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ABSTRACT

Anatomy has traditionally been regarded as a descriptive science fundamental to medical education, but recent
advancements in medicine and technology have propelled its development into a translational discipline.
Translational anatomy highlights the application of structural knowledge to enhance clinical care, surgical
innovation, biomedical research, and medical education. Despite increasing interest, the field remains
underexplored regarding its scope, trends, and practical contributions. This scoping review aims to map the
emerging landscape of translational anatomy, emphasising its applications, innovations, challenges, and future
directions in the 21st century. Guided by Arksey and O’Malley’s framework and Joanna Briggs Institute
guidelines, a comprehensive search of PubMed, Scopus, Web of Science, Embase, Google Scholar, and grey
literature was conducted for studies published between 2000 and 2025. Eligible publications included those
addressing applications of anatomy in clinical practice, education, or research. Data were charted into domains
and thematically synthesised. Four primary domains of translational anatomy were identified: surgical
applications, medical education, biomedical research, and clinical practice. Surgical innovation benefits from
detailed anatomical mapping, 3D printing, and image-guided interventions. Medical education is shifting
towards competency-based curricula enhanced by digital and simulation technologies. In research, anatomical
variability and morphometry inform prosthetics, precision medicine, and computational modelling. In clinical
practice, anatomy underpins diagnostics, regenerative medicine, and patient safety. Emerging trends include
artificial intelligence, digital anatomy, big data, and bioinformatics, though challenges persist in resource
disparities, ethical considerations, and the lack of outcome-based evidence. Translational anatomy is redefining
the role of structural science as a driver of innovation in healthcare. By addressing existing gaps and fostering
interdisciplinary collaboration, the discipline can remain a cornerstone of 21st-century medicine, bridging
discovery with improved patient outcomes.
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INTRODUCTION

The discipline of anatomy has long been regarded as the bedrock of medical education, serving as the
essential link between basic science and clinical practice (Shayeh et al., 2016). Traditionally, anatomy
was taught and practised as a descriptive science, focused primarily on the structural relationships of the
human body (Habbal, 2017). However, the rapid evolution of biomedical sciences and healthcare delivery
in the 21st century has given rise to a new paradigm: translational anatomy. This concept reflects the
movement of anatomical knowledge from the laboratory and classroom into direct applications that
improve clinical care, surgical practice, biomedical research, and technological innovation. It embodies
the “bench-to-bedside” approach that characterises translational medicine, where fundamental discoveries
are rapidly adapted into strategies that improve diagnosis, treatment, and patient outcomes (Turney, 2007;
Xiao et al., 2025).

Translational anatomy is not a replacement for classical anatomy; rather, it is a complementary evolution
that emphasises the clinical relevance and utility of anatomical insights. For instance, the development of
minimally invasive surgical techniques has depended heavily on precise anatomical mapping and
morphometric studies (Sugand et al., 2010; Fasel et al., 2026). Similarly, advances in medical imaging,
such as high-resolution MRI and 3D ultrasound, have been informed by detailed anatomical correlations.
Furthermore, educational innovations, ranging from 3D-printed models to virtual and augmented reality,
draw directly from anatomical data to enhance the training of medical students, residents, and surgeons
(Buking et al., 2017; Kilic et al., 2025).

The need for a scoping review in this emerging field is evident. Although many studies have examined
specific uses of anatomy in surgical training, clinical practice, or imaging, there has been limited effort to
comprehensively map the wider scope of translational anatomy. A scoping review offers a structured
opportunity to chart the various areas where anatomy makes meaningful contributions, identify
knowledge gaps, and highlight future directions for research and practice. By synthesising evidence
across clinical, educational, and research settings, this review aims to demonstrate how anatomy
continues to be a key element of innovation in modern medicine. Ultimately, the goal is to present
translational anatomy not just as a theoretical idea but as a practical framework that enhances healthcare
delivery, promotes interdisciplinary collaboration, and pushes the boundaries of biomedical science.

CONCEPTUAL FRAMEWORK OF TRANSLATIONAL ANATOMY

The concept of translational anatomy stems from the realisation that anatomy, although historically
descriptive, must evolve into a practical science that directly informs clinical practice and biomedical
innovation. The conceptual framework for translational anatomy is based on the same principles as
translational medicine: moving knowledge from “bench to bedside” to bridge the gap between discovery
and patient benefit. In this case, anatomical knowledge, whether derived from cadaveric dissection,
morphometric analysis, or advanced imaging, serves as the foundation upon which clinical strategies,
surgical interventions, and diagnostic innovations are built (Sugand et al., 2010; van der Laan and
Boenink, 2015).

