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Summary: Lifelike simulation of surgical procedures as well as whole body dissections of horses in a natural standing position are superior
as they show the normal topographic visceral interrelationships between organs, their ligamentous associations, vasculature and innervation.
This short technical communication reports on the fixation of small-frame horses in a standing position on a mobile frame. Animals are
euthanased using standard veterinary protocols and heparinised to facilitate exsanguination. All steps including the embalming procedures/
protocols, the support of the body with fabric body harnesses, and additional means to place and hold the body in an as natural position as
possible are described in detail. Following these procedures, animals were dissected over a time period of three-months and exposed tissue
surfaces were swabbed weekly to determine their ongoing microbial status. No adverse effects, such as aerobic and anaerobic bacteria, yeast,

or mould growth were found.
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Introduction

Horse practitioners often have to perform surgery, such as
castration or minimally invasive laparoscopy, on standing
sedated horses. When conducted in the standing position,
the need for general anaesthesia and its associated risks can
be avoided (Hendrickson 2012). However, students are only
rarely given the opportunity to practise on cadavers of stand-
ing horses.

Due to the large size of horses, students often have little ex-
posure to the basic anatomy of this species since many vet-
erinary fraining institutions do not have the means to perform
whole body dissections on standing horse cadavers either in
their anatomy curriculum or in surgical simulation training in
their clinical curriculum. Instead, such institutions focus on
specific regions of significance such as the distal limb, or on
organ systems such as the digestive system, for which repre-
sentative abattoir specimens are suitable and usually readily
available (Cake 2006).

Whole body dissection of horses is uncommon mostly due to
physical constraints such as premises not being designed to
allow large animals to be fixed, adequately stored and dis-
sected. In addition, animal welfare issues imposed upon most
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universities limit the teaching, especially of large domestic
species (Theoret et al. 2007, Tiplady et al. 2011).

Although more recently simulation models for surgical train-
ing in standing horses, e.g. a simulator for laparoscopic ova-
riectomy, have been designed, these models are not available
commercially (Elarbi et al. 2018).

However, some institutions, such as the Freie Universitét Ber-
lin, have reached a compromised but educationally success-
ful alternative that allows whole body dissection of large do-
mestic species (Janczyk et al. 2011a, Janczyk et al. 2011b,
Klopfleisch et al. 2013). At the Department of Veterinary
Medicine of the Freie Universitét Berlin, small-frame horses
are acquired via a body donation program, euthanased,
and subsequently placed in a standing position on a mobile
frame. Once the limbs and head are positioned in an as nat-
ural position as possible, the animal is fixed ‘in situ’. The initial
selection of small-frame horses is essential.

Animals and methods

All procedures are undertaken using standard, ethically ap-
proved techniques and drug regimens. Animals having a
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disease with a poor prognosis are donated by their owners
for the purpose of veterinary education. The animals used as
the basis for this report were euthanased by a veterinarian in
accordance with all relevant local animal welfare laws, guide-
lines, and policies (Landesamt fir Gesundheit und Soziales

Berlin, L 0089/14, 2014-2017).

After insertion of an intravenous catheter, animals are hepa-
rinised fo facilitate exsanguination. Euthanasia is carried out
using standard veterinary protocols.

Death is confirmed by cardiac arrest. Once euthanasia is
complete, a 7cm incision is made midway along the neck,
parallel to and 2-3cm dorsal to the jugular furrow. After lo-
calizing the carotid sheath, the common carotid artery togeth-
er with its accompanying vagosympathetic trunk is dissected
free from adjacent tissues and structures. Then the common
carotid artery is freed from its aftachment to the vagosym-
pathetic trunk and elevated. Two loose ligatures are placed
around the common carotid artery, the first close to site of the
arterial catheterization incision and the second several cen-
timetres distall. A 5mm longitudinal incision is made in the
common carotid artery and a cannula (diameter 9 mm, length
90mm) is introduced with its blunt end directed towards the
heart. The other end of the cannula is connected to a rubber
tube (internal diameter 8 mm, length 20 cm) to allow arterial
drainage. The common carotid artery is tied off towards the
head, close to the incision site. Subsequently, the preplaced
ligatures are tied off around the cannula and blood is allowed
to drain from the body. If necessary, the whole body is elevat-
ed with the head and neck lowermost to allow gravity to assist
exsanguination.

