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Abstract

Artificial intelligence (Al) is increasingly influencing medical education and clinical practice by providing new
approaches to learning, visualization, diagnosis, decision-making, and personalized training. Anatomical education
represents an important area for Al integration because conventional teaching methods often depend on cadaveric
dissection, two-dimensional illustrations, atlases, and static imaging resources. Recent advances in machine
learning, deep learning, computer vision, natural language processing, generative Al, and three-dimensional
reconstruction have created opportunities to enhance the teaching and understanding of human anatomy. Al-
supported anatomical education can facilitate automated identification of anatomical structures, generation of
personalized learning materials, interactive three-dimensional models, intelligent tutoring, image-based
assessment, and adaptive learning environments. In clinical anatomy, Al can assist with anatomical segmentation,
interpretation of medical images, surgical planning, identification of anatomical variations, and simulation-based
training. Nevertheless, the implementation of Al also presents challenges related to accuracy, bias, data privacy,
explainability, cost, technological infrastructure, academic integrity, and the potential overreliance of students on
automated systems. This review discusses the current applications of Al in anatomical education and clinical
anatomy, examines its potential advantages and limitations, and considers future directions for responsible
integration into anatomy curricula and healthcare practice. The future of Al-assisted anatomy is likely to involve
multimodal learning environments combining three-dimensional visualization, augmented and virtual reality,
intelligent tutoring systems, medical imaging, and generative Al. Rather than replacing anatomists and educators, Al
is expected to function as an augmentative technology that supports deeper anatomical understanding,
individualized learning, and clinically oriented education.

Keywords: Artificial intelligence; anatomical education; clinical anatomy; medical education; machine learning;
deep learning; three-dimensional anatomy.

1.Introduction

Human anatomy is a fundamental component of
medical education and provides the structural basis
for understanding physiology, pathology, diagnosis,
and surgical intervention. Traditionally, anatomy has
been taught through cadaveric dissection, prosection,
anatomical models, textbooks, atlases, lectures, and
practical demonstrations. Although these approaches
remain essential, contemporary medical education
increasingly requires learning environments that are
interactive, clinically oriented, accessible, and
capable of accommodating differences in students'
learning needs. The rapid development of digital
technologies has therefore transformed the way
anatomical knowledge can be presented and
acquired. Artificial intelligence represents one of the
most important emerging technologies in this
transformation because it can analyze complex
datasets, recognize patterns, generate content, and
provide individualized interactions with learners
[1,2].

Al refers broadly to computational systems capable of
performing tasks that traditionally require aspects of
human intelligence, including learning, reasoning,
pattern recognition, prediction, language processing,
and decision support. Machine learning and deep
learning have become particularly important in
medicine because of their ability to process large
volumes of clinical and imaging data. Computer vision
algorithms can recognize and classify structures in
medical images, while natural language processing
systems can analyze and generate clinically relevant
text. More recently, generative Al and large language
models have introduced new possibilities for
interactive tutoring, question generation, explanation
of anatomical concepts, and creation of educational
content [3-5].

Anatomy is particularly suitable for Al-supported
education because the discipline involves large
amounts of spatial, visual, and relational information.
Students must understand not only the identity of
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individual structures but also their three-
dimensional relationships, vascular and neural
connections, anatomical variations, and clinical
significance. Al systems can potentially connect these
different forms of information and present them
through interactive learning environments.
Furthermore, Al-assisted image analysis can help
bridge the traditional separation between anatomical
education and clinical imaging by allowing students
to study anatomical structures using computed
tomography, magnetic resonance imaging,
ultrasound, and other modalities [6,7]. The
integration of Al into anatomy should not, however,
be viewed simply as a replacement for traditional
teaching. Cadaveric dissection provides important
experiences involving three-dimensional
relationships, anatomical variation, tissue
characteristics, professional attitudes, and teamwork
that cannot be completely reproduced by digital
systems. Instead, Al may complement traditional
approaches by providing additional opportunities for
visualization, revision, assessment, simulation, and
individualized learning. The objective of this review is
to examine the current applications of Al in
anatomical education and clinical anatomy, discuss its
educational and clinical benefits and limitations, and
identify future directions for responsible and
effective implementation.