Historically, anatomy was taught as a static body of knowledge, centred on cadaveric dissection and
textbooks. This approach laid a strong foundation but often struggled to demonstrate its relevance in
rapidly evolving clinical environments (Ghosh, 2015; Selcuk et al., 2019). The shift toward translational
anatomy redefines the discipline as dynamic and integrative, emphasising the continuous exchange
between anatomical science and clinical application. In this sense, the framework highlights three
interdependent domains: teaching, research, and clinical practice (Organ and Comer, 2022).

In teaching, translational anatomy emphasises competency-based education where anatomical learning is
directly aligned with clinical scenarios. Technologies such as 3D printing, virtual reality (VR), and
augmented reality (AR) embody this framework by transforming abstract knowledge into tangible
simulations for surgical rehearsal and patient-specific planning (Niu et al., 2025; Adnan et al., 2025).
Research within the framework of translational anatomy focuses on bridging structural knowledge with
functional and pathological outcomes. Examples include morphometric studies that inform prosthetic
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design or anatomical variations that serve as biomarkers for precision medicine (Bhimsaria and
Ramachandran, 2024; Alraddadi, 2021). In clinical practice, translational anatomy provides the backbone
for innovations in minimally invasive surgery, interventional radiology, and regenerative medicine, where
precise structural knowledge underpins both safety and effectiveness (Ashammakhi et al., 2029;
Taninokuchi et al., 2014).

A second layer of the framework involves interdisciplinarity. Translational anatomy does not operate in
isolation but intersects with biomedical engineering, radiology, molecular biology, and informatics. The
increasing use of imaging databases, artificial intelligence, and computational modelling highlights the
integrative potential of anatomy when placed within collaborative networks. This broader perspective
ensures that anatomical insights are not confined to academic discourse but translated into solutions for
real-world clinical problems (Panayides et al., 2020; Stabile et al., 2023).

Ultimately, the conceptual framework of translational anatomy is that of a continuum, moving from
discovery in the laboratory to validation in educational and research contexts, and finally to application in
the clinic. This dynamic process underscores the enduring relevance of anatomy as not only a descriptive
science but also a translational engine that sustains medical progress in the 21st century (Wichman et al.,
2020; Mitchell et al., 2010).
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Figure 1: Conceptual Framework — illustrates the interrelationship between the context, core construct,
key domains, and translational variables influencing translation anatomy in the 21° century. It reflects
how anatomy education, research, and clinical practice interact dynamically within a health and
biomedical education environment to achieve impactful translational outcomes

METHODOLOGY OF THE SCOPING REVIEW

The methodological approach for this review was guided by the framework proposed by Arksey and
O’Malley, and further refined by the Joanna Briggs Institute guidelines for scoping studies (Westphaln et
al., 2021). The review began with the formulation of a clear research question: “What are the current
trends, applications, and innovations in translational anatomy across medical education, biomedical
research, and clinical practice?” To address this, a comprehensive search strategy was designed to capture
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literature from multiple disciplines that intersect with anatomy. Key databases, including PubMed,
Scopus, Web of Science, Embase, and Google Scholar, were searched. In addition, grey literature such as
conference proceedings, policy documents, and reports from anatomical societies was considered to
ensure inclusivity. Search terms combined keywords such as “translational anatomy,” “applied anatomy,”
“clinical anatomy,” “biomedical research,” “surgical innovation,” “3D printing,” “virtual reality,” and
“precision medicine.”

Inclusion criteria focused on studies published from 2000 to 2025, reflecting the modern era of
translational medicine and the adoption of new technologies. Articles were eligible if they addressed
applications of anatomy beyond traditional descriptive teaching, particularly where anatomical insights
informed clinical practice, research innovation, or educational transformation. Exclusion criteria included
purely descriptive anatomical studies without translational implications, animal-only studies with no
human relevance, and articles not available in English.

The data extraction process involved charting key information such as author, year of publication, study
setting, anatomical focus, translational application, and reported outcomes. Data were then collated and
thematically analysed into broad domains including surgical applications, medical education, biomedical
research, and clinical practice. Where appropriate, evidence was summarised in tabular and schematic
formats to facilitate comparison and visualisation. This methodological framework ensured transparency,
reproducibility, and comprehensiveness in capturing the state of knowledge on translational anatomy.

DOMAINS OF TRANSLATIONAL ANATOMY

The applications of translational anatomy can be organised into four major domains: surgical innovation,
medical education, biomedical research, and clinical practice. Together, these domains illustrate how
anatomical knowledge, once confined to the dissection hall, now drives advances across medicine and
allied sciences.

Surgical Applications

Modern surgery has been transformed by innovations that rely on detailed anatomical knowledge.
Minimally invasive procedures such as laparoscopy, endoscopy, and robotic-assisted surgery demand
precise appreciation of anatomical landmarks, vascular variations, and safe dissection planes (Rivero-
Moreno et al., 2023; Gangemi et al., 2021). Translational anatomy underpins preoperative planning by
integrating imaging modalities, CT, MRI, and ultrasound, with cadaveric and morphometric studies. The
use of 3D printing and patient-specific models has revolutionised surgical rehearsal, allowing surgeons to
simulate complex operations before entering the operating room. Furthermore, image-guided
interventions in neurosurgery, orthopaedics, and interventional cardiology demonstrate how anatomical
data are directly translated into real-time surgical navigation (Segaran et al., 2021; Alemayehu et al.,
2021).

