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Abstract

Generative artificial intelligence (GenAl) is now routinely used in anatomy education to draft explanations,
generate and interpret images, produce assessment items, and support feedback. Broad responsible-Al
principles are well established, but they do not resolve the questions anatomy educators actually face:
whether donor-derived material may be entered into an external system, what counts as adequate
verification of a generated anatomical structure, and which assessment decisions must remain human.
Anatomy faculty themselves report unclear governance in these areas and ask for discipline-specific policy.
This article proposes an operational governance framework for GenAl in anatomy education, developed from
a structured synthesis of 71 sources spanning direct anatomy studies, transferable health professions
education (HPE) evidence, professional guidance, and ethical scholarship. Five discipline-specific pressure
points motivate the proposal: donor-derived inputs retain stewardship obligations after digitization;
anatomical fidelity is relational and structural rather than stylistic, so fluency and realism are not evidence
of correctness; representation and clinically relevant variation form part of anatomical truth; assessment
converts content error into consequential judgment about learners; and provenance, intellectual property,
and disclosure support traceability and accountability. The framework governs the defined use case rather
than the Al product. Purpose, audience, input and data class, consequence, scale, and degree of Al
autonomy determine one of four proposed tiers (Low, High, and Restric id) under a
conservative rule in which the highest triggered criterion sets the tier. Permitted uses then pass five control
gates covering inputs and provenance, anatomical fidelity, variation and representation, assessment validity
where applicable, and disclosure and accc ility. Four decisions remain ni to a machine, and
approval is treated as a revisable state maintained through a monitoring, incident-response, and
revalidation loop rather than a one-time authorization. The framework is an evidence-informed proposal for
local adaptation, not a validated instrument; it has not been prospectively evaluated, its tier thresholds are
not empirically calibrated, and local law, donor-program policy, and institutional governance remain
controlling.
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Keywords: anatomy education, artificial intelligence governance, assessment, body donation, educational technology,
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Introduction And Background

Generative artificial intelligence (GenAl) is increasingly being studied and used in anatomy education. Large
language and multimodal models can generate explanations and assessment items, create or interpret visual
content, support feedback, and assist educational and research tasks [1]. Recent anatomy-education
literature has examined both the potential utility of these systems and concerns regarding factual accuracy,
reliability, transparency, bias, over-reliance, and the preservation of human judgment [1-3].

In this article, GenAl refers to artificial intelligence systems capable of generating new content, including
text or images, in response to user inputs. This distinction matters because not all evidence relevant to
GenAl governance comes from generative systems. This review focuses on GenAl; evidence from non-
generative Al is included selectively when it provides directly transferable evidence for governance questions
such as automated assessment, human oversight, or accountability, and such evidence is identified as
transferable where it is used.

The need for discipline-specific governance is not merely theoretical. In a cross-sectional survey of 30
anatomy faculty at medical and health sciences colleges in the United Arab Emirates, 28 participants (93.3%)
reported using GenAl The most frequently reported educational uses were generating quiz or examination
questions, summarizing complex topics, and drafting instructional materials; image or diagram generation
was less common [4]. Faculty-identified needs included clearer governance and disclosure policies and
safeguards for assessment [4]. The small sample limits generalizability, but the findings provide direct
evidence that governance uncertainty is being reported by anatomy educators themselves rather than
inferred on their behalf.

Anatomy presents a combination of governance questions that take distinctive forms in the discipline. Five
pressure points recur. Donor-derived material raises questions about whether particular images or data may
legitimately enter an external GenAl system. Generated explanations and images require verification of
anatomical accuracy in their structural and relational detail rather than evaluation based on fluency or
visual plausibility alone. Learner-facing resources raise related but distinct questions about clinically
relevant anatomical variation and d hic or phenotypic ion. GenAl involvement in
assessment can introduce errors into processes that carry consequences for learners. Finally, provenance,
permissions, material Al contribution, and accountable human ownership must remain sufficiently
traceable to support audit and accountability. These five concerns - donor-derived material, anatomical
fidelity, variation and ation, and p! e and di: - form the discipline-
specific pressure points developed in this article.

Existing responsible-AI frameworks provide substantial foundations for addressing these questions. Health
CARE-AI offers consensus-based guidance for responsible Al use across health professions education (HPE),
research, and care, emphasizing professional and institutional accountability, human judgment, appropriate
information use, equity, and transparency [5]. The National Institute of Standards and Technology (NIST)
Generative Artificial Intelligence Profile provides cross-sector guidance for identifying and managing GenAl
risks across the Al lifecycle [6]. FUTURE-AI provides lifecycle-oriented recommendations for trustworthy Al
in healthcare, spanning design, validation, deployment, and monitoring [7]. The United Nations
Educational, Scientific and Cultural Organization (UNESCO) provides human-centered guidance specifically
for GenAl in education and research, including privacy, human agency, validation, and institutional policy
[8], while the Organisation for Economic Co-operation and Development (OECD) Al Principles address
human-centered values, transparency and explainability, robustness and safety, traceability, and
accountability [9].

These instruments establish substantial cross-cutting principles, risk-management processes, lifecycle
expectations, and accountability structures. They do not, however, resolve several discipline-specific
determinations required in anatomy education: which donor-derived inputs may legitimately enter a GenAl
system, what constitutes adequate verification of generated anatomy, how variation and representation
should be , which uses require heigt d control, and which decisions should remain
human-accountable. An anatomy-specific operational layer is therefore needed to translate cross-cutting
guidance into discipline-specific decisions.

Relevant operational approaches also exist within HPE. Masters' AMEE Guide No. 158 addresses the ethical
use of A in HPE [10], while Gin et al. adapt the established concept of entrustment to Al and propose
graduated levels of Al participation and human supervision for specific educational tasks [11]. These are
important antecedents to the present proposal and mean that task-specific governance, graduated oversight,
and retained human ility should not be d as conceptually unique to the proposed
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framework.

The contribution proposed here is narrower and discipline-specific. Among the 71 sources retained for
framework development, we did not identify a single framework integrating all five anatomy-specific
pressure points into an operational approach linking use-case classification, authorization, verification,
human accountability, and continuing monitoring. This observation is bounded by the review’s search
strategy and retained evidence set and should not be interpreted as evidence that no other relevant
framework exists.

This article therefore proposes an anatomy-specific operational layer that builds on, rather than replaces,
existing responsible-Al and HPE guidance. The defined educational use case - not the Al product in the
abstract - is characterized by its purpose, audience, input and data class, consequence, scale, and degree of
Al autonomy. These characteristics inform a proposed risk tier, after which relevant control gates, retained
human decisions, and lifecycle monitoring are applied. The framework addresses GenAl uses initiated or
authorized by educators and governed at course, departmental, or institutional level. Learner-originated
uses outside those governed workflows, including independent upload of donor-derived material to
consumer GenAI systems, fall outside the operational scope of the proposed framework, although
institutions remain responsible for establishing policies governing such conduct. Learner-originated GenAl
use is therefore identified as a priority for further governance research. The proposed framework is intended
for local adaptation by anatomy programs and institutions. It has not been prospectively evaluated, and its
tier thresholds have not been empirically calibrated. It is not a substitute for applicable law, donor-program
policy, institutional governance, or regulatory compliance.

Review

Evidence identification and framework development

Design and Rationale

This article uses a structured, evidence-informed state-of-the-art review with framework development. It
was not designed as a systematic or scoping review, and no claim of compliance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) is made. The evidence base spans
empirical anatomy studies, reviews, t
conceptual or ethical scholarship. These sources serve different evidentiary functions and cannot
appropriately be pooled or instrument without obscuring those
differences [12,13].

The purpose of the review was therefore not to estimate a pooled effect or provide an exhaustive map of all
potentially relevant literature. Rather, it was to identify evidence relevant to recurrent governance problems
in anatomy education, characterize the directness and limitations of that evidence, and use the resulting
synthesis to develop an operational framework while distinguishing the evidence from the author-developed
governance components informed by it.

Evidence Sources, Search Scope, and Dates

Evidence identification was organized through six prespecified streams. PubMed/MEDLINE provided the
structured bibliographic component. Google Scholar was used as a supplementary discovery and verification
source. Professional, institutional, publisher, and DOI sources were consulted where relevant. The original
documentation preserves the purpose, search date, concept blocks, and discovery or verification sources for
each stream. The historical record does not preserve a separate formal backward- or forward-citation-
chasing procedure or source-specific yield; none is reconstructed here. The six prespecified evidence
streams, their search dates, purposes, concept blocks, and discovery or verification sources are summarized

in Table 7.
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Search
Stream Prespecified purpose
date
Identify anatomy-specific GenAl and Al
sources directly addressing or

S1 - Core anatomy and  Aug 7, . . .
materially informing governance,

Cenl 202 ethics, oversight, reliability, and
implementation.

