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The etching stage of the corrosive preparation is a crucial element of creating
a high quality anatomical specimen, which can be a source of scientific know!-
edge and support the teaching process. Nowadays, thermal techniques such as
microwave cooking, enzymatic corrosion, and chemical corrosion are used. Living
organisms can also be used for tissue maceration. Interactions between the cor-
rosive substance and the filler carry a risk of failure, thus, choosing the correct
method is key to the success of this technique. In this paper, we have reviewed
the latest literature in order to present the strengths and weaknesses of currently
used corrosion techniques. We proposed a definition of an ideal corrosive medium
and compared the available techniques of etching corrosive preparations with

a hypothetical perfect medium. (Folia Morphol 2022; 81, 4: 825-833)
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INTRODUCTION

Corrosion technique is one of the most remark-
able techniques enabling three-dimensional (3D)
visualisation of particular anatomical structures. Its
usefulness has been demonstrated in many scientific
papers on human and animal anatomy [8, 12, 19, 21,
55]. This method is usually used to accurately assess
the architecture of vessels. In this case, its particular
usefulness is related to the possibility to evaluate an
organ in vitro (Fig. 1), particularly when there are con-
traindications for in vivo evaluation [9]. On the other
hand, there are many works that use this technique
to create micro-specimens that will then be evaluated
in electron microscopy. In the case of microanatomy,
for example, the corrosion technique enables precise
evaluation of vascular architecture [3].

However, the use of corrosion cast studies extends
far beyond the vascular system. It is an excellent tool
to visualize different types of ducts such as lymphatic

vessels [33], genitourinary, or biliary tract [1, 4, 14,
32]. It is sometimes adopted for the assessment of
the respiratory system (Fig. 2) and the omental bursa
in the abdominal cavity [10].

The first attempts of using this technique are con-
nected with the beginning of anatomy as a modern
science. Despite the passage of time, the assumptions
of the corrosion technique remain the same [36, 54],
but the ways of solving its basic problems are chang-
ing, including the effective filling of the structure
which is a point of interest for the researcher and
full removal of unnecessary tissues surrounding the
casting [59]. The precursors of anatomy used natural
substances of animal origin as commonly available
vascular fillers. Liquid metal infusions were a kind of
primary corrosion technique allowing the assessment
of 3D structures invisible during traditional anatomi-
cal section. However, all such works required the sub-
sequent removal of the residual tissues surrounding
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Figure 1. The corrosion cast specimen of human placenta (alkaline
maceration).

Figure 2. The corrosion cast specimen of human lungs (enzyme
maceration); arrow — 1 cm.

the casting. Mechanical peeling of the preparation
was most often used, although at times natural mech-
anisms of body decomposition were used. Thermal
agents were also used (multi-hour cooking) as well
as other organisms for tissue purification such as fly
larvae or ants [38, 42].
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Figure 3. The corrosion cast specimen of human kidney pelvises
(acid maceration); arrow — 1 cm.

These classic techniques, however, have one major
disadvantage — they do not usually lead to an ef-
fective cleaning of the specimen from tissues. On the
other hand, mechanical processing of a fine casting
carries the risk of damage to the cast itself [6]. Both
factors can potentially affect the final value of the cor-
rosive cast specimen (Figs. 1-3). Therefore, the use of
an appropriate corrosive medium is essential for the
creation of a good-quality product that will remove
undesirable tissues surrounding the previously-made
casting in the most efficient way.

The ideal corrosive medium should be a universally
applicable substance that will fully remove tissues
considered undesirable while preserving even the
smallest filled anatomical structures, regardless of
the injection media that are used. The medium should
be relatively cheap, with a high performance rate (so
that many preparations can be made in a short time),
easy to prepare, characterised by high tissue pene-
tration, controllable (to adjust its activity during the
maceration/corrosion process), easy to inactivate or
biodegradable so that its use does not involve a high
ecological risk (Table 1). The search for the optimal
medium has been conducted since the beginning of
anatomy as a science. As a result of these efforts,
a variety of methods for removing unnecessary tissues
during the preparation of a corrosive specimen have
been developed. The aim of this article is therefore
to compare the usefulness of available tissue macera-
tion techniques during the preparation of anatomical
corrosive specimens, as well as an attempt to indicate
the best medium for dissolving discarded tissues from
the perspective of performing gross — anatomical
corrosive specimens.
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Table 1. Ideal corrosive medium — comparison of available corrosion techniques with a perfect hypothetical pattern