Medical Education

Anatomy education is undergoing a renaissance, with translational principles bridging the gap between
basic science and clinical training. Competency-based curricula now emphasise anatomical teaching in
direct clinical contexts, such as correlating musculoskeletal anatomy with orthopaedic examination or
integrating radiological anatomy into bedside teaching (Contractor et al., 2025; Zhang et al., 2025).
Technologies like virtual reality (VR) and augmented reality (AR) offer immersive learning environments
where students can explore the human body interactively. Cadaveric dissection, while still foundational, is
increasingly complemented by 3D-printed models and digital resources that enhance accessibility and
understanding (Hammouda et al., 2025; Boillat et al., 2025). By embedding clinical scenarios and
translational relevance into teaching, anatomy is repositioned as a discipline of immediate and practical
value.

Biomedical Research

Translational anatomy also fuels biomedical research by linking structural insights to functional and
pathological processes. Morphometric analyses inform the design of implants, prosthetics, and surgical
devices. Advances in imaging have enabled the study of anatomical variability at the population level,
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with implications for personalised and precision medicine (Cornejo et al., 2022; Taylor et al., 2024).
Anatomical data serve as biomarkers in disease phenotyping, for instance, variations in craniofacial
structure aiding genetic studies, or cardiac morphometry guiding interventions for congenital heart
disease. Moreover, collaborations with biomedical engineering and computational sciences have opened
new frontiers in digital anatomy, modelling, and simulation (Liem et al., 2023; Sugimoto et al., 2015).
Clinical Practice and Diagnostics

Finally, translational anatomy contributes directly to clinical care. Radiological interpretation relies
heavily on anatomical correlations, and improvements in ultrasound, CT, and MRI have deepened
diagnostic accuracy. Anatomy informs innovations in regenerative medicine, from tissue engineering to
organ reconstruction (Naumova et al., 2014; Correia et al., 2023). Even in day-to-day practice, knowledge
of anatomical variations prevents surgical complications and enhances patient safety. In this way,
anatomy becomes a living science, integral to patient-centred care rather than an abstract academic
pursuit. Taken together, these domains highlight the vibrant role of translational anatomy in bridging
fundamental knowledge with innovations that advance education, research, and clinical outcomes
(Alraddadi, 2021; Clifton et al., 2020).

EMERGING TRENDS AND INNOVATIONS

The field of translational anatomy is rapidly evolving, driven by technological advancements and the
increasing demand for precision in healthcare. Emerging trends reveal a future where anatomical
knowledge is not only descriptive but dynamically integrated with digital tools, computational modelling,
and personalised medicine. These innovations are redefining how anatomy informs education, research,
and clinical care.

One of the most significant developments is the integration of artificial intelligence (Al) into anatomical
science. Machine learning algorithms are now being trained to analyse complex imaging data,
automatically identify anatomical structures, and even detect subtle variations that may predict disease.
For instance, Al-assisted imaging in radiology and pathology is improving diagnostic accuracy by
correlating anatomical morphology with early pathological changes. This trend underscores a shift from
human-dependent interpretation to human-machine collaboration, where anatomy becomes a dataset for
predictive analytics (Pinto-Coelho, 2023; Hosny et al., 2018).

Digital anatomy is another rapidly expanding frontier. Advances in high-resolution imaging, 3D
reconstruction, and virtual reality (VR) have enabled the creation of interactive, patient-specific models.
These models allow surgeons to rehearse complex procedures, educators to demonstrate anatomy without
cadavers, and researchers to simulate biological systems in silico. Augmented reality (AR) overlays are
already being used in operating rooms, guiding surgeons by projecting anatomical landmarks directly
onto the patient’s body. These innovations not only enhance precision but also shorten the learning curve
for trainees (Wickramasinghe et al., 2022; Han et al., 2025).

In parallel, anatomical big data is emerging as a resource for population-level studies. Databases of
imaging and morphometric measurements allow researchers to study anatomical variability across ethnic
groups, sexes, and age ranges. This is particularly important for precision medicine, where understanding
individual and population-level anatomical differences informs tailored interventions. For example,
insights from population-based morphometry are helping refine prosthetic designs and surgical
approaches for diverse patient populations (Ford et al., 2023; Mallappallil et al., 2020).

