically applied in this draft and should be
incorporated prior to submission to strengthen the
certainty ratings reported in Section 3.

2.6 PRISMA Study Selection Flow

The figure below summarises the flow of records
through  identification, screening, eligibility
assessment, and inclusion, reflecting the structured
search and citation-tracking process described in
Section 2.3. Exact per-database counts should be re-
verified through direct database export prior to
journal submission (see Section 6).

3. Results

Records identified through structured multi-source search (n
= 68) Additional records identified through citation/reference
tracking (n=9)

!

Records after duplicates removed (n = 58)

i

Titles/abstracts screened (n = 58) — Excluded: off-topic,
pre-2023, non-English, no educational focus (n = 15)

i

Full-text articles assessed for eligibility (n = 43) —
Excluded:  conference  abstract only, insufficient
methodological detail, duplicate dataset (n = 14)

!

Studies included in qualitative synthesis (n = 29) Comprising:
systematic/scoping  reviews (n = 11); Cross-
sectional/qualitative perception studies (n = 8); primary
intervention/validation studies (n = 7); curriculum/framework
studies (n = 3)

Twenty-nine studies met inclusion criteria and were
synthesised across seven thematic domains (Table
1). Included records spanned systematic and scoping
reviews (n=11), cross-sectional and qualitative
perception studies (n=28), primary intervention or
validation studies n=7), and
curriculum/framework studies (n=3).
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Geographically, included primary studies originated
from India, Sri Lanka, Saudi Arabia, Jordan,
Sweden, Singapore, Oman, Canada, and
multinational collaborations, with reviews drawing
on globally indexed literature.

Table 1. Summary of Included Studies by
Thematic Domain
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3.1 Large Language Models and Generative Al
The debut of ChatGPT catalysed a distinct sub-
literature within months. A systematic review of 166
initially identified records narrowed to 40 directly
relevant studies on LLMs in medical education,
reporting that 42.5% specifically evaluated LLM
performance in exam or clinical-information
contexts, with recurring themes of personalised
learning and content-accuracy concerns [,
Complementary narrative and systematic reviews
describe LLMs approaching or exceeding passing
thresholds on national licensing-style examinations
across multiple countries, while cautioning that
performance varies by specialty, question format,
and prompt design 227 Across this domain, the
balance of evidence favours LLMs as a
supplementary study and drafting aid rather than a
validated primary instructional tool, given persistent
risks of hallucination, outdated knowledge, and
inconsistent reasoning transparency.

3.2 Anatomy and Pre-Clinical Education
Anatomy has emerged as one of the most active
application areas. A 2025 systematic review in
Clinical Anatomy concluded that Al resources are
reshaping anatomy pedagogy by addressing cadaver
scarcity and aligning with digitally native learners,
while flagging the risk that Al-driven bias could be
perpetuated if training data are not representative (81,
A companion narrative review catalogued five
recurring categories of anatomy-specific Al tool:
interactive 3D anatomical models, Al-powered
virtual-reality dissection, personalised 3D printing,
multilingual anatomy chatbots, and adaptive
feedback platforms, noting a near-total absence of
Al tools purpose-built for radiological anatomy
teaching "1, A comparative pilot study found that a
customised anatomy chatbot (“Anatbuddy”)

IJIDDT Volume 16 Issue 77s 2026

outperformed a general-purpose LLM (ChatGPT-
3.5) in factual accuracy, though the two performed
similarly on completeness, coherence, and fluency
119" A 2025/2026 cross-sectional evaluation at a
health-sciences college assessed Al-generated heart-
anatomy materials and Al-generated MCQs for
content validity and student-perceived quality,
adding empirical support for Al-assisted material
generation when paired with expert review 1.

