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Abstract.Virtual reality (VR) and simulation technologies are transforming anatomy education
by offering immersive, interactive learning environments that enhance comprehension and
engagement among first-year medical students. This systematic review analyzed 34 peer-
reviewed studies published between 2015 and 2025, sourced from databases including PubMed,
Scopus, Web of Science, and Google Scholar. The findings reveal that VR platforms, such as
Anatomage and 3D Organon, significantly improve students' spatial visualization, motivation,
and academic performance compared to traditional cadaver-based teaching. These tools allow
for safe, repeatable, and self-directed exploration of anatomical structures, helping learners
build confidence and clinical readiness. Despite minor drawbacks—such as high setup costs
and occasional side effects—student perceptions remain overwhelmingly positive. The
evidence suggests that integrating VR into medical curricula provides a highly effective
supplement to conventional teaching methods, better preparing students for diagnostic imaging
interpretation and real-world clinical application.
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Introduction
Virtual Reality (VR) and simulation have emerged as transformative tools in teaching

anatomy to first-year medical students, offering significant advantages in terms of effectiveness,
engagement, and learning outcomes. VR provides an immersive and interactive learning
environment that enhances students' understanding of complex anatomical structures and spatial
relationships, which are often challenging to grasp through traditional methods alone[1,2].
Studies have shown that VR can improve learning outcomes by providing a 3D visualization
experience that surpasses conventional cadaveric dissection, allowing students to explore
anatomical structures from various angles and in greater detail[3,4]. This immersive experience
not only aids in better retention of anatomical knowledge but also enhances students' ability to
interpret diagnostic imaging[5]. Furthermore, VR has been found to significantly boost student
motivation and engagement, as evidenced by improvements in attention, relevance, confidence,
and satisfaction scores among students using VR for anatomy education[6]. The integration of
VR into traditional lab settings has also been shown to increase student satisfaction and
engagement, suggesting that VR can serve as a valuable adjunct to traditional dissection,
potentially overcoming logistical and ethical constraints associated with cadaver use[1]. Despite
some challenges, such as setup costs and potential adverse effects like dizziness or
headaches[7], the overall student perception of VR is positive, with many advocating for its
inclusion in the curriculum[4,8]. Meta-analyses and systematic reviews further support the
effectiveness of VR, indicating moderate improvements in test scores and high levels of student
satisfaction compared to traditional methods[9,10]. These findings underscore the potential of
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VR to enhance anatomy education by providing a more engaging, efficient, and effective
learning experience for medical students.

Methodology
To conduct a comprehensive review of the role of virtual reality (VR) and simulation in

teaching anatomy to first-year medical students, a systematic literature search was performed
across four major databases: PubMed, Scopus, Web of Science, and Google Scholar. The
search included studies published between 2015 and 2025 using the following keywords in
various combinations: "virtual reality" OR "VR", "simulation", "anatomy education", and
"medical students" OR "first-year medical students". Boolean operators (AND/OR) were
employed to refine the search results. Articles were included if they were published in English,
peer-reviewed, and specifically focused on the application of VR and/or simulation in anatomy
education for first-year or preclinical medical students. Studies were excluded if they were non-
English, non-peer-reviewed, unrelated to anatomy teaching, or focused solely on surgical
simulation. Out of an initial pool of 234 records, duplicates and irrelevant articles were
removed, and 58 full-text articles were reviewed. Ultimately, 34 studies that met all inclusion
criteria were selected for detailed analysis and data extraction, focusing on study design,
population, VR/simulation tools used, and educational outcomes.

Types of VR and simulation technologies used in anatomy education
Virtual reality (VR) and augmented reality (AR) technologies are increasingly being

integrated into anatomy education for first-year medical students, offering immersive and
interactive learning experiences that complement traditional methods like lectures and
cadaveric dissections. VR provides a dynamic 3D visualization of anatomical structures,
allowing students to explore and interact with virtual cadavers in ways that are not possible
with physical specimens, such as resizing and observing objects from any angle, and even
drawing in 3D space to test their understanding[4,11]. This technology is particularly beneficial
for visualizing complex anatomical regions and practicing surgical procedures in a controlled
environment[11]. AR, on the other hand, overlays virtual images onto the real world, enabling
students to view internal structures superimposed on physical objects, which enhances their
understanding of spatial relationships and surface anatomy[12,13]. Mixed reality, though
currently cost-prohibitive, offers potential for collaborative learning experiences by combining
elements of both VR and AR[7]. Haptic feedback systems, which provide tactile sensations,
further enhance the realism of these simulations, allowing students to gain hands-on experience
in a virtual setting[13,14]. Educational platforms like Anatomage and 3D Organon are also
employed, providing detailed 3D models of human anatomy that students can manipulate and
study in depth[15]. These technologies have been shown to improve student satisfaction and
learning outcomes, often equaling or surpassing traditional methods in effectiveness. Despite
the promising results, the adoption of VR and AR in anatomy education is still limited, and
further research is needed to evaluate their long-term educational impact and cost-
effectiveness[16,17]. Overall, the integration of these advanced technologies into medical
curricula represents a significant advancement in anatomy education, making it more accessible
and engaging for students[18].
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Figure 1.0 integration of virtual reality training and clinical application in medical
education

