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Summary

Medical museums are increasingly challenged to balance accessibility, educational effec-
tiveness, and ethical responsibility, particularly when displaying human remains. Despite
growing interest in digital museology, limited attention has been paid to its application in
contexts involving culturally sensitive materials.

This study presents a qualitative case study of the renovation of the Morgagni Museum of
Human Anatomy (University of Padua), focusing on the integration of digital tools, including
quick response codes, augmented reality (AR), and virtual itineraries. The project aimed
to enhance accessibility and public engagement while preserving the scientific and ethical
integrity of the collection. The results, based on observational data collected during guided
visits and educational activities, indicate that hybrid interpretive strategies combining digital
and traditional tools improve visitor engagement, support layered learning, and foster a more
informed interaction with anatomical and pathological specimens. In particular, the use of
AR and digital content was associated with increased student participation and enhanced
observational skills. This case study demonstrates that digital technologies, when embed-
ded within a coherent curatorial framework, can strengthen rather than diminish ethical
engagement with human remains. The Morgagni Museum provides a model for the sus-
tainable and responsible reinterpretation of historical medical collections in contemporary
educational contexts.

Keywords: History of medicine, Human Remains, Museums, New technology for museums

Introduction

Starting from the 18th century there was a development from the Wun-
derkammern or Cabinet of Curiosities to the creation of real museums
with scientific purposes. Medical museology soon began to demonstrate
its educational abilities in the anatomical and pathological fields, hav-
ing collections open not only for scholars and students but also for the
general public. Current anatomical museums often included pathological
sections, connected with sensitive topics such as disease and death,
thus leading to greater attention on their preparation and the audience
to target. The human remains preserved in these museums according to
the indications of the ICOM Code of Ethics for Museums must be con-
sidered “culturally sensitive materials] thus leading to important ethical
assessments and greater respect in all phases of the management of a
museum, from acquisition, conservation, and preparation. As per ICOM
indications, they must be “cared for respectfully” and “presented with
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great tact and respect for the feelings of human dignity
held by all peoples™.

Current ltalian anatomical museums are mainly
owned by the Universities but often located in old
facilities and not always open to the public or schol-
ars, although they preserve important collections of
human biological preparations with different preser-
vation techniques, mostly collected between the late
eighteenth and mid-twentieth centuries'?.

However, recent medical museums have resumed ed-
ucational and research function, thus leading to new
ways of studying the history of medicine and patholo-
gy, with a more technological and innovative approach
in step with the times. The application of augmented
reality (AR), quick response (QR) codes, and oth-
er digital technologies within the medical museums
proved to be an efficient tool for exhibit displays, but
also a way to increase the effectiveness of anatomical
and pathological education34.

The Pathological Anatomy section of the Morgagni Mu-
seum of Human Anatomy at the University of Padua
underwent renovation from 2016 to 2018 to enhance
the usability of its exhibits for educational and scientif-
ic purposes, as well as for visitors without specialized
knowledge. The museum was originally founded in the
1860s by Lodovico Brunetti (1813-1899), the first profes-
sor of Pathological Anatomy at the University of Padua
and currently preserves a collection of over 1300 human
pathological preparations, preserved in liquid, dry, or
artificially mummified with the tannic technique, invent-
ed by Brunetti himself. The collection preserves ancient
preparations from the collections of the former Museum
of Natural Philosophy, the first science museum in Pad-
ua, founded by Antonio Vallisneri senior (1661-1730),
professor of Practical Medicine, up to modern cardiovas-
cular pathologies and heart transplants®®.

Thus, the Morgagni Museum can be considered
among the firsts medical museum in ltaly to adopt
new technologies, such as QR and AR, for medi-
co-pathological teaching and museum valorization of
the preparations.

Materials and methods

STUDY DESIGN

This study adopts a qualitative case-study approach
to analyze the renovation and technological enhance-
ment of the Morgagni Museum of Human Anatomy at
the University of Padua. The aim is to evaluate how the
integration of digital tools within a medical museum
context can improve accessibility, educational effective-
ness, and ethical engagement with human remains.

The case study focuses on the design, implementa-
tion, and use of three main digital interventions: QR,
AR, and virtual itineraries. Observational feedback
was collected during guided tours, educational activi-
ties, and interactions with medical students and gen-
eral visitors.

