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Anatomy is the cornerstone of education for healthcare professionals with the
use of human material providing an excellent teaching tool in the modern cur-
ricula. The ability and quality of preservation of human remains has enabled
such use. The introduction of formaldehyde as a preservative in 1893 was an
important step in the history of preservation. With the European Union direc-
tive on the use of formaldehyde and its expected banning, anatomists are try-
ing to find a more convenient and safe substitute. In this review, we compare
the different techniques used based on the need for embalming, fixative used,
period of preservation and the features of the embalmed specimen. The fact
that embalming is used in different disciplines, multiple purposes and described
in different languages has led to the development of ambiguous interchange-
able terminology. Overall, there is a lack of information specifically classifying,
listing and comparing different embalming techniques, and this may be due to
the fact that no internationally recognized experimental standards are adhered
to in this field. Anatomists strive to find an embalming technique that allows
the preserved specimen to accurately resemble the living tissue, preserve the
body for a long period of time and reduces health risk concerns related to
working with cadavers. There is a need for embalming to shift to an independ-
ent modern day science with well-founded research at the heart of it. While
this may take time and agreement across nations, we feel that this review
adds to the literature to provide a variety of different methods that can be
employed for human tissue preservation depending on the desired outcome.
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INTRODUCTION

For more than 3,000 years human beings have
tried to stop after-death body decay to preserve the
mortal frame for the afterlife or reanimation (Weiglein,
2002). For example, the mummification performed by
the ancient Egyptians and cryopreservation in the
20th century (Jones, 1997). Embalming is a chemical
process that is used to preserve and sanitize the
human body after death (Bradbury and Hoshino,
1978). The practice of embalming in more recent
times has been performed to keep the dead body in
good condition until after the funeral which is believed
to have started in 1861 during the American civil war
(Ezugworie et al., 2008). Injecting fluids into the
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body’s vessels as part of the embalming process only
came after William Harvey described the blood circula-
tion (Aird, 2011) The basic constituents of the various
embalming formulas are divided into six general
chemical groups: preservative or fixative, disinfectant,
modifying agent (buffer, anticoagulant, and surfactant,
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A timeline of different preservation techniques from the ancient Egyptian

to the current embalming technique. (ESCO =The Embalmet’'s Supply Company,
Ontario). [Color figure can be viewed in the online issue, which is available at wileyonli-

nelibrary.com.]

humectant), dyes, perfuming agents and diluents
(Mayer, 2011).

The main concern of the embalmer for funeral rea-
sons is the outer appearance of the body, the preser-
vation of tissue and the disinfection of the body to
reduce any potential infection risks (Davidson and
Benjamin, 2006; Trompette and Lemonnier, 2009).
Embalmers aim to disinfect the body to decrease any
chances of infection to the general public that are
viewing the body and to maintain a healthy working
environment (Davidson and Benjamin, 2006).
Embalming solutions are tested for their ability to kill
bacteria such as Staphylococcus aureus, Pseudomo-
nas aeruginosa, and Proteus vulgaris (Woodburne and
Lawrence, 1952). The study of human morphology
also requires the preservation of the body to allow
anatomical investigation over an extended period of
time, or the use of fresh cadavers for a shorter inves-
tigation. Human cadavers could be a source of infec-
tion for both students and teachers when used for
dissection, therefore, embalming is used to reduce or
eliminate that risk (Shoja et al., 2013). The sourcing
of cadavers has gone through many challenges and
phases. It has also passed through periods of chang-
ing legislation, where challenges have originated from
religious and cultural issues, or other personal consid-
erations (Anyanwu et al., 2011). Different sources and
methods of cadaver acquisition have been used in
anatomical history. An example of these sources
include bodies of gibbeted victims and bodies of those
executed by other means, stolen bodies from grave-
yards, unclaimed bodies, criminals that died in battle
or in prison, bodies of victims of murder, and most
recently body donation (Anyanwu et al., 2011).

One of the practical methods used to teach human
anatomy is by dissecting a human cadaver. Dissection
has been described by some anatomists as “a main-
stay of properly rigorous basic science training” (McLa-
chlan et al.,, 2004). It is widely believed that the
process of dissection adds a three dimensional view to
the students’ knowledge, and reinforces concepts intro-
duced in lectures and tutorials (Turner et al., 2005).

