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Introduction

Throughout history, many techniques have been used for
anatomical preservation. One of the earliest reported meth-
ods of human tissue preservation is mummification, which
was used by ancient Egyptian civilizations to prepare human
remains for burial. This method is based on dehydration, and
is preceded by a treatment with chemical substances whose
recipe we currently have no exact knowledge of, but some
mummies that have been studied by scientists have become
quite famous not only for their role in history as individuals,
but also due to the wealth of medical information obtained
from the mummified bodies.1 The most recent technique
currently used is plastination.2–4

After the advent of mummification, and before the advent
of plastination,manymethods to preserveholloworgans and
lungs were described in published articles, such as preser-
vation with formalin, freeze-drying, and air-drying. Howev-
er, plastination has recently begun to revolutionize the way

in which human and animal gross anatomy can be presented
to students.5–7

It is well-known that the fixation process is the most
important step of all, because it keeps the fixed specimens
insoluble and protected against deterioration; therefore in
order to study and dissect, the specimens in every anatom-
ical laboratory must be preserved and fixed with a preser-
vative solution.1 However, in anatomical laboratories,
fungal contamination of the specimens can cause allergy
in students and professionals due to the large exposure to
airborne fungal spores.8

The regular exposure of anatomists and their students to
formalin leads to many health problems, such as irritation of
the eye and upper respiratory tract,9,10 reduction in pulmo-
nary function,11 and increased risk of nasal and lung cancer;12

moreover, theexposureof females to formalin causesadelay in
conception, increases the likelihood of abortion, and may lead
to infertility.13 Research on animals has confirmed that for-
malin is a carcinogen.14–16
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Abstract The present study describes air-drying, which is an alternative method to study and
teach gross anatomy to undergraduate and postgraduate students. In order to
preserve the hollow organs of different animals, an air-drying pump (compressor)
was used; then, the preserved specimens were expanded through the injection of foam
into their lumen followed by the application of varnish on their external surface to
protect them from insect damage. This method of preservation is suitable for
developing countries because it is cheap to prepare, simple to perform, and can be
performed at room temperature (37°-40°C) without special equipment. The produced
specimens have many advantages: their normal anatomical form remains durable, very
light in weight, non- toxic regarding handling, and resistant to improper handling and
deterioration by fungi or bacteria, with all structures very clear. These preserved
specimens last for many years without any changes.
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In the present study, we chose the air-drying method due
to the low cadaveric availability and limited funds in our
anatomical laboratory, and because this method is safe
regarding handling. Moreover, we have no means of using
the plastination technique, which is very expensive in our
developing country of Egypt.

Material and Methods

Samples
Fresh hollow organs such as the stomach, the intestines, and
the female genital system, aswell as the lungs,were collected
from different animals (cows, camels, goats and sheep) from
a slaughterhouse in the city of Desouk; the organs of horses,
donkeys and dogs were also collected, but those animals
were brought from farms, anaesthetized, bled well through
the common carotid artery, and then had their holloworgans
and lungs collected directly.

Air-Drying Pump (Compressor)
The air-drying pump (compressor) (►Fig. 1) is adjusted to
the suitable pressure; then, its tubes are connected to the
openings of the hollow organs: the cardiac and pyloric
openings in the case of the stomach, the beginning of the
duodenum in the intestines, the vulva the female genital
tract, and the trachea in the lungs.

Preparation of the Samples
The holloworganswereflushedwellwith tapwater until they
were rid of ingesta and any other waste products. The adipose
tissue, the omenta, the fat and the mesentery were removed
with caution, without damaging the outer muscle layers. The
ingesta andwasteproductsof the ruminant stomach shouldbe
removed by making small opening, which is then sutured
(►Fig. 2). As for the preparation of the lungs, care must be
taken to avoid laceration or tearing, and then all bloodmust be
removedbywashing,whichshouldbefollowedby the removal
of all fat, excessive connective tissue, and tracheobronchial
lymph nodes to quicken the drying process.

Once the hollow organs and lungs have been cleaned, they
are ready to be hooked to the air-drying pump (compressor)
through cannulation with appropriate-sized tubes for the
removal of fluids. Then, the organs are first dilated to the
suitable degree of inflation (in relation to their normal size) by
controlling the air flow of the pump.

