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cal pieces (reduced by mummification and dilated in
liquid); thus, he decided to create a new method called
“tannization,” for the use of tannic acid. Brunetti's
new method was based on dissection and injection
techniques, and it had the substantial advantage of
maintaining unchanged the shape and texture of the
anatomical specimens, even microscopically, as well
as being not so expensive. Another important advan-
tage consisted in the fact that the different stages of the
preparation could be put into practice even at different
times and at a considerable distance from each other.
His specimens seemed to be mummified, but they
maintained a remarkable elasticity and softness, as well
as almost completely unaltered proportions. Today,
the Morgagni Museum of the University of Padua still
preserves several tannized preparations attributable to
Brunetti and his successors. The current study aims to
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show the educational value of this method showing the
results of Brunetti's tannization nowadays.
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INTRODUCTION

Starting from the second half of the nineteenth century until the mid-twentieth century, the
University of Padua Anatomo-pathological school has lived its “classical period.” The first
chair of Pathological Anatomy was indeed founded in 1855, and it was entrusted to Lodovico
Brunetti (1813-1899), born in Rovinj, Istria (Figure 1). In 1840, he graduated in medicine at
the University of Pavia, and he specialized as a surgeon in Padua. Subsequently, after hav-
ing obtained a specialization in Obstetrics and Ophthalmology in Vienna, he attended the
famous Chirurgischen Operateur-Institut of the same city for 2years, obtaining the diploma
of operator in 1845. In 1854, he was the extraordinary assistant of the famous Viennese pa-
thologist Karl von Rokitansky (1804—1878), with whom he had also collaborated previously in
1851. Rokitansky was the main protagonist of the institutionalization of pathological anatomy.
Following the teachings of Morgagni, the Viennese pathologist studied in the autopsy room
the morphological alterations to reconstruct the etiology and pathogenesis of the disease. His
Handbuch der Pathologischen Anatomie (1842) testified to his efforts to describe the patho-
logical anatomical alterations of various diseases (Ortiz-Hidalgo, 2020; Zampieri et al., 2012).
Unfortunately, very little is known about Brunetti's Viennese period, except for his noteworthy

FIGURE 1 Portrait of Lodovico Brunetti.
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activity at Rokitansky's autopsy room. Later in fact, Brunetti was called to Padua to become
the first professor of Pathological Anatomy, a position he held from 1855 to 1887. He was also
director of the Institute of Pathological Anatomy, created in 1869 (Zampieri et al., 2012).

During the nineteenth century, the teachings of medicine in Padua, both clinical and university,
were gradually grouped in the Giustinianeum Hospital and its nearby. Therefore, a new Patho-
logical Anatomy Institute was built in the rooms of the adjacent former convent of Saint Mattia
in 1873, not only for a technical question of supplying corpses but also for a more strictly episte-
mological reason: according to Brunetti, pathological anatomy had to be based on knowledge of
both normal anatomy and physiology, because pathological lesions were considered a structural
deviation caused by a morbid process. Brunetti, as per the teachings of Rokitansky, based his
pathological studies on morphological research of the organ and macroscopical analysis of the
lesions. Later, in the 1920s, the new building of the Institute of Normal and Pathological Anatomy
and Forensic Medicine was built in the same place (Premuda, 1985; Zampieri et al., 2012).

In the 1860s, Brunetti founded the Museum of Pathological Anatomy of the University of
Padua, recently renovated in 2018 and dedicated to the figure of Giovanni Battista Morgagni
(1682-1771). The Museum still collects the original preparations created by Brunetti for teaching
and studying anatomy and pathology, preserved dry, in liquid and with the original method of
artificial mummification he invented, the so-called tannization, considered Brunetti's main sci-
entific contribution (Magno, Boer, et al., 2022; Monza et al., 2019; Zanatta & Zampieri, 2018).

