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Article history: Formalin, a widely used embalming fluid in the preservation of cadavers, poses significant health risks to
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years. The main outcome of interest was the effectiveness of alternative fluids in preserving cadavers for
dissection. The review identified several alternatives, including Thiel’s solution, modified Larssen solution,

gey :(;rdy Genelyn, and natural alternatives such as honey and essential oils. Thiel’s solution has emerged as a popular
Fm 4 Fung alternative, providing excellent preservation and flexibility of cadavers. However, the high costs and the
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need for specialized equipment limit its widespread adoption. Essential oils and honey have also shown
potential as effective, environmentally friendly alternatives to formalin. Future research should optimise
the composition and application of these alternatives to improve their cost-effectiveness, feasibility, and
environmental impact.
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1. Introduction various health risks, which vary depending on the level and
duration of exposure. Acute exposure can cause respiratory
and dermal irritation and sensitisation, leading to allergic
reactions. Chronic exposure to formalin has been linked to

. . . ’ more severe health consequences, including neurological
effectiveness of formalin as a fixative and preservative can . .
) . o . ) disorders and cancer. Formaldehyde, the main component
be attributed to its ability to cross-link proteins, thereby

. . . of formalin, is a known human carcinogen. Studies indicate
halting cellular processes and preventing decomposition. ! g

) . . . increased risks for nasopharyngeal and Sino nasal cancers
This preservation process ensures that cadavers retain their . .
. . and leukaemia among those exposed to high levels of
natural appearance, making them an invaluable resource for 23
° . formaldehyde. >
teaching and learning anatomy. o ) . ) .
o . . . In addition to its health risks, using formalin
Despite its widespread use and effectiveness, formalin . . . . .
- raises environmental concerns. Disposing of formalin-
presents several drawbacks. Its pungent odour is unpleasant . . .
. . . . contaminated waste can lead to soil and water pollution,
and can distract students and faculty during dissection.

Furthermore, formalin exposure has been associated with impacting ecoiystems anq posing potential threats to
human health.® The growing awareness of the adverse

* Corresponding author. effects of formalin on human health and the environment
E-mail address: bikash.satapathy @gmail.com (B. C. Satapathy). has led to increased demand for alternative embalming

Formalin-based embalming fluid has long been the standard
for cadaveric preservation in anatomical education and
research, dating back to the early 20th century. The
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fluids that offer comparable preservation quality without
the associated risks.

Although formalin has been indispensable in anatomical
education, exploring and developing safer and more
environmentally friendly alternatives for cadaveric
preservation is essential. The identification and adoption
of such alternatives would not only protect the health
of students and faculty and minimise the negative
environmental impact of cadaveric preservation practices.

2. Methodology

PubMed/Medline and Scopus databases were searched
with key words, Embalming, Formalin and preservation
without limitation of year or language. MeSH words were
used to narrow down the searches in PubMed. Both the
authors searched the databases independently. 70 articles
were collected on the basis of searches. The inclusion
criteria included any article with description of alternative
to traditional formalin based embalming. The exclusion
criteria included articles those formulations which were
reported ineffective. A collective assessment revealed 20
articles that had discussed about alternative embalming
fluids. These were included for detailed review.

2.1. Thiel’s solution

Thiel’s solution, first introduced by Walter Thiel in 1992,
has gained popularity as an alternative to formalin for
cadaveric preservation due to its numerous advantages.’
The solution is a mixture of salts, ethanol, glycerol, and a
reduced amount of formaldehyde, which provides a more
flexible and life-like preservation of human tissue.

The technique has a injection solution and an immersion
solution followed by storage in an airtight sealed bag.

Table 1:
Solution A Solution B
Chemical Amount Chemical Amount
Boric acid 3gm Ethylene glycol 10ml
Ethylene 30ml 4-chloro-3- lgm
glycol methyl-phenol
Ammonium 20gm
nitrate
Potassium Sgm
nitrate
Hot water 100ml

For making embalming solution for injecting 1 cadaver
15.8 literes of fluid are required, which is made as follows.

After injection of the reconstituted fluid into the cadaver,
it is completely submerged in a tank containing the
Immersion Solution that has the following for atleast 30
days.