Subsequently, the carcass is cleaned and visible surface con-
taminants are removed from the coat of the animal.

Next, a broad fabric body harness is placed midway around
the abdomen of the animal. Once the harness is in place, the
animal is lifted by a hoist/crane into an upright posture and
placed within a wheeled support-frame positioned below and
around it (Fig. 1). Then a strong metal rod is passed through
the insertion site of the nuchal ligament with 10cm protrud-
ing from each side. A second rod is inserted below the tail
base at the level of the proximal caudal vertebrae and also
left in place with T0cm protruding on each side. A rope is
tied to one side of each transverse rod and then passed over
the longitudinally oriented overhead rail of the support-frame
and tied off to the other side of its respective transverse rod
(Fig. 1). The animal is then positioned in a standing position
in as natural a posture as possible. Once this is achieved
each hoof is placed on the hardwood base of the frame and
screwed in place (Fig. 1). To ensure the animal is fixed in a
natural position, broad cloths are placed around the principal
limb joints and adjusted and tied off to the nearby frame to
atftain a natural conformation of the limbs. The head is posi-
tioned using a broad cloth around the muzzle, which is tied
off on the overhead rail.

Once the animal is in the required position, the carotid can-
nula is connected to a peristaltic pump outlet by flexible tub-
ing (Thalheimer, Ellwangen, Germany). An appropriate fixa-
tive is perfused at a pressure of up to 2 bar for approximately
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10-20 min. Fixation is complete once the animal is noticeably
firm to touch and the muscles and joints have become stiff.
After fixation, the abdominal body harness is removed and the
animal is placed in a cooling chamber, where it is cooled to
4°C. After two to three days the stabilizing cloths are removed
from the limbs and head. The support ropes to the neck and
base of the tail are retained to stabilize the animal.

Finally, the coat of the animal is clipped short to remove sur-
face contaminants and limit any future microbial growth. After
that, the entire body is thoroughly scrubbed clean using lig-
vid detergents and disinfectants. Particular care is taken with
cleaning the body orifices and the distal extremities.

Prior to dissection of the forelimbs, additional stabilizing wires
are passed through two spinous processes of the withers and
connected to the overhead rail of the support-frame.

Animals can be dissected progressively over 3—-6 months with
no negative effects on the quality of the specimens. At the end
of each dissection class, animals are washed with a formalde-

hyde free solution (H,0 [50%], ethanol [30%)], glycol [20 %]).

Fig. 1T Asmall horse in its mobile frame immediately following fix-
ation in a natural standing position. It is still held upright by the hoist
connected to a large cloth supporting the abdomen. Anteriorly, the
head is supported by a broad cloth and posteriorly it is supported by a
short rope running from the frame to a metal rod inserted transversely
through the nuchal ligament insertion. The pelvic region is held up
by a rope running from the frame to a metal rod passing transversely
through the tail base in the region of the caudal vertebrae. Hooves of
the animal are screwed onto the hardwood base of the frame. Cloths
around the joints have been removed. | Kleinpferd in mobilem
Metallrahmen in stehender Position. Das Préparat wird durch eine
Héngematte um den Bauch aufrecht gehalten, die am Rahmen befes-
tigt ist. Der Kopf wird sowohl durch ein breites Tuch als auch durch ein
kurzes Seil gehalten, das vom Rahmen zu einem Metallstab verlauft,
der transversal durch das Ligamentum nuchae hindurchgefihrt wur-
de. Die Beckenregion wird durch ein Seil gehalten, das vom Rahmen
zu einem Metallstab verléuft, der transversal durch die Schwanzwurzel
in der Region der ersten Schwanzwirbel hindurchgefihrt wurde. Die
Hufe des Tieres werden auf der Platte, die die Basis des Rahmens
bildet, festgeschraubt. (Die Ticher zur Stabilisierung der Gelenke sind
auf der Zeichnung nicht dargestellt.)
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(Formaldehyde is classified as a "category 1B carcinogenic
substance". Whilst the use of formaldehyde is permitted, since
January 2016 compliance with a maximum workplace con-
centration (MAK) of 0.37 mg/m® resp. 0.3ml/m* (0.3 ppm)
has been legally mandatory). Subsequently, the animals are
covered with damp cotton cloths dipped in this solution and
wrapped in polyethylene clear wrap. Standing specimens are
kept in a refrigerator at 4°C when not being dissected.