The rise of bioinformatics and computational modelling is also reshaping translational anatomy.
Anatomical structures are increasingly studied as part of integrated systems, where data from genetics,
biomechanics, and imaging converge. This multidisciplinary approach enables the modelling of organ
development, disease progression, and surgical outcomes, pushing anatomy from static description toward
predictive science (Shen et al., 2013; Bard, 2025).

Finally, regenerative medicine and tissue engineering represent an exciting frontier where anatomical
insights are critical. The design of bioprinted organs, scaffold-based tissue regeneration, and stem-cell-
derived constructs all require detailed anatomical blueprints. Here, translational anatomy ensures that
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regenerative solutions mimic the form and function of native tissues. Collectively, these innovations
illustrate how translational anatomy is entering a digital, data-driven era, one where structural knowledge
becomes the bridge between biomedical discovery and individualised patient care (Dzobo et al., 2028;
Yaneva et al., 2023).

CHALLENGES AND GAPS

Despite its promise, translational anatomy faces several challenges that limit its full integration into
education, research, and clinical practice. These challenges reflect both systemic issues in medical
training and healthcare delivery, as well as gaps in research and technological adaptation. Addressing
them is essential if translational anatomy is to achieve its potential as a bridge between basic science and
applied medicine.

One key challenge lies in the limited integration of anatomy into clinical pathways. In many medical
schools, anatomy is still taught in isolation during the preclinical years, with insufficient emphasis on its
direct clinical relevance. As a result, students may perceive anatomy as a subject to be memorised rather
than a living science with practical implications. Bridging this gap requires curricular reforms that align
anatomical education with competency-based training, clinical case discussions, and surgical simulations
(Syed et al., 2022).

Another pressing issue is resource disparity, especially in low- and middle-income countries where
cadaveric materials, advanced imaging facilities, and simulation technologies are scarce. The digital tools
that are reshaping translational anatomy, such as 3D printing, virtual reality (VR), and augmented reality
(AR), remain prohibitively expensive for many institutions. This creates an inequity in access, with some
medical schools advancing rapidly in translational methods while others remain reliant on traditional
approaches. Without deliberate policies to close this gap, global disparities in anatomical education and
research may widen further (McMenamin et al., 2025; Wickramasinghe et al., 2022).

There are also ethical and regulatory considerations. The use of cadavers, human tissues, and
increasingly, patient-specific digital data requires careful oversight to protect privacy and maintain
dignity. Similarly, the deployment of Al-driven anatomical tools raises concerns about data security, bias
in algorithms, and the potential over-reliance on machine interpretation without adequate human
oversight. These ethical challenges demand clear frameworks to ensure responsible innovation (Mennella
et al., 2024; Naik et al., 2022).

On the research front, there is a lack of longitudinal evidence demonstrating the impact of translational
anatomy on patient outcomes. While many studies describe innovations such as VR-based training or 3D-
printed surgical models, fewer have evaluated their effectiveness in improving surgical precision,
reducing complications, or enhancing learning retention over time. The evidence base, therefore, remains
fragmented and often anecdotal (Hammouda et al., 2025; Sanchez et al., 2024).

Finally, translational anatomy suffers from limited interdisciplinary collaboration. Although it naturally
intersects with engineering, informatics, and clinical sciences, institutional and disciplinary silos often
hinder cross-cutting projects (Luke et al., 2015). Building effective translational programs will require
stronger networks that bring together anatomists, clinicians, engineers, and data scientists (Lee et al.,
2009; Sinha et al., 2025). In summary, the challenges facing translational anatomy are not insurmountable
but require systemic reforms, equitable resource allocation, robust ethical frameworks, and more rigorous
outcome-based research. Overcoming these barriers will ensure that the discipline fulfils its role as a
cornerstone of modern medicine.

IMPLICATIONS FOR FUTURE RESEARCH AND PRACTICE

The growing recognition of translational anatomy as a critical bridge between basic science and clinical
application presents important implications for research, education, and healthcare practice. Looking
ahead, the field must evolve in ways that maximise its contributions to patient care while addressing the
challenges of integration, resources, and interdisciplinary collaboration.
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For research, there is a pressing need to move beyond descriptive studies of anatomical structures toward
outcome-based investigations that evaluate the tangible benefits of translational approaches. For example,
studies should not only demonstrate the feasibility of using 3D-printed anatomical models in surgical
planning but also measure their impact on operative time, complication rates, and patient recovery.
Similarly, longitudinal research is required to determine whether immersive learning tools such as virtual
reality (VR) and augmented reality (AR) translate into improved clinical competence and patient
outcomes. Establishing this evidence base will strengthen the case for broader adoption of translational
methods in healthcare systems.

Future research must also embrace population diversity and precision medicine. Anatomical variability
across ethnicities, sexes, and age groups is often underexplored, yet such differences can have significant
implications for diagnostics, prosthetics, and surgical interventions. Large-scale morphometric and
imaging studies, supported by bioinformatics, can provide datasets that inform more personalised
approaches to patient care. This direction aligns translational anatomy with the broader global movement
toward individualised medicine.

