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Abstract

The integration of augmented reality (AR) in medical education has significantly enhanced the way students
and professionals visualize and understand complex anatomical structures. This paper presents the Human
Anatomy Augmented Reality Viewer, a system designed to provide an interactive and immersive learning
experience for studying human anatomy. By leveraging AR technology, users can explore highly detailed 3D
anatomical models in real-time, enabling better spatial awareness and comprehension of various body
systems. The application supports interactive features such as zooming, rotating, and layerbased visualization
of organs, bones, and muscles. It utilizes both marker-based and markerless AR techniques for seamless model
integration in real-world environments. The proposed system aims to bridge the gap between traditional
learning methods and modern digital education tools, offering an engaging and cost-effective solution for
medical students, educators, and healthcare professionals. Preliminary user feedback and usability
evaluations indicate that the AR viewer enhances knowledge retention and engagement, demonstrating its
potential as a valuable tool for medical education and training.
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1. Introduction

Understanding human anatomy is crucial for medical
education, yet traditional methods such as textbooks,
cadavers, and 2D images often limit the ability to
grasp complex structures. Augmented Reality (AR)
has emerged as an innovative tool that enhances
learning by providing interactive 3D visualization of
anatomical structures. [1-5] This paper presents the
development of a Human Anatomy Augmented
Reality Viewer, designed to improve medical
education by offering an interactive AR-based
visualization tool. The originality of this study lies in
integrating high-resolution anatomical models with
real-time AR interaction, aiming to enhance spatial
understanding and engagement among medical
students.

2. Background and Literature Review

Previous research has explored AR applications in
medical education, demonstrating improved retention
and comprehension. However, many existing AR
tools lack real-time [6-10] interactivity or precise
anatomical accuracy. Our work builds on these
advancements by integrating real-time rendering,

user interaction, and accessibility across multiple
devices. [11]

Objectives

The primary objective of this study is to develop an
AR-based anatomy viewer that enhances medical
education by providing:

e Immersive visualization  of

anatomical structures.

¢ Real-time interaction for rotation, zooming,

and dissection of models.

e Cross-platform accessibility for widespread

usability.
3. Method
The development of the AR viewer followed three
key phases:

3.1. Data Acquisition and Processing
High-resolution 3D anatomical models were obtained
from open-source medical datasets. The models were
refined, segmented, and optimized for AR
compatibility. [12]

3.2. Application Development
Unity 3D and AR SDKs (ARCore and ARK:it) were

human
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used to develop an interactive application. The immersive experience. (Figure 2)
interface allows users to manipulate anatomical
models, adjust perspectives, and explore layered
structures. [13]
3.3. Evaluation and Testing

The system was tested by medical students and
professionals to assess usability, accuracy, and
effectiveness. Comparative  evaluations  were
conducted against traditional 2D-based learning
methods. [14-15]

Table 1 AR Viewer Input Parameters

Feature Description Figure 2 Learning with Interactive 3D Models
AR SDK Used ARCore, ARKit
: High (Optimized for However, challenges such as device compatibility
3D Model Resolution AR) and processing limitations were noted, requiring
future improvements.
Device Compatibility Smartphl_(|) 'r\1/(|e E)’STabIEtS’ P
User Interactivity Zoom, Rotate, Dissect Table 2 Comparison of Traditional Learning vs
AR-Based Learning
4. Results and Discussion Metric Traditional AR-Based
4.1. Results Learning Learning
The AR viewer successful_ly _displaygd intricate Engagement 60% 90%
human anatomy structures with interactive features. level
Users reported improved spatial understanding and Retention 65% 92%
engagement. Performance metrics showed real-time Rate_
rende_rlng Wlth_ minimal latency, ensuring a seamless Usability 6.5/10 9.1/10
experience. (Figure 1) Score
Learning .
Outcome Moderate High
Interactivity Low High
Conclusion

The Human Anatomy Augmented Reality Viewer
presents a novel approach to medical education,
providing interactive and immersive visualization of
anatomical structures. The results confirm the
effectiveness of AR in enhancing spatial

understanding and engagement. Future
Figure 1 User Interface of the AR Viewer enhancements may include Al-driven personalization
and haptic feedback integration.
4.2. Discussion Acknowledgements

The feedback from users highlighted the The authors express gratitude to medical
effectiveness of AR in improving anatomical  professionals and students who participated in testing
comprehension. The system outperformed traditional ~ and provided valuable feedback. Special thanks to
learning methods by offering an interactive and  open-source contributors for anatomical datasets and
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the development community for AR frameworks.
References

[1].