Then, depending on the volume of the organs, they will
remain hooked to the pump for a given number of time; the
lungs, for example, usually stay hooked to the machine for 7
continuous days, and ruminant stomachs, for 10 to 14
continuous days. One should be careful to avoid increasing
the pumping of air to avoid herniation or rupture; the lowest
rate of pumping should not be used either, to avoid the
closing or shrinking of the organs.

The next step is to inject the lumen of the organs with
expanding plastic foam materials such as fiberglass, flexible
plastic resin, or silicone, to protect the internal structure from
damage by insects or bacteria and prevent collapse during
handling.

The last step is applying varnish to the external surface of
the hollow organs to protect them from damage by insects or
bacteria; in this stage, painting or labeling of certain struc-
tures on the external surface of the organsmay be performed
to aid in the teaching of anatomy (►Fig. 7 and 9).

Result

This preservationmethod is suitable to be used in developing
countries because it is very cheap, highly durable, user-
friendly, requires no wet preservation or special equipment,
and the organs can be subsequently used in the teaching of
gross anatomy.

The method involves four phases:

Thefirstphase is thepreparation,sothat theorgansareclean
and free from any ingesta, waste products, fat, excessive
connective tissue and blood, as shown in (►Figs. 2 and 3A).
The second phase is the adjustment, adaption and control of
the air flow (inflow and outflow) to restore the organs to
their natural size; the air flow is then maintained for differ-
ent periods of time according thesizeof the organs to help in
the replacement of water by compressed atmospheric air,
which results in lightweight, dry preserved organs.
The third phase involves the protection from insects or
bacterial damage and the prevention of collapse during
handling. This is performed through the injection ofFig. 1 Photograph of the air-drying pump (compressor).
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expanding plastic foam materials in the lumen, which is
followedby theapplicationofvarnishon theexternal surface
to protect the specimens fromdamageby insects or bacteria.
The fourth phase is the painting or labeling of certain
structures on the external surface, or themade an opening
to show the internal structures for the teaching of anato-
my which more clear in the hollow organs such as; the
ruminant stomach with its internal structures (ruminal
papillae, reticular cell, omasal lamellae of omasum and
abomasal folds); the trigenome vesciae of the urinary
bladder, the uterine caruncles of uterus, and the margo-
plicatus line separating the glandular and non-glandular
mucous membrane of the horse stomach (►Figs. 4–9).

In anatomical laboratories, this method helps to solve the
problem of studying the anatomical points of the gastroin-
testinal tracts of large animals, especially large ruminants
(►Figs. 3–9), because, when the gastrointestinal tract is
removed from the abdominal cavity and emptied of ingesta,
many important anatomical points are lost, and this poses a
large problem to the anatomy students attempting to study
the internal structure of these hollow organs.

The present study represents the first attempt to analyze
the topographic anatomical position of the lung within
the thoracic cage of donkeys. The aim of that is to determine
the normal topographic position of the lungs, the area of
auscultation and percussion, and to facilitate the study of the
relationship of the lungs with their surrounding structures,
such as the heart, the ribs, the sternum and the diaphragm.
This is achieved by removing all of the thoracic muscles and
leaving only the lungs and heart with their covering within
the thoracic cage; then, the air-drying preservation method
is applied, as shown in (►Fig. 10).

In the case of the lungs, this method enables the visuali-
zation of the lobation and of many impressions on the
parietal and visceral surfaces that may differ according to
the state of the taken lungs (expiration or inspiration); the
costal impression, for example, is observed during inspira-
tion, but not during expiration. The border and surface of the
lungs will be clear; therefore, by increasing the amount of air
pumped into them, the visceral pleura becomes separated,
and can be easily observed (►Fig. 8 and 9).

