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ABSTRACT

Plastination is a technique that aims to preserve biological materials for education,
training, and research. Plastinated models increase knowledge and skill, make students
easily understand the complex anatomical parts of the central nervous system,
meanwhile can reduce the use of animals in research and education. The study aimed to
produce a silicone plastinated model of the spinal cord of a cat for practical teaching of
neuroanatomy. The spinal cord of a stray cat that died of natural causes was plastinated
using silicone plastination method. The cervical spinal nerves (1-8) and brachial plexus
were demonstrated. The thoracic region of the spinal cord was also well preserved, but
the demonstration of thoracic spinal nerves became very difficult because of too much
thinness of the nerves. The lumbosacral plexus was preserved well. In this region cranial
iliohypogastric nerve, caudal iliohypogastric nerve, ilioinguinal nerve, femoral nerve,
gluteal nerve, ischiadic nerve, obturator nerve, pudendal nerve and cauda equina were
visible. The spinal cord of cats prepared by silicone plastination methods can be used as
an alternative sample to formalin preserved specimens.
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Introduction

Plastination, invented by Gunther von Hagens in 1977,
has produced ideal training models for education,
research, and display (von Hagens and Tiedeman,
1987). Plastination is a technique that aims to preserve
biological materials for education, training, and
research. It is one of the most recent and efficient
preservation methods used in departments of
anatomy for preserving bodies, body parts, and organs
in various forms (Pashaei 2010). This technique offers
a unique way of preserving body parts or the entire
body of animals and humans (Lahunta et al. 2008,
Schoefert 2019).

The spinal cord is a tubular structure composed of
nervous tissue that extends from the brainstem and
continuing through vertebral canal and anchored
caudally by the filum terminale, a fibrous extension of
the pia mater anchoring the spinal cord to the coccyx
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(Bican, 2013; Konig and Liebich, 2020). It has certain
regional variations in form and diameter: at two
locations, where nerves to the limbs arise, the relative
diameter of the spinal cord is increased. The cervical
enlargement or intumescence (intumescentia
cervicalis) involves the caudal part of the cervical spine
and the initial part of the thoracic spine and gives rise
to the spinal nerves that form the brachial plexus that
innervates the thoracic limb. The lumbar enlargement
(intumescentia lumbalis) gives rise to the spinal
nerves, which innervate the pelvic cavity and the
pelvic limb (Bican, 2013; Toossi et al., 2021, Konig and
Liebich, 2020).

Plastinated models increase knowledge and skill,
make students easily understand the complex
anatomical parts of the central nervous system,
meanwhile reduce the use of animals in research and
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education. Detailed knowledge of the neuroanatomy
of the spinal cord is critical for veterinary students to
understand its pathologies, for diagnoses and finding
possible treatment for the common disorder of a
nervous system (Lahunta et al. 2008, Schoefert 2019,
Toossi et al.,, 2021). The most common disease that
brings about spinal cord problems in cats is neoplasia
of the vertebral column (Marioni-Henry et al. 2004),
most commonly spinal lymphosarcoma (LSA) (Vail and
Macewen 2000, Forterre et al. 2007, Marioni-Henry et
al. 2008), feline infectious peritonitis (FIP) (Baroni et
al. 1995, Legendre et al. 1995), and intervertebral disc
disease (Knipe et al. 2001, Munana et al. 2001, Lu et
al. 2002).

Teaching tools like the plastinated model have
paramount importance for the anatomical diagnosis
of neurologic disorders. The use of plastinated tissues
in the neurosciences greatly facilitates teaching
neuroanatomy (Holladay and Hudson, 1989). The is no
documented previous study that focused on
plastination of the spinal cord of cat. Therefore, the
study aimed to produce a silicone plastinated model
of cat spinal cord for practical teaching of
neuroanatomy.

