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Abstract

Pandemics are nothing unusual but indeed lead to devastating effects that play a pivotal role in reshaping human history. The
COVID-19 outbreak is currently responsible for major educational crises globally as most of the world has been faced with a
mandated lockdown, and forced closure of educational institutions, including medical colleges. Anatomists have therefore been
challenged to unlock technology in effort to achieve best deliverables for their discipline, without the use of traditional teaching
aids such as the cadaver, osteological banks, prosected specimens, models, and microscopic slides. At present, the virtual
classroom is the only option for the anatomist, thereby omitting vital aspects of the hidden curriculum such as ethical-reasoning,
empathy, respect, professionalism, interpersonal, and communication skills. As body donations dwindle, the era of teaching in a
cadaverless environment is upon us. This marks the beginning of a paradigm shift in education and research for anatomists
worldwide. Given the variable pathological-morphological presentation in COVID-19-related deaths, it is also likely that the
autopsy component of anatomic pathology will be resuscitated to demystify the underlying mechanisms of the virus. Since
COVID-19 may never disappear completely, we would like to recommend that international anatomical societies collectively
reach out to statutory bodies to devise a standardized method of teaching anatomy, employing readily available cost-effective
resources, in the face of pandemics. However, if anatomy as a discipline has survived a millennium, surely anatomists can fight
the “scourges” that have plagued them as various perspectives have been bandied about to welcome in a new normal.
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Introduction

As a pandemic sails through its sequential phases, academic
institutions are challenged to reflect, strategize, implement,
and most importantly adapt. Indeed, this herculean task
evokes a plethora of emotions and questions for both students
and faculty alike.

In light of the disruptive innovation era, academic institu-
tions worldwide may consider themselves blessed to be at the
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forefront of technological advances as they tackle the educa-
tional challenges posed by the present COVID-19 pandemic.
The stark reality of these advances is further appreciated when
paralleled to an historical account of the Spanish Flu pandem-
ic from the 1918 November edition of the Canadian Dalhousie
Gagzette: “This year the college curriculum seems doomed to
interruption, much to the joy of the slothful, but decidedly to
the inconvenience of those who really want to learn something
before they leave Dalhousie ... The shut-down lasted for near-
ly five weeks and, besides driving the faculty to despair, did
not bring any satisfaction to the holiday inclined as no movies
were open and the rain was practically continuous” [1]. While
at the same time, further afield in Kansas, a student embraced
the supposed normalcy of life as the global public health emer-
gency continued: “Ralph and I are fine, and have not gotten
the “flue” yet altho it is pretty bad down here at present ... I
certainly like my school work and time goes so fast, have all
my classes in the forenoon but the lessons are so long it takes
all P.M. and until 10 P.M. to prepare lessons for next day” [2].
As articulated by these historical pieces, irrespective of time or
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place, the changing terrain of education is inevitable in the
face of a pandemic.

When we look through the lens of the current COVID-19
pandemic, caused by the severe acute respiratory syndrome
coronavirus 2 (i.e. SARS-CoV-2) [3], the field of view of the
present state of anatomy education is magnified and poses the
question: “Will the COVID-19 pandemic shake up the global
anatomy education system?”. In an attempt to answer this
question, it is noteworthy to trace the fate of anatomy educa-
tion through the history of pandemics.

Anatomy Education Through the History
of Pandemics

Although the discipline of anatomy is often considered to be
anachronistic due to its association to cadaveric dissection, it
is no stranger to reform in the changing landscape of pan-
demics [4]. With the arrival of the Black Death (i.e.,
Bubonic Plague) in 1346, came the establishment and growth
of medicine as a science [5]. Until this time, cadaveric dissec-
tion was seldom performed in anatomy education and consti-
tuted a crime as it was banned through the issuance of a papal
bull by Pope Boniface VIII in the early 1300s [6]. However, as
a few Bolognese medical schools related this injunction to a
“religion-induced medical ignorance”, they supported biannu-
al public dissection events [7]. These events were held in
makeshift venues and were facilitated by three individuals: a
surgeon who dissected a corpse provided by the Duke of
Anjou; a Latin-speaking general physician who communicat-
ed each step of the dissection to the audience; and a prosector
who indicated the dissected structures—a theatrical mental
image comparable to “The Anatomy Lesson” painted by
Rembrandt [7].