Feature Ideal  Cooking Microwave cooking Invertebrate Enzymes Chemical
High tissue penetration Yes No Yes De Yes Yes
Versatility Yes No No No Yes Yes

(depending on the concentration)
Easy to prepare Yes Yes No Moderate No Moderate
Price Low Low High Low High Low
Operational speed Yes No Moderate No Moderate Yes

(depending on the concentration)
Ease of disposal/ Yes Yes Yes No Yes Moderate (acids)
/environmental safety Pretty difficult (alkalis)
Activity predictability ~ Complete  Partial Partial Low DE Partial
Controllable dynamics  Existing No No No Yes In a very limited way (acids)
of the process No (alkalis)
Safety for employees ~ Complete Yes Yes Yes Yes Moderate

(additional protection required)
Workload Low High High Moderate Moderate (with Moderate
proper facilities) Low/moderate

DE — difficult to evaluate, versatility (cooperation with various filling substances)

REVIEW OF CORROSIVE TECHNIQUES

The primary purpose of maceration, when pre-
paring a corrosive specimen, is to remove unwanted
material, which is usually the soft tissue surrounding
the casting [57]. Depending on the strength of each
used agent and/or its time of application, the proce-
dure may result in partial or total removal of retained
tissues. Unfortunately, the agent may also damage
the cast and/or lead to damage to bone tissue, which
in some cases is a frame for the corrosive specimen
[7, 23]. The maceration techniques vary considerably
depending on the requirements to which they are
applied. It is most often used in forensic medicine
to quickly obtain tissues for microscopic examina-
tion and for genetic diagnosis [51]. In the case of
morphological sciences, the goal is to preserve the
injected casting, which means that some techniques
with proven effectiveness in forensic medicine may
not succeed in morphological sciences.

Cooking

Cooking is a technique whose assumptions date
back to the 15%"-16% century. It consists of placing
the specimen of interest in water at a temperature of
100°C. Nowadays, this method is used properly only
when it is necessary to remove soft tissues adhering
to the bone. It has been appreciated in anthropology
[26]. In anatomy, it can be used for maceration of
large structures such as the trachea or bronchi with
dedicated resins or silicone [5]. Analysis of the avail-
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able literature has demonstrated that cooking, as an
independent way of removing excessive tissues from
the corrosive cast specimen, is of limited usefulness.

Long-term cooking is associated with unpredictable
tissue damage. The cooking process itself is time-con-
suming and relatively dynamic, and may damage the
delicate elements of the corrosive specimen, which
will reduce its scientific usefulness. Yet, this is only
a hypothesis, as the literature has not shown any scien-
tific studies assessing the impact of cooking on the
condition of corrosive specimens. It should be added
that after boiling the preparation, the remaining tissues
should be manually removed, which renders this tech-
nique unsuitable for the evaluation of small structures.

Cooking with microwave radiation

This technique is an extension of the previous meth-
od. Its aim is to achieve the same effect in a shorter
time, while preserving undamaged DNA from non-mac-
erated tissue, especially bone tissue. Unlike classical
cooking, microwave cooking is carried out without
the use of water, which reduces uncontrolled damage
to the injected structures [25, 49]. However, the final
stage of maceration is also mechanical cleaning of the
cooked tissues. This stage greatly limits the usefulness
of microwave cooking in morphological sciences.

Maceration with invertebrates
Currently, the most commonly used living organ-
ism for tissue removal in pathology, anthropology,
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and anatomy are Dermestid beetles. Their effective-
ness in maceration of soft and mummified tissues has
been proven in the literature [17, 58]. Despite this, the
use of these animals to purify corrosive preparations
seems to be highly risky. Their massive destructive
capability has been demonstrated, which together
with the lack of predictability makes this technique
difficult to accept from the perspective of performing
precise corrosive specimens. Invertebrate germs are
an effective tool for maceration of corpses, but the
delicate structures of vascular castings will not be
sufficient to resist the influence of these living organ-
isms. This technique, according to the study authors,
should not be used in morphological sciences but is
an interesting alternative to thermal and enzymatic
methods in anthropology and forensic medicine [49].