In practice, medical education must undergo deliberate curricular reforms that emphasise the clinical
relevance of anatomy throughout training. Embedding anatomy in clinical rotations, case-based
discussions, and surgical simulations will help students and trainees appreciate its enduring value. At the
same time, innovative teaching strategies such as blended learning, digital resources, and low-cost
simulation models can help overcome resource limitations in underfunded settings.

From a systems perspective, translational anatomy calls for stronger interdisciplinary collaboration.
Anatomists, clinicians, engineers, computer scientists, and policy-makers must work together to ensure
that anatomical insights are translated into practical tools, whether in the form of surgical devices, digital
platforms, or regenerative solutions. Building collaborative research centres or networks could accelerate
innovation and provide platforms for knowledge sharing across institutions and countries.

Finally, policy and institutional leadership will play a crucial role. Investments in digital infrastructure,
equitable access to technologies, and ethical frameworks for the use of anatomical and patient data will
determine how widely translational anatomy can be applied. By addressing these priorities, the discipline
will not only advance academic scholarship but also become a central pillar in delivering safer, more
precise, and patient-centred healthcare.

CONCLUSION

Translational anatomy represents a natural and necessary evolution of a discipline that has historically
been central to medicine. From its roots in descriptive dissection and structural mapping, anatomy has
moved into a new era where its insights directly inform surgical practice, clinical diagnostics, biomedical
research, and medical education. This scoping review has mapped the diverse applications of translational
anatomy, highlighting its role in surgical innovation, competency-based teaching, interdisciplinary
research, and patient-centred care. The evidence underscores that anatomy is no longer confined to the
laboratory or lecture hall but functions as an applied science that bridges fundamental discovery with
practical healthcare outcomes.

A key message emerging from this review is that translational anatomy thrives at the interface of
disciplines. Whether through collaborations with biomedical engineering to produce 3D-printed surgical
models, partnerships with computer scientists to advance artificial intelligence in imaging, or integration
with clinical teams to refine surgical pathways, anatomy demonstrates its vitality when it crosses
boundaries. This interconnectivity positions it as a cornerstone of modern translational medicine.

At the same time, the review has identified gaps that must be addressed if the full potential of
translational anatomy is to be realised. These include resource disparities that limit access to advanced
tools in low- and middle-income countries, the need for rigorous outcome-based evidence, and ethical
considerations surrounding the use of human tissues and digital patient data. Addressing these gaps
requires deliberate investment in infrastructure, policy support, and global collaborations that ensure
equitable participation and benefit.

48



Usmanetal. ....Int. J. Innov. Med. & Med. Plants Res. 14(1):42-52, 2026

Looking forward, the implications for research and practice are clear. Anatomy must continue to embed
itself within clinical curricula, ensuring that learners appreciate its immediate relevance to diagnosis,
treatment, and patient safety. Research must shift toward evaluating measurable impacts on healthcare
delivery, patient outcomes, and system efficiency. Clinicians and educators must embrace innovations
such as virtual and augmented reality, while policymakers must create enabling environments where such
innovations can be scaled sustainably.

Ultimately, translational anatomy is not merely a rebranding of the discipline but a reorientation of its
mission. It reaffirms anatomy’s enduring importance while situating it firmly within the context of 21st-
century medicine. As healthcare becomes more personalised, technology-driven, and interdisciplinary,
anatomy will continue to provide the structural and conceptual foundation upon which innovations are
built. In this sense, translational anatomy is both a reaffirmation of tradition and a blueprint for the future,
ensuring that the study of the human body remains central to advancing science and improving human
health.

REFERENCES

Adnan, S., Benson, A. C., & Xiao, J. (2025). How virtual reality is being adopted in anatomy education in
health sciences and allied health: A systematic review. Anatomical Sciences Education, 18(5),
496-525.

Alemayehu, D. G., Zhang, Z., Tahir, E., Gateau, D., Zhang, D. F., & Ma, X. (2021). Preoperative
Planning Using 3D Printing Technology in Orthopaedic Surgery. BioMed Research
International, 2021, 7940242.

Alraddadi A. (2021). Literature Review of Anatomical Variations: Clinical Significance, Identification
Approach, and Teaching Strategies. Cureus, 13(4), e14451.

Ashammakhi, N., Ahadian, S., Darabi, M. A., El Tahchi, M., Lee, J., Suthiwanich, K., Sheikhi, A.,
Dokmeci, M. R., Oklu, R., & Khademhosseini, A. (2019). Minimally Invasive and Regenerative
Therapeutics. Advanced Materials, 31(1), e1804041.

Bard J. B. (2005). Anatomics: the intersection of anatomy and bioinformatics. Journal of
Anatomy, 206(1), 1-16.