The preserved organs produced through this method
have many advantages: they are stable, have clean surfaces,

Fig. 2 Photograph of the ruminant rumen to show the cleaning process. View (A): the small opening in the rumen to remove the ingesta. View
(B): the suture of the small opening after the rumen is rid of ingesta and any other waste products.
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no odor, are extremely durable, and maintain their original
color and almost their original size through the control of
the air that is pumped into them. Additionally, they are dry
to the touch, free from any greasy residue, and lighter
than they were in their natural state, in which the physical
state of the organs were similar to that in the living
condition (as shown in ►Figs. 4 to 10). Moreover, this
method also contributes to the study of the normal ana-
tomical position of the lungs within the thoracic cage in the
suspended trunk of donkeys, as shown in (►Fig. 10).

Regarding potential hazards to human health and the
environment, the preserved organs can be easily and safely
examined without medical gloves, for they do not release
odor or toxic fumes, and they do not contain any toxic
fixative materials or chemical substances, as shown in
(►Fig. 4B, 6C, 8C and 9C).

Discussion

The present study describes the air-drying method, which is
an alternative to prepare the lungs and hollow organs for the
study and teaching of gross anatomy. This method of preser-
vation is suitable to be used in developing countries, as it is
very cheap to prepare, simple to perform, performed at room
temperature (37°–40°C) without the need of special equip-
ment, and produces specimens with many advantages.

Many previous articles in the literature have described
different methods to improve the teaching of anatomy, such
as the use of: embalmed cadavers, which remains the basic
mainstay for the teaching of gross anatomy in most facilities
of medicine;17 live animals;18 prosections versus dissec-
tions;19,20 learning without cadavers;21 problem-based
learning;21 virtual-reality surgical simulators;22 computer-

Fig. 3 View A: photograph of the small intestine of a donkey after cleaning with tap water until it was rid of ingesta and any other waste
products. View B: photograph of the preserved air-dried large intestine of a horse. Abbreviations: Ca, cecum; ta, lateral taenia; Rvac, right ventral
ascending colon; Lvac, left ventral ascending colon; Rdc, right dorsal colon.
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aided instruction;23modular resource centers;24 and, finally,
plastination, which is themost important technique recently
developed for the preservation of biological specimens.4,18

As demonstrated in many articles and textbooks, nowa-
days formaldehyde is the most commonly used chemical
substance in developing countries, because it is cheap, has
easy penetration, and acts fast. Moreover, formaldehyde
solutions are used as a fixative material for gross anatomical,
microscopic, histological and pathological specimens, aswell
as in embalming to disinfect and temporarily preserve
human and animal remains.14,25

However, formaldehyde causes many recorded healthy
problems, and is classified as a human carcinogen; it causes
nasopharyngeal cancer and may cause leukemia; it is a toxic,

allergenic material that, in rare cases, may induce bronchial
asthma when someone is exposed to relatively high doses of
it. Moreover its inhalation can cause irritation of the eyes,
nose, tunica mucosa, with increased tearing as it is quickly
absorbed by the nose and the upper part of the lungs.1,14,15

Formaldehyde also causes severe pain, vomiting, coma, and
possible death if drunk in large amounts, and it also leads to
irritation of the skin (if a strong solution comes into contact
with it), but reports of deaths in humans from the short-term
inhalation of formaldehyde were not found in the literature.
As a result of this, several European countries restrict the use
of formaldehyde, including the importation of formalde-
hyde-treated products, and embalming. As of Septem-
ber 2007, the European Union banned the use of

Fig. 4 Photograph of an air-dried preserved horse stomach. View A: external appearance of the stomach; the white arrow indicates the opening
on the parietal surface to the internal structure. 1, lesser curvature; 2, greater curvature. Abbreviations: Cs, caucus cescus; d, duodenum; Co,
cardiac opening. View B: to clarify that the preserved stomach is stable, has a clean surface, no odor, is extremely durable, maintains its original
size, is dry to the touch, free from any greasy residue, and is lighter than in its natural state.

