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With the official announcement of the new type of coronavirus-induced
COVID-19 outbreak as a global pandemic, an extraordinary situation that no
one has ever encountered has started. Just as life was about to return to
normal in Turkiye, two devastating earthquakes, centered in Kahramanmaras,
affected ten different cities. Many global and national developments in various

Keywords fields, which are expected to happen in the distant future, were completed
Anatomy within 3 years. One of these fields was undoubtedly education. Hybrid learning
EZS?;?::E is seen as a trending educational approach combining face-to-face and online
Hybrid learning learning. Plastinated specimens come to the forefront for hybrid education
Plastination with various advantageous features. They are not only non-toxic, dry, odorless

materials, but also can simulate the natural anatomic appearance in detailed
manner. With the help of new-generation acrylic paints and dyes which can
penetrate into tissues, plastinates offer a unique natural look rather
impressive than any other techniques. Due to the features mentioned above,
plastinates are also convenient materials for handling, transportation or
storage. These issues will be discussed in our article in terms of compatibility
with hybrid learning. The aim of this article is to give ideas and make
suggestions about how plastinates, which have been used efficiently in
anatomy practices and professional training, can be used in hybrid veterinary
anatomy education.
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Introduction
On January 30, 2020, with the World Health

face education was completely stopped in Tiirkiye. At the
first months of Covid-19 outbreak, in order to ensure the

Organization's (World Health Organization / WHO)
official announcement of the new type of coronavirus-
induced COVID-19 outbreak and then declaring it as a
global pandemic, an extraordinary situation that no one
has ever encountered in the world before has started. And
subsequent measures-restrictions quickly entered people's
lives (12, 16, 21, 31). While countries were searching for
solutions to this pandemic by using their own scientific
and administrative resources, various regulations and
protocols were put into effect in a short time (16, 17).
Improvements and updates that are expected to
happen in the next 10 years in many fields such as
technology, communication, economy, health and so on
have been completed in the last 3 years. One of these fields
was undoubtedly education. On March 11, 2020, face-to-

continuity of education in the current education systems in
the world and in Tiirkiye, emergency remote education
implementations had been started quickly and
imperatively before the distance education. This happened
because of the inexperience of the whole world in this
extraordinary situation (4, 8, 10). Afterwards, all schools,
including universities, continued to interact with their
students through distance education methods, digital
content and e-learning materials for more than a year.
After the total lockdown, educational institutions started
to reopen gradually. On-line and in-class (face-to-face)
education with reduced student groups were initially
implemented together. Finally, the classrooms were
meeting with the students again (4, 8, 10, 20, 37). While
daily life in our country would start to return to the pre-



J o

pandemic period, two devastating earthquakes occurred
nine hours apart and caused severe destruction in 10
different cities. Shortly after the pandemic, unfortunately,
the state of emergency regulations and restrictions started
again in Tirkiye (41).

Although the COVID-19 infection is no longer a
deadly pandemic, do you think the danger has passed
completely? Unfortunately, the Critical Disease Control
Center (CDC), the World Health Organization (WHO)
and many other global health organizations are discussing
the same issue on these days: When will be the next
pandemic? Many health authorities believe that a new
pandemic will, unfortunately, threaten humanity again in
the near future. This threat can originate from biological
terrorism, or it can start with a simple virus hiding in a
jungle and ready to mutate. If an unexpected global
pandemic occurs, is the world ready for this war in all
fields (5, 19)?

During the total lockdown, the efficiency of the
education offered to undergraduates at various universities
decreased undeniably. Veterinary faculties were among
the institutions most affected by the negative effects of
distance education, as they included intensive practical
courses and clinical training. Because no one was
experienced enough in this matter. Neither trainers nor
learners... This unfortunate global pandemic triggered
improvements in educational methods, fortunately.
Although these alternative education methods have been
around for some time now, they have gained traction in
the last 3 years.

Even though the pandemic seems to reach a plateau
and efforts to reduce the negative effects of the earthquake
are at a good stage, learners as well as educators gained
lots of experience on distance education and some of these
new techniques may be preferred whether there is a need
or not in the future (20, 26, 27, 37).

Hybrid learning is a trending educational approach
that combines face-to-face and on-line learning. Some of
the learners attend the class in person, while others join
virtually and remotely through hybrid learning. Trainers
and lecturers utilize various tools such as video
conferencing or electronic learning materials for the
optimum education of both of these student groups in
hybrid education. Hybrid education can entail some online
exercises, e-learning materials, videos, and other materials
that will also support in-person classes. Not only for the
official lectures but also to create extracurricular learning
activities, hybrid education seems to be a convenient
alternative for the teaching of veterinary anatomy (15, 34).
However, for hybrid education to be useful and effective,
appropriate learning tools, facilities and materials must be
used.