Identify anatomy and human-remains
$2 - Donor-derived Aug7 evidence on donor consent,
materials and digital 2026 ' provenance, digital images,
governance derivatives, privacy, ownership, and

external dissemination.

Identify direct anatomy evidence on
S3 - Anatomical Aug7 factual accuracy, hallucination,
accuracy and 2026 ' multimodal recognition, citation
verification reliability, model comparison, and

verification.

Determine whether visual fidelity and
representation require separate but
linked controls and identify evidence
concerning anatomical variation,
representation, and bias.

S4 - Visual fidelity and ~ Aug 7,
variation/representation 2026

Define controls for formative versus
Aug?, summative use, Al-generated items,
S5 - Assessment 2026 automated scoring, practical/lOSPE
applications, psychometrics, feedback,
and human oversight.

Define accountability, authorization,
S6 - Governance and Aug 8,  documentation/disclosure, monitoring,
accountability 2026 re-evaluation, incident response,

withdrawal, and revalidation.

TABLE 1: Search-stream documentation

Concept blocks used

Anatomy education; generative
Al/large language models;
ethics; governance; reliability;

Discovery and
verification sources

PubMed/MEDLINE; Google
Scholar; publisher and DOI
verification; professional
and instituti sources

oversight; i n

Body donation;

where relevant

cadaveric/hul s
images; consent; dignity;
provenance; digitization;
privacy; ownership;
dissemination

Anatomy; factual accuracy;

hallucination; image

recognition; multimodal Al;
itati ; model

Pt DLINE; Google
Scholar; IFAA; Human
Tissue Authority; publisher
and DOI verification

PubMed/MEDLINE; Google
Scholar; publisher and DOI

comparison; verification

Al-generated images;

PL DLINE; Google

anatomical fidelity; variation;
representation; demographic
bias

Anatomy assessment;
MCQ/item generation;
OSPE/practical assessment;
automated scoring;
psychometrics; feedback;
human oversight

Responsible Al; governance;
accountability; authorization;
monitoring; incident response;
revalidation; disclosure;
institutional policy

Scholar; publisher and DOI
verification

PubMed/MEDLINE; Google
Scholar; publisher and DOI
verification

PubMed/MEDLINE; Google
Scholar; NIST; UNESCO;
AAMC; OECD; publisher
and DOl verification

The table provides a structured, evids infe d state-of-the-art review with

. The final

evidence set ised 71

retained sources. GenAl-focused literature was emphasized from 2022 through August 8, 2026; older foundational anatomy and donor-ethics sources
were retained where relevant. Exact historical query strings and complete per-stream retrieval, deduplication, screening, and exclusion counts were not

this table

prospectively archived and have not been

the historical search process at stream level

and should not be interpreted as a PRISMA-style record flow. No separate formal citation-chasing stream or yield is reconstructed from the historical
record. The organizational sources named in the table are those preserved in the historical stream documentation. WHO and ICMJE documents are
retained in the 71-source evidence matrix, but the surviving record does not preserve a source-specific retrieval route for those documents; no such route

is reconstructed here.

Al artificial intelligence; MCQ: multiple-choice question; OECD: Organisation for Economic Co-operation and Development; OSPE: objective structured
practical examination; NIST: National Institute of Standards and Technology; UNESCO: United Nations Educational, Scientific and Cultural Organization;
PRISMA: Preferred Reporting Items for Reviews and Meta-Analyses; WHO: World Health Organization; ICMJE: Intemnational Committee of

Medical Journal Editors; IFAA: { Federation of. iations of

AAMC:

of American Medical Colleges

GenAl-focused literature was emphasized from 2022 through 8 August 2026. Older sources were retained
where required to address foundational donor ethics, human-tissue imagery, anatomy education, or

ies that predate

The primary structured bibliographic search was limited principally to PubMed/MEDLINE. A prospectively
defined broader database set including Scopus, Web of Science, Embase, ERIC, IEEE Xplore, or ACM Digital

y GenAl

Library was not searched. This limitation is acknowledged explicitly below.

Exact historical search strings were not prospectively archived, and complete retrieval, deduplication,

screening, and exclusion counts cannot be reconstructed reliably. Those values are therefore not estimated

or inserted retrospectively. The evidence-identification process is auditable at the level of the six
documented streams and retained source matrix, but it is not independently reproducible as a systematic

search.

Regulatory instruments discussed later in the article were verified against authoritative legal sources during
manuscript revision and are treated as contextual legal references rather than being retrospectively inserted

into the historical 71-source framework-development set.

Eligibility and Evidence Inclusion

Sources were retained when they made a substantive contribution to an anatomy-relevant governance

question. Eligible evidence therefore included direct anatomy empirical research and reviews; transferable
HPE evidence where anatomy-specific evidence was limited; professional, consensus, policy, regulatory, or
standards-based guidance; and conceptual or ethical scholarship relevant to donor stewardship, provenance,
accountability, or related governance boundaries.

The review focuses on generative Al. Non-generative Al evidence was retained selectively where it addressed
a directly transferable governance problem, particularly automated assessment, human oversight,
supervision, or accountability. Such evidence is identified as transferable rather than presented as evidence
of GenAlI performance.

Older literature concerning body donation, cadaveric imagery, consent, dignity, provenance, privacy, and
stewardship remained relevant because these r ies predate ary GenAl.

The final eight governance domains were not used as a retrospective eligibility criterion. Sources were first
retained because they substantively informed the review question and were subsequently coded to a
principal governance domain or as cross-cutting. This distinction avoids defining eligibility by the
framework that the retained evidence was itself being used to develop.

To clarify the scope of the final evidence set without retrospectively reconstructing a PRISMA-style
screening history, the revised synthesis treats as outside scope: reports concerned only with clinical-care or
research Al when no transferable educational-governance implication was identified; conference abstracts;
and preprints subsequently superseded by a peer-reviewed report, for which the published version is used.
Non-generative Al was not excluded categorically when it provided directly transferable governance
evidence. These statements describe the scope of the final synthesis and are not presented as prospectively
archived exclusion rules or as a basis for reconstructing exclusion counts.

Met ical, definitional, 1d, and regulatory-context citations used to explain the review
design or contemporary legal environment are also distinguished from the 71 substantive framework-
development sources.
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Selection, Coding, and Evidence Classification

The final retained evidence base comprised 71 substantive sources: 25 direct anatomy sources, 24
transferable HPE sources, 13 professional or normative sources, and 9 conceptual or ethical works. Each
retained source was assigned an evidence-basis category and a principal governance domain or was coded as
cross-cutting. The complete source-level coding is provided in the Appendices.

Screening and source coding were performed by one author (AM). No independent double-screening or
duplicate source coding was undertaken, and no formal inter-rater reliability assessment was performed.
The categorizations should therefore be interpreted as a transparent single-rater synthesis rather than
independently replicated classifications.

The working evidence matrix contains fields for relevance, source credibility, and framework utility. Their
exact historical operational role cannot now be reconstructed with sufficient confidence. They are therefore
not used in the revised article as inclusion or exclusion criteria, evidence weights, certainty ratings, or
determinants of recommendation strength.

Appraisal and Evidentiary Strength

No single formal risk-of-bias instrument was applied across the retained set, and no GRADE-style certainty
assessment was undertaken. The heterogeneous source types were instead appraised descriptively according
to their design, setting, task, sample or output set where applicable, and relevance to the governance
question.

Among the 25 direct anatomy sources, 20 were original empirical studies, two systematic reviews, one
scoping review, one critical review, and one other educational source. The empirical literature included
bounded model-output evaluations, expert-rating studies, authentic learner cohorts, psychometric studies,
content analyses, automated assessment applications, and repeated comparisons across model versions.

Study scale varied substantially, ranging from bounded model-output evaluations to authentic learner
cohorts of several hundred students. Preregistration status was not systematically captured or verified in the
evidence matrix and therefore was not used as an appraisal criterion.

The evidence is unevenly distributed across governance domains. Direct anatomy evidence is concentrated
most heavily in anatomical fidelity and assessment; the representation domain relies on transferable HPE
evidence, while human oversight and institutional lifecycle governance are also supported predominantly by
transferable and professional sources.

These evidence profiles are descriptive rather than quantitative certainty judgments. Proposed controls
should not be interpreted as having been prospectively validated simply because the failure mode they
address is documented empirically.

Five discipline-specific pressure points

Donor-Derived Inputs Retain ip Obligations After Di;

Photographs, videos, scans, and derived representations of donated bodies remain connected to the consent
arr institutional ibilities, and ip expectations under which the material was
obtained. Professional guidance represented within the retained evidence emphasizes appropriate consent
or permission, protection against identification, controlled distribution, secure storage, provenance, dignity,
and institutional oversight [14-18].

The literature does not establish one universal rule governing every use of donor-derived imagery. The
framework therefore does not create a universal consent rule. Before donor-derived material is processed
through GenAl, the responsible program should establish its provenance, applicable consent or permission
scope, intended purpose, relevant law and institutional policy, and the nature of the proposed platform
exposure.