Fig. 5 Photograph of an air-dried preserved stomach of an ox. 1, dorsal ruminal sac; 1a, caudodorsal blind sac; 2, ventral ruminal sac; 2a,
caudoventral blind sac; 3, cardiac opening; 4, omasum; 5, reticulum; 6, abomasum.
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formaldehyde (including in embalming) due to its carcino-
genic properties as a biocide, under the Biocidal Products
Directive (98/8/EC).26,27

In the anatomical, histological and pathological laboratories
of developing countries, there is no otherway except the use of
formaldehyde for the preservation and examination of speci-
mens in the classic display in glass jars. As a result of this,
anatomy students will present significant negative health
effects due to their exposure to formalin nearly three hours a
day; these health effects are not immediate at these low doses,
but they insidiously accumulate over time. In addition, the
formaldehyde jars are fragile, and immersion in fluid makes
viewing difficult; the specimens may be removed for observa-
tion, but handling them is unpleasant because of the formal-
dehyde fumes. Also, upon exposure to air, such specimens
quickly lose color, and their surface features progressively
deteriorate.

Thus, there are two preservation methods other than the
undesirable formalin preservation that are suitable for devel-
oping countries. Thefirst method, described by O’Sullivan and
Stewart,5 is freeze-drying,which produces specimens that can
used for nearly 3 years without any signs of deterioration; the
disadvantage of thismethod is that it is not free from contami-
nation by mold. The second method is air-drying, which was
used3,28 in the present study. The preserved organs produced
through this method have many advantages: they are stable,
have clean surfaces, no odor, are extremely durable, and
maintain their original color and almost their original size
through the control of the air that is pumped into them.
Additionally, they are dry to the touch, free from any greasy
residue, and lighter than they were in their natural state, in

which thephysical state of theorgansweresimilar to the living
condition.Moreover, thismethod also contributes to the study
of the normal anatomical position of the lungs within the
thoracic cage in the suspended trunks of donkeys.

Currently, the most desirable method of preservation is
plastination, which is unsuitable for developing countries,
for it is more expensive and requires special instruments, a
special laboratory, and a special chemical substance; in
addition, with plastination the preservation process takes
longer. Plastination was originally introduced to the medical
world by Dr. Gunther von Hagens in 1977. In this process,
water and the lipids in the biological tissues are replaced by
curable polymers (mostly silicone, epoxy, and polyester),
which then will harden and finally result in natural-looking,
dry, odorless and durable specimens.29 The preserved speci-
mens produced through this methods have many desirable
characteristics: they are clean, dry, odorless, and durable
biological specimens that can behandledwithout gloves, and
they do not require any special storage conditions or care.
These specimens also prevent the exposure of the staff and
students to the toxic substances (such as, formaldehyde,
phenol and alcohols) used in the classic preservation of
biological tissues.2,4,30,31

The current studyagreeswithwhat is stated in the study by
Arnautovic et al,32 who describe that filling the air-dried
hollow organs with expanding plastic foam protects their
inner surface from insect damage and prevents their collapse
during normal handling, while the application of varnish does
the samefor the external surface. Thepresent studyadded that
the external surface of the organsmay be painted or labeled to
demonstrate certain anatomical points, and that an opening

Fig. 6 Photograph of an air-dried preserved stomach of a one-humped camel. View A: 1, dorsal ruminal sac; 2, ventral ruminal sac; 3,
caudodorsal blind sac; 4, caudoventral blind sac; 5, ruminal atrium; 6, ruminal recess; 7, left longitudinal groove; 8, dorsal coronary groove; 9,
ventral coronary groove. Abbreviations: A, anterior glandular sac area; F, first compartment; S, second compartment; T, third compartment.
View B: Abbreviations: Cdbs, caudodorsal blind sac; Co, cardiac opening; F, first compartment. View C: to clarify that the preserved one-humped
camel stomach is stable, has a clean surface, no odor, is extremely durable, maintains its original size, is dry to the touch, free from any greasy
residue, and is lighter than in its natural state.
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Fig. 7 A: photograph of an air-dried preserved female donkey genital tract. Abbreviations: V, vagina; U, uterus; C, cervix; B, urinary bladder; Ur,
urethrae. B: photograph of an air-dried preserved stomach of a goat. 1, left longitudinal ruminal groove; 2, caudal ruminal groove. Abbreviations:
S, spleen; Drs, dorsal ruminal sac; Ds, dorsocaudal blind sac; Vrs, ventral ruminal sac; Vs, ventrocaudal blind sac.

