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ABSTRACT

The utilisation of online teaching has become crucial in light of the current situation with a worldwide epidemic. This is particularly problematic in
the context of human anatomy, a subject that relies heavily on the use of human cadaveric tissues for face-to-face practical laboratory sessions to
learn. Although online resources such as 3D models and anatomy software have been used to teach anatomy, student and academic feedback
suggests that face-to-face instruction should not be replaced. Because future access to cadavers or in-person classrooms is difficult to anticipate,
anatomy instructors are encouraged to explore all conceivable teaching modalities in order to generate innovations. Here, we look at anatomy
instruction strategies that can be used in present and future classes.
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INTRODUCTION

Anatomy is regarded as the "foundation of the medical sciences," and it
is through its study that healthcare providers gain a solid foundation
[27]. The corona virus disease pandemic 0of 2019 (COVID-19) has had
a huge impact on anatomy teaching [11]. Although cadaveric
dissection is crucial for acquiring skills [10] [18], it was thought that
students' exposure with dissection had reduced prior to the epidemic.
[27] stated that cadaveric dissection anatomy classes have declined in
many medical schools since the quantity of donated bodies has far
outstripped the expanding number of students, notably during the
pandemic, however the situation may vary by region and country. It is
understandable that the quality and quantity of education available to
kids in schools has decreased since the outbreak [11]. The COVID-19
outbreak, according to the Centers for Disease Control and Prevention
(CDC), could last for a long time (CDC, 2020), which no one can
predict.

Technology is increasingly being used in anatomy lectures because it
allows students to learn more interactively. Furthermore, numerous
studies have found that students are motivated and interested in
adopting augmented reality (AR) and virtual reality (VR) technologies
[27][31]. These technologies can help students understand anatomical
features in three dimensions by allowing them to view them from a
variety of perspectives. As aresult, such devices could play a bigrole in
helping people learn anatomy during a pandemic. If social separation
is required for an extended period of time or if institutions do not allow
students to dissect cadaveric specimens, technologies could give an
alternative teaching technique to cadaveric dissection [23].

Although online teaching in higher education is becoming more
popular, it has proven more difficult in the field of human anatomy,
which relies heavily on face-to-face lectures and human cadaveric
tissues for learning through face-to-face practical laboratory sessions.
For medical and health science students, learning anatomy through
face-to-face use of cadaveric tissues has long been a must, if not a rite
of passage. Anatomy is a three-dimensional subject with many
inherent and contextual difficulties. Anatomy is a difficult subject with
new terminology that students typically find boring and time-
consuming, and they tend to "memorise" lists of names in a typical
"surface-learning" manner [31]. COVID-19 has resulted in social
alienation and self-isolation, making face-to-face anatomy difficult to
teach. The current global epidemic has posed immediate obstacles for
anatomy teaching all around the world, necessitating the utilisation of
online instruction. COVID-19 has wreaked havoc on anatomy
education in two ways: (1) the use of online learning and (2)
adjustments to body donation programmes, which have been
discontinued or drastically limited due to the risk of receiving
contaminated bodies [20].

Early reports of online instruction, prior to COVID-19, claimed that
technology may save time and money while also outperforming
traditional face-to-face instruction. Students that received computer-
assisted training outperformed their traditionally trained colleagues.
Evidence suggests that the quality of technology used for online
learning should exceed that of campus-based materials [16], which
was confirmed in the practise of creating online content for a blended
anatomy course. Online laboratories utilising computer models,

adaptive learning [22], and movies have been reported; nevertheless,
wet laboratory sessions using human cadaveric tissues provided better
feedback and results. Although students prefer online anatomy
resources for learning anatomy, there is no evidence that they can
replace face-to-face campus education. Pre-COVID-19, clear benefits
were documented with the use of online summative assessments,
Kahoot online exercises, and concept maps with automated grading
and feedback in Australia [14]. Although the use of online anatomy
practical assessments has been more challenging, with the validity and
practicality of online exam delivery in doubt, online assessment has
been reported to be liked by staff and students in Saudi Arabia during
COVID-19[1].