HISTORICAL BACKGROUND

Paduan medical museology has very ancient roots.
Antonio Vallisneri (1661-1730), professor of Medi-
cine in Padua from 1700, collected a collection of
natural history, ethnographic, anatomical and anato-
mopathological preparations which, upon his death,
was donated to the University and formed the original
nucleus from which several 19th-century university
museums derived. In 1808 Francesco Luigi Fanzago
(1764-1836), professor of Pathology and Legal Med-
icine, decided to establish a “pathological cabinet” at
his home, to give “new lights to the cultivators of med-
icine) later transferred to Palazzo Bo in 1822. Thanks
to Francesco Cortese (1802-1883), professor of Anat-
omy, the pathological cabinet not only increased its
possessions with preparations executed by the doc-
tor himself, but also saw its premises improved and
expanded, which were located near the ancient six-
teenth-century anatomical theater®.

However, it was necessary to wait for the arrival of Lo-
dovico Brunetti in Padua for the transition from cabinet
to museum to take place. Brunetti, already an assis-
tant in Vienna to the famous pathologist Karl von Rok-
itansky (1804-1878), was called to Padua in 1855 to
hold the first chair of Pathological Anatomy and imme-
diately set about creating a collection of pathological
pieces to be preserved in a museum for educational
purposes. At the beginning of the 1860s he founded
the Museum of Pathological Anatomy, which contin-
ued to be enriched with preparations created by Bru-
netti himself using a new method called tannization.
This system consisted of four phases: blood removal,
degreasing of the organ through perfusion in water,
tannization through injection of tannic acid through
blood vessels, and drying with compressed hot air>S.
The current location of the museum took shape from
the 1920s, when the former convent of San Mattia
where Brunetti had worked was demolished and the
building that is still today the headquarters of both the
museum and pathological anatomy as research, diag-
nostic and teaching activities was built®®. Starting from
the approval of the consolidated text of laws on higher
education (royal decree of August 31, 1933, n.1592),
up to the most recent mortuary police regulations
(D.P.R. September 10, 1990, n. 285), severe limitations
have been defined in the removal of anatomical parts
from cadavers, which have in themselves significantly
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reduced the possibility of preserving preparations in
anatomical museums.

Medical-anatomical museology had its peak in the
nineteenth century in the scientific educational field.
Later in the twentieth century, they were often used
thanks to the popularity of health exhibits in interna-
tional expositions. However, the change in medical
education has led to a shift toward microscopic ob-
servations, which are harder to display to the general
public and new regulations in the field of postmortem
examinations, thus leading to a decline of these mu-
seums, often mainly transformed into medical archives

and historical biobanks®2-1°.

Recently, the study of the pathologies preserved in
these museums has been deemed important both
to understand the evolution of medical practice and
to rediscover ancient pathologies, thus leading to an
important role in modern teaching and the training of
students of pathology and researchers and a new val-
ue for understanding Western cultural heritage®®.
Therefore, in 2018, the old museum of pathological anat-
omy of the University of Padua was renovated introduc-
ing new modern display cases to allow a more comforta-
ble and safer visit from the harmful agents of some of the
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Figure 1. A) The layout of the exhibition; B) Entrance of the section of pathological anatomy of the Morgagni Museum of
Human Anatomy.
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preservative liquids. It also built a unique state-of-the-art
air conditioning system to maintain conditions suitable
for the conservation of the preparations. The layout of
the exhibition spaces (Fig. 1) highlights the rational or-
ganization of visitor pathways, optimized to improve ac-
cessibility, enhance the security of the specimens, and
ensure the safety of both visitors and staff.

