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Abstract The integration of advanced technologies and a comprehensive understanding of anatomy is
fundamental in modern implantology, addressing the educational needs of students, stakeholders, and
medical experts. This abstract underscores the significance of interactive practices in enhancing anatomical
comprehension and facilitating a profound understanding of implantology principles. Interactive platforms
and 3D exploration tools serve as invaluable resources, enabling learners to delve into the intricacies of the
human body's structures, including bones, muscles, tendons, and connective tissues. The integration of
ergonomic principles and human factors design considerations enhances procedural efficiency and
effectiveness, minimizing physical strain and optimizing workflow for practitioners. By embracing these
interdisciplinary approaches, individuals involved in implantology can enhance their knowledge and skills,
ultimately contributing to improved patient outcomes and clinical excellence. The present study enables all
interested learners to look into the world of modern implantology by applying digital open and free systems
such as Open Anatomy, 3D Slicer, OpenStax Anatomy and Physiology resource and Anatronica software.
The article emphasizes the interactive learning approach, which, in combination with theoretical information,
basic concepts and conventional tests, provides a visual representation of the studied material, which
improves the memorization of the essential anatomical features, which is of great importance for health care.
Also, the article provides information about the integration of advanced technologies and a comprehensive
understanding of anatomy, which is a field of research in the ErgoDesign project. It provides students with
the necessary foundation, practical skills, and inclusive mindset to become future leaders in the design and
production of implants for inclusive healthcare.

Keywords: 3D digital, anatomy, Anatronica, digital, ErgoDesign, healthcare, implantology, interactive,
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1. INTRODUCTION
1.1. General Information

In modern implantology, the integration of advanced technologies and a comprehensive
understanding of anatomy is fundamental, catering to the educational needs of students,
stakeholders, and medical experts [1-8]. This integration marks a significant advancement in the
field, empowering practitioners with tools and knowledge essential for navigating the intricacies of
implantology with precision and efficacy. The applicability of interactive exercises to improve
anatomical understanding and understanding of implantation principles is of great importance.
Interactive digital platforms and 3D exploration tools serve as invaluable resources, offering
learners immersive experiences to delve deeply into the intricate structures of the human body.
Through these innovative technologies, learners gain insight into the nuanced relationships between
bones, muscles, tendons, and connective tissues, essential for successful implantology practices [9-
15]. Additionally, the integration of ergonomic principles and human factors design considerations
represents an advancement in procedural efficiency and effectiveness. By minimizing physical
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strain and optimizing workflow for practitioners, these interdisciplinary approaches contribute to
improved patient outcomes and clinical excellence. As such, the synergistic integration of advanced
technologies, anatomical knowledge, and interactive learning methodologies drives innovation in
modern implantology, with profound implications for healthcare education and patient care [16-20].

1.2. ErgoDesign Project Experience

The information about the integration of advanced technologies and a comprehensive understanding
of anatomy is crucial for the success of the ErgoDesign project [21-23]: KA220-HED-0D601A76;
International project consortium: Poznan University of Technology (PUT) - Poznan, Poland
(Coordinator), Technical University of Varna (TUV) - Varna, Bulgaria, Obuda University (OU) -
Budapest, Hungary, National Technical University of Athens (NTUA) - Athens, Greece, Technicka
Univerzita v KoSiciach (TUKE) - Kosice, Slovakia, ValueDo - Italy - Florence, Italy, Substantive
partners: Universities AP: - University of West Attica School of Engineering (GR) - University of
Presov (SL) - University of Zielona Gora (PL) - Lodz University of Technology (PL) -
Organization Center of Registration of European Ergonomics, University of Bordeaux (FR),
Networks and ICSTED: - Bulgarian Association of Ergonomics and Human Factors (BAEHF) -
Polish Ergonomics Society, an interdisciplinary organization for the development and
popularization of Ergonomics in Poland. The ErgoDesign project focuses on improving digital
skills for ergonomics and bioengineering innovations for inclusive healthcare. Some of the
important outcomes of the project are the covering understanding of:

- Foundation for multi-disciplinary and trans-disciplinary learning: The integration of advanced
technologies and anatomical understanding forms the foundation for a multi-disciplinary and trans-
disciplinary approach to learning. Students involved in the ErgoDesign project will benefit from a
holistic understanding of implantology that encompasses elements of anatomy, bioengineering,
ergonomics, and healthcare delivery.