This unique combination of ingredients results in a
softer, more pliable preservation that allows for a more

Table 2:
Solution A 14300ml
Solution B 500ml
Formaldehyde 300ml
Sodium Sulfate 700gm

15800ml

Table 3:
Components Percentage
Ethylene glycol 10%
Formaldehyde 2%
Solution B of Thiel 2%
Boric acid 3%
Ammonium nitrate 10%
Potassium nitrate 5%
Sodium sulphate 7%
Water Rest

realistic dissection experience than traditional formalin-
fixed cadavers. Thiel-embalmed cadavers retain tissues’
natural colour and texture, making it easier for students
to identify anatomical structures and distinguish between
different tissue types.®

One of the main advantages of Thiel’s solution is
its reduced formaldehyde concentration, which has the
potential to decrease the health risks associated with
formalin exposure. Thiel’s solution contributes to a healthier
working environment for students and faculty engaged in
dissection activities by using lower levels of formaldehyde.
This benefit is especially important considering the
increased awareness of the health hazards associated with
formaldehyde exposure.

Another advantage of Thiel’s solution is its suitability
for various applications, including surgical training and
research. Thiel-embalmed cadavers can be used for
anatomical education and practicing surgical techniques,
as their flexibility and realistic texture closely mimic
living tissue. This versatility has led to the adoption of
Thiel’s method in various surgical disciplines, including
orthopaedics, neurosurgery, and plastic surgery. %’

Despite its many advantages, Thiel’s method has some
limitations. One of the main drawbacks is the high
cost associated with the solution and the embalming
process. The ingredients used in Thiel’s solution, can
be expensive and the which may limit its adoption by
institutions with limited resources. Furthermore, the Thiel
embalming process is more time-consuming than formalin-
based methods, requiring a longer fixation period to achieve
optimal tissue preservation.

2.2. Modified larssen solution

The modified Larssen solution is another alternative to
formalin-based embalming fluids that has gained attention



68 Satapathy and Kar / Indian Journal of Clinical Anatomy and Physiology 2023;10(2):66—73

recently. This solution consists of phenol, glycerol, ethanol,
and sodium chloride, which offer a different approach to
cadaveric preservation.” The modified Larssen solution has
been reported to provide satisfactory tissue preservation
while using lower concentrations of formaldehyde than
traditional formalin-based methods. This reduction in
formaldehyde concentration can help to mitigate the health
risks associated with formaldehyde exposure, making the
modified Larssen solution a safer alternative for students
and faculty involved in dissection activities. '

One of the key advantages of the modified Larssen
solution is its cost-effectiveness. Compared to Thiel’s
solution, the modified Larssen solution is less expensive to
produce and implement, making it a more accessible option
for institutions with limited financial resources. This cost-
effectiveness can be attributed to the use of more readily
available and affordable ingredients and the reduced need
for specialized equipment and facilities for the embalming
process. The modified Larssen solution’s lower cost can
help promote its adoption in a wider range of educational
settings, ultimately benefiting more students and faculty. !

Additionally, the modified Larssen solution has been
reported to provide adequate preservation of cadaveric
tissue, making it a viable alternative for anatomical
education and research purposes. However, it is important to
note that the preservation quality achieved with the modified
Larssen solution may not be as superior as that achieved
with Thiel’s solution, particularly regarding tissue flexibility
and colour retention. Further studies are needed to optimise
the modified Larssen solution’s preservation quality and
compare its long-term effects on cadaveric tissue to those
of other embalming fluids. '

2.3. Genelyn

Genelyn is a non-formaldehyde-based embalming fluid
that has emerged as another alternative for cadaveric
preservation. Composed of glutaraldehyde, quaternary
ammonium compounds, and a surfactant, Genelyn offers a
distinct approach to preserving human tissue, providing a
viable alternative for institutions seeking to move away from
formalin-based methods. !?

One of the key advantages of Genelyn is its ability
to preserve soft tissue and organs with minimal tissue
distortion. This preservation quality is particularly
important in anatomical education and research, as it allows
students and faculty to examine the intricate structures of
the human body with greater accuracy and clarity. The
absence of formaldehyde in Genelyn also contributes to
a safer working environment, reducing the health risks
associated with formaldehyde exposure.'®> This benefit
is crucial, given the growing awareness of the hazards
of formaldehyde and the increasing demand for safer
embalming fluids.