A central element of the project is the longitudinal
display case: this structure was designed to provide
an optimal view of the samples through a vertically
hierarchical arrangement. At the top (zone 1) are the
most relevant and representative objects, positioned
at eye level; in the upper (zone 3) and middle (zone
2) sections, secondary yet still informative items are
displayed; finally, at the bottom (zone 4), less signifi-
cant or duplicate specimens are grouped functionally,
serving as a visible storage area. This setup not only
ensures a clear and orderly presentation of the content
but also supports safe management of the displays, as
the design prevents overcrowding, minimizes the need
to move the preparations, and protects both the pub-
lic and staff during maintenance or visitation. Further-
more, the choice to use transparent glass and white
materials has made the museum more welcoming.
The Museum was dedicated to the figure of Giovanni
Battista Morgagni (1682-1771) who, during his pro-
fessorship at the University of Padua, founded Patho-
logical Anatomy as a science, demonstrating that
diseases are correlated to organic disorders and first
designing a Museum of Pathology, even though nev-
er realized. The Museum also preserves the original
epistropheus, and facial reconstruction of Morgagni,
whose burial was recently identified and confirmed
through a combination of archive research, and an-
thropological and molecular investigations®™.

Results

The renovation of the Morgagni Museum of Human
Anatomy and the implementation of digital tools re-
sulted in observable improvements in accessibility,
organization of the exhibition space, and educational
usability, as observed during guided tours and didac-
tic activities.

The renewal of the Morgagni Museum also aimed to
bring new interest to the general public on various
themes, such as human pathologies and the ancient
living conditions of the common population between
the late eighteenth and mid-twentieth centuries, often
intended only for specialists. It is worth mentioning that
in recent years there has also been a spread of many
exhibitions of artistic anatomy with plastinated real
human bodies, often arranged as modern cabinets of

morbid curiosity'?>'. To convey the scientific value of
the Morgagni Museum and to differentiate it from other
types of exhibitions, the visit to the Museum is usually
a guided tour that allows scientific dialogue between
the visitor and the researcher conducting the tour.
New digital methods have also been added to enrich
the museum itinerary with different levels of insight,
as QR, AR and virtual itineraries as mentioned above.
In addition to these methods, traditional written text
captions are still available, both on the walls and on
paper guides, for greater accessibility and usability of
the contents by all types of visitors. Finally, to encour-
age international inclusiveness, both the visits and the
digital and traditional didactics are provided in two lan-
guages, Italian and English.

EXHIBITION REDESIGN AND ACCESSIBILITY

The renovation introduced new display cases and an
optimized spatial layout designed to improve both visi-
bility and safety. The longitudinal display case system,
based on a vertical hierarchy of specimens, facilitated
a clearer interpretation of the collection by organizing
objects according to their relevance and visibility.
This arrangement reduced visual overcrowding and
minimized the need for handling the preparations,
thereby improving both conservation conditions and
safety for visitors and staff. The use of transparent
glass and light-colored materials contributed to a
more accessible and less intimidating environment,
particularly for non-specialist audiences.

Use oF QR cobes

Approximately 100 QR codes were implemented
across the exhibition, each linked to digital captions
hosted on the museum website. These provided bilin-
gual content (Italian and English), images, and addi-
tional scientific references (Fig. 2).

Observations during visits indicated that QR codes
were frequently used by visitors, particularly by stu-
dents and younger audiences. The system enabled
layered access to information, allowing users to
choose between basic and more in-depth content ac-
cording to their level of interest.

An additional advantage observed was the possibility
for visitors to retain access to the material after the
visit by saving the linked pages, thus extending en-
gagement beyond the physical museum space.

Use oF AR

AR is a technology capable of superimposing multi-
media information on what you are watching on any
display, enriching sensory experience and actual real-
ity with further contents. For this purpose, a dedicated
application was developed to provide immersive ex-
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Figure 2. Left: Example of a QR code applied to a showcase in correspondence with the specimen. Right: Corresponding

digital caption on the Museum website.

perience in two different ways: AR and Discover (D+).
AR has already been applied to several anatomical
preparations™'7, with plans underway to expand its
implementation to additional ones.

The AR application enabled visitors to access multi-
media content directly through their personal devices
or museum-provided tablets. The AR mode replaced
traditional fixed screens by allowing video content
to be accessed through dedicated panels, while the
Discover (D+) function provided real-time interpretive
overlays on the specimens. Each hotspot led to dedi-
cated captions about specific details, thus allowing a
further deepening of understanding (Fig. 3).