Formaldehyde was first discovered by August Wil-
helm von Hofmann in 1863 and its introduction as a

fixative in 1893 was an important step in preservation
(Blum, 1893; Binawara et al., 2010). Figure 1 is a
timeline of different preservation techniques, from
ancient Egyptian to currently used methods, according
to their dates of usage. Formaldehyde is used to pre-
serve human tissue, and also used to preserve zoolog-
ical and entomological specimens (Fox et al., 1985).
One of the main functions of formaldehyde is the
cross-linking of tissue constituents proteins, which
make the tissue less accessible to microorganisms,
preventing its decay (Fox et al., 1985; Mason and
O'Leary, 1991; Titford, 2012). Vapors secreted from
formalin-embalmed cadavers have been suggested to
be carcinogenic even with the use of personal protec-
tive equipment in the gross anatomy laboratory (Hub-
bell et al., 2002; Guo et al., 2012). Formalin
embalmed cadavers do not exhibit many of the qual-
ities of living organs, among which are color, softness,
pliability, the pulsatile nature of the heart and arteries,
and the expansion of aerated lungs (Hubbell et al.,
2002).

An extensive literature search was performed to
document the different embalming techniques that
are used to preserve human cadavers. The aim of this
review is to focus on the preservation of a full human
cadaver. The main criteria used to filter the results
can be divided into four categories. The first criterion
is whether the solution described in the article has
been used or it could potentially be used on a human
cadaver. The second criterion is the fixative or pre-
servative used in the solution (formalin vs.non forma-
lin). Since the value of the fixative can be assessed in
relation to the efficacy of the method of delivery and
subsequent storage practices, these details where
mentioned when available but were not used as a cri-
terion as they are not available for all technigues. The
third criterion is the preservation period under which
the cadaver could be used before decomposition
starts. The fourth is the quality of tissue and organs of
the preserved human cadaver, though there are no
clear criteria on how to decide whether the embalmed
body is soft or hard-fixed.

Some terms used for describing preservation tech-
niques are considered to be ambiguous; therefore




there was a need to define some terms that will be
used. The term “fresh cadaver” describes a human
cadaver that has not been chemically treated
(embalmed). When the embalming solution produces
a cadaver with joint flexibility less than that of a fresh
cadaver and with hard internal organs, this cadaver is
described as “hard fixed.” “Soft preserved cadaver” is
used to describe cadavers that have equal or more
joint flexibility than that of a fresh cadaver and with
soft internal organs. “Formalin based solution” is used
to describe solutions containing more than 0% formal-
dehyde while solutions containing 0% formaldehyde
are described as ‘Non-formalin based solution’.

FORMALIN BASED SOLUTIONS
Hard-Fixed

Kaiserling, Jores, Tutsch, et al. and Neumann is a
group of the oldest embalming solutions, named after
their authors, which use formaldehyde as the fixative
in their formula (Kaiserling, 1900; Jores, 1913; Tutsch
et al.,, 1971; Neumann, 1974). Jores embalming tech-
nique is still being used at the University of Fribourg,
Switzerland where it results in hard-fixation (Luis Fil-
gueira- University of Fribourg, personal communica-
tion). Bacterial and fungal tests were performed on
two formalin embalmed cadavers. Cadavers showed
positive growth of microorganisms before embalming
while 14 days after embalming tests showed that
formaldehyde was able to kill the bacteria and fungus
present in the pharynx, rectum, pleural fluids, and
ascites (Hayashi et al., 2014).

A relatively recent French study whereby 109 anat-
omy centers across the five continents described the
embalming technique that they use, reported that
formaldehyde was used in almost 87% of centers,
and consistently across the five continents: 84% in
Europe, 87% in America, and 100% in the other three
continents (Benkhadra et al., 2011). Our department
has used a formalin based hard fixing recipe to
embalm donated cadavers along with fresh frozen
cadavers for surgical training for many years now.
Though the main embalming technique used in the
department is formalin based, we are currently look-
ing at different embalming techniques as part of a
research project and the first author of this article has
experience in soft preservation.

Genelyn is a commercial product produced by
Genelyn Pty. Ltd, Australia. Genelyn embalmed cadav-
ers are generally less flexible compared to fresh
cadavers (Jaung et al.,, 2011). The material safety
data sheet (MSDS) provided by the company indicates
that formaldehyde is an active ingredient of this solu-
tion (Genelyn, 2010). Genelyn embalmed cadavers
are also noted to be stiffer and more brittle compared
to unembalmed tissue (Norton-old et al., 2013).
Ideally the cadaver would be placed in a flexed posi-
tion for clinical training, but due to the lack of flexibil-
ity genelyn embalmed cadaver used in prone position
(Belavy et al., 2011). It should be noted that there is
only limited available literature that describes the
quality of tissue in cadavers embalmed by Genelyn
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solution (Belavy et al.,, 2011; Jaung et al.,, 2011;
Norton-old et al., 2013).