De-identification also requires more than removal of names or electronic metadata. Potentially identifying
features of donor-derived images may include facial structure, tattoos, scars, surgical hardware, dentition,
unusual pathology, visible labels, or other distinctive physical characteristics. The proposed review of these
features is an author-developed operational safeguard, not a validated donor-image de-identification
instrument.

‘Where removal of potentially identifying characteristics would materially compromise educational value,
de-identification should not simply be assumed to resolve the governance problem; the use should instead
be escalated to the appropriate donor-program or institutional authority.

A conservative default is also proposed for external or commercial platforms: donor-derived imagery should
not be uploaded to or processed by an external commercial GenAl system unless institutional authorization
has been obtained and relevant contractual and technical safeguards have been reviewed. Zero-retention or
no-training commitments may reduce particular risks but do not independently establish permission for
donor-image processing.

Relevant platform review may include data retention, use for model training or service improvement,
secondary processing, subcontractor or third-party access, storage arrangements, deletion provisions,
security controls, and contractual responsibility. Such review should involve the relevant anatomy or donor-
program authority together with appropriate institutional privacy, information-security, legal, compliance,
or equivalent expertise rather than an individual educator acting alone.

Ir learner use of GenAl outside educator- or institution-authorized workflows is
outside the operational tiering scope of this framework. Institutions should nevertheless address learner
photography, upload, transformation, or circulation of donor-derived material through applicable
laboratory, donor, professionalism, privacy, and Al-use policies. Learner-originated use remains an
important research and policy priority.

Anatomical Fidelity Is Structural and Relational, Not Stylistic

Anatomical correctness depends on structure identity, position, course, attachment, branching, laterality,
orientation, and spatial relationships. A fluent explanation or visually persuasive image may therefore
remain anatomically incorrect.

Direct anatomy studies demonstrate task-, model-, modality-, version-, and workflow-dependent limitations
in generated anatomical content, image interpretation, and question answering [19-25]. The governance
implication is that the specific output requires verification rather than reliance on model reputation,
aggregate benchmark performance, fluency, or photorealism.

Source reliability is a separate fidelity problem. Anatomy-specific evaluation has documented hallucinated,
inaccurate, or unsupported references [23]. A bibliographically plausible citation supplied by a GenAlI system
should therefore not be accepted without locating the underlying publication and confirming that it
supports the associated claim.

Recognition should also be disti d from Where a task depends on
identification of an anatomical image or structure before interpretation or explanation, an upstream
recognition error should not be obscured by plausible downstream reasoning [24].

Model performance can also change over time. Comparisons across successive model versions show that
aggregate improvement does not establish equal reliability across topics or cognitive levels [25]. Validation
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of one provider, model version, modality, prompt structure, retrieval system, or workflow should therefore
not be generalized automatically to a materially different configuration.

The proposed control is qualified anatomical verification before authoritative learner-facing use. Relevant
structural claims should be checked against appropriate independent authoritative sources. Visual content
should be examined for identity, laterality, orientation, spatial relationships, omissions, additions, labels,
and clinically meaningful departures from accepted anatomy. Final acceptance of authoritative anatomy
remains human-accountable.

Anatomical Variation and Demographic Representation Are Related but Distinct

Two related but different issues should be distinguished: clinically relevant anatomical variation and
d hic or phenotypic ation.

Clinically relevant anatomical variation concerns meaningful departures from the most commonly taught
arrangement that may affect anatomical understanding or clinical reasoning, including vascular, biliary,
urinary, neural, and other variations. Direct evidence evaluating whether GenAl-generated educational
anatomy reliably represents such variants remains very limited. The framework should therefore not claim
that GenAl systematically omits clinically relevant variants. Instead, the absence of direct evidence itself
constitutes an important research gap.

D ic and phenotypic ion concerns whether generated visual material unduly narrows
the range of bodies represented or reproduces stereotyped patterns. The retained evidence supporting this
concern is principally transferable from medical-education and clinical image-generation studies. Alon et
al.'s study, for example, is a systematic literature review rather than an individual image-generation
experiment [26].

Learner-facing visual resources may therefore require two different forms of review. Individual images
should satisfy anatomical-fidelity requirements, while sets of images may require review for unjustifiably
narrow demographic or phenotypic representation. Where clinically relevant anatomical variation is part of
the educational objective, important variants should be considered explicitly rather than treating a single
configuration as universal.

The representation component of this proposed gate is informed predominantly by transferable empirical
evidence. The anatomical-variation component is an evidence-informed precautionary safeguard in an area
where direct anatomy-specific GenAl evidence remains sparse.

Assessment Converts Content Error Into Consequential Judgment

GenAl can assist assessment-item development, but item generation does not itself establish validity.
Appropriate evaluation may include anatomical and factual accuracy, alignment with learning objectives and
blueprint, intended cognitive level, item-writing quality, fairness, and post-use psychometric performance.

Kiyak et al. evaluated expert-reviewed, department-approved Al-generated anatomy questions administered
to 502 second-year medical students, reporting usable item difficulty and discrimination characteristics [27].

Lopiano et al. evaluated ChatGPT-4 in gross anatomy and embryology. Initial prompting generated 300

questions, with 80.0% judged accurate and 7.7% higher order; modified prompting generated a further 210
questions, with 70.5% judged accurate and 41.0% higher order [28]. This represents a trade-off observed in
one study, rather than a general law that increasing higher-order generation necessarily reduces accuracy.

Tekin et al. generated 240 anatomy questions using GPT-4, selected 30 for administration to 280 students,
and reported acceptable internal consistency, while expert agreement with GPT-4's cognitive-level
classification was only 26.6% for the administered questions [29]. Such findings illustrate why satisfactory
psychometrics cannot substitute for content and cognitive-level review.

Performance on image-dependent practical tasks is also variable. Meo et al. evaluated Google Bard on
morphological, histopathological, and radiological image-identification tasks using an OSPE-type format,
providing t evidence that i -dependent assessment performance should not be inferred from
text-only performance [30].

Automated assessment evidence also requires modality-specific interpretation. Bernard et al. evaluated
decision-tree methods rather than GenAlI for grading a 54-question anatomy OSPE using data from 368
learners and reported high local grading accuracy [51]. This is relevant anatomy evidence concerning
automated assessment governance but should not be represented as direct GenAl evidence.

The proposed framework therefore allows GenAl to assist with question drafting, formative material,
feedback, and defined components of assessment workflows where appropriate human review and task-
specific validation are present. Summative or consequential uses warrant stronger content and blueprint
review, quality assurance (QA), psychometric or performance monitoring where appropriate, and a named
accountable human decision-maker.

The proposed boundary that final grading, progression, pass/fail, disciplinary, or contested high-stakes
judgments remain human-accountable is an evidence-informed precautionary governance position, not an
empirically calibrated GenAl threshold.

Provenance, Intellectual Property, and Disclosure Support Traceability and Accountability

A fifth pressure point concerns whether the origin, transformation history, permission status, material AT
contribution, and accountable ownership of educational material remain sufficiently traceable.

Provenance concerns the origin and history of material. Permission and intellectual-property considerations
concern whether content may appropriately or lawfully be reused, transformed, or redistributed. Disclosure
concerns whether material GenAl involvement is communicated proportionately and whether accountable
human ownership remains identifiable.

Ho et al. examined 239 English-language YouTube videos relevant to digital anatomy education and
identified a substantial gap between ethical expectations and observed reporting of provenance and consent
[32]. That finding should not be generalized to all anatomy resources, but it demonstrates that loss of
traceability in digital educational practice is an observed problem.

Cornwall et al. discuss legal and ethical questions associated with using existing anatomical illustrations to
create new illustrations, including permission, attribution, and derivative use . Similar questions arise
when GenAl systems transform or build upon existing educational resources.

The framework therefore proposes four linked requirements: document source and provenance when
material to the use case; verify applicable permissions and attribution; disclose meaningful Al involvement
proportionately; and identify a responsible human approver.

These recommendations should not be converted into universal copyright conclusions. Copyright, licensing,
derivative-use rights, ownership, and contractual requirements vary by jurisdiction, source material,
platform terms, and publication context.

Disclosure should likewise be proportionate. Reusable learner-facing content, formal instructional
exemplars, publications, or consequential assessment workflows may warrant substantially more explicit
disclosure than private brainstorming or routine wording assistance.

2026 Mahgoub et al. Cureus 18(9): e115656. DOI 10.7759/cureus.115656
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Framework development and derivation of the governance domains

The final framework contains eight governance domains, but the five anatomy-specific pressure points do
not correspond to eight independent anatomy-specific failure modes.