3.3 AI-Enhanced Simulation and Virtual Patients
Simulation-based training has incorporated Al most
visibly through virtual and social-robotic patients.
An observational crossover cohort study of 178
sixth-semester students compared an LLM-
enhanced social-robotic virtual-patient platform
with a conventional computer-based system for
clinical-reasoning  training; the Al-enhanced
platform was rated as more authentic and
professionally credible across most evaluated
domains ', This is consistent with a broader pattern
in the wider (not all individually cited) simulation
literature identified during searching, in which Al-
augmented virtual-reality and standardised-patient
systems are reported to accelerate procedural-skill
acquisition and improve retention relative to
traditional instruction, though most studies remain
single-institution pilots with modest sample sizes.
3.4 AI-Assisted Assessment and Item Generation
A substantial and rapidly maturing sub-literature
addresses Al-generated assessment content. A
prospective cohort study comparing ChatGPT-4o-
generated multiple-choice questions against human-
written items in a high-stakes emergency-medicine
licensing context found broadly comparable
psychometric performance, though with some
differences in item discrimination ['2!, A literature
review of ChatGPT prompting strategies for MCQ
generation catalogued the prompt structures
associated with higher validity and identified
distractor quality as the most persistent weakness of
Al-generated items [13]. Across this domain, Al is
best evidenced as a force-multiplier for item drafting
under expert quality assurance, rather than as a
stand-alone replacement for human item writers in
high-stakes examinations.

3.5 Ethical, Academic-Integrity, and Equity
Considerations

A scoping review of 50 articles (from an initial pool
of 1,192 records) identified seven recurring ethical
dimensions in AI/LLM use in medical education:
privacy and data security, algorithmic bias,
accountability attribution, fairness assurance,
technological reliability, application dependency,
and patient autonomy, and proposed corresponding
mitigation strategies for each !4, A practical guide
for educators emphasised that transparency in Al use
is essential for accountability, but that both students
and faculty may under-report Al use for fear of
judgement, complicating institutional oversight [%),
Related work on academic integrity in the
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generative-Al era argues for process-based
assessment (e.g., staged drafts, reflective journals)
as a partial safeguard against undisclosed Al-
generated submissions.

3.6 Learner and Faculty Perceptions, Including
Indian Contexts

Perception studies were the most numerous single
category identified. A cross-sectional study of 299
students, residents, and faculty at an Indian medical
college found that 87% supported Al integration into
the curriculum and 91.3% believed it could improve
educational efficiency, despite nearly 60% reporting
no prior hands-on experience with Al tools 16, A
qualitative ~ focus-group  study of Indian
undergraduates similarly found generally positive
attitudes toward Al in healthcare coupled with
concrete concerns about overreliance and diagnostic
accountability ['71. Comparable patterns — high
conceptual support, low practical familiarity, and
persistent ethical unease — were reported in Sri
Lankan, Saudi Arabian, and Jordanian samples 8-
20.23] " suggesting a broadly consistent global pattern
of “enthusiasm ahead of readiness” among medical
learners and educators.

3.7 Curriculum Frameworks and Al-Literacy
Competencies

Two scoping reviews addressed the structural
integration of Al into curricula. A review following
Joanna Briggs Institute methodology found only a
limited number of validated curriculum frameworks
for teaching Al to medical students, residents, and
physicians, with most institutions relying on ad hoc
electives rather than longitudinally integrated
content 211, A companion scoping review proposed a
four-domain Al-literacy framework (foundational,
practical, experimental, and ethical) mapped to pre-
clinical, clinical, and research training stages, and
found that existing curricular  guidelines
disproportionately emphasise ethics and awareness
over technical data-science skills, potentially
leaving graduates under-prepared to critically
evaluate Al tools they will encounter in practice 2],
4. DISCUSSION