Can plastinated materials be efficient tools to
implement these updated learning methods for veterinary
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anatomy education? The purpose of this review is to give
ideas and make suggestions about how plastinates, which
have been used efficiently in anatomy practices and
professional training, can be used in on-line courses or
hybrid education.

Although the plastination was first discovered by Dr.
Gunter von Hagens in the early 1970s, it is still one of the
most up-to-date anatomical techniques with new
modifications. In 1986, the pioneers in plastination
established the International Society for Plastination and
only after one year the Journal of the International Society
for Plastination has published the first issue. On the other
hand, von Hagens followed a bit fancy way to improve and
get the plastination around the world. He established The
Institute for Plastination, an alternative organization at
Heidelberg in 1993. And immediately after that, von
Hagens designed the most extraordinary exhibition, Body
Worlds, in 1995 (18, 30). Thus, this idea, which was
initially put forward to support anatomy students who are
trying to complete their doctoral thesis, has turned into a
tool used in anatomical and clinical education and a
method to prepare popular and impressive exhibitions
visited all over the world in recent years. Although this
technique is still a matter of ethical and moral debate for
various scientific groups, and even though some articles
go even further and call the exhibitions "freak show",
plastination has become an integral part of anatomy
education (9, 33, 38).

Plastination Techniques Applied Worldwide

Briefly, plastination is a technique performed by replacing
body fluids in tissues and organs with a reactive curable
polymer at appropriate pressure and temperature.
Essential but hazardous hydrophilic intermediary
solvents, mostly acetone or alcohol, are used while the
tissue fluids are replaced with the polymer. Three
standardized plastination techniques have generally been
used in plastination laboratories around the world (Figure
1) (13, 14, 18).

Silicone Plastination: It is the most widely used and basic
method worldwide, in which the whole body, body parts,
organs or tissues are plastinated through a reactive silicone
polymer. Silicone plastination is an ideal method for
beginners and newly established laboratories due to its
relatively easy application compared to other plastination
techniques (13, 35).

Epoxy Plastination: Epoxy plastination produces 2-8 mm
thickness of semi-transparent plastinates by using epoxy
resins. In this technique, all tissue fluids and a significant
amount of adipose tissue are replaced with a curable epoxy
resin mixture. In these cross-sections, anatomical structures
can be examined with naked eye in a commendable quality
down to a submacroscopic level (35, 36).
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Figure 1. Standardized plastination techniques that
have been used in plastination laboratories around
the world.
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Polyester Plastination: Polyester plastination produces,
body or organ slices, especially brain cross-sections, with
2 mmto 5 cm thickness. The tissue fluids are removed and
replaced with a curable polyester resin in this method.
While epoxy plastination produces transparent sections,
specimens prepared with polyester plastination are opaque
plastinates. Because, a considerable amount of adipose
tissue is removed by acetone or methylene chloride (1, 2,
39).

Steps of Plastination Procedure

Five common steps can be described for the general
procedure of plastination: Specimen preparation and
fixation, dehydration, defatting, forced impregnation,
polymerization and hardening (Figure 2).

Figure 2. Five consecutive steps that are used for
silicone, epoxy and polyester plastination
procedures.

Specimen Preparation and Fixation: Early preparation of
the biological tissues by minor or gross dissections has
been the most important part of the plastination process,
because the final appearance of the plastinates are formed
by the meticulous application of this very first step (11,
18).

Dehydration: Dehydration (or freeze substitution) is the
main stage that tissue fluids are replaced with an organic
solvent. This solvent must be hydrophilic and volatile
enough as an intermediary chemical which is the key for
the next step. The most convenient solvent is acetone for
this step. Prepared and fixated specimens should be kept
in pure acetone baths in order to eliminate all unnecessary
fluids (7).
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Defatting (Degreasing): Excess lipids in the tissue or
extraordinary fatty specimens can affect the final quality
of plastinates and should be removed if possible. Defatting
is the removal of excess fat from the specimen. Although
the procedure is quite similar to those in the dehydration
stage, the main difference is the acetone bath should be
performed at room temperature in order to eliminate
excess fat (7).

http://vetjournal.ankara.edu.tr/en/

Forced (Polymer) Impregnation: This stage is the
replacement of volatile organic solvent in the specimen
with curable silicone, epoxy or polyester polymer at a
specified temperature and negative pressure. These
polymers are quite viscous to come to equilibrium with the
intermediary solvent. Thus, a negative pressure (vacuum)
is needed to get the polymer inside the specimen. This
special aplication gives the name “forced impregnation” to
this step (7, 13).

