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INTRODUCTION

Human cadaveric dissection has been used as the

The use of human cadavers is beneficial in teaching gross human anatomy, training,
and development in medicine. Fresh-frozen cadavers initially exhibit natural colour,
tenderness, and flexibility. They also present innumerable difficulties, including the
requirement of freezers for storage and a few weeks” work time because of fast
decay. The risk of infection is also significant. A possible choice for fresh-frozen
cadavers is embalmed cadavers. The requested characteristic needed for successful
embalming is acceptable long-term structural preservation of organs and tissues
with minimal deformity and prevention of outward aspects. Scientists are trying to
develop an ideal embalming solution to preserve the human body. Such a solution
renders the flexibility of internal organs, preventing dryness, and reducing fungal
or bacterial growth. Cadavers should be in a condition comparable to that of an
unembalmed cadaver, and the chemicals used in the solution should not be harmful
to persons during manipulation. The promising results have been obtained by the
use of different embalming techniques by many faculties of medicine as a tool to
enhance the teaching of anatomy to students. (Folia Morphol 2023; 82, 3: 449-456)
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endorsed [31, 32]. Embalming with formalin is safe
against infections with microorganisms, suitable for

base teaching tool in anatomy for centuries [1, 44].
Fresh-frozen cadaver is the closest to learning ana-
tomical structures under realistic conditions although
it can be properly well-used in a very limited time
[1, 44]. There are several insecurities when working
with a fresh-frozen cadaver for the reason that the
fresh corpse disintegrates immediately, the risk of
infection is high as the bacteria multiply rapidly and
further use due to freezing and thawing is no longer

long-term storage, and is an inexpensive method. On
the other hand, the tissue becomes more compacted
over time and less comparable to the natural struc-
tures in the body. In addition, continuous inhalation
of formalin in high concentrations may be harmful
to health and carcinogenicity has been reported [11].
Soft-fix and flexible cadavers are formed by Thiel's
method. The colour of the tissues remains natural, the
cadaver is manageable and very suitable for use. In
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contrast, the preparation of the deceased is relatively
expensive and demanding, even though the time for
dissection is defined [5-9]. A saturated salt solution
(continued as SSS) can also be used for embalming
the dead human body. As a method, it has many
advantages, including technical implementation, not
having a lot of risk of infection and it is cost-effec-
tive. It seems to be adequately useful for surgical
training and has characteristics for clinical training
[35, 36, 63].

We made several observations as outlined in the
publication describing fresh-frozen cadavers, forma-
lin-embalmed cadavers, Thiel-embalmed cadavers, and
in a SSS embalmed cadavers [35, 36]. We are convinced
about the positive effects of structures due to the
anatomical dissection of the Thiel-embalmed cadaver,
also because we use the method by ourselves. Not
only does it enhance the students’ learning of anato-
my, thus improves the students’ long-term ability to
identify anatomical structures [47].

HISTORY OF HUMAN BODY
PRESERVATION

The intent to preserve the body in response to
questions of a religious nature has existed since an-
cient times [11, 26, 27]. Different techniques were
used in the early beginnings of embalming, like ex-
enteration or the corpse being immersed for a while
in an alcohol solution, plus herbs imprinted in the
corpse served for preservation as well as cadavers
were wrapped in waxed or tar sheets [25-27]. An-
cient civilizations invented the embalming process,
while for Europe it had been unprecedented for
a very long time [1, 26, 27, 44, 58]. Embalming be-
came influenced by scientific developments in med-
icine. Bodies were needed for dissection purposes
and preservation required more refined embalming
techniques [50]. The German chemist August Wil-
helm von Hofman 1869 discovered and determined
formaldehyde to be an excellent preservative [19,
28]. In improving the embalming method a combi-
nation of salts, chloral hydrate, and formaldehyde
[42, 43] along with solutions based on alcohol,
glycerine, and phenol [69] were experimented with
by scientists. By modifying the original embalm-
ing procedures researchers presupposed a simple
method for longer persistence of cadavers and thus
its use for learning intentions [10, 12, 23, 48, 68].
Avisionary scientific leader Walter Thiel [24, 29] pre-
sented 1992 an embalming method that maintains
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the natural look, colour, flexibility, and characteristics
of a living body [26, 27, 66, 67].