Enzymatic methods

This technique involves using enzymes that di-
gest proteins, fats, and sugars at a temperature of
about 37°C. Theoretically, such a method should be
an effective way of precise purification of tissues that
surround a material injected and filled with dedicated
agents. In the literature, the following enzymes are
used: trypsin, pepsin, and pancreatin [23]. Unfortu-
nately, the number of available works based on this
technique is limited. Most of the currently accessible
analyses concern the enzymatic maceration of soft tis-
sues in order to purify skeletal material [13, 46]. Their
authors emphasize that the technique causes fast
and effective maceration [52, 60]. This variability of
the dynamics of action of enzymatic corrosion lies at
the basis of combining the enzymatic technique with
the chemical technique [20]. Some authors suggest
that the enzymatic maceration technique is perfectly
suited for the development of a corrosive specimen
[6], whose purpose is to assess the topographical
relations between the examined structures and bones.
Enzymatic maceration, although more difficult to
perform than chemical one, guarantees preservation
of bone tissue and enables such observations [15].
Corrosion with enzymatic methods, therefore, has the
potential to selectively destruct tissues while leaving
others intact. The unique feature of this medium
significantly increases the attractiveness of enzymat-
ic maceration as a desirable technique for precise
soft tissue cleaning. In addition, it will prospectively
enable the creation of “semi-erosion” specimens.
Regrettably, there is a lack of reliable comparisons
between chemical and enzymatic techniques in the
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scientific literature; therefore, with the current state
of knowledge, it is not possible to recommend any
of these techniques as being superior to other tech-
niques listed in this article.

Chemical methods

Chemical maceration is currently the most com-
monly used method to eliminate the unwanted tis-
sues surrounding the injected material/casting [6, 35].
Usually strong caustic aqueous solutions of acids or
alkali are used for corrosion. Their use is intended to
cause the rapid denaturation of unwanted tissues and
facilitate their complete removal. The primary purpose
of the use of highly corrosive substances is to avoid
the necessity for mechanical removal of remaining
tissues after maceration. Heavily corrosive solutions
cause so much damage that, after the corrosion pro-
cess, only water or neutralising solution is required
to rinse the specimen [31]. If we compare the effect
of both types of corrosive substances on tissues on
our account of just few clinical data, we can conclude
that a strong base should be a better corrosive agent.
Acid usually causes rapid superficial denaturation of
tissues, which prevents it from penetrating deeper
structures, while alkaline causes rapid development of
liquefactive necrosis, making penetration into deeper
structures easier [16, 40].

Acid corrosive agents

In the case of tissue dissolution carried out us-
ing acids, studies which use either hydrochloric or
sulphuric acid dominate the literature. Due to the
use of different body parts undergoing corrosion,
the authors use different but relatively high concen-
trations of both acids, which vary from 30% HCL [2,
53] or 30% sulphuric acid [48] to as much as 50%
HCL [29, 41]. Both compounds are characterised
by good water solubility and very strong activity.
Despite the fact that the specimens were kept in acid
solutions for several days, the necessity of mechan-
ical cleaning of the casting after the procedure was
observed [30, 41] which is a significant limitation for
this technique. This is due to the rapid denaturing
of proteins by acids described earlier, and is shown
in several clinical studies. This, in our opinion, has
a significant impact on the usefulness of the obtained
casting. The retention of undissolved or strongly
associated with the casting denatured tissues may
complicate further scientific analysis of the obtained
specimen.