Genelyn’s unique composition also offers additional
benefits for anatomical education, including improved tissue
colour retention and reduced odour compared to formalin-
based methods. These attributes can enhance the overall
dissection experience for students and faculty, making
learning more enjoyable and effective.

Despite its numerous advantages, Genelyn’s limitations
may hinder its widespread adoption. One such limitation
is its high cost, which can be a barrier for institutions
with limited budgets. '> The production and implementation
of Genelyn may require significant financial investment,
making it less accessible than more affordable alternatives
like the modified Larssen solution. Additionally, the limited
availability of Genelyn may further restrict its adoption in
certain regions or countries where access to the product may
be challenging.

2.4. Essential oils

Essential oils, derived from various plants, have been
gaining attention as potential alternatives to formalin-based
embalming fluids due to their natural antimicrobial and
preservative properties. Eucalyptus, thyme, and lavender
are among the essential oils explored for their potential
in cadaveric preservation.'* The use of essential oils in
embalming offers a more natural and environmentally
friendly approach compared to conventional chemical-
based methods.

One of the primary advantages of using essential oils for
cadaveric preservation is the reduced health risks compared
to formalin-based methods. As essential oils are natural
substances, they generally pose fewer hazards to human
health, making them a safer option for students and faculty
involved in dissection activities. Furthermore, essential oils
often have pleasant, natural fragrances, which can help to
create a more enjoyable learning environment.

Another notable benefit of essential oils is their
environmental impact. Essential oils are biodegradable and
generally have lower ecological footprints compared to
chemical-based embalming fluids, such as formalin or
glutaraldehyde. As awareness of the environmental impact
of embalming practices grows, the adoption of more
sustainable alternatives, such as essential oils, becomes
increasingly important. '

Despite these advantages, there are still challenges
to overcome in using essential oils for cadaveric
preservation. One such challenge is determining the
optimal concentration and combination of essential oils to
provide effective long-term preservation. Further research
is needed to establish the most suitable formulations for
preserving human tissue while maintaining its natural
appearance and texture.

Moreover, the cost-effectiveness of essential oils as
embalming fluids remains to be determined. While essential
oils are natural and renewable, they can also be expensive,
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particularly when used in large quantities. The cost of
essential oils may be a limiting factor for some institutions,
especially when compared to more affordable alternatives
like the modified Larssen solution.

2.5. Honey

Honey, a natural substance produced by bees, has
been recognised for its antimicrobial and preservative
properties for centuries. In recent years, there has been
growing interest in exploring the potential of honey as
an alternative to formalin-based embalming fluids for
cadaveric preservation. Honey is primarily composed of
sugars, which can draw out moisture from tissues and inhibit
microbial growth, thus contributing to the preservation of
cadaveric tissue.

One of the main advantages of using honey for cadaveric
preservation is its natural origin, which is associated with
fewer health risks compared to formalin-based methods.
Honey poses minimal hazards to human health, making it
a safer option for students and faculty involved in dissection
activities. !® Furthermore, honey has a pleasant aroma,
contributing to a more enjoyable learning environment and
potentially enhancing the overall dissection experience.

Another notable benefit of honey is its positive
environmental impact. As a natural, biodegradable
substance, honey has a lower ecological footprint than
chemical-based embalming fluids, such as formalin or
glutaraldehyde. Adopting honey as an embalming fluid
could contribute to more sustainable anatomical education
and research practices.

Despite its potential benefits, there are challenges
associated with using honey for cadaveric preservation.
One key challenge is determining the optimal concentration
and formulation of honey to achieve effective long-term
preservation while maintaining human tissue’s natural
appearance and texture. Further research is needed to
establish the most suitable methods for using honey as an
embalming fluid.

Moreover, the cost-effectiveness of honey as an
embalming fluid remains to be determined. While honey
is a natural and renewable substance, it can be expensive,
especially when used in large quantities. The cost of honey
may limit its adoption by some institutions, particularly
when compared to more affordable alternatives like the
modified Larssen solution.

2.6. Phenol-based solutions

Phenol-based solutions have been used as embalming
fluids, and recent research has revisited their potential
as alternatives to formalin-based methods. Phenol, also
known as carbolic acid, is an aromatic organic compound
with antimicrobial and preservative properties. It has been
used in various industries, including the medical field,

for its disinfecting and preserving capabilities.!” Using
phenol-based solutions for cadaveric preservation could
offer a potential alternative to formalin while maintaining
satisfactory preservation quality.