THIEL'S EMBALMING METHOD

The introduction of soft fixed cadavers using the
Thiel embalming method has dramatically improved
the flexibility and colour retention of cadavers used
for teaching anatomy [29, 40]. Intravascular Thi-
el’s embalming technique keeps the cadaver soft to
physical contact and permanent movable, all ana-
tomical structures retain in natural colour and due
to learning, comparability with the properties of
living people is of paramount importance. Those
typical characteristics of cadavers [40] have been
suitable in fields such as thyroid surgery, echography,
regional anaesthesia [20, 48] and ultrasound-guid-
ed anaesthesia [7], laparoscopy, tendon repair, flap
raising, and microsurgery [68], including maxillofacial
surgery. Although the insertion of dental implants is
a predictable and successful method of replacement,
the insertion of dental implants into the jawbone
with all possible complications could first be made
on embalmed corpse models [38]. Thiel-embalmed
cadavers have been applicable for intubation and
ventilation, suturing, biopsies. The chest radiographs
of Thiel-embalmed cadavers were also described.
Workshops for several medical disciplines have been
arranged. Despite the many positive properties of
Thiel’s method, the technical process of preparing
the solution is exacting and expensive. Some of the
chemicals are poisonous, inflammable, explosive,
extremely unhealthy, and environmentally unfriendly.
The imperfection of Thiel-embalmed cadavers has
been muscular disorganization and a limited time
for dissection as well as noticeable histological al-
terations [36]. Also for learning to insert a central
venous canal, Thiel-embalmed cadavers are less or
even inappropriately. Other embalming methods
were tested with better results. Nonetheless, Thiel's
embalming method shows significant properties.
There are advantages to joint and muscle flexibility
and because of that, we can bend the limbs. The
colour of the corpse is very similar to the physiolog-
ical appearance. Due to the work and handling of
the preparations, a completely reduced exposure to
microorganisms has been improved so that it is safe
to work against infections. Further, good flexibility
and plasticity preservation in organs and tissues are
remarkable characteristics as well [57, 66-68]. At
autopsy, tissue and organ samples are taken for
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histological examination. The embalmed cadaveric
tissue is already fixed and opinions on compliance
for all histological studies have been divided [54].

Many authors have repeated the original proce-
dure since Thiel’'s method was introduced. And in
current studies modifications, a fixative according
to Thiel’s formulation of solutions has been used for
better fixation of cells of the central nervous system.
By inserting a needle into the subarachnoid space the
fixative can penetrate the tissue promptly and thus
ensure the persistence of the brain and spinal cord
for further research or for learning the anatomy of
the central nervous system [21, 22]. Eljamel received
good imaging with clear differentiation of white and
grey matters in studies of Thiel-embalmed cadavers
with magnetic resonance imaging. They could be
relevant for practical training and microsurgical work-
shops for scientific investigation inside the brain or
other parts of the body [18]. Thiel’'s method could be
used for the progress in otoneurosurgery for which
mechanisms of normal and pathological events are
involved here [2]. Additionally, morphometric stud-
ies of anatomical muscle variations [59], insertions,
perforating vessels, repairs and reinforcement of ten-
dons, and prophylaxis were done by Thiel-embalmed
cadavers. Thiel-embalmed cadavers have accelerated
possibilities for extending experimental laparoscopic
surgery, the establishment of new endoscopic surgical
methods [33, 55], principally in urinary tract surgery
[37] as well as proceeding in angiology [33, 55], thy-
roidectomies, cricothyroidotomies [9], liver surgery
simulations, arthroplasty, artery sutures, peripheral
nerve repair, flap surgeries [34], neurosurgery, and
anastomosis techniques [56, 57]. In principle, they
would be constructively practical in improving the
efficiency of surgical techniques together with the
development of various surgical techniques.

All these numerous characteristics [57] of Thi-
el-embalmed cadavers are very appropriate and rel-
evant for undergraduate and graduate education,
training, and specialised surgical abilities. Their com-
plex handling is preferred from formalin-embalmed
cadavers, and even fresh cadavers [7-9].