2. Artificial Intelligence Technologies Relevant to
Anatomy

Several branches of Al have potential applications in
anatomical education and clinical anatomy. Machine
learning enables computer systems to learn patterns
from datasets without being explicitly programmed
for every task. In anatomical applications, machine
learning can be used to classify anatomical structures,
identify patterns in medical images, predict
anatomical relationships, and support automated
assessment. Deep learning, particularly
convolutional neural networks and related
architectures, has substantially improved automated
image recognition and segmentation. These
approaches are increasingly relevant to radiological
anatomy because they can identify anatomical
structuresin large collections of medical images [8,9].
Computer vision is another important component of
Al-assisted anatomy. It enables computational
systems to interpret visual information and can
facilitate the recognition of organs, bones, vessels,
nerves, and other structures. In educational
environments, computer vision could allow students
to interact with anatomical specimens or models
while receiving automated identification and
contextual information. In clinical settings, image-
analysis algorithms can assist in delineating
anatomical structures and identifying pathological
changes or variations. Natural language processing
provides another avenue for anatomical education.
Al-based language systems can answer questions,
explain anatomical terminology, generate quizzes,
summarize educational materials, and create case-
based learning scenarios. Large language models may
also support conversational learning, allowing
students to ask questions in natural language rather
than relying exclusively on predetermined

educational interfaces [3-5]. However, because
generative Al can produce incorrect or fabricated
information, anatomical content generated by such
systems requires expert validation before being
incorporated into formal educational resources.
Generative Al represents a particularly recent
development. Unlike conventional rule-based
educational software, generative systems can
produce new text, explanations, questions, diagrams,
and potentially multimodal educational materials
based on user prompts. In anatomy, this could enable
students to request explanations at different levels of
complexity, generate clinically oriented examples, or
explore relationships between structures through
conversational interaction. The educational value of
generative Al will depend substantially on the
accuracy of its outputs, the quality of the underlying
training data, and the ability of educators to establish
appropriate safeguards.

3.Alin Anatomical Education

Al has the potential to transform anatomical
education from predominantly static and instructor-
directed learning toward more interactive and
adaptive approaches. Traditional anatomy resources
generally provide the same information to all
students regardless of their prior knowledge,
learning speed, or individual difficulties. Al-based
educational platforms can potentially analyze learner
performance and modify the sequence, complexity,
and repetition of learning activities according to
individual needs. Such adaptive learning may be
particularly valuable in anatomy, where students
frequently differ in their ability to interpret three-
dimensional relationships and integrate anatomical
knowledge with clinical applications. Al-assisted
anatomy platforms can provide automated
identification of anatomical structures and contextual
explanations. For example, a learner interacting with
a three-dimensional model could select a structure
and receive information regarding its origin,
insertion, innervation, blood supply, relations, and
clinical importance. More advanced systems could
use learner performance to identify weaknesses and
automatically recommend targeted revision. This
approach could reduce the cognitive burden
associated with navigating large anatomical datasets
and allow students to focus on clinically meaningful
relationships. Intelligent tutoring systems may
represent another important application. Such
systems can simulate individualized interaction
between students and a virtual tutor. Rather than
simply displaying information, an Al tutor can ask
questions, evaluate responses, provide explanations,
and adjust subsequent questions according to learner
performance. In anatomy, this could be applied to
topics such as brachial plexus organization, cranial
nerve pathways, abdominal vascular anatomy, or the
anatomical relationships relevant to surgical
procedures. Al can also contribute to assessment.
Automated systems can generate multiple-choice
questions, image-based questions, clinical vignettes,
and identification exercises. Computer vision could
potentially evaluate students' identification of
structures in digital specimens or radiological
images.
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Al-assisted assessment could provide immediate
feedback and identify areas where students require
additional instruction. Nevertheless, automated
assessment should be carefully validated because
errors in anatomical identification or interpretation
could negatively influence studentlearning.