Despite the long-term disruption to curricula, the COVID-19
pandemic provided universities with opportunities to develop new
resources and skills [26], including academic collaboration, working
from home, upskilling in new technologies, incorporating blended
learning, and developing alternative assessment methods. During
COVID-19 [23], time restrictions, a lack of exposure to cadaveric
material, and changes in evaluation were recognised as online teaching
shortcomings. In a research conducted in China, many students
expressed a desire to return to face-to-face education, despite the fact
that they enjoyed online learning. In India, most students
acknowledged a lack of self-motivation and missed conventional face-
to-face anatomical learning and interactions. During the COVID-19
epidemic in Italy, plastic surgery residency training used Anatomage,
an academic touch screen table, in conjunction with the Touch Surgery
software for cellphones and tablets as a useful tool [36]. There was a
loss of "hands-on" experiences for students in Australia and New
Zealand, as well as an influence on workloads and expansion into
distant learning environments. During the epidemic, many anatomists
raised worry about a lack of practical sessions/cadaveric exposure,
decreased student participation, and deteriorated student-teacher
relationships. In Australia and New Zealand, the ethical and legal
limits of sharing and displaying digital photographs of prosected
human donor bodies/body parts posed new hurdles to anatomy online
education . Modern experimental researches at the time of learning
knowledge of anatomy that also essential to enhance the performance
of students engagement and the outcomes of learning have been
reported until 2020 [9].

Dissection

Cadaveric dissection has been thought to be beneficial not only for
learning anatomy but also for ethical and humanitarian reasons [27].
Because the growth of "medical education" has reduced the amount of
time and lab space available for "anatomy education," the quality of
anatomy instruction may suffer [33]. The audience was evenly split on
the need to utilise cadavers to teach anatomy to medical
undergraduates at the end of a debate following a symposium themed,
"Do we really need cadavers any longer to learn anatomy in
undergraduate medicine?" [28] analysed the contribution of cadaveric
dissection to modern anatomy instruction in a cross-sectional and
longitudinal qualitative study. Their research found a strong link
between students' anatomical knowledge and their ethical beliefs,
highlighting the value of combining anatomy and ethics teaching.
Participants in this study saw five primary themes in relation to
cadaveric dissection of donated bodies and medical ethics: dignity,
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beneficence, permission, and justification vs the need for dissection, as
well as the dichotomy between objectification and personification.

Prosection

[27] examined the effectiveness of learning by dissection with learning
through prosection and found no differences. Various research,
however, have had different findings. Even today's students realise the
advantages of dissection and express a great desire to have the option
of participating in cadaveric dissection as part of their anatomy
education. Furthermore, anatomical knowledge prior to prosection or
dissection influenced short-term knowledge retention more than
learning mode [27].

Plastination

The results of studies on the use of plastination in anatomy teaching are
few, and they are primarily based on the emotions and impressions of
students. Although one study revealed that plastination was more
acceptable to 2nd-year medical students than Ist-year medical
students, the usefulness of employing plastinated rather than fresh-
frozen cadavers in teaching remains uncertain. According to [2], 33.3
percent of the participants believed that cadavers could not be replaced
by plastination, and [5] found that almost two-thirds of their
respondents wanted to have cadaveric dissection experience.

Video

Anatomy test scores are often no better than historical controls,
according to several examinations of dissection videos. According to
[29], dissection videos can help close the gap left by an 11 percent
curriculum reduction. Another study found that students in osteology
who used the traditional way scored higher than those who used the
visually-assisted method Students, on the whole, enjoy video learning
and report that it improves their learning satisfaction. However,
according to [20], anatomy videos by themselves do not improve
students' learning results because they are passive learners. They
advocated for the use of videos as active learning tools. As per theory
of [12], main key points for successful education and learning is using
videos that helps to strengthen the relation between anatomical and
medical knowledge.