One of the advantages of phenol-based solutions is their
relatively low cost compared to some other alternative
embalming fluids, such as Thiel’s solution or Genelyn. This
cost-effectiveness could make phenol-based solutions more
accessible for institutions with limited budgets, encouraging
their adoption in a wider range of educational settings.

Phenol-based solutions have also been reported to
provide adequate tissue preservation, making them suitable
for anatomical education and research.'® However, it is
important to note that the preservation quality achieved
with phenol-based solutions may not be as superior as
that achieved with Thiel’s solution or Genelyn, particularly
regarding tissue flexibility and colour retention. Further
research is needed to optimise phenol-based solutions’
preservation quality and compare their long-term effects on
cadaveric tissue to those of other embalming fluids.

Despite these potential advantages, there are concerns
regarding phenol-based solutions’ safety and environmental
impact. Phenol is a toxic substance and can pose health risks
if not handled with care, including skin irritation, respiratory
problems, and systemic toxicity. ! Moreover, the disposal of
phenol-contaminated waste can contribute to soil and water
pollution, posing potential threats to ecosystems and human
health. ' Therefore, it is crucial to implement proper safety
measures and waste disposal protocols when using phenol-
based solutions for cadaveric preservation.

2.7. Alcohol-based solutions

Alcohol-based solutions, primarily utilizing ethanol
or isopropanol, have been considered as potential
alternatives to formalin-based embalming fluids in
cadaveric preservation. These solutions are known for
their disinfecting, antimicrobial, and tissue-preserving
properties, making them suitable candidates for use in
anatomical education and research.?’ The use of alcohol-
based solutions for cadaveric preservation could offer a
safer and more environmentally friendly alternative to
formalin, while still maintaining satisfactory preservation
quality.

One of the advantages of alcohol-based solutions is
their relatively low toxicity compared to formalin, which
is associated with several health risks, including respiratory
issues and carcinogenic potential. Alcohol-based solutions
can help reduce the health risks for students and faculty
involved in dissection activities, creating a safer learning
environment. Alcohols such as ethanol and isopropanol are
less pungent than formalin, which can contribute to a more
pleasant dissection experience.

Alcohol-based solutions have also been reported to
provide adequate tissue preservation, making them suitable
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for anatomical education and research. However, it is
important to note that the preservation quality achieved
with alcohol-based solutions may not be as superior as
that achieved with Thiel’s solution or Genelyn, particularly
regarding tissue flexibility and colour retention. Further
research is needed to optimize the preservation quality of
alcohol-based solutions and to compare their long-term
effects on cadaveric tissue to those of other embalming
fluids.

Despite these potential advantages, there are some
concerns regarding the flammability and volatility of
alcohol-based solutions. Both ethanol and isopropanol are
flammable, which can pose safety risks if not handled
and stored properly.2! Moreover, alcohol-based solutions
can evaporate relatively quickly, which may affect the
preservation quality of the cadaveric tissue if not managed
carefully. Therefore, it is crucial to implement proper safety
measures and storage protocols when using alcohol-based
solutions for cadaveric preservation. >?

2.8. Gas-based preservation methods

Gas-based preservation methods have been investigated as
potential alternatives to formalin-based embalming fluids
for cadaveric preservation. These methods employ gases,
such as nitrogen or carbon dioxide, to create an environment
that inhibits microbial growth and decomposition, thus
preserving the cadaveric tissue. Gas-based preservation
methods offer a unique approach to cadaveric preservation
that could provide a safer and more environmentally
friendly alternative to traditional embalming fluids. >

One of the main advantages of gas-based preservation
methods is their potential to provide effective tissue
preservation without using chemicals, such as formaldehyde
or other aldehyde-based compounds. This eliminates the
health risks associated with chemical exposure, creating
a safer working environment for students and faculty
involved in dissection activities. Gas-based preservation
methods do not produce pungent odours or hazardous waste,
contributing to a more pleasant dissection experience and
reduced ecological footprint.

