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SUMMARY: Plastination is an anatomical technique of cadaveric preservation that allows the preservation of anatomical pieces
indefinitely, in dry and odorless form. It was created in 1978 by Gunther von Hagens, in Heidelberg, Germany. In paetisiuaat, th
plastination technique, with epoxy resin, allows the generation of thin sections of various anatomical regions, allowingtan acc
visualization of anatomical structures of difficult access through dissection or cadaveric exploration. The aim of this teqrkesant
a new sheet plastination protocol with Biodur® E12/E1, which is faster in its implementation, applied, for the first tiaighiirhaad.
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INTRODUCTION

The plastination technique was created in 1978, in The aim of this work is to show a new thin sheet
Heidelberg, Germany by Profesor Gunther von Hagens (vtastination protocol with epoxy resin (Biodur E12/E1) that
Hagens, 1979, 1986; von Hagensl, 1987; Ottone, 2013). gives as a result 2 mm plastinated sheets in 17 days. This
This technique allows humans and animals specimeteghnique was applied in two rabbit heads specimens, that it
conservation, previously dissected, in a dry, non toxic wayas not been described yet in literature.
and with great durability in time (Ottoret al, 2014). The
fundamental steps for this technique are: dehydration, forced
impregnation and curing. Sections of specimens can MATERIAL AND METHOD
conserved using epoxy resin or polyester, providing different
levels of visualization (micro and macroscopy), with a
possibility of teaching and researching (Ottehal, 2015). We took as reference the E12 sheet plastination

protocols implemented by Gunther von Hagens (1986) and

In relation to epoxy sheet plastination, can be thiConstantin Sora (Soret al, 2002; Sora & Cook, 2007,
slices (2 to 3 mm) or ultrathin (<2 mm), and can be used fBinady & Sora, 2009). However we achieved to make
any corporal region with the great advantage that it prodmodifications to these protocols, especially during forced
ces minimal tissue shrinkage compare to polyester shé@fpregnation and curing, developing a faster E12 sheet
plastination (Bickley & Townsend, 1984, Sataal, 2002; plastination technique, taking just 17 days for 2 mm slices
Sora & Matusz, 2010;Ottoret al, 2017). This epoxy resin (Table I). The specimens used were two fresh rabbits heads,
advantage allows analize morphometric parameters wiales, obtained from the Animal Facility of the Doctoral
different structures and anatomical regions, applicable Rrogram in Morphological Sciences, Faculty of Medicine,
morphological research (Ecledlal, 1993; Sorat al, 2004). Universidad de La Frontera, Temuco, Chile.
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Table |. E12 Fast-Protocol (Present study).

Day 0: Freeze specimen (-25 °C: 3 days/-80 °C: 1 day).

Day 5: Cut specimen.

Day 5: Dehydration, 1st acetone bath at -25 °C (100 %). Check acetone volume each day.
Day 9: Dehydration, 2nd acetone bath at -25 °C (100%). Check acetone volume each day.
Day 12: Degreasing with acetone (100 %) at room temperature.

Day 17: Forced Impregnation: 760 mmHg to 30 mmHg for 45 minutes.

Day 17: Curing with “sandwich" method, in an oven at 50 °C for 20 hours.

The results corresponds to the development of tiie Forced impregnation.Once the degreasing was finish,
new protocol of sheet plastination and the obtained of thiee sections were placed in a mixture of BiGdad2
coronal slices plastinated of the rabbit head. (epoxy resin) and Biod8@rE1l (hardener) (96:26 p.b.w.),