Changes soon became apparent as the Black Death abrupt-
ly swept away lives, more rapidly than burial grounds could
accommodate [6]. As this spurred an inquiry into the mecha-
nism of the virus, Pope Clement VI issued a decree that called
for autopsies of plague victims, which then transformed the
stigma associated with cadaveric dissection, simultaneously
providing physicians with the opportunity to learn about hu-
man anatomy and refine their surgical skills [5, 6]. This in-
depth delve into human anatomy through dissection offered a
valuable complement to the existing pictorial treatises of
Galen.

Approximately 500 years later, the cholera pandemic (i.e.,
Asiatic flu) struck Britain [8]. Contrary to the need to study the
diseased body, as identified during the Black Death, the bod-
ies of deceased cholera victims were utilized as learning re-
sources to teach dissection to an increasing population of med-
ical students [9]. Unfortunately, this need to educate clashed
with body snatching, thereby calling for the Anatomy Act to
be passed in Britain [8]. Cadaveric dissection in anatomy

education then became bound by red tape and restrictions
due to the ethico-legal framework surrounding cadaver pro-
curement and disposal.

One and a half centuries later, the HIV/AIDs pandemic
dominated the headlines. Unlike the Black Death and cholera
pandemics, this virus was marked by concern, fear, uncertain-
ty, and stigma [10]. Medical students raised the question about
the risk of accidental infection during cadaveric dissection or
contact with infected tissue or fluid [10]. As a result, the im-
plementation of safe work practices in dissection halls and
mortuaries was coupled with awareness campaigns to com-
municate the potential risks [11].

Thus, as we travel through the history of pandemics, it is
evident that Still’s belief that cadaveric dissection “ ... will
help you to verify your mental conception of the body’s struc-
ture” stood the test of time in many medical schools [12]. But
as we return to the present COVID-19 pandemic, it is also
useful to highlight the current response of anatomy education-
alists and to outline the challenges encountered.

How Did Anatomists Respond to COVID-19?

When the news of increasing COVID-19 cases unfolded
across the globe, it was unexpected that it would be a while
before the “instagrammable” hashtag “just another day in the
life of a medical student” would be posted. Universities mon-
itored the evolving situation closely and undertook unprece-
dented measures before closing their doors and shifting to
online distance learning platforms [13—15].

While most basic science disciplines easily adapted to this
modality, the discipline of anatomy is unique as its conven-
tional pedagogical approaches are founded on the hands-on
experience gained in the dissection hall [15]. Interestingly,
anatomy departments responded by employing the mandated
COVID-19 lockdown as a catalyst to innovate and digitize
anatomy education. To date, the anatomical community has
responded relatively well to the COVID-19 crisis by rapidly
finding innovative ways to alter pedagogical methods, share
resources, and support each other to facilitate the transition to
online platforms [16]. This entry into the digital realm em-
braced the concept of anywhere-anytime learning and institut-
ed deep learning strategies, inadvertently promoting learner
autonomy in a discipline that was traditionally built on surface
learning strategies [17].

During this time, countries such France, the UK, Republic
of Ireland, Australia, and New Zealand, successfully dissem-
inated blended learning approaches (i.e., mix of synchronous
and non-synchronous activities) via distance learning plat-
forms, with many viewing it as the ideal opportunity to upskill
staff and students in novel technologies and resources [14, 15,
18]. Undeniably, challenges pertaining to curriculum and
schedule changes, availability and accessibility of
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infrastructure and resources, increased workload, student at-
tendance, commitment and engagement, and staff adaptability
were noted [14, 15]. Although many relied on three-
dimensional virtual anatomy modalities and digitized cadav-
eric resources to create a simulacrum of a classical in vivo
dissection session, academicians expressed concern regarding
the absence of the cadaver as the primary pedagogical obelisk
of anatomical education [14, 19]. In the darkness of COVID-
19, most medical students and residents have lost not just the
cadaver but a number of other learning modalities such as
models, museum specimens, bones, and microscopic slides
due to the mandated lockdown, which may potentially impact
their knowledge in anatomy [20].

To dissect or Not to Dissect?

Case in point, several medical schools have long stopped the
practice of cadaveric dissection and have instead reimagined
anatomy education through the world of digital technology
[13, 21]. In fact, undergraduate students at a non-dissection-
based medical school reflected on the variety of digital edu-
cational resources available to bridge the gap left by the re-
moval of cadaveric dissection [22]. That being said, cadaveric
dissection embodies kinesthetic learning and provides a route
of investigation for the student; hence, it is necessary to eval-
uate how the absence of that first incision will affect the
thought experiment [22, 23]. If cadaveric dissection becomes
obsolete, does this mean we are divesting students of intangi-
ble devices of imagination? And if anatomy instruction is
indefinitely delivered via online distance learning modalities,
are we stepping back into the pre-Black death era when ca-
daveric dissection was not accepted nor routinely practiced in
the delivery of anatomy education?