Five domains arise directly from the discipline-specific pressure points: donor-derived material maps to
Domain 2 (input and donor-derived material governance); anatomical fidelity to Domain 3 (anatomical
fidelity and source verification); anatomical variation and representation to Domain 4 (variation, bias, and

ion); to Domain 5

to Domain 6 (provenance, intellectual property, and disclosure).

validity and integrity); and provenance and disclosure

Three additional domains provide the operational governance architecture. Domain 1 - use-case and risk
classification - is a cross-cutting author-developed classification layer. Only one retained source was coded
principally to this domain, although several retained governance sources provide cross-cutting support.
Domain 7 - human oversight and accountability - and Domain 8 - institutional authorization, monitoring,
and incident response - provide cross-cutting governance mechanisms supported predominantly by
transferable HPE and professional or normative evidence.

The resulting architecture is therefore best understood as five anatomy-specific problem domains plus one
cross-cutting classification layer plus two cross-cutting governance layers. The evidence profile, synthesis
rationale, minimum proposed control, status, and principal limitation for each of the eight governance

domains are summarized in Table

Governance

Evidence profile
domain
1. Use-case One principal direct-anatomy
and risk source; additional cross-cutting
classification  governance support

Eight sources coded principally
2. Input and

) to this domain: four
donor-derived
professional/normative, three

material
conceptual/ethical, one direct
governance
anatomy
3. Anatomical -
16 sources coded principally to
fidelity and
this domain: 12 direct anatomy,
source
4 transferable HPE
verification
4. Variation, Seven sources coded principally
bias, and to this domain: all transferable

representation  HPE

5. Assessment 10 sources coded principally to
validity and this domain: 6 direct anatomy, 4
integrity transferable HPE.

Eight sources coded principally
6. Provenance,
o this domain: three

Synthesis rationale

Governance should be tied to the
defined use case rather than to the

Al product alone.

Digitization does not extinguish
consent, dignity, provenance,
privacy, or stewardship
considerations.

Plausibility is not anatomical truth;
performance varies by model,

modality, version, and task.

Demographic/phenotypic
representation problems are
documented; direct evidence
concerning clinically relevant

variants remains limited.

GenAl may assist assessment, but
satisfactory local psychometrics do
not establish full validity or
autonomous scoring safety.

Al-assisted resources raise linked
questions of

Minimum proposed control

Define purpose, audience,
input/data class, consequence,
scale, and permitted autonomy

before authorization

Establish provenance and

permission; review identifying

Status

Principal

mitation

Classification construct
is author-developed and

unvalidated.

Law, consent, and
institutional

requirements differ;

features and platform
before processing.

Qualified verification of learner-
facing/authoritative content and

generated sources.

Review visual sets for
representation; review important
anatomical variants where

educationally relevant

Apply content/blueprint review, task
validation, human approval, and
appropriate post-use monitoring.

Document material

disclosure, and

intellectual
conceptuallethical, three permission, attribution,
property, and
two
disclosure
direct anatomy accountabiliy.
7. Human Six sources coded principally to

oversightand  this domain: four transferable

Supervision and accountability

should vary by task and

HPE, two

8. Institutional
) Seven sources coded principally
authorization, i
to this domain: four transferable

HPE, three

professional/normative

monitoring, and
incident

response

Authorization should remain
conditional and lifecycle-based.

proportionately disclose GenAl
involvement; identify accountable

approval

Assign accountable owner; define
permitted autonomy; retain
challenge/override and human
responsibilty for consequential
decisions.

Maintain proportionate records,
review triggers, monitoring, incident
response, and revalidation.

TABLE 2: Evidence landscape across eight governance domains

EP

EP*

EP

EIGIP

E/GIP

E/GIP

are not validated
instruments.

Most studies are
bounded evaluations
and should not be
generalized across

future systems.

Empirical support is
mainly transferable;
representation and
anatomical variation
have different
evidentiary bases.

Autonomous
consequential GenAl
assessment remains

insufficiently evaluated.

Legal implications vary
by jurisdiction, contract,
platform, and source

material.

Anatomy-specific
implementation

evidence s sparse.

Optimal monitoring
frequency, burden,
restart criteria, and
outcome benefit remain

unvalidated in anatomy.

“Principal” refers to the governance domain to which a retained source was primarily coded; eight additional sources were coded as cross-cutting. Status
codes describe evidentiary provenance rather than certainty: E = empirical evidence documents the relevant failure mode or rationale; G = professional or
normative guidance supports the principle; P = the operational rule, threshold, or boundary is author-proposed. Combined codes indicate mixed
provenance. E does not mean that the proposed control itself has been prospectively validated. *For Domain 4, the empirical evidence is predominantly

rather than tomy-sp

HPE: health professions education

The framework also builds on existing HPE scholarship concerning responsible Al and graduated
supervision. Masters' AMEE Guide No. 158 provides an established ethical framework for Al use in HPE [10],
while Gin et al. apply entrustment concepts to Al and emphasize graduated responsibility and supervision
[11]. The present framework therefore does not claim novelty for graduated supervision, entrustment, or
human accountability themselves. Its proposed contribution is to embed such oversight within an anatomy-
specific architecture that also addresses donor-derived inputs, anatomical fidelity, variation and

ion, provenance, and lifecycle governance.

A proposed risk-tiered framework for anatomy education
Risk Attaches to the Defined Use Case, Not the AI Product

The proposed unit of governance is the defined educational use case, not an Al product in the abstract. The
same general-purpose model may be used for private brainstorming, development of a reusable learner
handout, creation of an anatomical illustration, processing of donor-derived material, or contribution to
summative assessment. Those uses do not present equivalent governance requirements.

Each defined use case is characterized according to six dimensions: purpose; audience; input and data class;
consequence; scale; and permitted Al autonomy.

These dimensions form an author-developed, evidence-informed classification construct. They do not
constitute a validated anatomy risk score or empirically established taxonomy.
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Four Proposed Levels of Authorization and Control

Four tiers are proposed: Low, Moderate, High, and Restricted/Avoid. The highest triggered criterion
determines the provisional tier as a conservative design rule. The rule is intended to prevent a high-
consequence feature from being diluted by otherwise low-risk aspects of a workflow, but it is entirely
author-proposed and may result in over-classification. Its inter-rater reliability, sensitivity to actual harm,
and administrative burden require prospective evaluation. The four proposed risk tiers, their triggers,
minimum controls, authorization requirements, monitoring and escalation provisions, and evidentiary
status are summarized in Table 5.

Authorization and
Risk tier Primary triggers and typical uses Minimum proposed controls. Monitoringlescalation Status
permitted Al role
Private, nonsensitive, nonconsequential

support. No donor-

Follow applicable institutional Al Minimal documentation where locally
derived/confidentialirestricted input and no Individual educator within
rules; educator reviews any required. Reclassify if material becomes
Low direct leamer consequence. Examples: policy. Al may assist or
material before it becomes leamer-facing/reusable, restricted data are
brainstorming, outlining, wording draft.
educational content. introduced, or consequence increases.
alternatives, nonconsequential
administrative support.
Qualified anatomy review; Record responsible owner, use case,
Course/module lead or
Leamer-facing or reusable material from  source verification; structural modellprovider where known, verifier,
locally defined process.
nonsensitive inputs with low consequence.  fidelity checks; visual-set limitations, and relevant approvals.
AO/A1 autonomy ordinarily
Moderate Routine course/cohort distribution and representation review; variation Reassess after material change, recurrent  E/P
‘appropriate; each learner-
normal LMS placement may remain review where educationally error, restricted input, increased
facing output approved
Moderate when properly reviewed. relevant; proportionate consequence, High scale, or High
before release.
disclosure. autonomy.
Task-specific validation; Department plus relevant
Authorized donor-derivedirestricted
structured expert QA; assessment, donor, Maintain formal use record and use-case-
processing; summative or otherwise
review data- relevant monitoring. Reassess after
High consequential assessment; formal Al- EIGIP
where applicable; assessment  governance, or institutional  material change, incident, recurrent error,
generated anatomical exemplar; High
review/psychometrics where authority. Strong or deterioration in validated performance.

scale; or High autonomy.
relevant; named accountability.  supervision required.

Unauthorized restricted-input processing; Do not proceed under
A3 autonomous consequential learner Correct the authorization, data,  ordinary authorization. Any ~ Contain breaches; preserve relevant
decisions; autonomous/unverified release  validation, or autonomy problem  exception requires records; correctiwithdraw outputs o
Restricted/Avoid EIGIP
of generated anatomy as authoritative before proceeding; post-hoc appropriate decisions; investigate control failure;
ground truth; use outside mandatory checking alone is insufficient institutionalllegal/ethical ~ revalidate before any authorized restart,
authorization conditions. authorty.

TABLE 3: Proposed risk-tier authorization matrix for generative Al use in anatomy education

The four tiers and their boundaries are author-developed and have not been empirically calibrated. The highest triggered criterion determines the
provisional tier as a conservative design rule. Status codes are defined in the Table 2 legend. Local law, donor-program policy, institutional rules,
i and platform terms remain controlling.