Soft-Fixed

It is now over 20 years since Walter Thiel devel-
oped a novel preservation method that focused on tis-
sue color preservation that set the basis for a new
photographic atlas of practical anatomy (Thiel, 1992).
Several articles describe how well the texture and
color is preserved in cadavers embalmed with Thiel
technique (Benkhadra et al., 2011; Guo et al., 2012;
Prasad Rai et al., 2012; Desroches et al., 2013).
Cadavers embalmed by Thiel technique are preserved
for over a year after being taken out of the tank of
embalming fluid. This embalming technique includes a
small percentage of formaldehyde compared to the
commonly used formalin based recipes along with
other salts such as ammonium nitrate, potassium
nitrate and sodium sulfite (Eisma et al., 2013).

On a different note, a light embalming technique is
used in the surgical fresh tissue dissection laboratory
at the University of Louisville, Kentucky. When dissec-
tion starts, cadavers embalmed with this technique
can be used for 2 weeks or can be stored at 4°C for 6
weeks. Cadavers embalmed with this technique pro-
duced tissue close to that found in the living body
both in color and texture, and the abdominal cavity
did not have an offensive odor. The embalming fluids
used in this technique are weaker than the commonly
used ones and smaller volumes are introduced with-
out any pressure. No antimicrobial testing has been
performed on this technique, but no known instance
of transmission of bacterial or viral disease has been
recorded (Anderson, 2006).

Deformalinizing Solutions

Phenoxyethanol is a non-toxic, lightly scented, rela-
tively inexpensive, non-flammable, slow to evaporate,
effective antimicrobial, excellent tissue preservative
and softener that could be used to remove formalde-
hyde from fixed tissue. A formaldehyde based
embalming technique was published in 1984 that
includes the use of phenoxyethanol for post-fixation,
long term preservation of embalmed cadavers (Frglich
et al., 1984). Wineski and English (1989) described
this technique as lengthy and cumbersome, therefore,
they suggested a modified technique which is signifi-
cantly shorter as it eliminates the phenoxyethanol
immersion period. They described their technique as
safer since the process utilize significantly lower vol-
umes and concentrations of formaldehyde (Wineski
and English, 1989).

NON-FORMALIN BASED SOLUTIONS
Hard-Fixed

None of the non-formalin based solutions can be
described as hard fixed.
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Solutions Used for Soft-Preservation

There have been some efforts made to develop
soft-preserving approaches with non-formalin-based
solutions. A soft preserving technique has been
described to embalm cadavers for postgraduate
courses in order to more closely reflect the appear-
ance and feel of the human body at surgery (Barton
et al.,, 2009). The embalming chemicals consist of a
mixture of alcohol, water, glycerol, and phenol (Barton
et al., 2009). This embalming solution produces a
cadaver that can be used for a period of about 6
months, when stored (Prof. Ceri Davies- Imperial Col-
lege London, Personal communication).

Different solutions provided by The Embalmer’s Sup-
ply Company, Ontario (ESCO), Canada have been used
to embalm donated human cadavers (Messmer et al.,
2010). The ESCO EPIC Conditioner is used as a humec-
tant, plasticizer, preservative, and anti-dehydrant, and
the main ingredient according to the material safety
data sheet of the product provided by the company is
methanol (8.6%) (ESCO, 2012). The other solution
described by the article is the ESCO anticoagulant soft-
ener, which according to the material safety data sheet
of the product provided by the company the ingredients
name are methanol, ethylene glycol, and EDTA Nas
(ESCO, 2012). It was proposed that cadavers would
stay intact for 30 days after being thawed, or 45 days if
they were never stored below zero. The removal of
blood decrease the growth of bacteria and unlike other
preservation techniques, mold growth was not
observed during the period of which the cadaver was
sued (Messmer et al., 2010).