Indeed, we find ourselves in a time during which under-
graduate medical curricula have evolved from the convention-
al discipline-based model to the contemporary integrated
systems-based model that incorporates core non-discipline-
related soft competencies [12, 24, 25]. However, the experi-
ence gained in the dissection hall also plays a pivotal role in
enhancing ethical reasoning, empathy, respect, professional-
ism, and interpersonal and communication skills—all of
which are refined through this rite of passage into medical
school [12, 26]. Since many students consider the cadaver to
be their first patient or first teacher, we may inquire who will
now uphold that role with the transition to the digital realm,
how will the transformed exposure affect the student in the
physical examination of surface anatomy during the clerkship
and post-clerkship years, and if there will be an alternate ve-
hicle to instill core skills in surgical residency [13, 27].

McGarvey et al. [28] highlighted the need for cadaveric
dissection which helps to incorporate a plethora of useful
skills that are critical to the development of a student across
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the spectrum of medical education. Dissection enables a med-
ical student to appreciate the concept of variability and pre-
pares them to accept the anatomical minutiae as they present
themselves in the dissected body, rather than developing a
narrow vision or fixed attitude, which is the case when they
come across anatomy in the form of reconstructed images.
Dissection also encourages a student to trust his’/her own ob-
servation skills, thereby reflecting upon individual learning
and critical thinking which are key ingredients toward build-
ing clinical ability. Furthermore, the dissection laboratory also
offers an opportunity to hone communication skills within
peer groups, which could be beneficial later on in students’
careers while dealing with patients [29, 30].

Where Does the Future Lie?

As anatomy education transforms digitally, there is a potential
risk of widening the digital divide due to the demographic and
socio-economic challenges faced in developing countries,
concomitantly increasing the polarization between developed
and underdeveloped nations. Further, with social distancing
measures continuing to take precedence in all settings, it is
also suspected that virtual universities may become a common
fixture in the post-pandemic world and may attract students to
apply and enroll in cost-effective local programs. This may
heighten the financial burden of the large, elitist universities as
the number of international students dwindles, leaving behind
bodiless dissection halls and dust-laden anatomy museums.

Despite these uncertainties and reservations, positive trends
are also likely to arise in anatomy education as a result of the
COVID-19 pandemic. Acquiring anatomy knowledge
through digital platforms may liberalize learning to become
a part of daily lifestyle as opposed to a rigid practice. It may
spark collaborations between academic institutions and the
tech industry, thereby driving innovation and enrichment in
the clinical environment through a common educational goal.

Ghosh [26] stressed that there is general consensus that
medical science cannot do without anatomical knowledge,
whereas anatomy teaching on the other hand is incomplete
without dissection. The International Federation of
Association of Anatomists (IFAA) has offered guidelines on
important aspects of the handling of bodies during the coro-
navirus pandemic. The guidelines were produced and shared
in good faith for anatomists who wish to continue their dis-
section programs during the pandemic. However, most med-
ical institutions have denied accepting bodies during this pan-
demic, contributing to the already dwindling numbers in body
donor programs [20]. Moreover, does this begin to suggest
that a grim future lies ahead for established body bequest
programs?

Likewise, dissection-based teaching alone cannot fulfill all
the needs of modern medical curricula and hence must be
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complemented with novel teaching/learning methods. An ed-
ucation model that incorporates the interdependability of the
different teaching/learning methods in anatomy, with human
cadaveric dissection forming the core, is probably the future of
anatomical sciences education. We will also need to evaluate
the accuracy of new assessment tools that we are now com-
pelled to employ. In addition, the course of research direction
may be forced to change. One of the unintended consequences
may also include the definitive address, under appropriate
stewardship, of various issues relating to socio-cultural and
medico-legal controversies in the use of human tissue for
teaching and research.