Fig. 8 A:photographof anair-driedpreserved left lungofagoat to show the lobationof the lung.Abbreviations:Vp,Visceralpleura; Lcr1, Left cranial partof
cranial lobe; Lcr2, Left caudalpartofcranial lobe; Lcd, Left caudal lobe.B:photographofanair-driedpreservedhorse lung toshow the lobationof the lungand
the visceral pleura.Abbreviations: E, Esophagus; T, Trachea; Vp, Visceral pleura.C:photograph toclarify that thepreserved lung is stable, has a clean surface,
no odor, is extremely durable, maintains its original size, is dry to the touch, free from any greasy residue, and is lighter than in its natural state.
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can bemade to display certain internal structures, such as the
ruminal papillae of the ruminant stomach.

The results of the present study have confirmed that the
continuous flow of air accelerates the drying process, ren-
dering the surface of the preserved organs dry, as noted by
Arnautovic et al.32 Finally, we recommend removing all fat
and excessive connective tissue from the preserved organs
prior to the beginning of the preservation process, otherwise
the surface of the specimens will become greasy, resulting in
difficulty to apply the varnish or paint on their external
surface.

In anatomical laboratories, students and instructors face
many problems when handling and studying the large ani-
mal gastrointestinal tracts, especially adult ruminant stom-
achs, because of their heavy weight and wall flaccidity;
moreover, when the gastrointestinal tract is removed from
the abdominal cavity and emptied of ingesta, almost all
reference anatomical points are lost, but the method
described in the present study has solved this problem.

The present study represents thefirst attempt to study the
topographic anatomical position of the lungs in the thoracic
cavity of the trunk of donkeys, which will help to determine

Fig. 9 Photograph of the dorsal surface of an air-dried preserved goat lung. View A: Abbreviations: H, heart; LL, Left lung; cr, Cranial lobe; m,
Middle lobe; cd, Caudal lobe, B, Urinary bladder; Ur, Urethra. View B: Abbreviations: H, Heart; LL, Left lung; RL, Right lung; Acc, Accessory lobe.
View C: to clarify that the preserved goat lung is stable, has a clean surface, no odor, is extremely durable, maintains its original size, is dry to the
touch, free from any greasy residue, and is lighter than in its natural state.

Fig. 10 Photograph of the thoracic cavity of a horse to show the topographic position of the lungs and the area of lung auscultation (the zone
marked in black indicates the area of lung auscultation). 1 to 18, ribs. Abbreviation: L, lLung.
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the normal topographic position of the lungs and the area of
auscultation and percussion; in addition, it will help the
anatomists to demonstrate the relationship of the lungs with
their surrounding structures, such as the ribs, the sternum,
the heart and the diaphragm.

Finally, the authors of the current study recommend that
the professionals in developing countries use the air-drying
method for the preservation of the lungs and hollow organs
due to its many advantages; the specimens produced
through this method maintain their normal anatomical
form, are durable, inexpensive to produce, very light in
weight, and non-toxic regarding handling; they are also
resistant to improper handling and to deterioration by fungi
or bacteria. Moreover, through this method, all reference
anatomical structures remain very clear, and the preserved
specimen lasts for many years without any changes, as noted
by Arnautovic et al.32 The major disadvantage of the air-
drying method is that it can only be used for the lungs and
hollow organs.

Conclusion

The present study described the air-drying method of pre-
serving the hollow organs of different animals. After they
havebeen dried, expanding foam is injected into the lumenof
the organs, and then varnish is applied to their external
surface to protect them from insect damage.

This method of preservation is suitable for developing
countriesbecause it isverycheaptoprepare, simpletoperform,
and can be performed at room temperature (37°–40°C) with-
out special equipment. The specimens produced through this
method have many advantages: they maintain their normal
anatomical form, are durable, inexpensive to produce, very
light inweight, andnon-toxic regarding handling; theyare also
resistant to improper handling and to deterioration by fungi or
bacteria.Moreover, through thismethod, all reference anatom-
ical structures remain very clear, and the preserved specimen
lasts for many years without any changes.
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