Materials and Methods

A stray cat that died of natural causes was taken from
department of veterinary pathology, Faculty of
Veterinary Medicine, Ankara University and used for
the study. This study was approved by the Ethical
Committee of Ankara University (2021-9-56). The
specimen was fixed in a 10% formalin solution for 4
weeks before dissection. Dissection and
demonstration of the spinal cord were performed by
dorsal laminectomy (Figure 1).
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Figure 1. Dissection and laminectomy step

After removing skin and muscles gently, dorsal
osseous parts of the vertebral column were removed
with an oscillating saw to obtain a clean area and
undamaged spinal cord. The dorsal part of the spine
was removed starting from the atlas to the end of the
sacral region. Then dissection of the spinal nerves was
performed. Even though the objective of the study
was plastination of spinal cord, from the relative
importance point of view, the authors focused on
spinal nerves raised from the cervical, lumbar sacral
regions, and plexus formation. Following dissection,
the cadaver is subjected to fixation. Fixation converts
proteins of the body to a longer-lasting substance by
forming cross-linkages between adjacent protein
molecules. After the fixation, the dehydration step
continued. For dehydration three consecutive acetone
changes were made at -20 °C. The mass ratio of the
acetone to the organs was 10:1. The acetone
concentration of the last bath was 99%. Dehydration
process take three weeks. After the complete
dehydration step, Specimens are removed from the
acetone, excess fluid was shake off, and the
specimens are submerged in the impregnation
mixture. Vacuum pump is applied and bubbles
formation was totally ceased at 20 days of forced
impregnation. Forced impregnation was carried out in
a vacuum tank at -20 °C using S10B silicone polymer
and S3 catalyzer. Completion of impregnation was
monitored by observing the acetone bubbles on the
surface of the silicone-filled vacuum tank. Finally, the
gas curing was done with S6 in air-tight bags to harden
the specimens (Henry et al., 1997; Henry et al., 2007;
Henry et al.,, 2019). Nomina Anatomica Veterinaria
was used for anatomical nomenclature (NAV, 2017).

Results

The vertebral column of the cat was opened and
dissected, and then it was plastinated by the silicon
plastination method (Figure 2). The cervical nerves
were well demonstrated. Due to the chosen dissection
technique and the objectives of the study, the
evaluation of the existence and course dorsal branch
of spinal nerve were not demonstrated. Cervical spinal
nerves (1-8) and right and left brachial plexus were
demonstrated (Figure 3, Figure 4, Figure 5). They are
somewhat flexible and easy to handle. In the thoracic
region, the spinal cord was also preserved well but,
the demonstration of course of thoracic spinal nerves
became very difficult because of too much thinness of
spinal nerves. The Ilumbar, sacral region, and
lumbosacral plexus (both left and right) were
demonstrated in a way that enables students to a
better understanding of the origins and formation of
plexuses in the lumbosacral. In this region cranial
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Figure 2. Plastinated anatomical specimen of cervical and thoracic
regions of the spinal cord. C1, 1% cervical spinal nerve, C2, 2™
cervical spinal nerve, C3, 3" cervical spinal nerve, C4, 4™ cervical
spinal nerve, C5, 5 cervical spinal nerve, (a), cervical
intumescence, C6, 6™ cervical spinal nerve, C7, 7™ cervical spinal
nerve, C8, 8™ cervical spinal nerve, T1, 1** thoracic spinal nerve, T2,
2™ thoracic spinal nerve, T3, 3“thoracic spinal nerve, T4, 4"
thoracic spinal nerve, T5, 5 thoracic spinal nerve, T6, 6™ thoracic
spinal nerve, T7, 7™ thoracic spinal nerve, T8, 8™ thoracic spinal
nerve, T9, 9™ thoracic spinal nerve, T10, 10" thoracic spinal nerve,
T11, 11% thoracic spinal nerve, T12, 12" thoracic spinal nerve, T13,
13" thoracic spinal nerve.

Figure 3. Plastinated anatomical specimen of cervical and thoracic
regions of the spinal cord. L1, 1st lumbar spinal nerve (cranial
iliohypogastric nerve), L2, 2nd lumbar spinal nerve (caudal cranial

iliohypogastric nerve), L3, 3rd lumbar spinal nerve (ilioinguinal
nerve), L4, 4th lumbar spinal nerve (genitofemoral nerve), L5, 5th
lumbar spinal nerve, (b), lumbosacral intumescence, L6, 6th lumbar
spinal nerve, L7, 7th lumbar spinal nerve, S1, 1st sacral spinal
nerve, S2, 2nd sacral spinal nerve, S3, 3rd sacral spinal nerve.

iliohypogastric nerve, caudal iliohypogastric nerve,
ilioinguinal nerve, femoral nerve, gluteal nerve,

ischiadic nerve, obturator nerve, pudendal nerve and
cauda equina were visible (Figure 1, Figure 6). The
present investigation showed an excellent specimen
for display in practical anatomical sessions.