Polymerization and Hardening: Polymerization and
finally hardening of the specimen is the last stage for a
specimen fully loaded with polymer. Chain extension and
cross-linkage of polymer molecules to provide longer
chains and to form a firm 3D meshwork respectively is the
basic principle for this stage. This polymerization activity
can be formed by exposing the specimen to a curable
gaseous hardening chemical or an ultraviolet-A light with
a specified wavelength or regulated temperature (7, 23, 36).

Advantages & Disadvantages of Plastination for

Anatomy Education

All organic specimens, even macerated bones, have an
estimated useful life. Although you preserve your samples
in the best manner, decomposition eventually occurs on
the tissues and the specimen becomes out of use and
discarded in a proper way. When compared with the
alternative  anatomic  specimens, plastinates are
distinguished with their very durable structures. Besides,
plastinates are easy to keep and use for various courses
and practices. Once you manage to plastinate and preserve
your specimen in a very optimum way, it can be
everlasting. This word may come as “exaggerated” to the
readers. However, the first samples which had been
prepared by von Hagens in early 70’s are still in use (13,
33).

Different kinds of toxic or hazardous chemicals are
used for the various stages of plastination. Formalin is
almost an essential solution for the proper preparation of
specimens in the first step. On the other hand, removing
all formalin from the specimen is also essential for the next
step. Again acetone, a toxic and very explosive chemical,
is an irreplaceable chemical for the dehydration stage of
plastination. However, this intermediary volatile solvent is
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totally removed in the next step. Therefore, specimens
transform into biosafe and non-toxic plastinates at the end
of the plastination procedure. And this makes plastination
privileged among the various anatomic techniques (11, 40).

Final products are not only non-toxic, dry, odorless
materials. A well-prepared plastinate can simulate the
natural anatomic appearance in a detailed manner. With
the help of new-generation acrylic paints and water-based
dyes which can penetrate into tissues, plastinates offer a
unique natural look rather impressive than any other
techniques. Due to the features mentioned above,
plastinates are also convenient materials for handling,
transportation or storage (30, 40).

Beside the remarkable advantages of plastination,
some disadvantages should be considered. The leading
problem that should be mentioned is the financial cost.
The initial investment cost for a plastination lab can be
rather high. However, the maintenance of the lab and the
plastination procedures will be much more manageable
after setting up the lab. The unit cost of the plastinates will
decrease day by day (40).

At that point, the most important situation that should
be noticed by the staff is the laboratory safety rules. Some
of the essential chemicals which are used during the
plastination procedure can be corrosive or explosive. And
the laboratory personnel should know the regulations
before taking the first step to the plastination lab (18, 29,
40).

As mentioned at the beginning of the article, ethical
concerns are still a serious matter of debate, especially for
the human-origin specimens (9, 38) . However, it seems to
be a surmountable issue for the veterinary medicine field.
With the proper ethical legislations and professional
regulations, which have been in service in European
countries, the plastination technique has been applied in
veterinary institutes for many years.

Plastination for Hybrid Education of Veterinary

Anatomy

At this point, plastinated specimens distinguish by their
advantageous features. Various techniques can be
recommended for hybrid learning of veterinary anatomy
through plastinated specimens (Figure 3).

The first stage of hybrid learning in anatomy is
undoubtedly  face-to-face or in-person activities.
Plastinated specimens have proved their effectiveness in
regular face-to-face education in recent years. Due to their
simulation capacity of anatomic structures as in their
natural appearance, plastinates became essential learning
materials for anatomy practices. In order to reduce the
negative effects of fixated cadavers for the learners in
practice, plastinates come to the front with non-hazardous
features (24, 40).
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Fresh organs or cadavers are always a gold standard
for anatomy education. However, fresh specimen means
using the body or body part of an individual that will be
sacrificed somehow for this purpose. Besides, the short-
time use necessity of fresh cadavers can be a struggling
limitation for the trainers in terms of fast decomposition
or microbiological activity (40). However, the primary
desire of the instructors is to be able to use the convenient
learning materials for a longer period of time in order to
perform various in-class or hybrid education techniques
(32). Therefore, fresh specimens may be the first choice
instead of plastinated specimens for such kind of long-
term practical trainings (40). The increased student groups
mean extra learning materials for practice (5). If you have
even a basic silicone plastination lab working properly,
providing various plastinated specimens for student
groups will be an effective way to support the face-to-face
part of hybrid learning (24).