Bhimsaria, G., T, N., T, S., & Ramachandran, K. (2024). An anatomico-morphometric analysis of
proximal femur. Bioinformation, 20(9), 990-992.

Boillat, T., Prithishkumar, I. J., Suresh, D., & Naidoo, N. (2025). Integrating virtual reality to enhance
remote teaching of anatomy during unprecedented times. Anatomy & Cell Biology, 58(1), 112—
121.

Bucking, T. M., Hill, E. R., Robertson, J. L., Maneas, E., Plumb, A. A., & Nikitichev, D. I. (2017). From
medical imaging data to 3D printed anatomical models. PloS One, 12(5), e0178540.

Clifton, W., Damon, A., Nottmeier, E., & Pichelmann, M. (2020). The importance of teaching clinical
anatomy in surgical skills education: Spare the patient, use a sim!. Clinical Anatomy (New York,
N.Y.), 33(1), 124-127.

Contractor, J. B., Rathod, S., & Singh, P. (2025). Exploring Competency-Based Anatomy Education
Through Direct Observation with Checklist as Teaching-Learning and Assessment Method:
Lessons Learnt Through Student Feedback. Journal of Medical Education and Curricular
Development, 12, 23821205251321807.

Cornejo, J., Cornejo-Aguilar, J. A., Vargas, M., Helguero, C. G., Milanezi de Andrade, R., Torres-
Montoya, S., Asensio-Salazar, J., Rivero-Calle, A., ... & Russomano, T. (2022). Anatomical
Engineering and 3D Printing for Surgery and Medical Devices: International Review and Future
Exponential Innovations. BioMed Research International, 2022, 6797745.

Correia, J. C., Meyer, I, & McNamee, L. (2023). Form and Function: Learning Anatomy Using
Ultrasound. Medical Science Educator, 33(4), 861-871.

49



Usmanetal. .... Int. J. Innov. Med. & Med. Plants Res. 14(1):42-52, 2026

Dzobo, K., Thomford, N. E., Senthebane, D. A., Shipanga, H., Rowe, A., Dandara, C., Pillay, M., &
Motaung, K. S. C. M. (2018). Advances in Regenerative Medicine and Tissue Engineering:
Innovation and Transformation of Medicine. Stem Cells International, 2018, 2495848.

Fasel, J. H., Aguiar, D., Kiss-Bodolay, D., Montet, X., Kalangos, A., Stimec, B. V., & Ratib, O. (2016).
Adapting anatomy teaching to surgical trends: a combination of classical dissection, medical
imaging, and 3D-printing technologies. Surgical and Radiologic Anatomy: SRA, 38(3), 361-
367.

Ford, K. L., Albert, J. S., Summers, A. P., Hedrick, B. P., Schachner, E. R., Jones, A. S., Evans, K., &
Chakrabarty, P. (2023). A New Era of Morphological Investigations: Reviewing Methods for
Comparative Anatomical Studies. Integrative Organismal Biology (Oxford, England), 5(1),
obad008.

Gangemi, A., Chang, B., Bernante, P., & Poggioli, G. (2021). Robotic Surgery: Rediscovering Human
Anatomy. International Journal of Environmental Research and Public Health, 18(23), 12744.

Ghosh S. K. (2015). Human cadaveric dissection: a historical account from ancient Greece to the modern
era. Anatomy & Cell Biology, 48(3), 153-169.

Habbal O. (2017). The Science of Anatomy: A Historical Timeline. Sultan Qaboos University Medical
Journal, 17(1), e18-e22.

Hammouda, S. B., Maoua, M., & Bouchahma, M. (2025). The effectiveness of VR-based human anatomy
simulation training for undergraduate medical students. BMC Medical Education, 25(1), 816.

Han, F., Huang, X., Wang, X., Chen, Y. F., Lu, C,, Li, S., Lu, L., & Zhang, D. W. (2025). Artificial
Intelligence in Orthopaedic Surgery: Current Applications, Challenges, and Future
Directions. MedComm, 6(7), €70260.

Hosny, A., Parmar, C., Quackenbush, J., Schwartz, L. H., & Aerts, H. J. W. L. (2018). Artificial
intelligence in radiology. Nature Reviews. Cancer, 18(8), 500-510.

Kilig, M. F., Yurtsever, A. Z., A¢ikgoz, F., Basgut, B., Mavi, B., Ertug, E., Sevim, S., Oruk, T., Kiyak, Y.
S., & Peker, T. (2025). A new classmate in anatomy education: 3D anatomical modelling,
medical students' engagement in learning through self-prepared anatomical models. Anatomical
Sciences Education, 18(7), 727-737.

Lee, E. S., McDonald, D. W., Anderson, N., & Tarczy-Hornoch, P. (2009). Incorporating collaboratory
concepts into informatics in support of translational interdisciplinary biomedical
research. International Journal of Medical Informatics, 78(1), 10-21.