During guided activities, AR tools were associated
with increased engagement, particularly among med-

Una rara anomalia

Secondo una recente analisi effettuate
tramite TAC (Tomografia Assiale
| Computerizzata), la ragazza presentava

Home ! un difetto cardiaco congenito, pil
precisamente un‘anomalia di tipo
muscolare del setto interventricolare
Inoltre, sono stati evidenziati dei depositi
calcifici sia nel pericardio che nella parete

Realta Aumentata

Discover dellaorta, probabilmente dovutia una
precedente tubercolosi del pericardio.
Come si usa Il cuore e I'apice cardiaco si
trovavano sul lato destro con latrio
embriologicamente sinistro a destra
e I'atrio morfologicamente destro a
Chi siamo sinistra, fornendo I'immagine speculare
dei ventricoli, delle grandi arterie e delle
Credits .

Figure 3. Example of use of the AR app (ltalian version): A)
Home screen with all selectable options; B) Display screen
of hotspots in Discover mode; C) Example of caption obtain-
able from hotspot clicking.
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ical students, who interact more actively with anatom-
ical details when supported by digital overlays and
hotspot-based explanations.

The use of AR also has demonstrated practical advan-
tages in terms of sustainability and flexibility, reducing
the need for costly and space-consuming hardware
installations.

VIRTUAL ITINERARIES AND THE “DIFFUSE MUSEUM’’ MODEL

The virtual itineraries connected the museum to the
broader historical and urban context of Padua, allow-
ing users to explore sites related to the history of med-
icine both physically and remotely.

This approach expanded the educational scope of the
museum beyond its physical boundaries and support-
ed different forms of accessibility, including remote
access for users unable to visit in person. The itiner-
aries were also used in educational settings to com-
plement museum visits, particularly in activities aimed
at strengthening observational and diagnostic skills.
The project “Virtual itineraries” was created by the
company H-Art of Treviso in collaboration between
the University Center for Museums and the Universi-

ty Center for Libraries of the University of Padua and
financed by the University and the ltalian Ministry of
Education, University and Research.

The project aimed to offer public routes through the
University of Padua heritage, one of the richest com-
plexes of museums and collections of historical and
scientific interest in Europe, not always known and
easily accessible. A sort of “diffuse museum” in which
virtual itineraries are combined with the possibility of
planning real visits to various places, thus establishing
a better network between the Museums, the Univer-
sity, the city, and the community itself. Furthermore,
the project made it possible to improve this network
thanks to new levels of accessibility and digital inclu-
siveness (e.g.: remote visits), mediated participation
with the territory, and their didactic and educational
purposes.

Within this project, it was created an itinerary dedi-
cated to the places of the history of medicine and its
traces in the modern city of Padua, including the Mor-
gagni Museum. The study of medicine has an ancient
tradition at the University of Padua, and it has also left
many traces in the city and in today’s university build-

I LUOGHI E LE MEMORIE
DELL'ANTICA TRADIZIONE MEDICA
PADOVANA
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Figure 4. General map of the Virtual Itinerary “Medicine in Padua”, with an example of a stage of the route and related points

of interest.
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ings in the form of commemorative plaques, bas-re-
liefs, buildings dedicated to medical practice and
study, as well as the houses of the ancient professors
of medicine where they often taught privately (Fig. 4).
The proposed itinerary starts from the city center, near
the historical seat of the University, and then branches
off through the main streets and squares of Padua,
as the city has not undergone major changes since
ancient times. The itinerary is designed to be made on
foot as an enrichment of the visit to the Museum, but it
can also be enjoyed online for those who cannot walk
physically the route.

The use of these virtual itineraries allows greater acces-
sibility and digital inclusiveness, with an in-depth virtual
visit to museums or cities even to visitors with motor dis-
abilities or impairments, or just unable to visit the city.
The itinerary can be fully enjoyed online, without need-
ing to be in physical locations. The interaction between
the Museum, the city, and the community through virtual
itinerary has proved useful to develop components of
social, experiential, and economic interest, through me-
diated participation with the local territory.

Following the experience of the first virtual itinerary
dedicated to medicine in Padua, a new itinerary for
medical students has been created to train their di-
agnostic skills, comparing paintings and images with
anatomical-pathological representations, and then
testing their skills in a targeted visit to the museum to
recognize them among the exhibited preparations. Im-
provement of the observational skills and diagnostic
abilities of students is indeed considered fundamental
in the diagnosis of pathologies, especially nowadays,
when physical examination skills are considered.