Al: artificial intelligence; QA: quality assurance; LMS: learing management system

Technical integration is not an independent classification dimension or High-tier trigger. It matters only
when it changes an existing dimension, for example by introducing restricted inputs, increasing autonomy
or scale, automatically releasing content, or linking GenAl directly to a consequential decision.

Operational Definitions of Key Threshold Terms

To support consistent classification, Table 4 defines the threshold terms used in the tiering framework and
provides locally adjustable operational anchors.
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Deployment in which breadth,
persistence, or volume materially

High scale  increases potential error impact or
makes effective oversight more
difficult

[o] i anchor

Examples include repeated reuse across multiple
cohorts/programs without renewed review;

. Normal singl or
routine LMS use does not independently constitute a High
scale.

A0: assistive. Al: supervised generation with instance-level

Extent to which Al output reaches approval. A2: ion-based oversight;
A learners or affects educational some outputs lack instance-level prerelease review. A3:
) processes without qualified human action without instance-level review.
autonom
Y review of that specific instance A2/A3 = High autonomy. A3 is Restricted/Avoid when releasing
before effect. authoritative anatomy or making consequential learner
decisions.
Any change not covered by
Material
previous i i b i access, retrieval corpus,
model or _ !
i that could plausibly alter quality, ~ system fine-tuning, data-handling terms, or
workflow
N safety, validity, or governance changes to audience, inputs, consequence, scale, or autonomy.
change

assumptions.

Event materially breaching

authorization conditions or

causing/credibly risking
Significant  consequential harm to learners,
incident donor interests,

Examples: restricted data leaving scope; incorrect authoritative
anatomy reaching leamers; consequential assessment effect;
material consent/privacy/security/permission breach. Error

integrity, or another protected
interest

before effect may be treated as a near miss.

Check i

Review by a person to
Qualified  teach, examine, or make expert
anatomical judgments about the anatomy at
verification  the intended level, using

5 ; spatial
relationships; labels; relevant variation; generated references.
Fluency, photorealism, model reputation, or memory alone are

sources.

TABLE 4: Proposed operational definitions of threshold terms

Status  Principal limitation

Qualitative threshold is
P intentionally local and
uncalibrated.

A0-A3 ladder is author-
developed but
conceptually aligned
with HPE
supervision/entrustment;

E/GIP

consequential A3
boundary is
precautionary.

Evidence supports
version/task
dependence; trigger
definition is proposed.

E/P

Operational incident
boundary is proposed

G/P  and informed by
lifecycle-governance
principles.

Need is supported by
direct anatomical

evidence; the specific
checklist is proposed.

E/P

Operational anchors are intended for local adaptation and are not validated cut-points. Status codes are defined in the Table 2 legend.

HPE: health i ion; LMS: learning

system

At authorization, each Moderate- or High-risk use should have a documented planned review date or review
interval, together with defined events that trigger earlier reassessment. The interval should reflect
consequence, persistence, model stability, and the institution's ability to detect material changes. No
universal numerical interval is proposed because the available evidence does not establish an empirically
justified frequency.

Five control gates and four proposed non-delegable human decisions

Tier assignment determines governance intensity but does not replace the substantive checks required by the
use case. Before a Moderate- or High-risk use is released or operated, it should pass each applicable control
gate. A failed gate should lead to correction, suspension, or escalation rather than reassignment to a lower
tier.

Gate 1: Inputs, provenance, and platform suitability. Establish provenance, applicable permission or
consent, relevant de-identification considerations, and platform authorization before donor-derived,
confidential, identifiable, or otherwise restricted material enters a workflow.

Gate 2: Anatomical fidelity and source verification. Verify authoritative or learner-facing anatomy, including
relevant structural relationships, labels, recognition, and generated references. The need for verification has
substantial direct anatomy support; the exact proposed checklist is author-developed.

Gate 3: Variation and ion. Review and phenotypic representation at image-set level
where applicable. Where clinically relevant anatomical variation is part of the educational objective, assess
important variants separately. Evidence for the representation component is mainly transferable; direct
evidence for GenAl representation of anatomical variants remains limited.

Gate 4: Assessment validity and integrity. Where GenAlI contributes to assessment, apply content and
blueprint review, cognitive-level review where relevant, task-specific validation, quality and fairness checks,
human approval, and proportionate post-use monitoring.

Gate 5: Disclosure and accs ility. Document i Al
appropriate provenance and permissions, identify an
suitable routes for challenge, correction, or override.

proportionately, maintain
human owner or approver, and preserve

Four decisions are proposed as non-delegable human decisions: (1) final acceptance of authoritative learner-
facing anatomical claims, labels, images, or formal exemplars, (2) authorization to process donor-derived,
confidential, identifiable, or otherwise restricted material, particularly beyond established permission, (3)
final summative, ion, pass/fail, discipli: , or ial learner j and (4)
authorization to restart a suspended High-risk use following a significant incident. These are governance
proposals informed to differing degrees by direct evidence, professional guidance, transferable evidence, and
precautionary reasoning; they should not be described as empirically validated universal rules. Table 5 maps
the five pressure points and major framework components to their primary governance domains, the nature
of the supporting evidence, evidentiary status, and principal limitations.
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Framework Primary
Operational statement Nature of evidence Status Principal
component domain(s)
Donor material retains provenance, consent/permission, dignity, privacy, Professionallethical + limited Operational controls.
Donor pressure point 2 GP
and stewardship obligations after digitization direct anatomy partly proposed
Failure mode
documented; exact
Fidelity pressure point  Generated anatomy requires structural and source-level verification 3 Strong direct anatomy evidence /P
verification
procedure proposed
Representation evidence
Variation/representation  Anatomical variation and demographic/phenotypic representation are Variation safeguard
4 transferable; variation evidence  E/P
pressure point distinct but related concerns. precautionary.
sparse
Exact nondelegation
Assessment pressure  Governance intensity rises when Al output contributes to consequential Direct anatomy + transferable
5 EP  threshold
point assessment. HPE
precautionary,
Legal requirements
Origin, permission, Al involvement, and accountability Direct + professional +
6 E/GIP  jurisdiction-
pressure point should remain traceable. conceptuallethical
dependent
Classify purpose, audience, input/data class, consequence, scale, and 1+ cross-  Predominantly Author-developed
Use-case classification P
autonomy. cutting transferablenormative and unvalidated.
Direct anatomy
Assign human ownership and match supervision to
Human oversight 7 Transferable HPE + professional ~ E/G/P  implementation

consequence/autonomy.
evidence limited.

Effectiveness/burden
Authorization, monitoring, incident response, correction, and revalidation
Lifecycle governance 8 Transferable HPE + professional ~ E/GIP  unvalidated in
continue after initial approval.
anatomy.

Not calibrated;
Highest-trigger rule Highest triggered criterion sets provisional tier. 17,8 Conservative author design P possible over-

classification.

Private nonsensil

/& nonconsequential support remains educator-

Low tier 17,8 Normative/transferable P Boundary proposed.
managed
facing I requires Tier boundary
Moderate tier 3,4,6,7  Direct + transferable EP
prerelease qualified review. proposed.
D processing, t, formal
2,357,  Mixed Tier boundary
High ter anatomical exemplars, High scale, or High autonomy trigger stronger ElaP
governance. 8 empiricaliprofessionalltransferable proposed.

Unauthorized restricted processing, autonomous consequential

2,3,57,  Normative/precautionary + Not a universal legal
Restricted/Avoid tier ~ decisions, or autonomous/unverified authoritative anatomy should not ElGIP
8 empirical rationale prohibition.
proceed ordinarily.
Principle guidance-
Confirm provenance, permission, identifying features, and platform
Gate 1 2,6 Professionallethical GIP supported; details
suitability.
proposed.
Empirical rationale;
Gate 2 Verify structural anatomy, claims, images, labels, and references. 3 Direct anatomy EP
checklist proposed.
Variation component
Gate 3 Review representation and relevant anatomical variation. 4 Mainly transferable EP  remains under-
evidenced
Apply assessment content/blueprint review, validation, human approval, Exact workflow
Gate 4 5 Direct + transferable EP
and monitoring. proposed.
Document Al contribution and named accountability; preserve Professionalinormative + Implementation
Gate 5 6.7.8 EIGIP
challenge/override. transferable context-dependent.
Proposed human Absolute rule
Final authoritative anatomy acceptance remains human. 37 Empirical rationale + governance  E/P
decision 1 proposed.
Proposed human Scope depends on
Restricted-input authorization remains human/institutional. 27 Professionallethical GP
decision 2 consentflaw/policy.
Precautionary
Proposed human GenAl limitations + transferable
Final consequential learner judgments remain human-accountable. 57 E/GIP  boundary; not
assessment + governance
directly validated.
Proposed human Restart criteria
Restart after significant High-risk incident requires goverance approval. 7.8 Lifecycle governance GP
decision 4 unvalidated

Frequency, burden,
Govern inputs -> verify -> validate where applicable -> deploy -> monitor -

ifecycle loop 28 Cross-cutting synthesis E/GIP  and outcome benefit
> respond -> revalidatelreclassify

unknown.