Aliphatic alcohols, diethylene glycol and monoethy-
lene glycol (90:10), were used to prepare an embalm-
ing solution at the Universidade Nova de Lisboa,
Lisbon, Portugal. Both monoethylene glycol and dieth-
ylglycol are toxic chemicals (Goyri-O'Neill et al., 2013).
However, they do not produce toxic vapors at room
temperature. Cadavers embalmed with this solution
showed no increase in skin resistance, detachment of
skin layers, significant changes in coloration and joints
remained movable without significant changes of pas-
sive range of motion (Goyri-O'Neill et al., 2013). This
quality of tissue was preserved for a period between 6
months to 1 year after embalming (Goyri-O'Neill et al.,
2013).

An embalming solution has been published in 2011
using 2-brono-2-nitropropane-1,3-diol as its main con-
stituent. Bronopol is a biocide which presents little or
no risk to human health and it is not volatile at room
temperature. Practitioners who carried out dissection
on a cadaver embalmed with a bronopol based solution
considered this product far superior to formaldehyde as
the later led to very rapid dehydration making the skin
and tissue very hard (Dissard et al., 2009). Full body
dissection performed 14 and 16 days after death and
dissection of the heart after 8 months showed that the
cadaver was well preserved (Dissard et al., 2009).

Ethanol-Glycerin fixation and Thymol conservation
were used by Hammer et al. (2012) to embalm a
human cadaver. The tissue remained close to its natu-
ral state especially nerves and arteries (Hammer
et al,, 2012). This embalming solution produces a

cadaver with flexible muscles and hollow organs such
as the gastrointestinal tract and urinary bladder. Thy-
mol is known to be an effective bactericidal and fungi-
cidal and therefore no bacteria was noticeable during
the dissection course (Hammer et al., 2012).

Glutaraldehyde was first used as a fixative for
embalming in 1955 (Tolhurst and Hart, 1990). Several
embalming solutions were patented with glutaralde-
hyde as its main ingredient in 1962, 1975, and 1998
(Campbell and Margrave, 1998). Human tissue
treated with the solution produced by Campbell and
Margrave exhibit good color retention in muscles, has
no odor, and is easy to work with (Campbell and Mar-
grave, 1998). Unlike formaldehyde, less moisture is
taken from tissues as a result of the chemical reaction
between glutaraldehyde and proteins hence resulting
in more flexible tissue (Campbell and Margrave,
1998; Mayer, 2011). Tolhurst and Hart (1990)
described an embalming solution with gultaraldehyde
as its main ingredient where the cadaver retained a
life-like texture for 6 weeks if they were stored in a
refrigerated unit (Tolhurst and Hart, 1990). Glutaral-
dehyde has also been used in whole-body animal fixa-
tion for electron microscopy. Perfusing 1-3% of
glutaraldehyde produced a hard fixed specimen with
immobile limbs (Nawroth et al., 1986).

Potential Solutions for Soft-Preservation

Polyhexamethyleneguanidine hydrochloride
(PHMGH) is a non-volatile substance without any odor
and considered as a substance of low toxicity. An
attempt to use PHMGH as a preservative has been
reported in 2009 (Ryabinin et al.,, 2009). A study in
2011 used PHMGH to fix a 12-day chick embryo and
other human organs (Anichkov et al., 2011).The
appearance of organs fixed with PHMGH was natural
and showed no visual difference compared with native
autopsy material, while fragments of tissue/organs
showed a soft elastic consistency (Anichkov et al.,
2011).The fixed chick embryo and human organs
retained the characteristics specified above for a year
and a half (Anichkov et al., 2011).

Ionic liquids are a class of organic salts that are lig-
uid at room temperature. They can be recycled and
reused; therefore they were called green solvents. A
study in 2003 used ionic liquids for embalming where
animal tissues kept a pleasant smell, no color change
and no significant shrinkage or dehydration of tissue
over a period of 2 years (Majewski et al., 2003).

PATENTS

The patent literature also reveals a number of novel
potential solutions. US patent 3,264,182 used 2-para-
dioxanon (5-lactones as the active preservative ingre-
dient) to preserve specimens of the animal kingdom
(which could be human tissue or cadaver). The patent
describes several methods to treat the specimen such
as immersion, injection, or infusion. The inventors
describe the specimen as flexible and life-like post
embalming. Different concentrations of the embalm-
ing material could be used for different needs, ranging