Liem, D. A., Cadeiras, M., & Setty, S. P. (2023). Insights and perspectives into clinical biomarker
discovery in pediatric heart failure and congenital heart disease- A narrative
review. Cardiovascular Diagnosis and Therapy, 13(1), 83-99.

Luke, D. A., Carothers, B. J., Dhand, A., Bell, R. A., Moreland-Russell, S., Sarli, C. C., & Evanoff, B. A.
(2015). Breaking down silos: mapping growth of cross-disciplinary collaboration in a
translational science initiative. Clinical and Translational Science, 8(2), 143-149.

Mallappallil, M., Sabu, J., Gruessner, A., & Salifu, M. (2020). A review of big data and medical
research. SAGE Open Medicine, 8, 2050312120934839.

McMenamin, P. G., Costello, L. F., Quayle, M. R., Bertram, J. F., Kaka, A., Tefuarani, N., & Adams, J.
W. (2025). Challenges of access to cadavers in low- and middle-income countries (LMIC) for
undergraduate medical teaching: a review and potential solutions in the form of 3D printed
replicas. 3D Printing in Medicine, 11(1), 28.

Mennella, C., Maniscalco, U., De Pietro, G., & Esposito, M. (2024). Ethical and regulatory challenges of
Al technologies in healthcare: A narrative review. Heliyon, 10(4), e26297.

Mitchell, S. A., Fisher, C. A., Hastings, C. E., Silverman, L. B., & Wallen, G. R. (2010). A thematic
analysis of theoretical models for translational science in nursing: mapping the field. Nursing
Outlook, 58(6), 287-300.

Naik, N., Hameed, B. M. Z., Shetty, D. K., Swain, D., Shah, M., Paul, R., Aggarwal, K., Ibrahim, S.,
Patil, V., Smriti, K., Shetty, S., Rai, B. P., Chlosta, P., & Somani, B. K. (2022). Legal and

50



Usmanetal. .... Int. J. Innov. Med. & Med. Plants Res. 14(1):42-52, 2026

Ethical Considerations in  Artificial Intelligence in  Healthcare: Who  Takes
Responsibility?. Frontiers in Surgery, 9, 862322.

Naumova, A. V., Modo, M., Moore, A., Murry, C. E., & Frank, J. A. (2014). Clinical imaging in
regenerative medicine. Nature Biotechnology, 32(8), 804-818.

Niu, S., Zhang, J., Lin, J., Wang, B., & Yan, J. (2025). Enhancing anatomy education with virtual reality:
integrating three-dimensional models for improved learning efficiency and student
satisfaction. Frontiers in Medicine, 12, 1555053.

Organ, J. M., & Comer, A. R. (2022). Evolution of a discipline-The changing face of
anatomy. Anatomical Record, 305(4), 766—771.

Panayides, A. S., Amini, A., Filipovic, N. D., Sharma, A., Tsaftaris, S. A., Young, A., Foran, D., Do, N.,
Golemati, S., Kurc, T., Huang, K., Nikita, K. S., Veasey, B. P., Zervakis, M., Saltz, J. H., &
Pattichis, C. S. (2020). Al in Medical Imaging Informatics: Current Challenges and Future
Directions. Journal of Biomedical and Health Informatics, 24(7), 1837-1857.

Pinto-Coelho L. (2023). How Atrtificial Intelligence Is Shaping Medical Imaging Technology: A Survey
of Innovations and Applications. Bioengineering (Basel, Switzerland), 10(12), 1435.

Rivero-Moreno, Y., Echevarria, S., Vidal-Valderrama, C., Pianetti, L., Cordova-Guilarte, J., Navarro-
Gonzalez, J., Acevedo-Rodriguez, J., Dorado-Avila, G., Osorio-Romero, L., Chavez-Campos,
C., & Acero-Alvarracin, K. (2023). Robotic Surgery: A Comprehensive Review of the
Literature and Current Trends. Cureus, 15(7), e42370.

Sanchez, A. U., Dos Anjos, G. Q., de Oliveira, D. G. C., Lima, J. A,, de Lira, M. S., Costa Junior, M. A.,
de Almeida, M. B. V., Heilmann, R. M., & Rolim Filho, E. L. (2024). Impact of 3D-Printed
Anatomical Models on Doctor-Patient Communication in Orthopedic Consultations: A
Randomized Clinical Trial. Cureus, 16(10), e70822.

Shayeh, A., Qaedi, M. A., Quane, K. A., Finucane, P., McGrath, D., O'Flynn, S., O'Mahony, S. M., &
O'Tuathaigh, C. M. P. (2016). Relevance of anatomy to medical education and clinical practice:
perspectives of medical students, clinicians, and educators. Perspectives on Medical
Education, 5(6), 338-346.