- NMo¥aNva [

Figure 4. While trainers are performing on-line
practical sessions or e-learning videos on the
cadavers or plastinates, on-line learners can
practice simultaneously on their plastinated
specimens.

The second method of hybrid learning, as mentioned
above, is to combine in-person and on-line training for the
learners (15). Thanks to durable, non-toxic and non-
hazardous properties, plastinates can easily be transferred,
handled or shared with the learners. While trainers are
performing practical lectures on the cadavers or
plastinates, on-line learners can practice simultaneously
on their plastinated specimens which were provided
previously (Figure 4).

In instructor-centered processes, learners cannot gain
enough self-confidence and autonomy. Therefore, they
cannot develop self-directed learning skills (4). However,
self-directed learning and peer-assisted learning are
another effective tools not only for in-class activities, but
also for hybrid education (6, 25). Learners can acquire
skills such as greater autonomy, self-sufficiency and
developing a critical perspective with a well-designed
hybrid learning processes. At this point, it is important to

DOI: 10.33988/auvfd.1142921
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use abstract and concrete techniques together in the use of
educational technologies (4).While studying through pre-
recorded videos or similar e-learning materials, the
presence of anatomical practice materials for the learners
increases the efficiency of self-directed or peer-assisted
learning even in the class or out of class learning times.
However, this type of learning, without supervision,
would be risky in terms of biological safety or lab security
regulations when classical fixated cadavers or fresh
specimens are used. Plastinated specimens can overcome
this problem with the specified features mentioned above
(40). Learners can make use of plastinates either in the
labs or any related extramural training facilities (Figure
5).

Today's students are expected to be lifelong learners
throughout their student and professional lives. Therefore,

T ";_v L YV
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university trainings should also be designed to self-
directed learning in real-life working areas beyond formal
education. This can be achieved by hybrid learning
configurations where working and learning are integrated
together (6). Within this scope, extramural learning can
also be used for the hybrid education. Extramural
assignments are an essential part of practical learning as
they provide a unique opportunity for learners to gain
professional experience and practical skills acquired
during clinical anatomy education (3, 22, 28). Production
of goal-directed plastinates and transferring the specimens
to the related facilities may provide an effective
extramural learning period not only for the anatomy
students, but also for the clinical anatomy trainees who are
willing to take professional skills from various
establishments (Figure 6).

\\a f 3 & //4
Wy ' 4

Figure 5. Self-directed or peer-assisted learning, without
supervision, would be risky in terms of biological safety or
lab security regulations when classical fixated cadavers or
fresh specimens are used. Plastinated specimens can
overcome this problem with their unique properties.

Figure 6. Production of goal-directed plastinates will
provide an effective extramural learning period not only for
the anatomy students, but also for the clinical anatomy
trainees who are willing to take professional skills.

DOI:
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Mahdy and Ewaida mentioned that the need of
technological tools such as internet connection and
electronic devices could be a problem for on-line learners
during pandemic period. Unstable network connection in
different regions, problems to join on-line learning,
interrupted electricity connection, imperative social
isolation, ocular problems because of screen use, and lack
of appropriate learning environment at home were the
major deficiencies (26). Karadag and Yiicel (20) reported
that only 63% of the university students have an internet
connection at home, 66% have a computer or tablet in
Tiirkiye. And 23% of the learners stated that they could
not continue their distance education (20). Therefore, the
necessity of active use of plastinates and similar
anatomical education materials not only in on-line
education but also in hybrid learning or in-class practices
should be taken into consideration.

Routh et al. mentioned that institutional cultural
resistance can be occured in various establishments while
transition to on-line education in extraordinary situations
like outbreaks (34). Despite all these negative approaches,
the use of plastinates in hybrid learning can be an
alternative to gradually reducing resistance in trainers who
believe in traditional education methods.

Conclusion

The experiences in the last 3 years have proved us that
nothing will ever be the same again in many different
fields, especially in education. If instructors want to bring
much more competent colleagues to veterinary profession,
they have to adapt to these changing-developing
processes. In this review, we wanted to convey to the
readers the usage areas of plastination in hybrid learning,
which can be an effective learning tool for changing
veterinary education. The opinions and suggestions
expressed in this article will be carried to much more
useful points with scientific studies on the subject and
different techniques to be applied to target groups.
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