In some cases, gas-based preservation methods have
been reported to provide satisfactory tissue preservation,
making them suitable for anatomical education and research
purposes. However, it is important to note that the
preservation quality achieved with gas-based methods may
not be as superior as that achieved with some alternative
embalming fluids, such as Thiel’s solution or Genelyn,
particularly regarding tissue flexibility and colour retention.
Further research is needed to optimise the preservation
quality of gas-based methods and to compare their long-
term effects on cadaveric tissue to those of other embalming
fluids.

Despite their potential benefits, there are challenges
associated with using gas-based preservation methods for

cadaveric preservation. One key challenge is requiring
specialised equipment and infrastructure to create and
maintain a controlled gas environment, which may be costly
and difficult to implement in some institutions. Additionally,
the effectiveness of gas-based preservation methods can be
influenced by factors such as temperature and humidity,
which may require ongoing monitoring and adjustments to
ensure optimal preservation conditions.?*

2.9. Cryopreservation

Cryopreservation has been explored as an alternative
method for cadaveric preservation, using extremely low
temperatures to preserve cadaveric tissue by slowing down
biological processes and inhibiting microbial growth and
decomposition.?> This technique has been widely used
for the preservation of cells, tissues, and organs for
transplantation and research purposes. It has the potential
to provide a safer and more environmentally friendly
alternative to traditional embalming fluids for cadaveric
preservation.

One of the main advantages of cryopreservation is
its potential to provide effective tissue preservation
without using chemicals, such as formaldehyde or other
aldehyde-based compounds. This eliminates the health
risks associated with chemical exposure, creating a safer
working environment for students and faculty involved in
dissection activities. Cryopreservation does not produce
pungent odours or hazardous waste, contributing to a
more pleasant dissection experience and reduced ecological
footprint. >

Cryopreserved cadavers have been reported to provide
satisfactory tissue preservation in some cases, making them
suitable for anatomical education and research purposes.
However, it is important to note that the preservation
quality achieved with cryopreserved cadavers may not be as
superior as that achieved with some alternative embalming
fluids, such as Thiel’s solution or Genelyn, particularly
in terms of tissue flexibility and colour retention. Further
research is needed to optimize cryopreserved cadavers’
preservation quality and compare their long-term effects on
cadaveric tissue to those of other embalming fluids. >

Despite the potential benefits of cryopreservation,
there are challenges associated with using this method
for cadaveric preservation. One key challenge is the
requirement for specialized equipment and infrastructure
to maintain extremely low temperatures, which may be
costly and difficult to implement in some institutions.?®
Additionally, the process of thawing cryopreserved cadavers
can be time-consuming, and improper thawing techniques
may result in tissue damage or reduced preservation quality.
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2.10. Saturated salt solution

Saturated salt solutions have been investigated as potential
alternatives to formalin-based embalming fluids for
cadaveric preservation. These solutions utilize high
concentrations of salts, such as sodium chloride, to
create an osmotic environment that inhibits microbial
growth and decomposition, thus preserving the cadaveric
tissue.?’ Saturated salt solutions offer a unique approach
to cadaveric preservation that could provide a safer and
more environmentally friendly alternative to traditional
embalming fluids.

One of the main advantages of saturated salt solutions
is their potential to provide effective tissue preservation
without using chemicals, such as formaldehyde or other
aldehyde-based compounds. This eliminates the health risks
associated with chemical exposure, creating a safer working
environment for students and faculty involved in dissection
activities. 28 Additionally, saturated salt solutions do not
produce pungent odours or hazardous waste, contributing
to a more pleasant dissection experience and reduced
ecological footprint.

Saturated salt solutions have been reported to provide
satisfactory tissue preservation in some cases, making them
suitable for anatomical education and research purposes.?’
However, it is important to note that the preservation quality
achieved with saturated salt solutions may not be as superior
as that achieved with some alternative embalming fluids,
such as Thiel’s solution or Genelyn, particularly regarding
tissue flexibility and colour retention. Further research is
needed to optimise the preservation quality of saturated
salt solutions and to compare their long-term effects on
cadaveric tissue to those of other embalming fluids.

Despite their potential benefits, there are challenges
associated with using saturated salt solutions for cadaveric
preservation. One key challenge is the requirement for
specialized storage conditions to prevent desiccation
and maintain the osmotic environment necessary for
preservation.’® Additionally, the use of saturated salt
solutions may result in tissue dehydration, leading to
potential alterations in tissue appearance and texture.
Further research is needed to address these challenges and
optimize the use of saturated salt solutions for effective
cadaveric preservation.