4. Three-Dimensional Visualization, Virtual
Reality,and Augmented Reality

The integration of Al with three-dimensional
visualization, virtual reality (VR), and augmented
reality (AR) represents one of the most promising
directions in anatomical education. Three-
dimensional digital models can allow students to
rotate, isolate, enlarge, and manipulate anatomical
structures in ways that are difficult to achieve using
conventional two-dimensional illustrations. VR can
create immersive environments in which learners
explore anatomical regions spatially, whereas AR can
superimpose digital anatomical information onto
physical environments [10-12]. Al can make these
technologies more intelligent and responsive. An Al-
enabled VR anatomy system could monitor learner
interactions, identify structures that cause difficulty,
and provide contextual explanations or additional
exercises. Similarly, an AR system could recognize
anatomical models or physical specimens and
automatically display relevant information.
Combining Al with immersive technologies could
therefore create personalized anatomical learning
environments rather than simply converting
conventional atlases into digital formats. These
technologies may also help integrate anatomy with
clinical scenarios. A student could, for example,
explore the anatomy of the neck while simultaneously
examining a simulated surgical approach, vascular
structure, or nerve pathway. Such integration can
strengthen the relationship between basic
anatomical knowledge and clinical decision-making.

5.Aland CadavericDissection

Despite rapid advances in digital technologies,
cadaveric dissection remains a central component of
anatomical education in many medical curricula.
Dissection provides direct exposure to anatomical
variation and develops spatial awareness, manual
skills, teamwork, and professional attitudes. Al
should therefore be regarded as complementary
rather than as a replacement for dissection. Al could
enhance dissection-based education by providing
digital annotations, structure recognition, and
interactive guidance. Computer vision systems may
eventually identify anatomical structures in
dissection images or videos and provide students
with real-time information. An Al platform could also
connect an observed cadaveric structure with
radiological images, three-dimensional models, and
clinical cases. Such multimodal integration could help
students understand how structures appear across
different representations. Another potential
application is the documentation of anatomical
variation.

Cadaveric dissections reveal substantial individual
differences that are clinically important. Al-
supported databases could organize photographs,
measurements, and three-dimensional
reconstructions of these variations, allowing students
and researchers to study patterns across populations.

6.AlinRadiological and Imaging Anatomy

Medical imaging provides one of the strongest areas
for Al application in clinical anatomy. Computed
tomography, magnetic resonance imaging,
ultrasound, and other imaging modalities generate
complex anatomical information that can be difficult
for students to interpret. Al-based segmentation
systems can automatically delineate organs, vessels,
bones, and other structures, potentially making
imaging anatomy more accessible to learners [13,14].
Automated segmentation can also facilitate the
construction of three-dimensional anatomical
models from imaging datasets. These models may
subsequently be used in educational platforms,
surgical simulation, and patient-specific planning. Al
can therefore create a bridge between imaging data
and anatomical visualization.

For students, Al-supported radiological anatomy can
provide interactive exercises in which structures
must be identified on axial, sagittal, and coronal
images. The system can provide immediate feedback
and demonstrate the corresponding three-
dimensional anatomy. Such approaches may
strengthen the ability to translate between traditional
anatomical representations and clinical imaging.

7.Alin Clinical Anatomy and Surgical Planning
Clinical anatomy emphasizes the application of
anatomical knowledge to diagnosis, procedures,
surgery, and patient management. Al has increasing
relevance in this field because it can analyze patient-
specific imaging and assist in identifying anatomical
structures and variations. Patient-specific anatomical
models generated from imaging data may support
preoperative planning and simulation. In surgical
practice, Al-assisted systems can potentially provide
information about the location of important vessels,
nerves, organs, and other structures. This may be
particularly valuable in anatomically complex regions
where variations can increase the risk of surgical
complications. Al-generated three-dimensional
reconstructions may help surgeons visualize
relationships before intervention and potentially
improve procedural planning. Al may also contribute
to surgical education by creating realistic simulation
environments. Trainees could practice procedures
using patient-specific or anatomically realistic virtual
models while receiving automated feedback on
instrument positioning, anatomical identification,
and procedural sequence. The combination of Al, VR,
AR, and surgical simulation may therefore become an
important component of future anatomy-based
surgical training.
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Table 1: Current applications of artificial intelligence in anatomical education