Online Resources

The first traditional face-to-face systemic human anatomy course
including a prosection laboratory was conducted entirely online in
2012, using Blackboard Collaborate (BBC) 12 video conferencing
software and the Netter 3D Anatomy computer model. This enabled
professors and students to interact in real time while using 3D models
on the internet. The students' performance, on the other hand, was
consistent with the previous year and was predicted by prior academic
achievement rather than the course style. Other writers have created
audio-visual dissection aids to aid students in preparing for dissection
courses, revising thereafter, and preparing for exams, while many
students still prefer traditional learning.

Social Media (facebook, Twitter, Youtube)

Anatomy education has embraced social media [25],and anatomists
have created Facebook pages to help students study. In a Facebook, it
was discovered that students who fared well on the pages participated
more thoroughly in discussions than students who contributed with a
single 'like' or comment. The authors found that those who scored well
had a higher level of involvement on Facebook, indicating that it could
be a good platform for engaging students in an educational setting
rather than a distraction. According to a Facebook poll, the majority of
people did not find the cadaveric film to be overly gruesome. [13]
created a Twitter hashtag that assisted students in learning, and those
who utilised Twitter appreciated how it promoted simple and quick
communication between students and educators. YouTube videos for
studying anatomy are also popular among students and their
effectiveness has been investigated. Educators must, however,
guarantee that images and recordings of cadavers, as well as cadaveric
materials, are handled with care [13]. Nonetheless, many individuals
believe that cadaveric dissection is the greatest way to study and teach
anatomy; however, laypeople who wish to learn anatomy have limited
access to such facilities, so social media could fill this gap.

3D Printing

Nylon, polyvinyl alcohol, polyacetic acid, acrylonitrile butadiene
styrene, wood, metal, and carbon fibre filaments can all be used in
three-dimensional printing (3DP) digital models [4]. 3DP specimens
exhibit a very strong quantitative and great qualitative correlate with

anatomical reality, suggesting that 3DP could be used in undergraduate
anatomy classes. Many authors have compared test scores obtained
after learning with the 3DP group to those obtained after learning with
other tools (e.g., text, atlas, 2D images, dried specimens, and
disarticulated skulls), and the majority of them have concluded that the
3DP group is more likely to achieve higher scores [3]. Learning
through 3DP is commonly seen to be pleasurable and effective,
according to [8]; nevertheless, there is limited proof of its pedagogical
efficiency when compared to cadaveric dissection, thus more research
isneeded.

Augmented Reality (AR)

AR is a new type of 3D-visualized technology that is defined as "...the
concept of digitally superimposing virtual objects onto physical
objects in real space so that the user can interact with both at the same
time". It has recently been investigated in anatomy education and
research [19] The capacity of AR to portray an anatomical model in
three dimensions without losing the sensation of the user's actual
environment is its most distinguishing feature [7]. The use of AR in
anatomy education can be seen in the application of the camera in a
mobile display device that scans images of books. According to one
study, AR produced higher test scores than traditional lectures and
dissection, despite the fact that students preferred the traditional
techniques [24]. Students who utilised mobile AR had considerably
higher exam results than those who used two-dimensional graphics,
graphs, and text (p 0.05), according to another study. Although
published research results on AR in anatomy teaching are sparse, [8]
advocated for its implementation.

Virtual Reality (VR)

One of the most intriguing parts of virtual reality is the ability for users
to interact with the virtual environment (Izard et al., 2017). The
effectiveness of virtual reality in learning has been tested [ 17] [32] [34]
Although some studies have advocated for the use of virtual reality the
structures on which the VR is focused may have an impact on the
outcomes. [6] used 3D skull models to assess people's views of
anatomy and concluded that a desktop could be a good place to
distribute VR materials. Surprisingly, the authors underlined that prior
knowledge was the most critical element.