Figure 4. Formation of plexus brachialis and their branches. C6,
6th cervical spinal nerve. C7, 7" cervical spinal nerve, C8, gt
cervical spinal nerve, T1, 1% thoracic spinal nerve. Phrenic nerve
(a), dorsal scapular nerve (b), suprascapular nerve (c), subscapular
nerve (d), musculocutaneous nerve (e), Abxillary nerve (f), Radial
nerve (g), median nerve (h), ulnar nerve (i), lateral thoracic nerve

(i)-

Figure 5. Formation of plexus brachialis. C4, 4th cervical spinal
nerve, C5, 5th cervical spinal nerve, C6, 6th cervical spinal nerve,
C7, 7th cervical spinal nerve, C8, 8th cervical spinal nerve, T1, 1st
thoracic spinal nerve, T2, 2nd thoracic spinal nerve, a, cervical
intumescence.
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Figure 6. Formation of plexus lumbosacralis. L5, 5% Jumbal spinal
nerve, b, lumbosacral intumescence, L6, 6™ lumbal spinal nerve,
L7, 7™ lumbal spinal nerve, S1, 1% sacral spinal nerve, S2, 2"sacral
spinal nerve, S3, 3" sacral spinal nerve, (a) ischiadic nerve, (b)
pudendal nerve.

Discussion

Disturbance in the gait of animals is a common
neurological problem in veterinary medicine (Garosi
2004). Besides, results of neurological related studies
in cats indicate that lymphosarcoma is most common
in affecting the spinal cord of cats (Vail and Macewen,
2000, Forterre et al. 2007, Marioni-Henry et al. 2008).
For the appropriate treatment of neurological
problems, understanding their anatomy is crucial.
Therefore, the plastinated specimen in our research
will probably provide an efficient preliminary
information not only for the clinicians but also for the
pathologists. The present investigation showed spinal
nerves in the cervical and lumbar region with their
ventral roots. In the cervical region, the ventral root
spinal nerves (1-5) were visible and the formation of
plexus cervical was also demonstrated. The ventral
roots of the last three cervical spinal nerves (6-8) and
the first thoracic spinal nerve (T1) were well
demonstrated and how they formed plexuses
brachialis was visible. Ventral branches of plexuses
brachialis were also well preserved. Suprascapular
nerve, subscapular nerve, musculocutaneous nerve,
axillary nerve, radial nerve, median nerve, ulnar nerve,
and lateral thoracic nerve were among well-preserved

plexuses brachialis. Produced specimens were dry, non
-sticky, odorless, with detectable morphological
structure, and almost retain their natural form. Central
nervous system preserved in formalin solution has
been using for practical teaching of neuroanatomy.
Long term storage of Central nervous system in
formalin solution has strikingly noticeable influence on
its lipids content. Central nervous system preserved in
formalin can be easily tear or break down while
students use it (Jain et al.,, 2014; Tomalty, 2019,
Heslnga and. Delerkauf, 1962).

Our study showed an excellent specimen to
display samples in practical anatomical sessions which
enable students to better understand the origins and
formation of brachial plexus. In the lumbar and sacral
region, the spinal cord with its roots (ventral rami) and
cauda equina was well demonstrated. In the lumbar
region the first three ventral rami (cranial
iliohypogastric nerve, caudal iliohypogastric nerve,
ilioinguinal nerve) after leaving the vertebral column,
didn’t form any plexus in both sides (left and right).
The last four ramus ventralis of the spinal cord in the
lumbar region was attached and forms the lumbar
plexus. Lumbar plexus further attached to the sacral
plexus and forms lumbosacral plexus. The sacral plexus
was formed by joining of the ramus ventral rami of the
spinal cord in the sacral region. In comparison to the
formalin preserved specimen of the spinal cord and its
roots, the specimen preserved with plastination
technique was visible, unbroken but they were much
firmer. The same finding was also reported by Basset
et al. (2014). The skill and knowledge of regional
anatomy in the nerve system had an important part in
general surgical practice. Having good knowledge and
skill of spinal cord regional anatomy could be useful in
studying and determining an area for epidural
anesthesia during surgical practices.

Conclusion

Spinal cord in cat prepared by silicone plastination
method can be used as the best alternative to formalin
preserved  specimens in the teaching of
neuroanatomy, but it needs very careful dissection and
specimen preparation for plastination.
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