TABLE 1. Comparison of Different Embalming Techniques
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Use on
human Period of
Technique cadaver Fixative used preservation® Quality of tissue References
Genelyn Yes Formalin based N/A Harder than (Jaung et al., 2011;
Fresh Norton-old
et al., 2013)
Thiel Yes Formalin based (low) Over a Year Similar to Fresh (Thiel, 1992)
Anderson Yes Formalin based (diluted) Two weeks  Similar to Fresh (Anderson, 2006)
Foarlich Yes Formalin based (buffered) N/A N/A (Frglich et al., 1984)
St. George's Yes  Alcohol, phenol and glycerol Six months  Similar to Fresh (Barton et al., 2009)
ESCO Yes ESCO Epic conditioner 30 days Similar to Fresh (Messmer et al., 2010)
and ESCO anticoagulant
softener
Universidade Yes Aliphatic alcohols, Diethylene Six months  Similar to Fresh (Goyri-O’Neill
Nova de glycol and Monoethylene to a Year et al,, 2013)
Lisboa glycol
Bronopol Yes Bronopol Not clear  Similar to Fresh (Dissard et al., 2009)
Ethanol-Glycerine  Yes Ethanol, glycerine and Thymol One year  Similar to Fresh (Hammer et al., 2012)
Glutaraldehyde Yes  Glutaraldehyde Six weeks  Similar to Fresh (Campbell and
Margrave, 1998;
Tolhurst and
Hart, 1990)
PHMGH No Polyhexamethyleneguanidine N/A Similar to Fresh (Anichkov et al., 2011)
hydrochloride
Ionic Liquids No Ionic liquids Two years  Similar to Fresh (Majewski et al., 2003)
3-lactones No 2-para-dioxanon N/A Similar to Fresh (Langner and

Jackson, 1966)

®The period of preservation could be limited by the legislations governing different anatomy departments as differ-
ent countries allow retaining body parts for different periods of time.

from specimen in permanent exhibitions to specimen
used for weeks in dissection based courses (Langner
and Jackson, 1966).

A vegetable based water solution polymer, PolyOxy-
Methylene dialkyl ether, quaternary ammonium com-
pound and propolis were used as active ingredients in
different embalming solution. These solutions were
patented in US80152777B2 (2011), US0020910A1
(2012), US20120297593, and EP1127490A1, respec-
tively (Clerc and Sigoure, 2001; Barrow, 2011; Berry
and Thomas, 2012; Sigoure et al., 2012).

Table 1 summarizes the different techniques based
on the different criteria used for comparison. Trying to
summarize this type of information into one table is
difficult as different standards are used in different
articles. There is no unified definition for the term fix-
ative, it was challenging to pick one chemical out of a
mixture. Also authors did not specify the conditions
under which the cadavers are stored; therefore it is
difficult to compare the preservation period of each
solution. The need for an embalmed cadaver that
could accurately mimic a fresh cadaver and especially
that there are no criteria for comparison makes it
impossible to compare the quality of tissue as authors
will tend to describe their techniques as fresh-like.

EDUCATION VERSUS FUNERAL
INDUSTRY
Recent attention has also been given to comparing

different embalming techniques for both the educa-
tional and the funeral industry needs (Brenner, 2014).

The use of embalming in both fields led to the use of
interchangeable terminology which made it the work
problematic to categorize different embalming techni-
ques and solutions. Many of the older embalming
articles were written in German and its translation to
English might be interpreted differently (Thiel, 1992).
For example, Langner and Jackson described formal-
dehyde as a preservative while Hammer et al.
described it as a fixative and they both were describ-
ing the same characteristics of this chemical (Langner
and Jackson, 1966; Hammer et al., 2012).

The need of embalming in the funeral industry is
for aesthetic reasons for certain parts of the body
over a short period of time and reducing any potential
health risks. While the need of embalming in educa-
tion/research setting is to prevent the decomposition
of the entire body over a longer period of time retain-
ing features of unembalmed cadaver.

WHAT DO ANATOMISTS CONSIDER?

Knowing that embalming is performed to prevent
the decomposition of the human body, the primary
focus is to reduce/eliminate the presence of patho-
gens that could increase the risk of infection. Other
factors that anatomists would consider when compar-
ing different embalming technigues are fixative used,
decomposition rate and quality of tissue.

Fixative

It is important to emphasis the key elements that
anatomists focus on when considering an embalming
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solution. From the literature, it is difficult to identify
the type of fixative used in every solution because of
the ambiguous terminology used and especially that
there is no universal definition for this term. Knowing
the type of fixative used in an embalming solution
helps in analyzing its effect on tissue on both macro
and microscopic levels. Moreover, the use of certain
fixatives in some countries might be illegal as it could
be banned by their regulatory bodies. Formaldehyde
is being used by the majority of embalmers across the
globe, although there are some threats to ban its use
in Europe (Brenner, 2014). In order to focus on other
alternatives, we have decided to focus and divide our
results into formalin and non-formalin based
solutions.