- Practical application in implant design: The knowledge gained from understanding advanced
technologies and anatomy will directly translate into practical skills for designing implants for
healthcare. Students will learn how to leverage digital tools and anatomical insights to design
implants that meet the specific needs of diverse patient populations, including those with special
requirements.

- Inclusivity and accessibility: By emphasizing the requirements of people with special needs, the
ErgoDesign project underscores the importance of inclusivity and accessibility in healthcare
innovation. Understanding anatomy and employing advanced technologies allows students to
design implants that are tailored to the unique anatomical and functional needs of individuals with
disabilities or special conditions, promoting greater inclusivity in healthcare solutions.

- Future-ready skills: In today's rapidly evolving healthcare field, digital skills and anatomical
understanding are essential for future designers and producers of implants. The ErgoDesign project
equips students with the knowledge and skills needed to navigate the complexities of modern
implantology and contribute to innovative healthcare solutions that address the needs of diverse
patient populations.

1.3. Ergonomics and Human Factors

With the integration of advanced technologies and anatomical understanding, the ErgoDesign
project places significant emphasis on ergonomics and human factors, which are important for its
success. Some of the strong sides and importance of ergonomics and human factors for the
ErgoDesign project are:
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- Optimizing implant design for user comfort and functionality: Ergonomics and human factors
considerations ensure that implants designed through the ErgoDesign project are optimized for user
comfort, functionality, and usability. By understanding how users interact with implants and
considering their ergonomic needs, students can design implants that enhance patient satisfaction
and promote better health outcomes.

- Minimizing risk of complications and errors: Ergonomic design principles help minimize the
risk of complications and errors associated with implant usage. By considering factors such as
biomechanics, anthropometrics, and user behavior, students can identify and mitigate potential risks
early in the design process, leading to safer and more effective implants.

- Enhancing accessibility and inclusivity: Ergonomics and human factors considerations are
enhancing accessibility and inclusivity in healthcare. By designing implants that accommodate a
diverse range of user needs and abilities, students can ensure that healthcare solutions are accessible
to individuals with disabilities or special needs, promoting greater equity in healthcare delivery.

- Improving workflow efficiency: Ergonomic design principles not only apply to the design of
implants but also to the workflow processes involved in their production and deployment. By
optimizing workflow efficiency through ergonomic design, students can streamline production
processes, reduce errors, and improve overall productivity in healthcare settings.

- Promoting user-centered design: Ergonomics and human factors promote a user-centered
approach to design, placing the needs and preferences of end-users at the forefront of the design
process. By actively involving patients, caregivers, and healthcare professionals in the design and
evaluation of implants, students can ensure that healthcare solutions are tailored to meet real-world
needs and preferences.

2. IMPLEMENTATION OF ANATOMY DIGITAL TOOLS

Open and free digital interactive anatomy software and tools are very important for stakeholder
understanding and experience.

2.1. Open Anatomy Project

This free online resource supports various projects and initiatives in ergonomics and
bioengineering, particularly those centered around implantology and healthcare innovations. Its
profound impact extends to students, stakeholders, and researchers, offering a wealth of benefits
that enrich the understanding of anatomy and propel advancements in the field. At its core, the
Open Anatomy Project intensifies access to comprehensive anatomical knowledge for students,
practitioners, and stakeholders engaged in projects related to ergonomics and bioengineering. By
providing freely accessible digital anatomy atlases, the project ensures that learners from diverse
backgrounds have unrestricted access to essential anatomical insights. By fostering a collaborative
environment where anatomical data is shared openly, the project promotes knowledge exchange and
innovation across disciplinary boundaries. The Open Anatomy Project's commitment to open access
and collaboration fosters a culture of transparency and inclusivity within the academic and
healthcare communities [24]. Students and stakeholders engaged in projects related to ergonomics
and bioengineering benefit from this ethos by gaining access to diverse perspectives, expertise, and
resources. Through engagement with the project's atlases and tools, learners gain a nuanced
understanding of anatomical structures and functions, equipping them with the knowledge and skills
needed to address real-world challenges in healthcare innovation and biomedical engineering. The
Open Anatomy Project offers a diverse range of anatomical atlases, each meticulously crafted to
provide invaluable insights into specific regions and structures of the human body. The atlases
include [25]:
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- Mauritanian Anatomy Laboratory Thoracic Atlas [26, 27]
- SPL/NAC Brain Atlas [28, 29]