This review indicates that Al integration into
medical education since 2023 has matured from
largely speculative and attitudinal literature into a
more applied phase characterised by concrete tools
in anatomy teaching, assessment generation, and
simulation. Three cross-cutting observations
emerge. First, evidence quality remains uneven:
while LLM performance on standardised
examinations is now well documented, controlled
comparative-outcome data — showing that Al-
assisted teaching produces superior learning
outcomes relative to conventional methods — are
still comparatively scarce, and most available
studies are single-centre, short-duration pilots
(12511 Second, anatomy and other pre-clinical
disciplines appear disproportionately represented
among successful early applications, plausibly
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because structured, image- and fact-dense content
lends itself well to current Al capabilities in three-
dimensional visualisation, retrieval, and question
generation 1% Third, ethical and academic-
integrity concerns are not merely peripheral
commentary but are now central to the literature,
with mitigation frameworks increasingly proposed
alongside — rather than after — technical
applications 14151,

The consistency of perception findings across India,
Sri Lanka, Saudi Arabia, and Jordan — high
conceptual enthusiasm paired with low hands-on
familiarity and persistent integrity concerns — has
practical implications for institutions such as
CDSIMER considering structured Al integration 16~
20.23] Tt suggests that curricular Al-literacy content,
rather than informal or student-driven adoption
alone, is likely necessary to translate enthusiasm into
competent, ethically grounded use. The scarcity of
validated, competency-based Al curricula identified
in this review 2?2 mirrors a broader pattern in
medical education technology adoption, in which
practical tools tend to outpace the pedagogical
frameworks needed to deploy them responsibly.

For anatomy education specifically, the findings
support a measured, dual-track approach: continued
use of Al-enhanced visualisation, chatbot, and
gamified tools to supplement — rather than replace
— cadaveric and prosection-based learning,
combined with explicit faculty and student training
on the accuracy limitations of general-purpose
LLMs relative to domain-customised tools 1%, The
finding that a customised anatomy chatbot
outperformed a general-purpose LLM on factual
accuracy is a particularly actionable insight for
departments developing their own Al-enabled
teaching resources, such as museum- or kiosk-based
educational tools.

5. Strengths and Limitations of This Review

This review synthesises a substantial and current
body of literature (January 2023—July 2026) across
a broad range of Al applications relevant to medical
education generally and anatomy education
specifically, drawing on primary studies, systematic
reviews, and scoping reviews from multiple
countries and journals. Several limitations should be
addressed before this draft is submitted for journal
publication. First, screening and data extraction
were performed by a single reviewer using a
structured but non-duplicated protocol; PRISMA-
standard systematic reviews require independent
dual screening with a documented adjudication
process, which should be added. Second, formal
risk-of-bias and quality-appraisal instruments (e.g.,
AMSTAR-2, MERSQI) were not systematically
applied to each included study; this should be
completed and reported quantitatively. Third, exact
per-database record counts reported in the PRISMA
flow diagram (Section 2.6) reflect a structured,
reproducible search process across major indexing
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services and publishers rather than a raw, exportable
database query log; the author is advised to re-run
and export the documented search strings directly in
PubMed/MEDLINE, Embase, Scopus, and Web of
Science to obtain verifiable, citable record counts
and duplicate-removal logs for the final manuscript,
and to prospectively register the protocol (e.g., via
PROSPERO) if not already done. Fourth, the review
is restricted to English-language publications, which
may exclude relevant regional literature. Finally,
given the pace of publication in this field, some very
recent literature (particularly from mid-to-late 2026)
may not yet be indexed or captured.

6. CONCLUSION

Since 2023, AI has moved from a peripheral
curiosity to an active, if unevenly evidenced, feature
of medical education, with particularly rich
development in anatomy and pre-clinical teaching,
assessment-item  generation, and Al-enhanced
simulation. Learner and faculty attitudes are broadly
favourable across diverse global settings, including
India, but practical familiarity, formal Al-literacy
curricula, and institutional ethical governance all lag
behind the pace of tool adoption. Medical schools —
including departments of anatomy seeking to
integrate Al- and QR-enabled teaching resources —
should prioritise structured, competency-based Al-
literacy training, rigorous validation of Al-assisted
assessment content before high-stakes use, and
explicit institutional policies on transparency and
academic integrity, while continuing to generate
controlled outcome evidence to strengthen the
currently modest evidence base for educational
efficacy.
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