FORMALIN EMBALMING METHOD

The earliest research on using formalin solution
(FAS) as an embalming agent has occurred in 1899
[53]. Not much has changed in the basic technique
of formalin maintaining. FAS stands as the most fre-
qguently used embalming solution. It is an excellent
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tissue fixative without destroying its delicate structure
[4, 53]. Assures protection against pathogenic micro-
organisms and prevents infection [4, 7, 11, 30]. On
the contrary, tissues, and organs impregnated with
formalin become even more rigorous, with the lost
appearance of natural colour and with the loss of all
other characteristics of living organs [53]. The smell
of formalin is very strong and later high exposure, it
can beirritating for the nose, eyes, skin, and airways,
along with chronic toxic effects [11, 39, 51, 53].

Imaging techniques such as ultrasound and ra-
diography in formalin-embalmed human cadavers
were poorly detectable [61] and are not preferable for
a detailed examination of the skeleton, body cavi-
ties, and all present pathologies in the body cavities,
as well as the accumulation of gas in the intestine
[4, 5,13, 15, 16, 40].

Despite all these effects, FAS is still the most fre-
quently in use in the Faculty of Medicine all over the
world because is a good detection solution [53]. The
influence of re-evaluation of formalin concentration,
appropriate ventilation, and assessment of working
practices in the dissecting rooms at the Anatomy
Departments provided FAS as commonly used as
a preservative [53].

SATURATED SALT SOLUTION
EMBALMING METHOD

Cadavers were also excellently preserved by using
the SSS embalming method and might become an al-
ternate method for embalming. The salt solution was
described as readily available, uncomplicated, and
inexpensive. Cadavers embalmed by the SSS meth-
od had a minimal structural deformity, their colours
remained natural, and the blood remained liquefied.
The X-ray and ultrasound images were also used in
cadavers embalmed by the SSS method where very
intense fluid was observed in pericardial, pleuroper-
itoneal, and peritoneal spaces. Central venous cath-
eterisation could be inserted in the SSS-embalmed
cadavers too. The indicated cadavers were presenta-
ble for laparoscopic and microvascular surgery, pul-
monary ventilation, auto suture-stapling material,
and echo-guided peripheral nerve block. Lungs and
intestines could be incised with an electrosurgical
knife and closed using an auto suture-stapling de-
vice. Softness and mobility of tissues and joints are
important aspects found in embalmed cadavers. But
most excellent properties have been described and
tested with Thiel-embalmed cadavers, compared to
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embalmed cadavers in salt solutions. Those cadavers
have been considered as being too consolidated to
perform surgical practice [35, 36, 63].

FRESH CADAVERS

Fresh-frozen cadavers have been repeatedly de-
scribed as suitable in many studies for their most
natural appearance and consistency. Even though
the fresh cadavers were considered as being not
applicative for usual procedures [50, 52, 60, 62, 64].
They present innumerable difficulties, including the
specification for adequate cooling space and time-de-
layed work because of fast decay. The risk of infection
is also significant [3, 15-17, 30].

THE USE OF HUMAN BODIES
IN EDUCATIONAL SETTINGS
AND FUTURE DIRECTION

According to the literature, the appropriate pres-
ervation of the cadaver is essential [1, 44].

The embalmment method was developed as
a response to teaching anatomy, as a valuable educa-
tional tool [1, 44] to ensure a well-preserved cadav-
er, and to prevent destruction, decomposition, and
contamination [4]. The dilemma in a well-developed
new method for embalming cadavers is only funding
involved in establishing [1, 44].

In terms of visual and tactile assessment, regarding
its usefulness in teaching undergraduate students,
postgraduate students, and surgical specialists, many
medical educational institutions have included in the
curriculum plastic anatomy models, three-dimensional
(3D) atlases, and virtual human models [1, 44]. Ac-
cording to students, it is important to note that only
a traditional method like cadaveric dissection includes
the concepts of gross anatomy, structural details, and
anatomical variations. The limited availability of corps-
es, location for storage, preparation, or dissection of
the cadaverous parts, and the ascending development
of modern technologies, like anatomical models and
3D visual implements, are taking the place of human
cadavers in the teaching of human anatomy [1, 44].