- SPL Liver Atlas [30, 31]

- SPL Head and Neck Atlas [32, 33]

- SPL Inner Ear Atlas [34, 35]

- SPL Knee Atlas [36, 37]

- SPL Abdominal Atlas [38, 39]

Figure 1 shows example resource from Open Anatomy Project [24].

ATLASES

Figure 1. Example resource from Open Anatomy Project [24].

2.2. 3D Slicer Software

3D Slicer emerges as a free software platform that seamlessly intertwines the realms of anatomy,
bioengineering, and medical imaging, offering invaluable support to initiatives like the ErgoDesign
project and beyond. As an open-source solution, 3D Slicer facilitates unrestricted exploration of
anatomical structures, enabling researchers, students, and practitioners to delve deeply into the
complexities of the human body [40]. Its advanced features, including DICOM standard
interoperability, artificial intelligence integration, and precise image segmentation, provide
indispensable tools for understanding anatomical nuances crucial in bioengineering and
implantology endeavors. With its capacity for spatial registration and 3D markups, 3D Slicer
empowers users to analyze and annotate anatomical data with unparalleled accuracy, facilitating the
development of innovative solutions within the ErgoDesign project and other related initiatives.
Some of the main 3D Slicer features are:

- Image-guided therapy (IGT) [41, 42]

- Chest Imaging Platform (CIP) [43]

- SlicerDMRI (diffusion magnetic resonance imaging) [44]

- SlicerRT (radiation therapy) [45]

- SlicerSALT (dissemination vehicle of powerful shape analysis methodology) [46]
- SlicerCMF (visualization and image analysis) [47]

Figure 2 shows example of the Slicer Robot-assisted Interventions system is linked to a KUKA
robot to visualize 3D models of the robot, anatomy, and workspace. A demonstration took place at
CARS 2014 in Fukuoka, Japan. The system was initially developed during the NA-MIC Summer
Project Week [48, 49].
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Figure 2. An example of robot-assisted interventions involves connecting Slicer to a KUKA robot to visualize 3D
models of the robot, anatomy, and workspace [48, 49].

2.3. OpenStax Anatomy and Physiology

OpenStax Anatomy and Physiology stands as a meticulously crafted educational resource aimed at
enhancing student comprehension of anatomy, physiology, and related disciplines vital to fields like
implantology and bioengineering [50]. Developed by OpenStax, a nonprofit organization dedicated
to expanding student access to education, the textbook offers an in-depth exploration of human
anatomy and physiology while upholding academic rigor. Its units cover a wide array of topics,
including levels of organization, support and movement, regulation and control, fluids and
transport, energy maintenance, environmental exchange, and human development, delving into the
complex structures and functions of the human body. By focusing on concepts such as homeostasis,
disorders, diseases, aging, and everyday connections, the text seamlessly integrates anatomical and
physiological principles with real-world applications, highlighting the significance of understanding
human factors in medical and bioengineering contexts. Interactive features, including online
exercises, simulations, and videos, enrich the learning experience, fostering deeper comprehension
and engagement among students [51]. With its open license and customizable format, OpenStax
Anatomy and Physiology not only facilitates access to high-quality learning materials but also
empowers educators to tailor content to the specific needs of their courses, making it an invaluable
resource for students, instructors, and practitioners alike. This resource is highly relevant to projects
like ErgoDesign, providing foundational knowledge that underpins the development of inclusive
healthcare solutions through ergonomics and bioengineering innovations. OpenStax Anatomy and
Physiology is licensed under the Creative Commons Attribution license, allowing for the
widespread dissemination of its content.