TABLE 5: Framework-to-evidence crosswalk

The crosswalk distinguishes documented failure modes and professional principles from operational rules proposed in this framework. The four tiers,
highest-trigger rule, AO-A3 autonomy ladder, control-gate procedures, and four proposed non-delegable decisions have not been prospectively
validated. Status codes are defined in the Table 2 legend.

HPE: health i ion; Al artificial

Reclassification, monitoring, incident response, and revalidation

Authorization is conditional and revisable rather than permanent. Reassessment should occur when one or
more characteristics supporting the original tier or authorization materially change.

Potential triggers include introduction of donor-derived, confidential, identifiable, or otherwise restricted
inputs; change in purpose or audience; transition from formative to summative use; material increase in
scale; increased Al autonomy; changes in provider, model, modality, retrieval system, workflow, or data-
handling conditions; recurrent material errors or near misses; deterioration of assessment performance
where relevant; new relevant safety evidence; or a significant incident.

‘A material change does not automatically require prohibition or elevation to High risk. The affected
characteristics and controls should be reassessed and the tier, validation requirements, and authorization

reconsidered accordingly.

Monitoring should be proportionate to the actual use case. Moderate- and High-risk uses should ordinarily

2026 Mahgoub et al. Cureus 18(9): e115656. DOI 10.7759/cureus.115656 90f 23



Cureus

Part of SPRINGER NATURE

maintain enough information to reconstruct the approved use, accountable owner, relevant provider/model
where known, tier, applicable gates, authorization, verification or validation, important limitations, material
changes, incidents or near misses, and corrective action.

Monitoring should focus on relevant failure modes rather than generic surveillance. Depending on the use,
these may include anatomical errors, reference failures, assessment performance problems, unauthorized
exposure of restricted material, recurrent representational problems, or unexpected changes after model or
workflow modification.

Scheduled review can complement but should not replace event-triggered review. Where providers do not
make model updates sufficiently transparent, programs should use the locally documented review interval
established at authorization, but no universal calendar interval is prescribed.

Incident response should also be proportionate. Where continuing operation may create material risk,
actions may include temporary containment or suspension, preservation of relevant records, assessment of
affected learners or donor interests, correction or withdrawal of affected material or decisions, review of the
failed or absent control, modification of the workflow, and targeted revalidation.

An error intercepted before release may be treated as a near miss where documenting it provides useful
information about control performance. Routine editing corrections need not automatically become formal
incidents.

Revalidation should address what changed or failed rather than requiring repetition of every control
automatically. A model change affecting anatomical images may require renewed fidelity testing, whereas a
change in data-retention terms may instead require renewed privacy or donor-governance review. If a
significant incident results in suspension of a High-risk use, restart should require documented approval by
the responsible governance authority. Figure I presents the resulting anatomy-specific GenAI governance
decision algorithm. Figure 2 summarizes the conditional lifecycle of authorization, input governance,
output verification, assessment validation where applicable, deployment, monitoring, incident response,
and revalidation or reclassification.

triggers: restricted input; d : the e
High trig thorized -

; formal Al anatomical exemplar; High scale; High autonomy.

1. Define the use case
Purpose » audience » input/data class » consequence o scale +
permitted Al autonomy

i

2. Restricted/Avoid trigger? H YES - Restricted/Avoid ]

lno

3. High trigger? ]—-[ YES - High tier ]

luo

g faci le, y
A1 meniadng ontauEb YES > Moderate tier
nonsensitive, low consequence?

l NO

Low tier ]

— — — —

Permitted tier - relevant control gates - required authorization
deploy under defined conditions

After deployment: monitor relevant indicators; material change or significant incident - reassess, reclassify, and revalidate as required.

FIGURE 1: Anatomy-specific generative artificial intelligence
governance decision algorithm

The defined educational use case is characterized by purpose, audience, input/data class, consequence, scale,
and permitted Al autonomy. i triggers are first, followed by High-tier triggers; remaining
I facing or reusable s uses are classified as Moderate, while private, nonsensitive,
nonconsequential uses may remain Low. The highest triggered criterion determines the provisional tier. Relevant
control gates, named human or institutional authorization, proportionate monitoring, incident response, and
revalidation follow. The algorithm is an author-developed, evidence-informed proposal and has not been
empirically calibrated or prospectively validated. Original schematic prepared using Matplotiib (version 3.10.8;
Matplotlib Development Team, via NumFOCUS, Inc., Austin, TX, USA).

AUTHORIZE
RREglé'ALLgélTFEvl GOVERN INPUTS
RESPOND / Authorization is conditional VERIFY
CORRECT and revisable OuTPUTS
VALIDATE ASSESSMENT
MONITOR WHEN APPLICABLE

DEPLOY

Material change or significant incident may trigger targeted revalidation, reclassification, and renewed authorization.

FIGURE 2: Anatomy-Al governance lifecycle control loop

is iti and rather than Approved uses remain subject to applicable
input , output validation where relevant, proportionate monitoring, incident
response, correction or withdrawal, and revalidation. A material change or significant incident may trigger
i and renewed i No universal calend: d ion interval is p i

because the optimal review frequency for anatomy-education GenAl use has not been empirically established.
Original schematic prepared using Matplotiib (version 3.10.8; Matplotiib Development Team, via NumFOCUS,
Inc., Austin, TX, USA).

GenAl: generative artificial intelligence

Regulatory context: partial convergence with the EU Al Act

The proposed framework was not derived from a regulatory classification system. Nevertheless, the use of
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e as a reason for hei: governance shows partial convergence with the European Union
Artificial Intelligence Act.

Annex IIT of Regulation (EU) 2024/1689 identifies several education-related Al systems as high-risk,
including systems intended to determine access or admission, evaluate learning outcomes, assess the
appropriate level of education a person receives or may access, and monitor or detect prohibited behavior
during tests [34]. The statutory classification is subject to the Act’s qualifications and should not be
generalized to every educational Al use. The 2026 amending regulation did not remove education and
vocational-training systems from the Annex III classification list.

This provides relevant external regulatory context for placing ial under
control, but it does not validate the proposed High tier. The EU Act regulates Al systems according to
statutory criteria, whereas the present framework classifies defined educational use cases by purpose,
audience, input/data class, scale, and The two classification systems should
therefore not be presented as equivalent.

Regulation (EU) 2026/1744 amended the application timetable. Under amended Article 113, Chapter III,
Sections 1-3, with the exception specified in the Regulation, apply from December 2, 2027, for systems
classified as high-risk pursuant to Article 6(2) and Annex III and from August 2, 2028, for systems classified
pursuant to Article 6(1) and Annex I [35]. Regulation (EU) 2026/1744 was published in the Official Journal on
July 24, 2026, and entered into force on July 27, 2026.

Article 50 should be considered separately. It establishes role- and use-specific transparency obligations
rather than a universal disclosure requirement applying identically to every learner-facing educational
GenAl use. The regulation’s general application date is August 2, 2026, while Regulation (EU) 2026/1744
introduced a specific transition for providers of synthetic-content systems already placed on the market
before that date: those providers must comply with Article 50(2) by December 2, 2026 [35]. Institutions must
therefore determine applicable obligations according to their role, the Al system, intended purpose, type of
generated content, and jurisdiction.

The convergence is consequently limited but relevant. EU law independently recognizes that certain Al uses
affecting educational access, learning outcomes, and examination processes can warrant heightened
governance. It does not resolve the pecific dd d by this framework, including
donor-derived inputs and qualified verification of anatomical content. The proposed framework is not a
legal-compliance instrument.

Putting the framework into practice

Implementation should be proportionate and should reuse existing educational and institutional structures
wherever possible. The framework is not intended to create a new committee or extensive approval process
for every interaction with GenAl.

A minimum viable implementation consists of a local inventory of material governed uses, named
acce ility, use-case i ion and tier-matched authorization, concise documentation of applicable
controls, and defined escalation, incident-response, and revalidation pathways.

Accountability should attach to the use case rather than merely the approved tool. Routine learner-facing
content may be owned by a course or module lead; assessment use may fall within an existing assessment
committee; donor-derived processing may require anatomy or body-donation authority; and restricted data
or external systems may require privacy, information-security, procurement, legal, compliance, or
institutional Al-governance involvement.

The purpose of the use record is accountability rather than exhaustive surveillance. It should contain
enough information to reconstruct why a material governed use was permitted and what safeguards applied.
Exhaustive prompt archiving is not required by this framework.