Anatomy Education For Youtube Generation

The YouTube generation is distinguished not by its age, but by its
attitude and thinking. This generation, which comprises 80 percent
Millennials, is a primary audience for YouTube. Furthermore, nearly
three-quarters of this group has an online social media presence that
they update on a daily basis. Almost every undergraduate student owns
three or more electronic gadgets (such as smartphones and iPods), with
90% owning a laptop or PC.2

Problem-based Learning: An Overview Of The Process And Its Impact
On Learning

To foster critical thinking and problem-solving in authentic learning
scenarios, problem-based learning (PBL) has been widely
implemented in a variety of fields and educational environments. Its
intimate ties to workplace teamwork and interdisciplinary learning
helped to its expansion beyond clinical education into practical
disciplines including health sciences, business studies, and
engineering. With the growing use and popularity of PBL in a variety
of educational and organisational settings, a growing number of
studies have been conducted to determine its impact on student
learning quality and the extent to which its promise of developing self-
directed learning habits, problem-solving skills, and deep disciplinary
knowledge is realised. A problem that needs to be solved triggers
learning in an unconventional PBL context.

PBL is a teaching strategy that allows students to learn while actively
participating in real-world situations. Through practise and reflection,
students are given the opportunity to work together to solve problems,
establish mental models for learning, and develop self-directed
learning habits. As a result, PBL's guiding principle is that learning is a
"constructive, self-directed, collaborative, and contextual" activity.
PBL has a better long-term information retention rate.

Modern Methods Used In The Study Of Human Anatomy

Anatomy study should not be completed in the second year of medical
school; rather, students should continue the process of understanding
anatomy in the third, fourth, and fifth years of medical school through
optional and facultative subjects such as clinical anatomy, imaging
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anatomy, and joint biomechanics, as part of a unified curriculum. The
importance of students' own knowledge production in learning is
evident in the development of critical and reflexive persons and
qualified professionals. We may obtain a positive response from
students who declared being more interested using cognitive
behavioural training methods; objectively, student participation in
classes can be improved if flip classrooms, small group teachings, quiz
programmes, and other methods are incorporated into the teaching
schedule and with proper time management.

Anatomy is one of the few medical areas in which no modifications
occur since the structure of the human body remains constant.
Nonetheless, every teacher is constantly striving to enhance their
course. They aimed to find a balance between the quantity of concepts
presented and the quality of the iconography, the sort of analyzer
employed in reception, and the student's knowledge throughout. We
wonder if, since teachers are likened to actors, and actors perform in
plays and subsequently films, it might be better to employ 3D visuals
with anatomy teachers in the future. As a result, better and better
courses could be achieved, and the teacher could sit in his or her
classroom chair and engage with the students in the amphitheatre.

Recent Advances

Research is built on progress, and anatomical science is no exception.
Researchers have disproved earlier assumptions by employing modern
radiological and microscopic techniques. The lymphatic drainage of
the brain is a prominent topic among scientists, and researchers were
able to identify lymphatic veins in human meninges in 2017. The
mouse brain has a lymphatic system, which is an interconnected
network of glial cells that enables fluid circulation throughout the
brain. Mesentery is now recognised as a distinct organ of the human
body. A web of capillaries that travel through the bone of mice was
described by researchers in2019. These capillaries allow blood cells in
the bone marrow to enter the circulation more quickly. These
advancements may help us better understand how cancer spreads in the
future. Muscles like those of reptiles have been found in 8 to 14 week
old foetuses that vanish before delivery. These muscles could be
evolutionary leftovers that vanish during the early stages of embryonic
life. These new findings are the beginning, not the finish, of a growing
understanding of human anatomy.

CONCLUSION

For hundreds of years, anatomy has been a cornerstone of medical and
surgical education. Assimilation and application of anatomy will
convert it from a dull and passive topic to a more dynamic and
collaborative subject, according to these changing tendencies. The
COVID-19 outbreak has had a huge impact on education, with most
colleges converting from face-to-face to online classes as a result of the
outbreak. The introduction of novel methodologies has created
meaningful road maps for anatomy learning. "Any sufficiently
advanced technology is indistinguishable from magic," I conclude.
Arthur C. Clarke is an author and science fiction writer.
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