The content is [50]:

- Unit 1: Levels of Organization. Chapters 1-4 lay the groundwork for students by offering a
fundamental comprehension of human anatomy and physiology, covering key topics such as the
language of anatomy, levels of organization, and foundational concepts in chemistry and cell
biology. These chapters serve as a cornerstone for delving deeper into the study of the human body,
emphasizing the mechanisms through which the body's regions, vital chemicals, and cells regulate
homeostasis. Each chapter, from "An Introduction to the Human Body" to "The Tissue Level of
Organization,” contributes to building a comprehensive understanding of the intricate systems that
govern human physiology and anatomy.
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- Unit 2: Support and Movement. Chapters 5-11 guide students through an exploration of the skin,
the body's largest organ, and delve into the skeletal and muscular systems in a traditional sequence.
This unit introduces students to specific systems of the body, maintaining a keen focus on
homeostasis and the various diseases and conditions that can perturb it. From understanding the
intricacies of the integumentary system in Chapter 5 to exploring muscle tissue and the muscular
system in Chapter 11, students gain insight into the structural and functional aspects of these vital
systems that support human physiology.

- Unit 3: Regulation, Integration, and Control. Chapters 12—-17 provide students with insights into
nervous and endocrine system control and regulation. Departing from the traditional sequence of
topics, the integration of special senses into the chapter on the somatic nervous system offers a
unique perspective. Additionally, the chapter on the neurological examination presents students
with an innovative approach to understanding nervous system function through five simple yet
powerful diagnostic tests. From the fundamentals of the nervous system in Chapter 12 to the
intricacies of the endocrine system in Chapter 17, students gain a comprehensive understanding of
these vital systems and their regulatory mechanisms.

- Unit 4: Fluids and Transport. Chapters 18-21 delve into the fundamental mechanisms of
material transport essential for sustaining the human body, regulating its internal environment, and
ensuring protection against external threats. From the intricate dynamics of blood circulation
explored in Chapter 18 to the specialized functions of the cardiovascular system in Chapters 19 and
20, students gain insights into the vital processes that maintain physiological balance. Additionally,
the exploration of the lymphatic system and immunity in Chapter 21 provides a comprehensive
understanding of the body's defense mechanisms and its ability to ward off infections and diseases.

- Unit 5: Energy, Maintenance, and Environmental Exchange. Chapters 22—26 shows the intricate
interplay between the body's internal systems and the external environment, orchestrating the
exchange of materials, energy capture, waste release, and the maintenance of internal regulatory
mechanisms. From the intricate processes of gas exchange detailed in Chapter 22 to the nuanced
mechanisms of digestion and nutrient absorption explored in Chapter 23, students embark on a
journey through the fundamental aspects of human physiology. Chapter 24 navigates the intricate
relationship between nutrition and metabolism, elucidating how dietary choices impact energy
production and cellular processes. Chapters 25 and 26 delve into the indispensable role of the
urinary system in preserving fluid balance, electrolyte levels, and acid-base equilibrium,
emphasizing the structural adaptations that enable these crucial functions to unfold seamlessly.

- Unit 6: Human Development and the Continuity of Life. The final chapters of the textbook delve
into the complexities of the male and female reproductive systems, elucidating the developmental
stages of pregnancy and exploring the mechanisms of inheritance. Chapter 27 navigates through the
anatomical structures and physiological functions integral to human reproduction, while Chapter 28
delves into the intricate processes of genetic inheritance, unraveling the principles governing the
transmission of traits across generations. Through these chapters, readers gain a profound
understanding of the biological foundations of reproduction and heredity, essential for
comprehending human development and genetic variability.

Figure 3 shows the dynamic, learner-centered art in OpenStax Anatomy and Physiology, employing
strategic use of black line illustrations with bold lines to emphasize critical structures, shading to
depict dimension and shape, and selective color application to highlight primary anatomical or
functional points, ensuring focused learning without distractions [50].
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Figure 3. OpenStax Anatomy and Physiology Dynamic, Learner-Centered Art [50].
2.4. Anatronica — Interactive 3D Human Anatomy Software