Al application
Intelligent tutoring
systems

Machine learning
Computer vision

Generative Al

Three-dimensional
reconstruction

Virtual reality
Augmented reality
Al-assisted assessment

Learning analytics

Al-assisted radiological
anatomy

Application in anatomical education
Provides interactive explanations, questions, and
personalized feedback
Identifies patterns in learner performance and
anatomical datasets
Automated recognition and labeling of
anatomical structures
Generates explanations, quizzes, clinical cases,
and study materials
Converts imaging data into interactive
anatomical models
Immersive exploration of three-dimensional
anatomy
Overlays anatomical information onto physical
models or environments
Generates and evaluates anatomical questions
and image-based assessments
Analyzes student performance and learning
behavior
Identifies and segments structures on CT, MRI,
and ultrasound images

Educational benefits
Individualized learning and immediate
feedback
Supports adaptive learning and
performance monitoring
Improves structure identification and
image-based learning
Rapid content generation and
conversational learning

Enhances spatial understanding

Improves spatial visualization and
engagement

Connects physical and digital learning

Immediate feedback and individualized
assessment
Identifies knowledge gaps and supports
curriculum improvement
Strengthens integration of anatomy with
clinical imaging

Key considerations
Accuracy of generated responses must
be verified

Requires high-quality training data

Misidentification may produce learning
errors
Risk of hallucination and inaccurate
information
Requires suitable imaging data and
software

Equipment cost and accessibility

Technical and implementation
challenges
Requires validation of automated
scoring

Student data privacy must be protected

Algorithmic bias and image quality can
affect performance

Source: Compiled from published literature on artificial intelligence, medical imaging, digital anatomy, and technology-enhanced medical education

[1-14].

Table 2: Advantages, limitations, and future directions of Al in clinical anatomy

Area
Anatomical

Current advantages
Interactive and three-dimensional

Current limitations

visualization
Anatomical
variation

Medical imaging
Surgical anatomy
Anatomy education

Assessment

Cadaveric
education

VR/AR education

representation of complex structures
Enables analysis of large collections of
anatomical images
Automated segmentation and identification of
anatomical structures
Supports preoperative anatomical assessment
and planning
Personalized explanations and adaptive
learning
Automated question generation and immediate
feedback
Can augment dissection with digital
identification and annotation

Immersive visualization and simulation

Digital models may not fully reproduce real
anatomical relationships
Rare variations may be underrepresented in
training datasets
Errors may occur with poor-quality or unusual
images
Requires clinical validation and human
oversight

Risk of incorrect Al-generated information

Automated assessment may contain scoring
errors
Cannot fully replace tactile and three-
dimensional cadaveric experience

Cost, technical requirements, and accessibility

Future directions
Al-generated dynamic and patient-specific
3D models
Large international databases of anatomical
variants
More accurate multimodal CT, MRI, and
ultrasound interpretation
Al-assisted patient-specific surgical
simulation

Intelligent virtual anatomy tutors

Validated Al-based formative and
summative assessment
Al-assisted dissection guidance and
multimodal learning
Al-responsive immersive anatomy

Clinical training Supports simulation and case-based learning

Research Rapid analysis of large anatomical datasets
Ethics and Can improve educational accessibility and
governance efficiency

8.Recognition of Anatomical Variations
Anatomical variation is one of the most clinically
important aspects of anatomy. Differences in the
course, branching, origin, size, or relationships of
anatomical structures can significantly influence
surgery, regional anesthesia, radiological
interpretation, and interventional procedures. Al-
assisted imaging analysis may provide new
opportunities for identifying such variations. Large
imaging datasets can potentially be analyzed using
machine learning to detect uncommon anatomical
patterns. Such systems could support the creation of
databases describing population-specific anatomical
variation. In education, these databases could expose
students to a broader range of anatomy than is
possible through a limited number of cadaveric
specimens [15]. Al may also help identify anatomical
variations that are not immediately apparent to
inexperienced learners. However, rare anatomical
variants present a major challenge because machine-
learning systems require sufficiently representative
training data. If uncommon variations are poorly
represented in datasets, Al systems may fail to
recognize themreliably.