Lower-risk activity should ordinarily proceed under standing institutional rules rather than universal case-
by-case preapproval. Escalation should occur when a use introduces restricted inputs, becomes
consequential, reaches the High-scale threshold, moves to High autonomy, creates unresolved consent or
permission issues, or experiences a material change or significant incident.

Technical integration requires escalation only when it changes another risk dimension. For example, putting
areviewed handout into an LMS does not independently create High risk; connecting a GenAl workflow
directly to a grading system so that outputs affect scores without instance-level human review changes
consequence and autonomy and therefore does.

Analyses of institutional GenAl guidance also suggest why a discipline-specific operational layer may be
useful. McDonald et al. found substantial variation in institutional guidance and cautioned that faculty-
facing requirements can become burdensome [36], while Jin et al. identified persistent needs for clearer

institutional roles, cc ication, and i ion frameworks [37]. The purpose of the anatomy-
specific layer is therefore to reduce local iguity while avoiding y duplication of existing
governance.

Existing course leadership, assessment committees, donor-program governance, educational-technology
teams, privacy and security offices, procurement processes, ethics or compliance mechanisms, and
institutional AI-governance structures should be reused where they already address the relevant control.

The proposed implementation model is intended to make governance proportionate rather than
unnecessarily burdensome, but that benefit remains untested. Administrative workload, classification
consistency, feasibility across differently resourced programs, and effects on educational or safety outcomes
require prospective evaluation.

Applying the framework to this article

A framework that emphasizes disclosure, verification, and human accountability should make its own use of
GenAl transparent.

Under the proposed framework, this manuscript-preparation workflow is classified as Moderate risk because
it produced reusable scholarly material from published or publicly accessible information, did not require
donor-derived, learner-specific, or confidential inputs, and did not itself make a consequential decision
concerning a learner.

The authors retained responsibility for source selection and interpretation, framework decisions, manuscript
content, and conclusions. GenAI was used for language checking rather than as an author, evidentiary
source, or autonomous scholarly decision-maker. A detailed artificial intelligence disclosure is provided in
the Acknowledgments.

Limitations

Several limitations constrain both the evidence synthesis and the proposed framework.

First, this was a structured, evidence-informed state-of-the-art review with framework development rather
than a systematic or scoping review. Although six search streams have documented purposes, concept
blocks, dates, and discovery or verification sources, exact historical query strings and complete retrieval,

ion, screening, and ion counts were not prospectively archived. Those data have not been
reconstructed retrospectively. The retained evidence and stream-level process are therefore auditable, but
the historical search cannot be reproduced as a systematic search.

Second, structured bibliographic searching was limited primarily to PubMed/MEDLINE, supplemented by
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Google Scholar and targeted professional, institutional, publisher, and organizational sources. A broader
prospectively defined set of databases such as Scopus, Web of Science, Embase, ERIC, IEEE Xplore, or ACM
Digital Library was not searched. Relevant literature may therefore have been missed, particularly across
education, computer science, ethics, law, policy, and rapidly emerging or non-indexed sources.

Third, no single formal risk-of-bias or certainty-of-evidence instrument was applied across the
heterogeneous retained evidence. Descriptive appraisal and evidence classification were used instead. This
limits standardized comparison of methodological quality. Preregistration status was not systematically
captured or verified and was not used as an appraisal criterion.

Fourth, screening and source coding were performed by one author (AM), without independent double-
screening, duplicate coding, or formal inter-rater reliability assessment. The domain and evidence-basis
classifications therefore represent a transparent single-rater synthesis. Historical working relevance,
credibility, and framework-utility fields are not used as evidence weights or certainty ratings because their
exact historical operational role cannot now be reconstructed confidently.

Fifth, the evidence base is heterogeneous and unevenly distributed. Direct anatomy evidence is
concentrated in anatomical fidelity and assessment. Donor governance relies mainly on professional
guidance and ethical scholarship, whereas the evidence for representation, human oversight, and lifecycle
governance is drawn ly from t; ble HPE and 1 sources. Many anatomy studies
evaluate specific models, prompts, outputs, institutions, or time points rather than governance
interventions. Their results should not be generalized automatically across models, versions, modalities,
tasks, institutions, or future releases.

Sixth, important direct evidence gaps remain. Evidence concerning GenAl representation of clinically
important anatomical variants, long-term ational effects, i ion of human-

‘models, anat pecific incident-response systems, and autonomous consequential GenAl
assessment remains limited. Several proposed safeguards therefore rest on transferable evidence,
professional guidance, ethical reasoning, or precautionary governance.

acct

Seventh, the framework itself is author-developed and unvalidated. The six classification dimensions, four
tiers, AO-A3 autonomy ladder, highest-trigger rule, operational definitions, five control gates, and four
proposed non-delegable human decisions have not been prospectively tested as an integrated governance
instrument. Tier boundaries are not empirically calibrated; inter-rater reliability is unknown; over- and
under-classification have not been measured; and administrative burden, feasibility, educational impact,
and reduction of governance failures remain unquantified.

Eighth, the framework addresses primarily educator- and institution-authorized workflows. Independent
learner use of consumer GenAl outside such workflows is not operationally classified by the proposed tiers.
Learner upload or transformation of donor-derived or otherwise restricted material nevertheless remains an
important institutional-policy and research concern.

Finally, donor law, privacy requirements, intellectual property rules, assessment regulation, procurement
requirements, contracts, platform terms, and Al regulation vary across jurisdictions and evolve over time.
This framework is not a legal-compliance instrument and does not replace applicable law, donor
agreements, institutional policy, pr contractual r or regulatory
classifications.

Future research should therefore test whether independent educators classify identical use cases
consistently; quantify administrative burden and feasibility; evaluate whether the proposed gates detect or
prevent their targeted failures; examine the appropriateness of the highest-trigger and autonomy rules; and
determine whether tier-matched governance measurably changes the quality, safety, fairness, or educational

value of learner-facing material. The complete condensed source-level coding for the 71 retained

substantive sources is presented in Table 6.

Source (first authors,

Ref. o) Source type

2] Lazarus et al. (2024) Critical review

[3] Cornwall et al. (2024) Ethics analysis

U} Yi et al. (2026) Critical review

[5]  Sonnenberg et al. (2026) Consensus statement
International Federation of

[14]  Associations of i Pr guideline
(2023)

[15]  Jones et al. (2026) Professional guideline

[17] Cornwall et al. (2016) Ethics analysis

[16] Iwanaga et al. (2025) Editorial/perspective

[19] Eldesoqui et al. (2025) Original empirical research

[26]  Alon et al. (2026) Systematic review

[38] Gupta et al. (2026) Scoping review

[39] Agarwal et al. (2026) Scoping review

[40]  Che and Liu (2026) Narrative review
World Health Organization

41 Professional guideli

[41] (2024) rofessional guideline

[42]  Abdellatif et al. (2022) Narrative review

[43]  Joseph et al. (2025) Systematic review

[44]  Chytas et al. (2025) Scoping review

[45] Erbek et al. (2026) Systematic review

[46] Collins et al. (2024) Original empirical research

2026 Mahgoub et al. Cureus 18(9): e115656. DOI 10.7759/cureus.115656

Evidence basis

Principal governance
domain

Conceptt nical

Conceptual/ethical scholarship

Direct anatomy evidence

Transferable HPE evidence

Professional/normative
guidance

Professional/normative
guidance

Conceptual/ethical scholarship

Conceptuallethical scholarship

Direct anatomy evidence

Transferable HPE evidence

Transferable HPE evidence

Transferable HPE evidence

Transferable HPE evidence

Professional/normative
guidance

Cross-cutting iple

2. Input and donor-
derived material
governance

Cross-cutting/multiple
Cross-cutting/multiple

2. Input and donor-
derived material
governance

Cross-cutting/multiple

2. Input and donor-
derived material
governance

6. Provenance, IP and
disclosure

3. Anatomical fidelity and
source verification

4. Variation, bias and
representation

3. Anatomical fidelity and
source verification

5. Assessment validity
and integrity

3. Anatomical fidelity and
source verification

7. Human oversight and
accountability

rical

Conceptt

Direct anatomy evidence

Direct anatomy evidence

Direct anatomy evidence

Direct anatomy evidence

Cross-cutting iple
Cross-cutting/multiple

3. Anatomical fidelity and
source verification

3. Anatomical fidelity and
source verification

1. Use-case and risk
classification


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

[47]

[48]

[18]

[53]

33

[32

57

[58]

59

20

21

60!