During his career, Brunetti indeed proved to be an innovator, not only theoretically but
also practically, inventing also modern tools for dissection, improving surgical instruments,
and he was active in the late nineteenth-century Italian debate regarding the cremation,
burial, and embalming of corpses (Magno, Zampieri, Thiene, et al., 2021; Magno, Zampieri,
& Zanatta, 2022). Brunetti was the father of modern crematory ovens (Magno, Zampieri, &
Zanatta, 2021).

Thus, a medical-historical search of the literature was performed to reconstruct the history
of the original technique of tannization invented by Lodovico Brunetti.

DESCRIPTION

The first detailed text about the tannization was written by Brunetti on the occasion of the Uni-
versal Exposition in Paris of 1867, and later, it was explained in further detail in a monograph of
1878. Brunetti claimed that anatomical preparations were essential for the practice and teaching of
pathological anatomy since it was necessary to store specimens of pathological lesions and altera-
tions, to not rely only on autoptic studies. The most commonly used preservation methods, such
as liquid, dry, and wax models, did not satisfy him as they showed only a part of the pathology
(i.e., bone pathologies dry preserved), or drastically altered the shape of the anatomical pieces (i.e.,
liquid storage dilated the tissues), while waxes were judged too expensive (Brunetti, 1867, 1878).

Correct conservation of pathological alterations also corresponded, according to the Is-
trian professor, to an act of morality toward the dead:

This act of veneration towards those who are no longer, we can consider it per-
fectly complete when their remains are preserved exactly as they were at the time
of their death

(Brunetti, 1867)

Brunetti reiterated this concept to underline the strong ethical value of an act that we would
argue rather as the result of a scientific attitude that is extraneous to any emotionality precisely
for the subject of the investigation. He was not the first to debate on human remains preserva-
tion: between the late eighteenth century and nineteenth century, several Italian anatomical
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preparers invented or perfectioned techniques of tissue preservation, for example, Giuseppe
Flaiani (1739-1808), Giuseppe Tranchina (1797-1837), Giambattista Messedaglia (1810-1877),
Paolo Gorini (1813-1881), and Efisio Marini (1835-1900) among many others (Luzzatto, 2000;
Pazzini, 1947).

Brunetti wanted to create a new type of preparation made specifically for students, to allow
them to study in detail pathologies and malformations that would otherwise have remained
confined to the autopsy room only (Brunetti, 1878; Zampieri et al., 2012).

Brunetti declared that he wanted to pursue “the ideal of the preservation of leather,” as a
useful method to preserve the tissue in its macroscopic and microscopic integrity, as we may read:

I soon went to a factory where the hides are tanned and I set myself to study
the process in detail, which seemed very simple to me. I concluded that I could
have reached the desired goal by resorting to equivalent, but much more energetic
means. It seemed to me that I could replace the sulfuric ether to degrease, the tan-
nin to the straight oak bark

(Brunetti, 1878)

Tannins are used in past times to make the treated leather waterproof and rot-proof, maintain-
ing their mechanical characteristics of elasticity and softness. They bind to the collagen fibers
of the skins (using hydrogen bridges that are formed between the phenolic groups of the veg-
etable substance and the peptide groups of the collagen), making them insoluble in water and
independent of each other. Tannic acid used for tanning of hides is a hydrolysable vegetable
phenol mostly found in nature in oak wood, but also in quebracho and chestnut, as well as in
the bark of mimosa, maletto and mangrove, and the leaves of sumac. It is used by plants as a
defense from parasites: Plant galls, produced on trunks and leaves as a reaction of the plant
due to some species of insect's laid eggs, are rich in tannic acid (Brunetti, 1878).

In his first experiments, Brunetti dipped the anatomical piece in water to wash the blood;
then, he used the ether to degrease it and finally a solution of tannic acid to fix it. Subse-
quently, he filled the accessible cavities with hair and let the preparation dry in the open air.
However, the results were not satisfactory, because Brunetti was unable to preserve the deeper
layers of the bowels. Thus, he had the idea to base his method on injection: Through the blood
vessels and excretory ducts, he was able to bleed (with water), degrease (with sulfuric ether),
tannizate (with tannic acid), and dry (with air) his preparations, following a simple physical
law according to which

the velocity and pressure of the liquid, which by its weight enters the bowels via the
vessels, are always in an unchangeable relationship with the height of the column
of the same liquid

(Brunetti, 1878)

In summary, he created a combination of injection techniques, already used since the end of
the seventeenth century, and desiccation (Brunetti, 1878).