EDUCATIONAL ACTIVITIES AND STUDENT ENGAGEMENT

Digital tools were integrated into structured education-
al activities, particularly for medical students. Guided
visits were combined with observation-based exercis-
es and digital quizzes designed to reinforce diagnostic
reasoning.

Although quantitative assessment was not system-
atically conducted, qualitative observations indicated
that students showed higher levels of attention and
participation when interacting with digital tools, espe-
cially AR-based features and comparative visual ex-
ercises.

The combination of digital and traditional interpretive
tools (QR, AR, virtual itineraries, and printed captions)
proved effective in accommodating different learning
styles and levels of prior knowledge.

LIMITATIONS OBSERVED DURING IMPLEMENTATION

Several limitations emerged during the implementa-
tion of digital tools. Access to online content depends

on the availability of a stable internet connection and
on visitors’ personal devices. In cases of technical
issues or limited connectivity, traditional printed cap-
tions remained essential.

In addition, some visitors showed reluctance to down-
load the dedicated application, highlighting the impor-
tance of providing alternative access through museum
devices and maintaining hybrid interpretive strategies.

Discussion

The integration of digital tools within the Morgagni
Museum of Human Anatomy has demonstrated how
medical museums can evolve into dynamic educa-
tional environments while maintaining ethical respon-
sibility toward human remains. The results of this case
study suggest that the combination of traditional and
digital interpretive strategies can enhance accessibil-
ity, engagement, and learning outcomes across di-
verse audiences.

One of the most significant findings concerns the ef-
fectiveness of hybrid interpretive models. Rather than
replacing traditional materials, digital tools such as
QR, AR, and virtual itineraries functioned as com-
plementary layers of interpretation. This approach al-
lowed visitors to engage with the collection at different
levels of depth, accommodating both non-specialist
audiences and medical students with specific educa-
tional needs. Such findings are consistent with recent
studies emphasizing the value of multi-modal learning
environments in medical and museum education.
Importantly, digital mediation did not diminish the eth-
ical dimension of exhibiting human remains in a mu-
seum context. On the contrary, the integration of con-
textual information, guided interpretation, and layered
digital content appeared to support a more informed
and respectful engagement. This is particularly rel-
evant in light of ongoing debates regarding the dis-
play of human remains in museums, where concerns
about dignity, consent, and cultural sensitivity remain
central. The Morgagni Museum case suggests that
technology, when embedded within a coherent cu-
ratorial framework, can reinforce rather than weaken
ethical awareness.

The implementation of AR proved especially effec-
tive in enhancing observational and diagnostic skills
among medical students. The use of interactive over-
lays and hotspot-based explanations encouraged
active exploration of anatomical and pathological
features, aligning with educational approaches that
emphasize visual literacy and experiential learning.
Similarly, the integration of virtual itineraries extend-
ed the educational function of the museum beyond its
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physical space, contributing to the development of a
“diffuse museum” model that connects collections, ur-
ban context, and digital access.

At the same time, this study highlights important prac-
tical and methodological limitations. The absence of
systematic quantitative data represents a constraint in
fully assessing the impact of the implemented tech-
nologies. The findings are therefore primarily based
on qualitative observations and usage indicators col-
lected during guided activities. Future research could
build on this work by incorporating structured evalua-
tion methods, such as user analytics, surveys, or con-
trolled educational assessments.

Additional challenges include technological barriers,
such as dependence on internet connectivity and var-
iability in visitors’ willingness to use personal devic-
es or download dedicated applications. These factors
confirm the importance of maintaining hybrid interpre-
tive strategies in which digital tools complement, rath-
er than replace, traditional resources.

Despite these limitations, the Morgagni Museum case
study provides relevant insights for the future of medi-
cal museology. It demonstrates that historical anatom-
ical collections can be reinterpreted through digital
innovation without compromising their scientific and
ethical integrity. More broadly, it supports the view that
medical museums can play a renewed role as spaces
for interdisciplinary learning, public engagement, and
critical reflection on the history and practice of med-
icine.

In conclusion, this study contributes to the ongoing
discussion on the role of digital technologies in muse-
ums dealing with culturally sensitive materials. It sug-
gests that carefully designed digital interventions can
enhance both accessibility and ethical engagement,
offering a sustainable and adaptable model for other
institutions facing similar challenges.
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