at room temperature (20 °C). The same day the vacuum
A. Sectioning block preparation.To easily section the pump is activated. In this stage the acetone will be
sample, it is placed in to a wood or cardboard containextracted as the resin mixture is incorporated into the
and fully filled in with polyurethane foam, till the specimersections, evidenced by bubbles rising to the surface.
is completely covered, leaving the block at roonduring 45 min the pressure was taken from 760 mmHg to
temperature for 24 htill it is completly dry and hard. After30 mmHg. Once the pressure of 30 mmHg is reached and
place the container with hard with polyurethane foam imo more bubbles were observed, forced impregnation was
to a -25 °C freezer for 3 days, then place it in to a -80 ¥omplete.
ultra-freezer for 24 h to obtein the adequate hardness to
cut the sections. F. Curing. Immediately the forced impregnation process
was complete, the samples were taken out of the resin
B. Preparation of the block for sectioning.To cut the and the curing chamber were set up, using the “sandwich”
sample more easily it is placed in a container (wood anethod, in which the samples were cured by
cardboard) and covered with polyurethane foam, whigholymerization in an oven.
hardens in 24 h. The whole block, consisting of the con-
tainer with the polyurethane-surrounded sample, is plac&tie following materials were required for the curing
in a freezer at -25 °C for 3 days. Then, the block is placedambers: 3 mm thick rectangular glass plates (the size
in an ultra-freezer at -80 °C for one day, to obtain the finaf the plates will depend on the size of the samples to be
adequate hardness to do the sections. cured) and acetate sheets (same size as the glass plates).

C. Sample sectioningDisengaged the polyurethane block Acetate sheet was placed over a glass plate, then a
from the container and placed it over the cutting table of tigiodur® E12/E1 (96:26 p.b.w.) mixture was pour onto the
cutting machine that has a measure cutting guide that alloasetate. Tissue sections were placed over the mixture an
control the slice thickness and a shark band saw blade witiere covered on top, with the same Bidd&12/
3 teeth per inch. To obtain the 2 mm coronal sections of tB mixture. A second acetate sheet was placed on the slices,
rabbit head, with 1 mm material waste, we applied liquiend with a wooden stick the mixture was distributed over
nitrogen over the cutting guide to maintain freezed blockhe sections, being sure to eliminate bubbles of the sections
After each cut, the slice were placed into a -20 °C acetoserface. Then, the second glass plate is placed on. The
container and brush cleaned before dehydration. glass plates were pressed together to ensure even
distribution and complete cover of the resin mixture
D. Dehydration & DegreaseSections passed througth twobetween the sections. Then the glass plates were fixed
consecutive 100 % acetone baths at -25 °C. Acetone volupiacing binder clips around the sides.
was checked every day throughout the dehydration process,
which took seven days totally: first bath, 4 days, and the The “sandwich” chamber was placed inside an oven
second one, 3 days (Table I). Once the volume of acetoa¢,55 °C for 20 h. At the end, the chamber can be
in the second bath, was superior to 99 % in two consecutidesmantled, removing the clips and glass plates to leave
days, the process of dehydration was complete. The néxé sections between the sheets of acetate. These can then
step was degreasing, to eliminate the fat from the slices. \We peeled off to leave the hard, dry sections embedded in
putted the sections in a bath of P&0solume of acetone at resin. If necessary the excess resin can be removed by
room temperature for five days. cutting round the sections with scissors.
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RESULTS

The innovative in this new sheet plastinatiomnatomical quality and definition, and strong colour
protocol are the speed and easiness to take place ¢batrast among several morphological structures (Fig.
forced impregnation in just 45 min and curing processA,B,C). There were no shrinckage of tissues, including
during only 20 h. With this new protocol we obtained zhe brain (Figs. 1D), conserving the sections the original
mm thick coronal sections of rabbit head, with higlissue shape (Fig. 1).

o

Fig. 1. Coronal plastinated sections of rabbit head, 2 mm thick. A. Coronal section at the level of the nostrils. B. Coronal
section at the level of the anterior part of the orbital cavity, in which the teeth and mandible, as well as the masticatory
musculature, are appreciated. C. Coronal section at the middle of the orbital cavity. D. Coronal section at the posterior
portion of the orbital cavity, with visualization of the central nervous system. In all the slices, and especially the last one
that allows to identify brain and brainstem, these structures conserve the shape and allow to evidence the almost absent
retraction of the tissues.
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DISCUSSION