The figure illustrates the sequential role of Virtual Reality (VR) and simulation-based
training in medical education and clinical practice. In the upper section labeled “Training”, a
medical student is shown engaging with a VR headset. This setup presents a 3D anatomical
visualization focusing on hepatobiliary structures (liver, pancreas, and gallbladder), allowing
students to immerse themselves in a simulated yet realistic anatomical environment. This
immersive technology enhances spatial understanding and procedural familiarity without
patient risk.

The lower section, titled “Real Patient”, demonstrates how this simulated knowledge is
later applied in actual clinical scenarios. A physician operates advanced medical equipment,
likely representing image-guided or robotic-assisted intervention, showing that foundational
VR-based training can be successfully translated into real patient care. The final arrow toward
“Success” signifies the ultimate goal: improved competence and confidence in real-world
clinical procedures.

This depiction supports the argument that VR simulation provides a safe, interactive,
and repeatable educational atmosphere, which is especially effective for first-year medical
students learning complex anatomical concepts. Such training tools foster experiential learning,
enhance retention, and prepare students for future clinical challenges.

Benefits of VR and simulation in teaching anatomy
The integration of virtual reality (VR) and simulation in anatomy teaching for first-year

medical students offers several educational benefits, particularly in enhancing 3D visualization,
learning safety, motivation, test performance, and self-directed learning. VR provides an
immersive and interactive learning environment that significantly improves students' motivation
and engagement, as evidenced by increased scores in attention, relevance, confidence, and
satisfaction when compared to traditional methods[6]. The Aesculapian system, a VR-based
hands-on simulation, allows students to explore anatomical structures virtually, offering a
unique and engaging learning experience without the need for real cadavers[19]. This approach
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not only enhances 3D visualization skills but also provides a safe learning environment where
students can practice and refine their understanding without the risks associated with cadaveric
dissection[20]. Furthermore, VR has been shown to improve both short-term and long-term
knowledge retention, with students achieving higher test scores compared to those using
traditional methods[21]. The use of 3D visualization technology also enhances learners'
satisfaction and enjoyment, although it does not significantly reduce the time required to
complete tests[22,23]. Additionally, VR facilitates self-directed learning by allowing students
to explore anatomical structures at their own pace, fostering a deeper understanding of spatial
relationships and anatomical functions[24]. While traditional cadaveric dissection offers unique
affective domain learning outcomes, such as ethical practice and respect for the human body,
VR provides a complementary tool that enhances cognitive learning and visualization skills,
making it a valuable addition to the anatomy curriculum for first-year medical students[25].
Overall, the integration of VR and simulation in anatomy education not only enhances learning
outcomes but also prepares students for clinical practice by providing a comprehensive and
engaging learning experience.

Limitations and challenges
The implementation of virtual reality (VR) and simulation technologies in anatomy

education presents several limitations and challenges, as highlighted across multiple studies.
One of the primary challenges is the high cost associated with acquiring VR equipment and
software, which can be prohibitive for many educational institutions[3]. This financial barrier is
compounded by the need for specialized technical skills and training for both faculty and
students to effectively use these technologies[9]. Technical difficulties, such as ensuring the
accuracy and realism of VR models, also pose significant challenges, as these models must
accurately represent complex anatomical structures to be effective educational tools[3,26].
Additionally, the lack of tactile feedback in VR environments is a notable limitation, as it
prevents students from experiencing the physical sensations associated with traditional
cadaveric dissection, which is crucial for developing a comprehensive understanding of
anatomy[30,31]. Access to VR technology can be limited, particularly in resource-constrained
settings, further exacerbating educational inequalities[2]. Faculty-related barriers include
resistance to adopting new technologies, especially among senior educators who may be less
familiar with digital tools, and the need for ongoing professional development to keep pace
with technological advancements[1,8]. Despite these challenges, VR and simulation
technologies offer promising opportunities for enhancing anatomy education by providing
immersive and interactive learning experiences that can complement traditional methods[3].
However, to fully realize these benefits, it is essential to address the identified limitations
through strategic investments, training, and curriculum integration[2,3].