Potential overreliance on automated systems

Dataset quality, bias, and reproducibility

Privacy, transparency, bias, and academic

environments
Intelligent simulation with real-time
performance feedback
Collaborative Al-driven anatomical

concerns research platforms

Standardized ethical and regulatory

integrity concerns frameworks for Al in anatomy

9. Generative Al and Large Language Models in
Anatomy Education

The emergence of large language models has
introduced a new dimension to anatomy education.
Students can interact with conversational Al systems
to request explanations, comparisons, mnemonics,
clinical correlations, and practice questions. Such
systems may provide rapid access to educational
supportoutside conventional classroom hours.

A major advantage of conversational Al is its ability to
adapt explanations to the learner's level. A complex
anatomical concept can potentially be explained
using basic terminology for beginners or more
advanced clinical language for postgraduate learners.
Al can also generate case-based questions that
connectanatomy with clinical presentations.
However, generative Al introduces significant
concerns regarding factual accuracy. Language
models can generate plausible but incorrect
anatomical information, particularly when asked
about rare structures, anatomical variants, or highly
specific clinical relationships [16]. Therefore, Al-
generated information should not be accepted
uncritically.
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Educators should emphasize verification using
authoritative anatomy textbooks, peer-reviewed
literature, atlases, and validated institutional
resources.

10. Alfor Personalized and Adaptive Learning

Personalized learning is one of the most attractive
educational applications of Al. Students differ
considerably in their prior knowledge, learning pace,
visual-spatial abilities, and preferred learning
strategies. Al systems can potentially analyze
performance data and develop individualized
learning pathways. For example, a learner who
repeatedly makes errors in identifying cranial nerves
could receive additional exercises focused on cranial
nerve pathways and clinical correlations. Another
student demonstrating strong performance could
progress toward more complex surgical anatomy
cases. Such adaptive systems may improve efficiency
by reducing unnecessary repetition while providing
additional support where required [7]. Learning
analytics can also assist educators. Aggregated
student-performance data may reveal commonly
misunderstood topics and help instructors modify
teaching strategies. However, institutions must
establish appropriate policies regarding data
collection, privacy, storage, and student consent.

11.Alin Anatomy Research

Al has applications beyond teaching and clinical
practice and may increasingly influence anatomical
research. Large datasets of cadaveric measurements,
radiological images, three-dimensional
reconstructions, and anatomical variations can be
analyzed computationally to identify patterns that
may be difficult to recognize through conventional
approaches.

Machine learning can support morphometric
analysis, image segmentation, anatomical
classification, and predictive modeling. Al may also
assist in reconstructing three-dimensional
anatomical structures from imaging data and
integrating information from different modalities. In
anatomical research, however, algorithmic
performance depends strongly on dataset quality.
Poorly labeled, unrepresentative, or biased datasets
can produce misleading results [8]. Therefore,
collaboration between anatomists, clinicians,
imaging specialists, data scientists, and statisticians is
essential.

12. Advantages of Al Integration into Anatomical
Education

Al-assisted anatomy offers several potential benefits.
It can increase accessibility to anatomical resources,
facilitate individualized learning, provide immediate
feedback, support visualization of complex
structures, and connect basic anatomy with clinical
imaging and procedures. Al can also enable repeated
practice without the limitations associated with
physical specimens or laboratory availability.
Another advantage is the potential to expose learners
toanatomical variation.

Digital resources can incorporate numerous
examples of normal anatomical differences, whereas
individual anatomy laboratories may contain only a
limited number of specimens. Al-based systems could
organize these examples and present them according
to specific learning objectives. Al may additionally
reduce the time educators spend creating routine
educational materials. Automated question
generation, image labeling, and preliminary
assessment can supportinstructors, allowing them to
devote more time to higher-level teaching, discussion,
mentoring, and clinical integration.