Block and cutting. In relation to sectioning block we did the forced impregnation in just 45 minutes, to maximum
preparation, most authors indicated direct specimen cuttimgccum, checking the ending of impregnation process. This
without using any substance to easily manipulate the the minimum time described in relation to other authors
specimen (von Hagens, 1986; Eckidl; Soraet al, 2002; (between 24 to 48 hours of forced impregnation) (Table I1).
Scaliet al, 2015a,b), other authors used gelly to inmerse
the specimen (Nasdt al, 2005a,b; Liangt al, 2014) and Curing. Most authors applied “sandwich” type curing
polyurethane foam (Ottored al., 2016; Present study). The methodology, and just three authors used “flat chamber” (Table
selected temperature for most authors for cooling the blotk In every case, the same combination of resines as used to
and do the cutting was -80 °C (Ecletlal; Cook, 1997; forced impregnation were used. The advantage of “sandwich”
Cook & Al-Ali, 1997; Soreaet al, 2002; Sorat al, 2008), method, is the rapidity and easiness for slices assemble and
opposite to the present study that placed the block in a -@&ssemble, in addition to the possibility to do greater slices
°C freezer for 3 days and after one day in a -80 °C ultramount for curing. In the case of “flat chamber” a limitation
freezer. Other studies cooled the block at -75 °C (Soracan exist, regarding to crystals size and the difficulty to
Cook), -85 °C (Scalkt al, 2015a,b) (Table II). assamble. Time also varies, in our study, just 20 hours curing,

less time comparing to others authors (Table ).
Dehydration. Most authors made dehydration with acetone
at -25 °C (von Hagens, 1986; Cook & Al-Ali; Nashal, According to the total time development for this epoxy
2005a,b; Sora & Cook; Elnady & Sora; Sedlal, 2015a,b; resin plastination technique, we have had established a 17 days
Ottoneet al, 2017; Present study). Nevertheless the biggdsing protocol. Elnady & Sora proposed a 22 days protocol,
difference among the authors is time, going from 20 to 2200k 36 days, Zhang & Lee, Leamral and Lianget al a
weeks (Scalet al, 2015a,b), 5 weeks (Cook & Al-Ali), to 7 72 days technique and the longest one, &tall (2015a,b)
days (Elnady & Sora; Present study) (Table ). 159 days, amongh other authors (Table ).

Degreasing.This is a very important step in sheet
plastination, because it contributes to fat elimitation t€ONCLUSIONS
provide a greater slices transparentation. In this way, the
most powerfull chemical (but with greater toxicity), is MeCl,
applied to the slices for one day (Elnady & Sora). Some The plastination technique, created by Gunther von
authors combined acetone and MeCl (Cook; Cook & AHagens in Heidelberg, Germany in 1978, is still a novel
Ali), while other authors just used acetone with timéechnique in both application and development.
variations (Table II).

Plastinated slices were transparent, dry, resistant, odor
Forced impregnation. Some authors made forcedfree, of unlimited durability and easy to maintain (Setral,
impregnation at low temperature (0 - 5 °C) (Cook & Al-Ali;2004; Fritschet al, 2006; Sora & Cook; Elnady & Sora; Soal
Zhang & Lee, 2002; Leapet al, 2005; Naslet al, 2005a,b; et al, 2010; Ottonet al, 2016; Ottonet al, 2017).
Elnady & Sora; Lianget al; Thorpe Lowiset al, 2016).

Scaliet al. (2015a,b) applied forced impregnation at -8 a 0 The sections also present anatomical proportions with
°C, while Sora & Cook and the present study did the procasiimal shrinkage and does not require decalcification (Sora
at room temperature. et al, 2007; Adds & Al-Rekabi, 2014; Thorpe Lowés al;

Ottoneet al, 2017.). According to Soret al (2002), this
There are different modalities of mixture and productgroperty makes it easy to take morphological measurements
types used, mainly Biodur, as it can seen in Table Il. Twior research.
authors did not indicate the epoxy resin brand (Cook; Scali
et al, 2015a,b). There are no variations indicated in the The specimens are of great value, not only for
different manners to combine the distinct epoxy resine typesydergraduate teaching but also for advanced training
with its correspondent catalyst, acelerator, etc. programs in sectional topography and for training specialists
in computed tomography and magnetic resonance imaging
Something interesting to remark in this step, crucigSora & Cook; Sorat al, 2012). Finally, itis an aid to surgical
for the correct conservation and posterior slices visualizatigulanning because it allows excellent viewing of human and
is the application time of forced impregnation. In this studgnimal anatomy.
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