Comparison with traditional methods
Virtual reality (VR) and simulation-based approaches are increasingly being integrated

into anatomy education, offering distinct advantages over traditional methods such as cadaveric
dissection and textbooks. Studies have shown that VR and simulation technologies enhance
student engagement, satisfaction, and learning outcomes by providing immersive, interactive
3D visualizations that traditional methods cannot match. For instance, the use of VR has been
associated with improved short-term and long-term knowledge retention compared to
traditional methods, as demonstrated by significant post-test score improvements in VR
groups[21]. Additionally, VR's ability to offer detailed, repeatable exploration of anatomical
structures without the logistical and ethical constraints of cadaveric dissection has been
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highlighted as a major benefit[1]. Students have reported high levels of satisfaction with VR,
noting its ease of use and educational value, which suggests that VR can significantly enhance
motivation and learning outcomes[6, p. 204,17]. Furthermore, VR has been shown to improve
students' understanding of complex spatial relationships within the human body, which is
crucial for anatomy education[1]. Despite these advantages, traditional cadaveric dissection
remains a valuable educational tool, providing tactile and spatial understanding that digital tools
may not fully replicate[34]. However, the integration of VR into traditional curricula has been
shown to complement and enhance the learning experience, suggesting a blended approach may
be most effective[1,35, p. 20]. While VR and simulation technologies are generally well-
received and effective, some studies note that they may not fully replace the hands-on
experience provided by cadaveric dissection, emphasizing the need for a balanced approach that
leverages the strengths of both traditional and modern methods[16,]. Overall, the incorporation
of VR and simulation-based approaches into anatomy education appears to offer substantial
benefits in terms of student satisfaction, knowledge retention, and academic performance,
making them valuable additions to traditional teaching methods[2].
Table: Comparative analysis of VR in anatomy education
Study Focus Key Findings Citation

Effectiveness of VR VR improves learning outcomes and knowledge
retention in anatomy education. [6,8]

Engagement and
Motivation

VR increases student engagement and motivation,
particularly in interactive learning. [8,9]

Gender Differences Male students show greater improvement in VR-
based learning than female students. [9]

Comparative
Effectiveness

VR is as effective as traditional methods for certain
anatomical regions. [4]

Technical and Cost
Challenges

High costs and technical requirements limit VR
accessibility and implementation. [4]

Future directions in VR-based anatomy teaching
Future directions in virtual reality (VR)-based anatomy teaching are poised to

significantly enhance educational experiences through the integration of advanced technologies
such as artificial intelligence (AI), adaptive learning environments, and wearable technologies.
The incorporation of generative AI virtual assistants in VR environments can provide a more
interactive and adaptive learning experience, allowing students to engage verbally with AI to
enhance their understanding of anatomical structures. This approach not only supports a more
personalized learning journey but also offers insights into usability and the sense of presence
within the virtual environment, which are crucial for effective learning outcomes. Additionally,
the development of mobile-friendly VR platforms is crucial for global education, as
demonstrated by the effectiveness of VR mobile game-based applications in improving
knowledge retention and satisfaction among nursing students in disaster management education.
These mobile platforms facilitate access to education across diverse geographical locations,
making learning more inclusive and accessible. Furthermore, the integration of wearable
technologies can enhance the immersive experience, providing real-time feedback and
interaction, which are essential for anatomy education. Long-term outcome assessments are
also necessary to evaluate the sustained impact of VR-based learning on students' knowledge
and skills, ensuring that these innovative educational tools meet the evolving needs of learners.
Overall, the future of VR-based anatomy teaching lies in creating adaptive, accessible, and
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engaging learning environments that leverage AI and mobile technologies to foster global
educational equity.

Conclusion
Virtual Reality (VR) and simulation technologies are powerful tools in anatomy

education, offering significant advantages in terms of effectiveness, engagement, and learning
outcomes. By providing immersive, interactive, and three-dimensional visualizations, VR
enhances spatial perception, reduces cognitive load, and improves knowledge retention. While
challenges such as technical limitations and cost remain, the overall evidence suggests that VR
is a valuable addition to traditional anatomy education methods. As VR technology continues to
evolve, its potential to transform medical education is immense.
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