Z. Domagata et al., Corrosion cast specimen

Table 2. Comparison of the latest works using potassium hydroxide as a medium for dissolving tissues

Author Corrosion area KOH Corrosion time Operating Postprocessing Filler
temperature procedures
Domagata et al., 2020 Vessels of the 50% 24h RT H,0 flushing BIODUR 20
placenta, human
lli¢ et al., 2018 Upper extremity 40% 7 days RT H,0 flushing Methyl methacrylate
vessels, human
Polguj et al., 2019 Bovine testes 40% 24h 40°C H,0 flushing Batson no. 17
+ detergent and then
H,0 flushing for 24 h
Scala, 2014 Neopallium, 30% 1-2 weeks RT Distilled Methyl methacrylate
human H,0 flushing (Polysciences)
Eberlova et al., 2017 Various organs, 15% 2-3 days 40°C H,0 flushing BIODUR E20 plus
porcine

Mazur et al., 2015 Heart — coronary ~ 10-15% 3 weeks RT 3% trichloric acid Duracryl plus (Spofa,

sinus, human Dental, Czechy)
Mazensky and Flesarova, Renal arteries, 2-4% 48h 60-70°C H,0 flushing Batson no. 17
2017 Guinea pig
Kresakova et al., 2019 Liver vessels, 2-4% 3-6 days 60-70°C H,0 flushing with Methyl methacrylate

Guinea pig fungicide (MERCOX-SPI supplies)

Patzelt et al.,, 2019 Coronary arteries, ~ 7.5% 3 days up to 7 days, 40°C Distilled water and then ~ Mercox-Cl-2B; Ladd

porcine heart depends on the size submerged for 5-15min  Research, Burlington,

of the specimen*® in 5% formic acid VA

*Personal communication with dr. Viadimir Musil; RT — room temperature

Corrosion with alkaline solutions

In the case of alkaline compounds, sodium hy-
pochlorite, sodium hydroxide, and potassium hy-
droxide are most often used for tissue maceration.

According to King and Birch (2015) [23], sodium
hypochlorite is the most popular chemical compound
used by anthropologists and pathologists for tissue
maceration to cleanse bones of unwanted soft tissues.
This is due to its easy availability, low price, intensity
of action, and its milder effect on bones than KOH
or NaOH. Moreover, many studies have shown that
the use of 10% NAOCL water solution is effective in
cleaning bones without damaging them [50]. How-
ever, it should be emphasized that this agent softens
tissues rather than dissolves them, so the final stage
of maceration must be mechanical removal of the
remaining tissues. In the case of fragile bones, foetal
material, and specimens that have undergone prior
fixation with formalin, the use of sodium hypochlorite
may lead to irreversible damage to the examined ma-
terial. In these circumstances, Ca(ClO), or a mixture of
Ca(ClO), and Na,CO, is an alternative with proven
safety to such tissues [47]. The majority of morpho-
logical studies are conducted on soft tissues. In this
case, potassium hydroxide is the most popular corro-
sive agent in order to prepare a good quality corrosive
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specimen, which would then be used in scientific
analysis. Potassium hydroxide is a very strong alka-
line, with strong hygroscopic characteristics, and is
perfectly soluble in water, which enables a relatively
easy preparation of a working solution of the expect-
ed concentration. The usefulness of KOH solutions in
corrosion has been proven in many scientific studies
[11, 21, 24, 27, 37, 43]. Different concentrations of
KOH solutions were used, ranging from 60% [6, 18]
through 50-40% [9, 39] or 20-10% [28] to a few
per cent solutions [24, 56]. A comparison of the
most recent scientific works using KOH to perform
corrosive cast specimens is presented in Table 2. The
corrosion time was influenced by the concentration of
the solution, its temperature and size of the dissolved
object. In extreme cases, at low KOH concentrations,
this process could take up to 4 weeks.