Segaran, N., Saini, G., Mayer, J. L., Naidu, S., Patel, 1., Alzubaidi, S., & Oklu, R. (2021). Application of
3D Printing in Preoperative Planning. Journal of Clinical Medicine, 10(5), 917.

Selcuk, 1., Tatar, 1., & Huri, E. (2019). Cadaveric anatomy and dissection in surgical training. Turkish
Journal of Obstetrics and Gynaecology, 16(1), 72-75.

Shen, B., Shen, H. B., Tian, T., Li, Q., & Hu, G. (2013). Translational bioinformatics and computational
systems medicine. Computational and Mathematical Methods in Medicine, 2013, 375641.

Sinha, A., Thirunavukarasu, A. J., Bonshahi, A., & Brassett, C. (2025). Impact of Anatomical Research
Projects for Medical Students: A Cross-Sectional Survey of Academic and Professional Skills,
Clinical Aspirations and Appreciation of Anatomy. Clinical Anatomy (New York, N.Y.), 38(3),
347-354.

Stabile, A. M., Pistilli, A., Mariangela, R., Rende, M., Bartolini, D., & Di Sante, G. (2023). New
Challenges for Anatomists in the Era of Omics. Diagnostics, 13(18), 2963.

Sugand, K., Abrahams, P., & Khurana, A. (2010). The anatomy of anatomy: a review for its
modernisation. Anatomical Sciences Education, 3(2), 83-93.

Sugimoto, M., Kuwata, S., Kurishima, C., Kim, J. H., Iwamoto, Y., & Senzaki, H. (2015). Cardiac
biomarkers in children with congenital heart disease. World Journal of Paediatrics, 11(4), 309-
315.

Syed Abd Halim, S. A., Yusoff, M. S. B., Yaman, M. N., Razali, S. A., Tengku Muda, T. F. M., Ramli, R.
R., Kadir, F., & Hadie, S. N. H. (2022). Clinical students' reflections on the preclinical anatomy
learning experience. Journal of Taibah University Medical Sciences, 18(4), 757-770.

Taninokuchi, M., Zhou, Y., Braccischi, L., Modestino, F., Fukuda, J., & Mosconi, C. (2024). Trans-
Arterial Stem Cell Injection (TASI): The Role of Interventional Radiology in Regenerative
Medicine. Journal of Clinical Medicine, 13(3), 910.

51



Usmanetal. ....Int. J. Innov. Med. & Med. Plants Res. 14(1):42-52, 2026

Taylor, S., Mueller, E., Jones, L. R., Makela, A. V., & Ashammakhi, N. (2024). Translational Aspects of
3D and 4D Printing and Bioprinting. Advanced Healthcare Materials, 13(27), e2400463.

Turney B. W. (2007). Anatomy in a modern medical curriculum. Annals of the Royal College of Surgeons
of England, 89(2), 104-107.

van der Laan, A. L., & Boenink, M. (2015). Beyond bench and bedside: disentangling the concept of
translational research. Journal of Health Philosophy and Policy, 23(1), 32-49.

Westphaln, K. K., Regoeczi, W., Masotya, M., Vazquez-Westphaln, B., Lounsbury, K., McDavid, L.,
Lee, H., Johnson, J., & Ronis, S. D. (2021). From Arksey and O'Malley and Beyond:
Customisations to enhance a team-based, mixed approach to scoping review
methodology. MethodsX, 8, 101375.

Wichman, C., Smith, L. M., & Yu, F. (2020). A framework for clinical and translational research in the
era of rigour and reproducibility. Journal of Clinical and Translational Science, 5(1), e31.

Wickramasinghe, N., Thompson, B. R., & Xiao, J. (2022). The Opportunities and Challenges of Digital
Anatomy for Medical Sciences: Narrative Review. JMIR Medical Education, 8(2), e34687.

Xiao, J., Donkin, R., & Lathe, S. (2025). Digital Anatomy: A New Frontier in Health and Medical
Science Education. Clinical Anatomy (New York, N.Y.), 10.1002/ca.70013. Advance online
publication. https://doi.org/10.1002/ca.70013

Yaneva, A., Shopova, D., Bakova, D., Mihaylova, A., Kasnakova, P., Hristozova, M., & Semerdjieva, M.
(2023). The Progress in Bioprinting and Its Potential Impact on Health-Related Quality of
Life. Bioengineering (Basel, Switzerland), 10(8), 910.

Zhang, M., Yu, Y., Sun, B., Xiao, C., Yang, J., Yu, Z., & Yang, D. (2025). Investigating Clinical-
Relevant Learning in the Anatomy Curriculum: Perspectives and Effectiveness for
Undergraduate  Medical Students. Journal of Medical Education and Curricular
Development, 12, 23821205251328952.

52


https://doi.org/10.1002/ca.70013