His preparations, albeit dry, maintained a remarkable elasticity and softness, as well as
almost completely unaltered proportions. Basically, through a complex system of glass, brass
and rubber tubes of various sizes and woolen threads, Brunetti was able to bind the blood
vessels and excretory ducts with the different torches, guaranteeing complete adherence to
each other. For drying, he used compressed hot air at two atmospheres previously passed into
a container of calcium chloride to remove all the humidity (Zampieri et al., 2012).

However, this system could only be applied to anatomical preparations provided with veins,
arteries, and injectable excretory ducts, but it could also function in tissues whose vessels were
located at a certain distance from the specific object of the preparation, as in the case of the
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central part of the cornea. To perform a perfect tannization, the specimen had to be intact,
without any lacerations due to a possible pathological investigation (Brunetti, 1878).

It was also necessary to modify the perfusion rate of the different liquids, depending on
the degree of tissue assimilation, lowering or raising the perfusion vessel and using a series of
wooden clamps applied to the tubes. Another indispensable precaution, according to Brunetti,
was to avoid the presence of air bubbles in the fluid injection, because this could prevent to
have a complete diffusion of the tannic acid. Blood clots present in the veins are instead re-
quired to be freed by first injecting the arteries and vice versa. Hollow organs required to apply
a “disposer” torch to a blood vessel, because any pressure on the internal walls could have
ruined the structures beyond repair (Zampieri et al., 2012).

According to the Istrian pathologist, the tannization method had the substantial advantage
of keeping the shape and texture of the anatomical piece unaltered, even from a microscopic
point of view, as well as being inexpensive both in preparation and storage. Another import-
ant advantage consisted in the fact that the different stages of preparation could be put into
practice even at different times and at a considerable distance from each other (Brunetti, 1878).

Although the method seemed to be described clearly (Figure 2), today it is still not clear, not
even following the procedure in detail, how Brunetti managed to obtain extremely complex
preparations, nor it is possible to perform it as he did in the past. After the winning of the Gran
Prix at the Universal Exhibition in Paris in 1867 (Figure 3), and the great Medal of Progress
at the Universal Exhibition of Vienna in 1873, the tannization method became famous all over
Europe. Also, some specimens were sent to Pope Pius IX, testified by a commemorative plaque
retrieved from the archives of the University of Padua (Figure 4), stating: “The Supreme Pontiff
Pius IX Pope and King gave the following preparations, made by Professor Lodovico Brunetti
of Padua, as a gift to the Anatomical Museum of S. Spirito.” Recent research to retrieve this
tannized preparation was unsuccessful, due to destruction of part of the former Anatomical
Museum of S. Spirito during World War II bombings (Zampieri et al., 2012).

The last known tannized preparation was made in 1915 by Brunetti's successor, Augusto
Bonome (1857-1922) when he had to preserve the inner anatomy of a case of situs inversus with

FIGURE 2 Instruments used by Brunetti for each phase of tannization: (a) Blood draining (water); (b) Fat
removal (sulfuric ether); (c) Tannization (tannic acid injection); (d) Heat drying (internal -pump- and external —oven-).
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FIGURE 3 Lithograph of the showcase of tannization by Brunetti at the Universal Exhibition in Paris in 1867.
[Color figure can be viewed at wileyonlinelibrary.com]

dextrocardia. It is not clear whether Bonome also still had the instruments for the tannization
of his predecessor. In fact, despite Brunetti's accurate description, it remains a mystery as the
pathologist succeeded in obtaining his astonishing results (Zanatta et al., 2014).