Sodium hydroxide is an equally popular com-
pound used in chemical maceration. It is a com-
pound with very similar chemical characteristics to
potassium hydroxide, characterised by slightly lower
hygroscopicity and slightly slower solubility in water.
Scientific experiences in using different concentra-
tions of NaOH for corrosive preparations are lower
compared to KOH [14, 19, 30, 34, 45, 55]. A review
of recent works presenting the usefulness of different
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Table 3. The overview of recent scientific works using NaOH in chemical maceration

Author Organ Concentration  Etching time Temperature Postprocessing Filling material
Vasconcelos-Filho et al., Liver vessels 6.66%* 7 days (1-15)* RT Washing in water  JET® acrylic methyl meth-
2018 acrylate dental resin
Esteban et al., 2017 Various porcine No data From hours to RT Weak acid Polyurethane foam,
organs month acrylic resin
Huling et al., 2019 Kidney, rat 20% 48 h RT Deionised water 10% polycaprolactone
Shanthini and Suma, 2019 Heart, human 10% 72h RT Triton-X100 48 h Polyurethane foam
Miyake et al., 1996 Maxillofacial 10% Few weeks RT Distilled water Methyl methacrylate resin
area, human (Mercox)
Noestelthaller et al., 2007 Heart, dog No data 12h RT Tap water Lower-viscosity

acrylic resin (LVAR)

*Personal communication with prof. J. Vasconcelos-Filho; text in italics. Corrosion of NaOH was partially ineffective, mechanical removal of denatured tissues was necessary. Significant

saponification of the fat tissue surrounding the heart was observed; RT — room temperature

concentrations of NAOH solutions for dissolution of
tissues is summarised in Table 3.

The greatest challenges associated with the use of
strong alkalis are the need to prepare KOH and NaOH
solutions very carefully due to the exothermic process
of their dissolution in water. The second potentially
dangerous stage is to neutralize the liquid remaining
after the corrosion process. The advantage of corro-
sion with the KOH/NaOH technique is the speed of the
method and sterility of the obtained castings. KOH
also has the advantage of a large number of valuable
scientific publications.

It is worth emphasizing that the use of alkaline
solutions with concentration exceeding 40% in corro-
sion may promote saponification, which will worsen
the quality of the obtained casting, as there will be
remains of saponified tissues on the external surface
of the prepared material [6, 18, 44]. Such problems
were observed when using 50% KOH solution when
performing the corrosion preparations of the placen-
ta [9]. Therefore, based on our own experience, we
recommend using lower than 40% concentrations of
solutions based on potassium hydroxide, even if this
will require an extended duration of the procedure
itself.

SUMMARY

Despite the large number of works available that
use corrosion techniques for scientific analysis, there
is a lack of well-planned, reliable research compar-
ing the effectiveness of various maceration/corrosion
techniques for tissues surrounding the casting that is
of interest to the researcher. Certainly, the problem
of nomenclature is an additional difficulty in con-
ducting a valuable and quick literature review. The
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procedure defined in the article is typically described
in the literature as corrosion, maceration, or disso-
lution of tissues. It is, in our opinion, worthwhile to
use appropriate keywords in the case of preparing
a paper that includes corrosive techniques in order to
facilitate later evaluation of the text by subsequent
generations of scientists.

A critical analysis of the available literature shows
a clear advantage of techniques based on chemical
maceration (Table 1). Here, it appears that the most
effective technique is corrosion using strong alka-
line. The attractiveness of this technique results from
the low price of chemical substances, relatively high
speed of action, unnecessary mechanical removal of
remaining tissues, the availability of scientific works
describing the maceration technique, and lastly, the
high biological safety of the obtained casting. On
the other hand, the disadvantages of this technique
include the lack of unambiguous standardisation, the
risk of bone damage, health risk for the contractor of
the corrosion process, and disposal of the remaining
solution after the corrosion process. However, it is
worth emphasizing the high value of enzymatic cor-
rosion, which, according to our experience, appears
to be excellent tool to carry out a more selective cor-
rosion than in the case of the most popular corrosion
carried out with strong alkalis.

At present, knowledge about the creation of cor-
rosive preparations is the result of self-experience of
a particular team. Each of them uses original ways to
obtain the best possible specimens. As each scientist
has individual preferences about what technique
should be used, it is near impossible to recommend
the "best” solution in a clear and easy way. Therefore,
in our opinion, it is advisable to conduct research
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comparing the effectiveness of individual methods
of tissue maceration at the same time, and in the
case of the most popular technique based on the
use of strong alkalis, it is advisable to scientifically
determine the recommended range of concentrations
of solutions used to make castings from different
organs and tissues.
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