Quality of Tissue

Another key element is the quality of tissue and
organs preserved in the embalmed cadaver. Before
the widespread use of embalming, fresh cadavers
were used to learn about the human body (Silverman,
1991). Formaldehyde causes the discoloration of tis-
sue, stiffness of joints and dehydration of organs/tis-
sue, therefore, practically making it incomparable to
the previous state. Despite this, formalin embalmed
cadavers are still a good teaching tool for learning
basic human anatomy. Surgery is the one specialty
that brings anatomy to life and brings the surgeons
back to the dissecting room; they questioned how
realistic the embalmed human cadavers are. This
come back has raised questions among anatomists
whether the anatomy being taught accurately repre-
sent the human body, especially for medical students.
A lot of research is being carried out to find an
embalming solution that produces a cadaver as ‘life-
like' as possible. This is another example of an ambig-
uous terms being used, where the ideal embalming
solution can keep its features close to an unembalmed
cadaver but not a life-like state as that would require
the circulation of blood (which is currently being inves-
tigated). We have decided to use the term fresh
cadaver to describe unemablmed cadaver. “Soft-fix” or
“soft preserved” is another term as Barton et al. dis-
cussed and that is based on the definition of the term
fixative. With the need of a new embalming technique,
all new embalming solutions claim to produce a fresh-
like cadaver. The lack of quantitative criteria to assess
these claims, make it difficult to compare the quality
of tissue and organs embalmed with these solutions.

Decomposition Rate

The third key element is the period in which the
embalming solution can protect the human cadaver
from decomposition. In the funeral industry embalm-
ing for a week would be the ideal scenario, while in an
academic/research setting the required period is over
8-12 months. Even the need in an academic/research
setting might be different, as using a cadaver for a
dissection course may require its use for a longer
period compared to a series of surgical training work-
shops. Decomposition rate is another area where

there is lack of quantitative methods to measure the
decomposition of an embalmed cadaver. The currently
used method is by examining the cadaver over a
period of time and detecting any odors of active
decomposition (Anderson, 2006; Messmer et al.,,
2010).

Differences between Formalin Solutions

Many embalming solutions that use formaldehyde
as their fixing agent are available and with a slight
change of percentages, it could be named and claimed
as a new solution. Therefore, we have decided not to
focus on the formalin-based solutions that produce a
hard fixed cadaver.

Genelyn

Genelyn solution is a commercial product manufac-
tured in Australia. In the past few years, embalmers
have noticed a difference in tissue and joints of cadav-
ers embalmed with this technique compared to the
regular formalin based solution. These claims come in
contrast to the majority of published papers (Belavy
et al, 2011; Jaung et al.,, 2011; Norton-old et al.,
2013) that describe Genelyn embalmed cadavers as
stiff and rigid.

Thiel

Over the past number of years, Thiel embalming
solution has gained increasing attention even though
the first article was published in 1992. One of reasons
could be due to the fact that the original article was
published in German. Although cadavers embalmed
by this technique have shown features close to fresh
cadavers compared to formalin embalmed cadavers
(Jaung et al., 2011; Eisma et al., 2013), others have
criticized some areas such as tendons (Fessel et al.,
2011) muscles (Benkhadra et al.,, 2011) and bones
(Unger et al., 2010). On the technical level, the Thiel
embalming technique is relatively expensive, time
consuming and difficult to perform (Wolff et al., 2008;
Hammer et al.,, 2012). Moreover, Janczyk et al.
(2011) describe some of the chemical used to prepare
the Thiel solution as poisonous, very flammable,
explosive, extremely hazardous to health and environ-
mentally unfriendly. To reduce the formation of fur-
anes and dioxins, Thiel cadavers must be cremated at
high a temperature which is considered to be a disad-
vantage of this solution (Janczyk et al., 2011). Thiel
embalmed cadavers can be used to teach the gross
anatomy of the body as it mimics the human body,
while it might not be ideal to use for some surgical
training. More research is needed research should be
done on the chemicals secreted post cremation.