Over a three-month period the fixed horses were swabbed
weekly to determine the ongoing microbial status of the spec-
imens. Adverse effects, such as aerobic and anaerobic bacte-
ria, yeast, or mould growth were not observed.

Technique comments

There are a wide variety of mechanical pumps in use for ca-
daver perfusion (Brenner 2014). Probably the most common
are peristaltic pumps because of their reliability, ease of use,
and longevity. The perfusion pressures used differ to some
extent with species. With horses a maximum of 2 bar works
well. Pressures above these limits can cause blood vessels to
rupture and fixative to pool in the body cavities, especially in
the abdomen. On some occasions excessively high pressures
cause the fixative to be shunted away from the systemic circu-
lation and to flow from the nasal and oral cavities.

In our institution, we use formaldehyde at a low concen-
tration (2-3%) in the fixation of horses. Formaldehyde is
the most common biocidal substance used to embalm ca-
davers in veterinary and human medicine. It is an excel-
lent preservative as it causes denaturation of proteins and
inhibits microbial growth. Human exposure to formalde-
hyde, however, has health risks, including carcinogenesis
(IARC 2006). To reduce the risks associated with formal-
dehyde, newly developed protocols and aerosol sampling
have been implemented (Thullner et al. 2015, Waschke et
al. 2019). In our studies, we are very aware of the risks
of formaldehyde and have investigated fixation methods
both without or with as little as possible (Janczyk et al.
2011 a, b, Klopfleisch et al. 2012). However, the adequate

Fig. 2  Preparation of the deep layer of the extrinsic musculature of
the thoracic limb: skin and subcutaneous musculature are removed
and the trapezius muscle is peeled back. Skin, muscles, fasciae and
fatty tissues can be separated from each other easily. Colour preser-
vation and fissue textures are realistic. |  Praparation der tiefen
Schultergirtelmuskulatur: Haut und Hautmuskeln entfernt, M. trape-
zius weggeklappt. Haut, Muskulatur und Faszien sowie Fettgewebe
lassen sich gut voneinander I6sen. Die Farberhaltung, Konsistenz und
damit lebensnahe Darstellung sind als sehr gut einzuschétzen.
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fixation of horses in a standing position requires the ad-
dition of formaldehyde to give it a suitable degree of ri-
gidity. In our institution constituents of a 100 litres of form-
aldehyde-based fixative are as follows: 30 litres of 100%
ethanol and 20 litres of polyethylene glycol 400. Then 8.1
litres of formaldehyde (37 %), and 41.9 litres of water for a
3% solution or 5.4 litres of formaldehyde (37 %), and 44.6
litres of water for a 2% solution are added.

Smaller species such as goats and sheep have been successfully
perfused at 1 bar, whereas dogs have been perfused at 0.5 bar.
In these cases the formaldehyde based fixative is used at 2%.

Conclusions

The provision of horse specimens fixed in a normal standing
position for whole body dissections is an enriching teaching
and learning activity because it resembles normal clinical
circumstances when examining these animals for medical or
surgical reasons. Even though the anatomy of the limbs can
be examined on disarticulated specimens, dissection and sur-
gical training using whole bodies in the standing position is a
superior method as it more closely emulates the normal axial
and appendicular biomechanical forces affecting the limbs
(Cake 2006, Papa and Vaccarezza 2013, Davis et al. 2014,
Sheikh et al. 2015). In addition to dissection of musculoske-
letal elements, studying organ systems ‘in situ’ is cerfainly the
superior method to demonstrate normal topographic visceral
interrelationships between organs, their ligamentous associa-
tions, vasculature and innervation (Sheikh et al. 2015). This
again is important for the inferpretation of images obtained
by radiography or other imaging techniques as well as the
planning and implementation of surgical interventions.

Depending on the needs of anatomy teaching in different
countries, camelids can also be fixed as described in the pre-
sent study.
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