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Abstract

Ancient human remains are invaluable, non-
renewable resources for reconstructing human biological, cultural, and social
history. Non-invasive imaging techniques, including radiography, computed
tomography (CT), and microCT, enable detailed anatomical and morphological
assessment while preserving these irreplaceable materials. This study aimed to
explore their utility in investigating ancient human remains while considering the
legal and bioethical issues surrounding the imaging of human remains and historical
objects.

: This study was conducted as a narrative review. Relevant
articles were collected and analyzed from Scopus, ScienceDirect, Web of Science,
Google Scholar, and SID databases using keywords related to human remains,
cultural heritage, medical imaging, and legal issues.

: The findings demonstrated that non-invasive imaging methods reduce
physical damage caused by sampling and excavation while enabling detailed
evaluation of internal structures, pathological analysis of hard and soft tissues, and
differentiation between antemortem injuries and postmortem alterations. CT
scanning also plays a significant role in authenticity assessment, dating, and
scientific restoration of historical artifacts without physical destruction.

: Non-invasive imaging represents a scientific, ethical, and strategic
approach for balancing knowledge production, preservation of cultural heritage, and
respect for human dignity. Sustainable application of these technologies requires the
development of coherent legal and ethical frameworks.
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Advanced Imaging Technologies in Archaeological Excavations ...

INTRODUCTION

Material cultural heritage and ancient human
remains represent irreplaceable sources of
historical, biological, and social information.
The preservation and scientific investigation of
these materials have become central concerns in
archaeology, medical sciences, forensic studies,
and cultural heritage law. Traditional invasive
approaches such as autopsy, physical sampling,
and destructive laboratory analyses have
provided valuable scientific data; however, they
may also cause irreversible damage to
archaeological evidence and human remains. In
recent decades, advances in non-invasive
medical imaging technologies including
computed tomography (CT), micro-CT,
magnetic  resonance imaging (MRI),
radiography, and three-dimensional laser
scanning have transformed archaeological and
paleopathological investigations by enabling
detailed internal analysis without physical
destruction. Simultaneously, increasing
attention has been directed toward the legal and
ethical dimensions of handling historical objects
and human remains, particularly regarding
dignity, authenticity, conservation, ownership,
and public display. This narrative review aimed
to evaluate the role of invasive and non-invasive
analytical methods, with particular emphasis on
medical imaging  techniques, in the
identification, authentication, preservation, and
dating of archaeological artifacts and ancient
human remains. The study also examined the
associated legal, ethical, and methodological

challenges related to cultural heritage
protection.
METHODOLOGY

A search of international and national scientific
databases, including Scopus, Web of Science,
ScienceDirect, Taylor & Francis, and SID, was
conducted for studies published between 2007
and 2025. Search terms included combinations
of “Cultural heritage,” “Historical objects,”
“Human remains,” “Medical imaging,”
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“Imaging,”  “Destruction,” and  “Legal
regulations.” Eligible studies included original
articles, review papers, and policy documents
addressing non-invasive imaging techniques
such as CT, micro-CT, MRI, radiography, and
virtual autopsy in archaeological or forensic
contexts, as well as studies discussing legal,
ethical, or conservation-related issues. Studies
focused exclusively on destructive techniques
without comparative or legal analysis were
excluded. Extracted data were qualitatively
analyzed according to methodological,
archaeological, legal, and ethical themes.

RESULTS

The findings demonstrated that non-invasive
imaging technologies significantly improved the
preservation of archaeological integrity while
providing high-resolution diagnostic
information. CT scanning and related imaging
modalities allow detailed visualization of
skeletal ~ trauma,  pathological lesions,
mummification techniques, postmortem
alterations, and internal structures of historical
artifacts without damaging the specimens.
These methods contribute substantially to
paleopathology, forensic identification, virtual
reconstruction, authenticity assessment,
conservation planning, and digital archiving.
The review also highlights the emergence of
“virtual autopsy” (Virtopsy) and virtual dental
identification techniques (VIRDENTOPSY) as
reliable alternatives or complements to
traditional invasive examinations. In addition,
digital imaging and Al-assisted reconstruction
offer new opportunities for restoration, museum
preservation, insurance evaluation, and cultural
heritage documentation in situations involving
war, trafficking, or intentional destruction. From
a legal and ethical perspective, the study
emphasizes that destructive or chemically
induced alterations to archaeological materials
may constitute methodological harm to cultural
heritage. International experiences reveal
continuing debates concerning ownership,
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public exhibition of human remains, ethical
disclosure of biological information, and the
absence of unified global regulations governing
archaeological imaging and analysis. Although
many countries have implemented laws related
to excavation, trafficking prevention, and
heritage conservation, standardized ethical and
legal protocols for studying ancient human
remains remain insufficient.

DISCUSSION

This narrative review examined the role of
invasive and non-invasive analytical techniques,
with particular emphasis on medical imaging, in
the identification, authentication, preservation,
and dating of archaeological artifacts and
ancient human remains. It also addressed the
legal, ethical, and methodological challenges
associated with the protection and study of
cultural heritage.

The findings demonstrated that non-invasive
imaging technologies can substantially enhance
the preservation of archaeological integrity. In
particular, computed tomography (CT) and
related imaging modalities enable detailed
visualization of skeletal trauma, pathological
lesions, mummification practices, postmortem
changes, and the internal structures of historical
artifacts. These techniques have contributed
significantly to paleopathology, forensic
identification, virtual reconstruction,
authenticity assessment, conservation planning,
and digital archiving. The review further
highlighted the growing use of virtual autopsy
(Virtopsy) and virtual dental identification
(VIRDENTOPSY) as reliable alternatives or
complementary approaches to conventional
invasive examinations.

Moreover, digital imaging and artificial
intelligence—assisted reconstruction provide
new opportunities for restoration, museum
conservation, insurance assessment, and the
documentation of cultural heritage affected by
armed conflict, trafficking, or deliberate
destruction. From a legal and ethical
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perspective, the review emphasized that
destructive procedures and chemically induced
alterations to archaeological materials may
constitute methodological harm to cultural
heritage. International experience continues to
reveal unresolved debates regarding ownership,
the public display of human remains, the ethical
disclosure of biological information, and the
lack of harmonized global regulations governing
archaeological imaging and analysis.

Although many countries have established
legislation regarding excavation, trafficking
prevention, and heritage  conservation,
standardized ethical and legal frameworks are
still demanded for the study of ancient human
remains.

CONCLUSIONS

Non-invasive imaging technologies (e.g., CT
scan, MRI, radiography, and virtual autopsy)
have fundamentally transformed archaeological
and paleopathological research by enabling
accurate  scientific  investigation  while
minimizing physical damage to irreplaceable
cultural materials. Yet, the application of these
technologies requires comprehensive
interdisciplinary ~ frameworks  integrating
archaeology, medicine, forensic science, ethics,
and cultural heritage law. Standardized legal and
ethical guidelines are essential to ensure the
protection of human dignity, preservation of
authenticity, prevention of methodological
destruction, and sustainable conservation of
cultural heritage for future generations.
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