[24

[22

[62]

63

67

[68]

28

[27

129

[31

69

[70]

@l

Temizsoy Korkmaz et al.
(2025)

Topcu et al. (2026)

Morgan et al. (2026)

Almamari et al. (2026)
Bolgova and Mavrych
(2025)

Hennessy et al. (2020)

Human Tissue Authority
(2023)

Human Tissue Authority
(2025)

Passalacqua et al. (2025)

Keet and Kramer (2022)

Lottering et al. (2022)

Cornwall et al. (2025)

Ho et al. (2026)

Rossetti et al. (2026)

Kramer and Moxham
(2026)

Iwanaga et al. (2022)

Hyeamang et al. (2025)

Mavrych et al. (2025)

Al-Khater (2025)

Sivri et al. (2026)

Pasli et al. (2026)

Ulkir and Pasli (2026)

Sarantopoulos et al. (2026)

Bae et al. (2025)

Kumar et al. (2024)

Currie et al. (2024)

Bui et al. (2026)

Shaari et al. (2025)

Currie et al. (2025)

Ali et al. (2024)

Senft Everson et al. (2026)

Lopiano et al. (2026)

Kiyak et al. (2025)

Tekin et al. (2025)

Bernard et al. (2024)

Mezil et al. (2026)

Al-Mashhadani et al.
(2026)

Ahmed et al. (2025)

Original empirical research

Original empirical research

Other

Original empirical research

Original empirical research

Professional guideline

Professional guideline

Policy/framework document

Consensus statement

Ethics analysis

Original empirical research

Ethics analysis

Original empirical research

Systematic review

Editorial/perspective

Consensus statement

Original empirical research

Original empirical research

Original empirical research

Original empirical research

Original empirical research

Original empirical research

Original empirical research

Original empirical research

Original empirical research

Original empirical research

Original empirical research

Original empirical research

Original empirical research

Original empirical research

Original empirical research

Original empirical research

Original empirical research

Original empirical research

Original empirical research (non-
generative/conventional Al: decision-
tree automated grading)

Original empirical research (non-
generative/conventional Al)

Systematic review

Original empirical research
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Direct anatomy evidence

Direct anatomy evidence

Direct anatomy evidence

Direct anatomy evidence

Direct anatomy evidence

3. Anatomical fidelity and
source verification

2. Input and donor-
derived material
governance

5. Assessment validity
and integrity

Cross-cutting/multiple

3. Anatomical fidelity and
source verification

Pr i ive
guidance

Professional/normative
guidance

Professional/normative
guidance

Professional/normative
guidance

6. P , IP and
disclosure

2. Input and donor-
derived material
governance

2. Input and donor-
derived material
governance

2. Input and donor-
derived material
governance

Conceptt ical

Direct anatomy evidence

Conceptual/ethical scholarship

Direct anatomy evidence

Conceptual/ethical scholarship

Conceptual/ethical scholarship

Cross-cutti

6. Provenance, IP and
disclosure

6. Provenance, IP and
disclosure

6. Provenance, IP and
disclosure

6. Provenance, IP and
disclosure

2. Input & donor-derived
material governance

Pr i ive
guidance

Direct anatomy evidence

Direct anatomy evidence

Direct anatomy evidence

Direct anatomy evidence

Direct anatomy evidence

Direct anatomy evidence

Transferable HPE evidence

Direct anatomy evidence

Transferable HPE evidence

Transferable HPE evidence

Transferable HPE evidence

Transferable HPE evidence

Transferable HPE evidence

Transferable HPE evidence

Transferable HPE evidence

Direct anatomy evidence

Direct anatomy evidence

Direct anatomy evidence

Direct anatomy evidence;
transferable to GenAl
governance

Direct anatomy evidence;
transferable to GenAl
governance where applicable

Transferable HPE evidence

Transferable HPE evidence

6. P , IP and
disclosure

3. Anatomical fidelity and
source verification

3. Anatomical fidelity and
source verification

3. Anatomical fidelity and
source verification

3. Anatomical fidelity and
source verification

3. Anatomical fidelity and
source verification

3. Anatomical fidelity and
source verification

3. Anatomical fidelity and
source verification

3. Anatomical fidelity and
source verification

3. Anatomical fidelity and
source verification

4. Variation, bias and
representation

4. Variation, bias and
representation

4. Variation, bias and
representation

4. Variation, bias and
representation

4. Variation, bias and
representation

4. Variation, bias and
representation

5. Assessment validity
and integrity

5. Assessment validity
and integrity

5. Assessment validity
and integrity

5. Assessment validity
and integrity

5. Assessment validity
and integrity

5. Assessment validity
and integrity

5. Assessment validity
and integrity
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5. Assessment validity

[30] Meo et al. (2024) Original empirical research Transferable HPE evidence )
and integrity
s N . 5 8. Institutional
Association of American B - Professional/normative L L
[72] . Professional guideline ) authorization, monitoring
Medical Colleges (2025) guidance
and incident response
B - 7. Human oversight and
[10] Masters (2023) Professional guideline Transferable HPE evidence "
accountability
Professional/normative 8 Institutional
[6] Autio et al. (2024) Policy/framework document e — authorization, monitoring
ui
9 and incident response
8. Institutional
Yyl Lekadir et al. (2025) Consensus statement Transferable HPE evidence authorization, monitoring
and incident response
7. Human oversight and
[11] Gin et al. (2025) Policy/framework document Transferable HPE evidence " ¢
accountability
8. Institutional
Izquierdo-Condoy et al.
73] q 4 Narrative review Transferable HPE evidence authorization, monitoring

2026

(¢ ) and incident response
Organisation for Economic

9] Co-operation and
Development (2024)

Professional/normative
guidance

7. Human oversight and

Policy/framework document . <
accountability

8. Institutional

authorization, monitoring

and incident response

Professional/normative

8] Miao and Holmes (2023)
guidance

Professional guideline

7. Human oversight and

Transferable HPE evidence m
accountability

[37

Jin et al. (2025) Original empirical research

7. Human oversight and

74
[ accountability

Transferable HPE evidence

Ganguly et al. (2025) Original empirical research
8. Institutional
authorization, monitoring
and incident response

[36] McDonald et al. (2025) Original empirical research Transferable HPE evidence

International Committee of
[75] Medical Journal Editors
(2026)

Professional/normative
guidance

. o 6. Provenance, IP and

Professional guideline
disclosure

8. Institutional

authorization, monitoring

and incident response

[76] Transferable HPE evidence

Alfredo et al. (2024) Systematic review

TABLE 6: Condensed evidence matrix of the 71 retained sources

The final retained evidence set comprises 71 substantive sources. The Ref. column gives the formal manuscript reference number. Evidence-basis
categories describe the role and disciplinary setting of each source: direct anatomy evidence; HPE evidence; i i
guidance; or conceptual/ethical scholarship. “Direct anatomy evidence” does not imply that the Al modality was necessarily generative; Bernard et al. and
Mezil et al. concern non-generative/conventional Al and are used only where their findings are transferable to governance questions such as automated
assessment and human oversight. Historical working fields for relevance, source credibility, and framework utility are retained in the audit file, but their
precise operational role cannot now be with sufficient they are therefore not used in this revised article as inclusion/exclusion
criteria, evidence weights, certainty ratings, or determinants of recommendation strength. Zilundu et al. [4] is cited in the Introduction as motivating

evidence ing faculty-reported needs and was not included in the 71-source coded framework-development set.

i iew-desig [12,13] and EU regulatory instruments [34.35] are likewise outside the retained evidence set and are used only

for methodological or contemporary legal context.

HPE: health professions education; EU: European Union; Al: artificial intelligence

Conclusions

Anatomy education needs an operational layer between general responsible Al principles and daily practice.
This article proposes classifying the defined use case rather than the Al product. The highest triggered
criterion sets a provisional tier, with stronger controls for donor-derived inputs, authoritative learner-
facing anatomy, and ial ‘while human accountability is retained. Authorization
should remain conditional on monitoring, incident response, and revalidation.

The framework is an evidence-informed proposal for local adaptation, not a validated instrument or legal-
compliance tool. Prospective evaluation should test classification consistency, feasibility, administrative
burden, and effects on educational quality and safety. Applicable law, donor-program policy, assessment
rules, and institutional governance remain controlling.
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TABLE 7: Source-level evidence matrix for the 71 retained substantive sources

This appendix contains the complete source-level coding for the 71 substantive sources retained in the evidence synthesis. Evidence-basis categories are
direct anatomy evidence, transferable health professions education (HPE) evidence, professional or normative guidance, and conceptual or ethical
scholarship. “Anatomy-context source?” indicates whether a source concerns anatomy, anatomical material, anatomy education, or anatomy-related
governance and is distinct from the narrower “direct anatomy evidence” category. Al modality is classified as GenAl, conventional Al

general Al/mixed ities, or not i (non-Al source). “lllustrative tier relevance” is a historical working field and does
not classify the source itself. Relevance, source credibility, framework utility, and triage-priority fields are retained as historical working fields; their precise
operational role cannot now be reconstructed and they are not used in the revised manuscript as eligibility criteria, evidence weights, certainty ratings,

trength measures, or i of inclusion. This appendix contains retained sources only; historical record-level

exclusion data were not preserved and are not il Principal d in coding to the eight domains
presented in main-text Table 2. DOI or stable URL fields are provided where available.
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