13.Limitations and Challenges

Despite its potential, Al integration into anatomy
presents several challenges. Accuracy is a primary
concern. An incorrect anatomical explanation or
misidentified structure can lead to persistent
misconceptions, particularly among students who
lack sufficient knowledge to recognize the error.
Consequently, Al-generated educational content
requires appropriate validation and oversight. Bias is
another concern. Anatomical datasets may not
adequately represent different populations, ages,
sexes, body types, or anatomical variants. Al systems
trained on limited datasets may therefore perform
less effectively when applied to populations that
differ from the training data. Data privacy is
particularly important when patient-derived imaging
is used. Healthcare institutions must ensure that
patient information is appropriately anonymized and
protected. Ethical and legal frameworks should
govern the collection, storage, sharing, and use of
anatomical and clinical datasets.

There is also arisk of overdependence on technology.
Anatomy education involves observation, tactile
experience, spatial reasoning, communication, and
professional development. Excessive reliance on Al
could reduce opportunities for students to develop
independent anatomical reasoning. Al should
therefore support rather than replace active learning
and direct interaction with anatomical specimens.
Cost and infrastructure may also limit
implementation. Advanced Al systems, immersive
technologies, high-performance computing, and
digital anatomical databases can require substantial
investment. Institutions with limited resources may
experience difficulties adopting these technologies,
potentially increasing disparities between
educational settings.

14.Ethical Considerations

The ethical integration of Al into anatomy education
requires transparency, accountability, privacy
protection, and appropriate human oversight.
Students should be informed when Al-generated
material is being used, and educators should remain
responsible for the accuracy and appropriateness of
formal teaching content. Academic integrity is
another important issue. Students may use
generative Al to produce assignments, answer
examination questions, or complete educational
activities without developing the underlying
knowledge and skills.
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Anatomy curricula should therefore emphasize
responsible Al use and incorporate assessment
methods that evaluate understanding, interpretation,
practical skills, and clinical reasoning. Faculty
development is equally important. Educators require
sufficient understanding of Al systems to evaluate
their strengths and weaknesses. Training should
include basic Al literacy, verification of Al-generated
content, ethical considerations, data protection, and
appropriate integration into teaching.

15.Future Directions

The future of Al in anatomical education is likely to
involve increasing integration between Al, three-
dimensional visualization, VR, AR, medical imaging,
and generative technologies. Instead of using
separate educational resources, students may access
multimodal platforms in which anatomical models,
radiological images, clinical cases, text explanations,
and interactive simulations are connected through a
single intelligent system.

Al-enabled virtual anatomy tutors may become
increasingly sophisticated, providing individualized
instruction based on learner performance. Such
systems could recognize when a student has difficulty
understanding a spatial relationship and
automatically provide alternative representations,
such as a three-dimensional model, radiological
image, animation, or clinical case. Patient-specific
anatomical education is another promising direction.
Imaging-derived models could allow students and
trainees to study anatomy in the context of actual
clinical cases. In surgical education, Al-assisted
simulation could reproduce complex anatomical
scenarios and provide objective performance
feedback.

Future Al systems may also support the discovery and
classification of anatomical variations on a much
larger scale. Integration of international anatomical
databases could provide researchers with extensive
information about anatomical diversity, potentially
improving understanding of population variation and
itsclinical implications.

Importantly, future development should prioritize
explainability and reliability. Al systems used in
anatomy should ideally provide the evidence or
anatomical basis underlying their conclusions rather
than simply presenting an answer. Human oversight
will remain essential, particularly in clinical
applications.

16.Conclusion

Artificial intelligence is emerging as a powerful
complementary technology in anatomical education
and clinical anatomy. Its applications extend from
automated image analysis, three-dimensional
reconstruction, adaptive learning, intelligent
tutoring, and assessment to surgical planning,
anatomical variation recognition, and simulation-
based training. Generative Al and large language
models further expand the possibilities for
interactive and personalized anatomical learning.
Nevertheless, Al cannotreplace the educational value
of cadaveric dissection, direct observation, human
mentorship, and clinical experience.

Accuracy, bias, privacy, cost, academic integrity, and
overreliance on automated systems remain
important challenges. The most effective future
model is therefore likely to be a human-AI
partnership in which anatomists, educators,
clinicians, and technology specialists work together
to develop validated, ethical, and clinically relevant
learning environments. With appropriate oversight,
Al has the potential to make anatomical education
more interactive, personalized, clinically integrated,
and accessible while strengthening the role of
anatomy as a foundation of modern medical
education and practice.
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