Anatronica's Interactive 3D Human Anatomy software stands at the forefront of anatomical
education, offering a dynamic platform tailored to the needs of professionals, students, and
researchers alike [52-57]. With a specialized focus on anatomy, implantology, and bioengineering,
Anatronica provides a comprehensive understanding of human bone structures crucial for
ErgoDesign and related projects. Its interactive 3D features allow users to manipulate and explore
anatomical models, fostering a deeper comprehension of complex anatomical relationships and
spatial dynamics. By facilitating hands-on learning experiences, Anatronica enhances knowledge
retention and promotes interdisciplinary collaboration across medical, engineering, and ergonomic
fields. Moreover, the software's real-time, interactive quizzes offer practical assessments that
reinforce learning outcomes and skill development (Figure 4). Very importantly, some of
Anatronica's best features include its Bone Learn Database, providing base anatomical information,
and its self-check interactive quizzes in real-time, which contribute significantly to the learning
experience. With its free license, Anatronica promotes accessibility to high-quality educational
resources, empowering users to explore, innovate, and create within the realms of anatomy,
implantology, bioengineering, and human factors engineering. In the pursuit of advancing
healthcare solutions and ergonomic design, Anatronica serves as an invaluable tool for
professionals and learners worldwide.

Some of the important advantages of Anatronica are:
- Theoretical information database. It is used in real time when selecting a specific bone and
receiving information in real time;

- Quizzes. Interactive software allows 10-question quizzes to be taken in real-time, and at the end
statistics are obtained with percentage success results.
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Figure 4. Anatronica Interactive 3D Human Anatomy software interface (a) Theory; (b) Quiz result
example.

3. INTERACTIVE ANATOMY QUIZ IMPLEMENTATION AND RESULTS

In the realm of research, Anatronica Interactive software emerges as a cornerstone tool, especially
within the context of ErgoDesign initiatives, owing to its interactive functionalities and enhanced
visual clarity. Anatronica hosts a comprehensive theoretical information database, facilitating real -
time access to bone-specific details, thereby aiding users in comprehending anatomical intricacies
seamlessly. Moreover, its interactive quizzes offer immediate feedback on users' comprehension
levels, thereby nurturing a deeper understanding of bone anatomy. The research also underscores
the development of video Bone Anatomical Presentations, covering a spectrum of topics including
skull and teeth anatomy, hands, body, and legs, providing dynamic visualizations to enrich the
learning experience. Additionally, the research highlights examples of interactive quizzes, each
reflecting varying levels of comprehension and success rates, thus accentuating Anatronica's
instrumental role in anatomical education and ErgoDesign activities (Table 1).

Table 1. Anatronica — Interactive 3D Human Anatomy software in action.

Anatronica — Interactive 3D Human Anatomy software
The video theoretical presentations and quizzes are generally related (including whole bone human body by random

questions)
Video theoretical presentations Video example of ready-made quizzes
Title Video link Quizzes Video link
Anatomy https://www.youtube.com/watch?v | Anatomy Quiz 3/10, https://www.youtube.com/watch?v=x1q
Introduction Skull =hwrlhDUIUF8 30% BvBMW(gsE
& Teeths -

Anatomy Hands

https://www.youtube.com/watch?v

Anatomy Quiz 7/10,

https://www.youtube.com/watch?v=TC

=pymNbVE31Gg 70% 61z2B-5Ac

Anatomy Body https://www.youtube.com/watch?v | Anatomy Quiz 9/10, https://www.youtube.com/watch?v=RA
=UWnyeEwBkml 90% j8gkC7kms

Anatomy Legs https://www.youtube.com/watch?v | Anatomy Quiz 10/10, https://www.youtube.com/watch?v=FA
=ZNz0zJpiGto 100% pCO7VvyPk

4. CONCLUSIONS

This article highlights the importance of free and open anatomical software and its profound impact
on contemporary educational and research activities, particularly in the field of implantology. The
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hands-on experience gained through these interactive platforms is proving invaluable in equipping
learners with practical skills essential for navigating the complexities of anatomical studies and
ErgoDesign projects, particularly in the context of implant design and implementation. The
alignment of this research with the ErgoDesign project highlights its wider relevance to projects,
activities and programmes aimed at advancing modern anatomy, bioengineering and ergonomics
initiatives, with a particular focus on improving implant practice. As such, the integration of these
technologies and methodologies not only enhances the educational experience, but also promotes
innovation and excellence in healthcare design and delivery practices, ultimately leading to
improved patient outcomes. In essence, this article serves as a testament to the popularity of free
and open anatomical software in shaping the future of anatomical education and research activities,
paving the way for advances across multiple fields and disciplines.
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