Other Solutions

In addition to Genylyn and Thiel, the use of high
concentrations of formaldehyde in other solutions pro-
duced a rigid cadaver, the introduction of salts along
with an extended period of immersion produced a




flexible cadaver with a long life time, and the use of
low formaldehyde concentrations along with salts pro-
duced a flexible cadaver preserved for a shorter
period of time. In 2006, Anderson described the use
of diluted Dodge solutions (formalin based) that would
produce a soft cadaver that could be used for a period
of 2 weeks. Da Silva et al. (2004) described another
embalming solution based on formalin and other salts
that embalmed a dog cadaver for 2 weeks where des-
quamation of the abdominal and inguinal regions was
observed afterwards (Da Silva et al., 2004). The solu-
tion was based on modifying Larson solution and it
was compared to Klotz solution. Another solution that
produced a relatively soft and plastic cadaver with
joints that move with ease was introduced by Wood-
burne and Lawrence (1952), and this solution was for-
malin based with other chemicals. Richins et al.
(1963) suggested the use of pyrophosphate and mag-
nesium chloride to the formalin based solution to pro-
duce a cadaver with pliable muscles and freely
movable joints (Woodburne and Lawrence, 1952,
Richins et al., 1963).

In an effort to decrease the vapors of formaldehyde
in the dissecting room, phenoxyethanol has been
introduced as part of the embalming process. It is not
a fixative, therefore, it does not replace formaldehyde
in the embalming process. Although Wineski and Eng-
lish measured the vapors of formaldehyde after
immersion in phenoxyethanol, they did not measure
the vapors before immersion. They assumed that it
has decreased based on data from other published
articles about the vapors secreted from formalin
embalmed cadavers (Pabst, 1987).

Differences between Non-Formalin
Embalming Solutions

The need for a formalin-free and fresh-like cadaver
led anatomist research for a new embalming tech-
nigue. With the lack of criteria on whether an
embalmed cadaver possess the features of a fresh
cadaver and as researchers are trying to avoid formai-
dehyde, no formalin-free solution was found in the lit-
erature that describe the produced cadaver as hard fix.
Many of the new embalming solutions are not tested
by anatomists, which led us to divide the results into
solutions used for soft preservation and potential solu-
tions. Solutions that have been used for soft preserva-
tion are the ones where dissection has been conducted
on the cadaver embalmed with this solution.

With non-formalin based embalming solutions that
produce a fresh like cadaver, the challenge is the period
which the solution would protect the cadaver from
decomposition. There is a need to extend the preserva-
tion period of a cadaver in order to maximize the num-
ber of beneficiaries, especially with the decline of body
donation and shortage in anatomical specimens (Gun-
derman, 2008). Though the embalming solution
described by Goyri-O’Neil et al. did not mention the
condition of the internal organs, this solution preserved
bodies for a period of 1 year. Hammer et al. described
an ethanol-glycerin embalming solution that would pre-
serve a human cadaver for at least 12 months. Barton
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et al. described an embalming solution that softly pre-
served the cadaver for a period of 6 months. The solu-
tion used at the Duke human fresh tissue lab (ESCO
solution) and by Tolhurst and Hart preserves the body
for 6 weeks (Barton et al., 2009; Hammer et al., 2012;
Goyri-O’Neill et al., 2013)

Bronopol is an active ingredient in the embalming
solution patented by Dissard et al. (2009) and is an
active substance in the review program published by
the European Commission under the ‘Guidance docu-
ment on the evaluation of efficacy of embalming prod-
ucts (PT22) (Dissard et al., 2009; European-
Commision, 2013). Bronopol can decompose into
nitrite which in turn and in the presence of certain
secondary and tertiary amine and amides can form
nitrosamines which may be carcinogenic (Bryce et al.,
1978). Other solutions containing Shellac and Nirite
pickling salts were described by Al-Hayani et al.
(2011) and Janczyk et al. (2011), respectively, but
because of the unrealistic color of the cadavers pro-
duced they were not mentioned in this review (Al-
Hayani et al., 2011; Janczyk et al., 2011).

Un-experimented soft preserving solutions have
great potential especially those that have been tested
as they have proven to be successful for embalming
of animal specimen for a long period of time. There is
a need to try these embalming solutions on human
cadavers and test the quality of tissue preserved. On
the other hand, there this is a group of embalming
solutions that could be of potential use in funeral
industry as they can preserve the body for a shorter
period of time. Table 2 summarizes the advantages
and the disadvantages of the different techniques.