3. Discussion

Thiel’s solution comes close to a perfect alternative low
formaldehyde solution than the traditional 4-10% formalin
used in many set ups. Many institutions are teaching surgical
trainees through Thiel’s embalmed cadavers in workshops.
However, the ingredients are of high cost and most of its
components needs to be freshly prepared before mixing. For
the complete fixation earlier six months of immersion was
required. Then, at least one month of immersion was found

needed for full fixation. Many researchers have modified the
original Thiel’s recipe differently in search of making the
method cost-effective and decreasing immersion duration.

The modified Larssen solution offers a cost-effective and
potentially safer alternative to formalin-based embalming
fluids for cadaveric preservation.!! While its preservation
quality may not be as exceptional as Thiel’s solution,
its lower cost and reduced formaldehyde concentration
make it an attractive option for institutions seeking a more
accessible alternative. Future research should focus on
optimising the preservation quality of the modified Larssen
solution and comparing its long-term effects on cadaveric
tissue to those of other embalming fluids.

Genelyn potentially provides excellent tissue
preservation and reducing health risks associated with
formaldehyde exposure. However, the high cost and limited
availability of Genelyn may constrain its widespread use in
anatomical education. Due to proprietary nature and higher
cost the use is still limited. 1>

Essential oils present an environmentally friendly
alternative to formalin-based embalming fluids. However
other than anecdotal usage and history of usage in
mummification, they have not been used widely in modern
embalming techniques. 3!

Honey offers a natural and environmentally friendly
alternative to formalin-based embalming fluids. The purity
of honey, its long term efficacy has been questioned, but due
to its organic origin widespread use has not been seen. But
as it is the best natural substance that preserves even the
histological features it holds potential for research in this
field.

Phenol-based solutions provide adequate tissue
preservation at a lower cost. Many researchers have
complained of the health hazards of phenol. It is still part
of many traditional formalin-based embalming fluids as it
is used as an effective and cheap antiseptic. In autopsied
bodies, many centres use direct phenol injection as a
preservative. '8

Alcohol-based solutions offer a potential alternative to
formalin-based embalming fluids, providing adequate tissue
preservation and reducing health risks. Alcohol smell is
non pungent hence though it is an astringent, but is more
tolerable as a chemical to work on. However, flammability
and volatility safety concerns warrant caution and further
investigation. However, preservation for histological usage
is limited as alcohol dries the tissues. 2"

Saturated salt solutions can be a great alternative. Many
centers use them for soft embalming as there is no pungent
smell. Bodies are comparatively soft to dissect. But long
term preservation is not there and dehydration is always a
challenge. 3
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4. Conclusion

This review has discussed various alternative natural
and chemical substances to formalin-based embalming
fluid for cadaveric dissection, including Thiel’s, modified
Larssen, Genelyn, essential oils, honey, and phenol-based,
alcohol-based solutions, aldehyde-free embalming fluids,
gas-based preservation methods, cryopreservation, and
saturated salt solutions. Each alternative method presents its
unique advantages and challenges in terms of preservation
quality, safety, environmental impact, and feasibility of
implementation.

While some of the discussed alternatives, such as
Thiel’s solution and Genelyn, have demonstrated superior
preservation quality, others, like essential oils and saturated
salt solutions, may require further research and optimisation
to achieve comparable results. Moreover, many of these
alternatives are more environmentally friendly and pose
fewer health risks than formalin-based embalming fluids,
making them more suitable for modern anatomical
education and research.

When selecting an appropriate alternative embalming
method, it is essential to consider individual institutions’
specific needs and constraints. Factors such as cost,
availability, infrastructure requirements, and the desired
preservation quality must be considered to ensure the chosen
method is suitable for educational and research purposes.

Further research is necessary to optimise using these
alternative embalming fluids, better understand their
long-term effects on cadaveric tissue preservation, and
assess their feasibility and cost-effectiveness compared to
traditional formalin-based embalming fluids. As anatomical
education and research continue to evolve, developing
and implementing safer and more sustainable cadaveric
preservation methods will be crucial in advancing our
understanding of human anatomy and improving the quality
of education and training for future healthcare professionals.
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