2].

[3].

[4].

[5].

[6].

[7].

[8].

[9].

E. A. Duncan-Vaidya and E. L. Stevenson,
"The Effectiveness of an Augmented Reality
Head-Mounted Display in Learning Skull
Anatomy at a Community College"”, Anat.
Sci. Educ., vol. 14, no. 2, pp. 221-231, 2021.
L. Cercenelli et al., "AEducaAR Anatomical
Education in Augmented Reality: A Pilot
Experience of an Innovative Educational Tool
Combining AR Technology and 3D
Printing", Int. J. Environ. Res. Public. Health,
vol. 19, no. 3, 2022.

M. Aebersold et al., "Interactive Anatomy-
Augmented Virtual Simulation
Training", Clin. Simul. Nurs., vol. 15, pp. 34-
41, 2018.

F. Bork et al., "The Benefits of an Augmented
Reality Magic Mirror System for Integrated
Radiology Teaching in Gross
Anatomy", Anat. Sci. Educ., vol. 12, no. 6,
pp. 585-598, 2019.

A. A. Gonzalez, P. A. Lizana, S. Pino, B. G.
Miller and C. Merino, "Augmented reality-
based learning for the comprehension of
cardiac  physiology in  undergraduate
biomedical students”, Adv. Physiol. Educ.,
vol. 44, no. 3, pp. 314-322, 2020.

W. A. W. A. Bakar, M. Man, M. A. Solehan
and I. A. A. Sabri, "GAAR: Gross Anatomy
using Augmented Reality Mobile
Application”, Int. J. Adv. Comput. Sci. Appl.,
vol. 12, no. 5, pp. 162-168, 2021.

H. Kim-Berman, E. Karl, J. Sherbel, L. Sytek
and V. Ramaswamy, "Validity and User
Experience in an Augmented Reality Virtual
Tooth Identification Test”, J. Dent. Educ.,
vol. 83, no. 11, pp. 1345-1352, 2019.

D. C. Peterson and G. S. A. Mlynarczyk,

"Analysis of traditional versus three-
dimensional augmented curriculum on
anatomical learning outcome measures:
Efficacy of 3D Teaching

Technologies"”, Anat. Sci. Educ., vol. 9, no. 6,
pp. 529-536, Nov. 2016.
S. A. Azerand S. Azer, "3D Anatomy Models

[10].

[11].

[12].

[13].

[14].

[15].

and Impact on Learning: A Review of the
Quality of the Literature”, Health Prof. Educ.,
vol. 2, no. 2, pp. 80-98, Dec. 2016.

A. Boomgaard et al., "A Novel Immersive
Anatomy Education System (Anat_Hub):
Redefining Blended Learning for the
Musculoskeletal System™, Appl. Sci. Switz.,
vol. 12, no. 11, 2022.

E. D. Fajrianti et al., "Application of
Augmented Intelligence Technology with
Human Body Tracking for Human Anatomy
Education”, Int. J. Inf. Educ. Technol., vol.
12, no. 6, pp. 476-484, 2022.

S. Dreimane and L. Daniela, "Educational
Potential of Augmented Reality Mobile
Applications for Learning the Anatomy of the
Human Body", Technol. Knowl. Learn., vol.
26, no. 4, pp. 763-788, 2021.

J. K. Weeks et al., "Harnessing Augmented
Reality and CT to Teach First-Year Medical
Students Head and Neck Anatomy", Acad.
Radiol., vol. 28, no. 6, pp. 871-876, 2021.

M. Kljun, V. Geroimenko and K. Copi¢
Pucihar, "Augmented Reality in Education:
Current Status and Advancement of the
Field", in Augmented Reality in Education,
pp. 3-21, Jun. 2020.

K. Bogomolova et al., "Effect of binocular
disparity on learning anatomy with
stereoscopic augmented reality visualization:
A double centre randomized controlled
trial”, Anat. Sci. Educ., 2022.

|
OPEN aAccsss IRIAEM

818


about:blank