Future Directions

Scientists are trying to develop an ideal embalming
solution to preserve the human body. The ideal
embalming solution would preserve the body in condi-
tions comparable to that of an un-embalmed cadaver.
The chemicals used in this solution must be non-
hazardous to eliminate any health risks that students,
academics and researchers might encounter when
dealing with the embalmed cadaver. The embalmed
cadaver should be relatively bacteria free and the
embalming solution should protect the body from
being a host for any other microorganisms that will
speed the decomposition process.

The use of embalming in modern day sciences
requires its move from a “word of mouth” practice
into a more academic/research based science disci-
pline. Embalming is a very old practice used in differ-
ent countries and in multiple disciplines, therefore the
majority of the documentation is held confidentially in
some institutions or published in languages other than
English. This has led to the creation of interchange-
able ambiguous terminology among funeral embalm-
ing, veterinary embalming and human anatomy
embalming, therefore, there is a need to classify pub-
lications based on their use. The move of embalming
from a practice into a science would speed up the pro-
cess of developing clear scientific terminology.
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TABLE 2. Advantages and Disadvantages of Different Embalming Techniques

Technigue Advantages Disadvantages References
Genelyn Claims of flexibility Formalin based (Jaung et al., 2011)
Period of preservation Not enough research
Thiel Flexibility Relatively more (Benkhadra et al., 2011;
Multi-disciplinary use expensive Eisma et al., 2013;
Realistic colors Complexity of Thiel, 1992)
No offensive odor embalming
Period of preservation
Very low formalin
Well researched
Anderson Realistic colors Short preservation (Anderson, 2006)
and texture period
Formalin based
Not enough research
Farlich De-formalinizing Complexity (Freglich et al,, 1984)
Relatively flexible Formalin based
Not commonly used
Not enough Research
St. George’s Flexibility Short preservation period (Barton et al., 2009)
Realistic colors Not enough research
No formalin
Quick embalming
ESCO Flexibility Short preservation period (Messmer et al., 2010)

Universidade

Realistic colors
Relatively flexible

Not enough research
Not enough research

(Goyri-O’'Neill et al., 2013)

Nova de Lisboa No change in Color

No formalin

In the 21st Century, medical schools need an
embalming technique that preserves the body in a
realistic manner, which requires the development of
internationally recognized standards to compare the
different embalming techniques. These standards
should be based on experimental protocols that would
enable anatomists/embalmers to compare the quality
of tissue produced by a specific technique and quanti-
tatively asses the decomposition of cadavers.

The turning point in anatomy which was induced by
the return of surgeons to the dissecting room for sur-
gical training is remarkable. History records that the
use of fresh human cadavers to learn anatomy is criti-
cal (Holomanova et al., 2001). With the introduction
of formaldehyde anatomists moved away from fresh
cadavers into a new product which is not the real
body, though formaldehyde provided the advantage of
working in a safer environment over a longer period
of time. Generation after generation anatomists now
have no encounter with fresh human material and are
trained and taught using formalin cadavers results in
them being unfamiliar to deal with the fresh cadavers.
With the invention of soft preserving embalming tech-
nigues, anatomists are realizing that this could serve
both needs to teach anatomy and provide a cadaver
for surgical training. If used for anatomy teaching,
there will be a need to develop new teaching material
because soft preserved cadavers are different to for-
malin cadavers (Eisma et al., 2013).

CONCLUSIONS

Donation of the human body is a generous act that
anatomists highly regard; therefore, efforts should be

made to make the most out of this donation by maxi-
mizing the number of users. Finding an embalming
technique that preserves the body in a realistic man-
ner, not only serves the reason why anatomy is
taught, but also invites clinicians to investigate new
techniques. The donated cadaver could be described
as a shared resource used by academics, researchers
and clinicians. The initial users will include non-
invasive clinical skills, which is followed by different
beneficiaries such as radiologists, minimal invasive
surgeons, equipment testing companies, general/mul-
tidisciplinary surgeons and will finally be used for
anatomy teaching. The need to define some terms for
the purpose of this article is a limitation as some may
consider them subjective. The move of embalming
into an independent modern day science will encour-
age more experimental research which will include
developing protocols that will assist anatomists/
embalmers to assess the different embalming techni-
ques. Anatomists are trying to intentionally preserve
the body in a realistic manner for a long period of
time, yet a lot is still to be learnt from the uninten-
tional preserved bodies during history such as the bog
bodies that are scattered throughout Scandinavia,
United Kingdom, and Ireland (Dell’Amore, 2014).
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