On a similar front, the dissection laboratory also shifts the
anatomical gaze from the surface of organs to a clinical gaze
focused on lesions within the depths of organs, thus opening
the door to the practice of autopsy in the discipline of anatom-
ic pathology [31, 32]. Although texts of pathological anatomy
were available as early as the eighteenth century, it was the
Oslerian philosophy that prompted the surge in autopsy teach-
ing and afforded autopsy its central role in medical education
at the start of the twentieth century [33, 34]. Not only did this
cultivate a deeper understanding of the anatomy and patholo-
gy in view of the patient’s clinical history, but it also seam-
lessly delivered the “hidden curriculum” of life while serving
as a quality control mechanism for the pathologist’s practice
[35-37]. In addition, the macroscopic features revealed by the
corpse during autopsy were considered to be essential pieces
of clinico-pathological knowledge harbored by the “agency of
the dead”, fostering skills such as examination, deductive rea-
soning, and diagnosis [38, 39].

However, recent decades have seen the demise of autopsy
rates in educational and hospital practices, owing, but not
limited to, advanced diagnostic modalities, religious and cul-
tural diversity of population groups, organ retention scandals
and the accompanying negative stigma, pathologists’ apathy,
curricular reform necessitated by the time allocated to emerg-
ing disciplines, increasing departmental budgetary demands,
prevailing legislation and the physician’s distress with
obtaining autopsy consent from the bereaved family [33, 35,
40, 41]. To this end, many institutions have veered down the
pathway of technological solutions, incorporating web-based
and immersive virtual reality simulators, eAutopsy, and/or
video teleconferencing of lives cases [42—44]. These alterna-
tives have proven to be especially useful in the diagnosis of
neurodegenerative diseases as they allow for the training of
brain autopsy when the availability of real specimens is limit-
ed [42]. Similarly, the study conducted by Talmon et al. [44]
reinforced the effectiveness of the eAutopsy but highlighted
the apparent lack in emotional impact and hands-on experi-
ence. In terms of the medico-legal field, training on web-based
simulators has provided users with a logical approach to exe-
cute investigation and interpret forensic findings [43].
Moreover, through novel imaging modalities, pathology can

now be examined at the molecular level, eliminating the need
to dissect the corpse, and replacing anatomic pathology with
molecular pathology [45].

On the contrary, while a few pathologists at the 2014 meet-
ing of the Association of Pathology Chairs motioned for the
abolishment of autopsy from the educational setting, the
Autopsy Working Group later declared that its practice is in-
tegral to medicine and endorsed it as a pivotal component of
anatomic pathology residency programs, with further recom-
mendations to revolutionize it to current practice and employ
uniform digitization [46].

Yet, this recommendation may not be the only resuscitating
factor for the practice of autopsy as the COVID-19 pandemic
is likely to bring the promise of a new dawn. In fact, Yasinski
[47] reported the ensuing necessity of autopsy amid the
COVID-19 pandemic and the potentially renewed respect
for the pathologist’s work. To date, several COVID-19 autop-
sy registries have been established worldwide to help gain
knowledge about this new virus and to facilitate global pan-
demic control [48]. In light of the variable pathological-
morphological presentation in COVID-19-related deaths,
one particular autopsy study proposed a four-level classifica-
tion scheme to account for this variability in deaths [49].
Along with the creation of an effective disease catalogue, as
a HG3 pathogen, investigation of COVID-19-related deaths
also requires focus on risk assessment, interpretation of the
findings, universal precautions, and standard operating proce-
dures [47, 50, 51]. Hence, the return and practice of autopsy
may be the key to demystify the underlying mechanisms caus-
ing organ injury of COVID-19-related cases, thus developing
clinical management and effective treatment strategies, with
the ultimate goal of decreasing mortality.

Conclusion

However, with the above in mind, as pure anatomists, we
remain advocates of cadaveric dissection in anatomy instruc-
tion. In addition to knowledge and skills, it is evident that the
soft competencies assimilated during the dissection hall expe-
rience are keys to practice medicine. As warned by the World
Health Organization [3], COVID-19 may never disappear
completely; therefore, we would like to recommend that ana-
tomical societies worldwide collectively reach out to statutory
bodies to devise a standardized method of teaching anatomy
in the face of pandemics that employs readily available cost-
effective resources. Global acceptance will also assist to es-
tablish a benchmark of required competencies and sustain
world university rankings.

The concept of medical curricula incorporating possible
cadaverless anatomy programs will historically transition the
discipline and will mark the beginning of a paradigm shift in
education and research for anatomists globally. If anatomy has
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survived a millennium, surely anatomists can fight the
“scourges” that have plagued their discipline since various
perspectives have been bandied about to welcome in a new
normal.
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