Feedback from students undertaken through
questionnaires or evaluation forms presented with
studies by authors Alamneh [1] and Kalthur et al.
[44] illustrated the impact of the usefulness and im-
portance of dissection in today’s teaching of anat-
omy. Two-thirds of students realised the relevance
of anatomy and agreed that adequate knowledge
and understanding of anatomy can only be acquired
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when medical students are exposed to the tissues
and structures within the body. Those students felt
confident with the cadaveric dissection. In addition,
one-third of students perceived the role of the tissue
dissection module as unprogressive and inapplicable.
A few had a negative attitude towards death, and
emotional trauma [1, 44]. A similar response has been
observed from our students.

Students are technologically sufficiently educat-
ed and skilled in obtaining all information, includ-
ing in the field of anatomy. But all of the above is
not enough for the acquired knowledge of human
anatomy or for objectively learning and developing
surgical skills. Anatomy is one of the most promi-
nent and necessary subjects of medical and nursing
education. Dissection has been an important part of
medical education as the complete preservation of the
body contributes to learning not only the theoretical
concepts of structure, framing, and the relationship
between body parts, but visualization of the basic
components of the body might help detect tissue
characteristics or any other important clinical bene-
fits [1, 44]. Withal, training on cadavers is important
in appropriate training to evaluate skills in surgical
experience and in diagnostic as well as therapeutic
endoscopic skills [1, 44]. Practice and work on the
appearance of the cadavers according to the tissue
quality, colour and consistency have been recognized
as excellent compared to real-life patients. The four
preservation methods reviewed so far with differ-
ent advantages and disadvantages are certainly no
less useful in comparison. Each technique in micro-
surgery, endoscopy, laparoscopic and arthroscopic
surgery, and interventional radiology is consistent
with special skills programmes, and diagnostic and
therapeutic interventions. According to the literature
Thiel-embalmed cadavers are more eligible than for-
malin-embalmed cadavers or fresh-frozen cadavers
[40]. Thiel embalmed cadavers allow the muscular
and connective tissue to retain most of its premor-
tem texture and tone [45, 46]. Most cadavers are
used for laparoscopic procedures and more realistic
representations of the movement and function of the
musculoskeletal system [1, 44]. Thiel-embalmed ca-
davers are applied in workshops on ultrasound-guid-
ed regional anaesthesia [45, 46], thoracic surgery,
abdominal surgery, urology, arthroscopy, and other
fields of surgery, together with magnetic resonance
imaging-guided procedures involving vascular de-
vices and focused ultrasound [7]. They have been
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used to evaluate new ultrasound-guided regional
anaesthesia techniques and equipment, laparoscopic
equipment, laryngoscopes, retractors, and hip and
shoulder prosthesis. Thiel-embalmed cadavers are
becoming useful in making imaging diagnoses and
performing guided therapeutic procedures [7, 18].
Farther, dental surgeons have been testing inferior
alveolar nerve blocks and extractions [38, 57].

The visualisation and manipulation of cadavers
remain the gold standard to teach anatomy and
are suitable for extension activities in the medical
faculty, especially in surgical and clinical training
[1, 44]. Focusing on the values of learning the human
anatomy through the active voluntary body donation
programme in the medical curriculum, awareness of
the ethical and humanistic values of cadaveric dis-
section must be carried out respectfully. Because the
use of the cadavers is an assessment of knowledge
and practice, ethical consideration with profound
respect for the deceased person among graduate and
undergraduate students, ultimately for all medical
professionals is expected undoubtedly [1, 41, 44, 65].

We will continue further work at our institute
with the Thiel embalming method as we are very
satisfied with the method. Only for one-day or short-
term workshops, where the corpses would be used
once, we are considering another method. For more
assessment of appropriateness, the parallel use of
cadavers, each in another solution of embalming,
and for the same learning purposes allow our further
evaluation of the advantages and disadvantages of all
methods described above. According to the results in
the articles, the use of SSS for embalming has similar
positive properties as Thiel’s method does and the use
of these cadavers may be perfectly suitable in anato-
my education [35, 36], for postgraduate students in
training to evaluate their skills, and also for surgeons
who are constantly being trained in their work in
general surgeries on soft tissues, laparoscopic surgical
procedures and a surgical subspecialty of the vascular
system, minimally-invasive catheter procedures, and
plastic and reconstructive surgery. The use of cadav-
ers is effective and helps surgeons to gain technical
competence before performing any procedures on
patients. The fresh-frozen and formalin methods are
also suitable but perhaps only for short-term learning
interventions such as emergency procedures or with
reduced exposure to practical anatomy in education.