DISCUSSION

Originally Brunetti wanted to keep the method secret, as he revealed when he was pressured dur-
ing the Universal Exhibition in Paris. However, despite the descriptions that the pathologist pro-
vided in his publications, the method has not been clarified. The desire to keep one's preparation
technique secret, incidentally, has been a common denominator of the ancient preparers. Unfor-
tunately, Brunetti did not create a school of disciples inspired by his method and his teachings
to carry on his legacy. In any case, Brunetti's method certainly had considerable success both at
a national and an international level, being known in Padua and Rome (Italy), London (United
Kingdom), Paris (France), and in several cities in the former Russian empire as Kyiv, Odesa,
Dorpat, Kharkoff, Moscow, and Kazan (Brunetti, 1878; Zampieri et al., 2012).

A new method, similar to Brunetti's tannization, was created in 1977 by Gunther von Ha-
gens (19495), the so-called plastination technique, used to preserve organic tissues or even entire
human bodies (Von Hagens et al., 1987).

The standard plastination process is divided into four phases: embalming, dehydration,
forced impregnation, and hardening. Water and adipose tissue are replaced with hardenable
polymers including silicone, epoxy, and polyester copolymers. Embalming is carried out with
a formaldehyde-based solution to avoid the decomposition of the tissues and provide an initial
stiffness, to maintain the shape of the sample. After any necessary or desired dissections, the
sample is immersed in a low-temperature acetone bath between —20°C and —30°C. This bath
lasts at least 6 weeks, during which the acetone is replaced twice. Thus, the acetone eliminates
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FIGURE 4 Commemorative plate sent by Pope Pius IX to Brunetti. [Color figure can be viewed at
wileyonlinelibrary.com]

the water and replaces it within the cells. Then, the sample is immersed in a bath of liquid
polymers: Creating a vacuum, the acetone boils even at low temperatures, it leaves the cells,
and the liquid plastic replaces it. Then, the plastic is hardened by gas, heat, or ultraviolet light.
Plastination allows any type of tissue to be preserved maintaining its original shape and color
(Von Hagens et al., 1987, Von Horst et al., 2019).

Both techniques manage to achieve a long-lasting duration of the specimens, although both
have cons related to the cost and skills needed by the operators to obtain an optimal result
(Table 1).

Tannization is confirmed as an excellent technique, given the state of conservation of the
many specimens prepared by Brunetti still present in the Morgagni Museum of Human Anat-
omy. Due to its complexity, the tannization method did not have the diffusion which it would
have deserved, also due to the results achieved.

Nowadays, some experiments were made to reproduce the technique of Brunetti, but they were
unsuccessful, probably because Brunetti, eager to keep the method secret, would not have fully
revealed the methods of realization. Furthermore, Brunetti's original instruments have not been
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TABLE 1 Comparison between tannization and plastination techniques.

Tannization Plastination

Around 2-15 working hours for body parts (about ~ About 1500 working hours for dissection and plastination

1/2days to complete) of an entire body requires (about | year to complete)

Cheap (according to 19th century economic Quite expensive (a complete body costs between 35,000€
standards) and 50,000€)

Long-term duration of the specimens (1860's Long-term duration of the specimens (up to 40 years)
specimens are still preserved)

Brain matter was impossible to be tannized by Fragile tissue samples can be preserved perfectly
Brunetti

Complex method (“especially in the draining Time consuming method and requires skilled manpower
process” and “demands many specific means”) and a dedicated laboratory (expensive)

preserved at the University, probably brought back in Istria when he retired from his academic
career.

The dual original purpose of Brunetti's tannization, conservative and didactic, is still main-
tained today. The specimens made since 1860 are still perfectly preserved in the Morgagni
Museum in Padua and do not need any restoration. But above all, their didactic value has
remained intact, just as Brunetti wanted his students to touch the tannized specimens with
their own hands, even today this technique allows the student to handle the preparation safely,
resulting in a fundamental training moment for students of medicine.
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