For teaching anatomy, where students work and
learn on cadavers by themselves, cadavers must en-
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sure competent tissue properties, durability, and
long-standing perseverance. Additionally, methods
must ensure that the tissues of the cadavers maintain
a similar appearance to their premortem condition,
and provide good conditions for the cadavers for
a longer period. All cadavers will differ from living
patients but these differences allow re-use across
a range of procedures.

CONCLUSIONS

We focused on the analysis of the potential ef-
fects of four embalming methods in terms to choose
a method that can be very useful for learning anato-
my and for a variety of learning events for academic
and teaching employees and workshops for medical
students. Regarding the procedure, Thiel’s method is
favoured and pleasantly evaluated among teachers,
students, surgeons, and instructors. It has brought
benefits to the study, decreases the level of toxicity,
and offers long-term preservation that combines flex-
ible tissues and a good cosmetic appearance similar
to in vivo conditions. Compared with other methods,
general surgeries were performed mostly with SSS
embalmed cadavers [26], formalin has shown supe-
rior bactericidal and bacteriostatic properties, and
without destroying tissue’s delicate structure [13].
Thiel’s method is increasingly widely known [67], it
is overpriced, and complex components are required,
while SSS is simpler and low-priced but its use in
anatomy education has been limited [4, 5].

Teaching practices in anatomy education are
based on either demonstrating dissected specimens
or human cadaveric dissection individually [1, 14,
44]. The most frequently used was formaldehyde and
since 1992 use of the Thiel embalming method has
been implemented for the long-term preservation of
cadavers, with a minimum and non-toxic amount of
formaldehyde [14]. It seemed therefore to preserve
body with low health risk and suitable for the palpa-
ble experience. It cannot be harmful to the students
and its use is ethical. Soft consistency allows students
to perform dissection practices in conditions very
similar to those they would present in vivo.

Dissection should be reinforced and enriched
in undergraduate medical school, considering that
learning basic anatomy by using human cadavers is
still the most important learning tool for educational
anatomy as well as for understanding and respecting
ethical principles. Only in this way can students study
the topographic and regional anatomy, the continu-
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ous veins and nerves, the lymphatic system, and all
variations that are not so rare. Commonly, students
study anatomy from atlases, books, and lecture notes
although the experience of the general aspects of
the dimensional relationships in the body even mod-
ern and contemporary technology cannot replace. As
a part of good practices in the context of human dis-
section, medical students can observe these details of
anatomical structures of the body and the reciprocal
relationships between body parts [1, 44].

The current study has some limitations. It is based
on our opinion and hence does not provide objective
data on tissue properties used with the other tech-
nique. Our experience is currently based on Thiel-em-
balmed cadavers. And formaldehyde is also used to
store organs. The experience of teachers, researchers
as well as students, is good so far.

Each embalming method has advantages and
disadvantages for different fields of study and edu-
cation, all of which are influenced by working condi-
tions, finances, suitable space, and also by the interest
of employees and students. Due to the many advan-
tages, and good responses from students, teachers,
surgeons, and technicians, we will continue to use
Thiel’s method and also improve it for academic and
didactic purposes. And at the same time known ad-
vantages of other methods, especially when it comes
to storing and using the cadavers for a short-term
preservation period or use in surgical training pro-
grammes.

Through further research to assess the knowledge,
it is substantial to evaluate concepts of studying
anatomy through whole-body dissection accessible to
students, expose students and all medical profession-
als to ideas on the point of the regular use of human
cadavers for learning and training purposes still rely
on cadavers, and how valuable it is to identify disease
sites that they might otherwise not have come into
contact with [1, 41, 44].

Dissection has been an important part of medical
education and still contributes positively to teaching
purposes at many medical faculty. It requires funda-
mental educational, moral, and ethical values and
should be strictly within the directives of medical
institutions.
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