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Abstract: The present study aims to approximate the face from the alleged skull of Jan
Zizka (ca. AD 1360-1424), a military commander and national hero in the Czech Republic.
Found in 1910, the skull has only a fraction of its original structure, which required an initial
effort to reconstruct the missing regions from data collected in CT scans of living people’s
heads. The forensic facial approximation consisted of projecting the skin boundaries with
soft tissue markers and cross-referencing data from statistical projections from CT scans
of living people and the use of the anatomical deformation technique, where the digital
head of a virtual donor was adjusted until it matched the alleged skull of the Czech general.
The final face was the result of the cross-referencing of all data and the completion of the
structure respected the iconography attributed to Jan Zizka.

Keywords: anatomy; anthropology; artificial intelligence; digital; facial approximation;
Jan Zizka

1. Introduction
1.1. The Historical Character of Jan ZiZka

Jan Zizka (ca. AD 1360-1424) was a military commander born in Tro¢nov, Bohemia
(present-day Czech Republic). Considered a national hero, he led a series of campaigns,
including the victory of the Hussite armies against King Sigismund in 1420. Zizka lost one
of his eyes (Figure 1) at a young age on an unknown occasion, but this did not prevent him
from developing in the art of war, revolutionizing the field of warfare by introducing the
use of cannons mounted on mobile and armored agricultural carts, considered by some to
be the precursor of the war tank. He was also one of the first to group cavalry, infantry, and
artillery as a tactical corps, resulting in a virtually unbeatable system [1]. Before he died
in 1424, he lost sight in his other eye, but he continued to collaborate with his followers,
making his reputation as invincible on the battlefield last until today, both in the historical
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and popular context, as is the case with the film titled Mediaeval, based on his story and
which became one of the most watched productions on the Netflix platform in 2022 [2].

Figure 1. Jan Zi7ka, head carved in pumice, 16th century. Wolfgang Sauber, Wikimedia Commons.
Public Domain (https://commons.wikimedia.org/wiki/File:Hussitenf%C3%BChrer_Jan_Zizka.jpg).
Accessed on 13 November 2024.

1.2. The Discovery of the Remains

Jan Zizka died on 11 October 1424 during the conquest of P¥ibyslav Castle, which is
located in the present-day territory of the Vysocina region, i.e., on the Czech-Moravian
border. Historical sources claim that Zizka died from the effects of a festering ulcer, while
many historians have suggested that it was plague [3]. One of the first to object to this
possibility was an anthropologist, Emanuel Vi¢ek, who, from the 1960s onwards, worked
on the history of the city. He lists a number of objections to this claim. First, at the time of
Jan Zizka’s death, no plague epidemics had been recorded in Bohemia. None of his relatives
who were present at his death contracted the plague or any other contagious disease. Vl¢ek
is inclined to the doctors’ opinion that Zizka died of blood poisoning following an untreated
carbuncle (boil), which may have looked like a “purulent ulcer” [4].

Jan Zizka’s funeral took place in autumn of the same year he died, and he was buried
in the Church of the Holy Spirit in Hradec Kralové. The burial place or grave is no longer
known. The old Czech chronicles mention a grave in the right pillar in the main nave of
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the church on the Gospel side [4-6]. After some time, the remains were to be transferred to
the Church of St. Peter and Paul in Céslav (Figures 2 and 3). The reason for the translation
is unknown [7]. On 21 November 1910, during the reconstruction of the Church of St.
Peter and Paul in Caslav, a walled-up niche was discovered in the northern wall of the
tower [8]. The niche was found 115 cm above the existing floor, 115 cm high, 78 cm wide,
and 84 cm deep (Figure 2). The niche contained femurs, the upper part of a skull, other
skull fragments, a larger pottery fragment, possibly a bowl, a disintegrated cloth, and
perhaps two wooden boards with slats (Figure 4) [8,9].
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Figure 2. Location of the discovery of the skull attributed to Jan Zizka. Image in the public domain [8].
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Figure 3. Current photo of the Church of St. Peter and Paul in Caslav. Author: Petr1888, under Creative
Commons license at Wikimedia Commons (https:/ /bit.ly/30DLVqC) accessed on 13 November 2024.

The first anthropological report focused on the study of skeletal remains and was
made by the founder of Czech anthropology, Jindfich Matiegka (1862-1941) [8]. However,
his report was not accepted by other scholars who assessed it, which was the result of a
division into opposite views, composed on one side by experts who believed that these
were the authentic bones of Jan ZiZka, and on the other side by those who believed that
they were a forgery, each side presenting their arguments in an environment of fierce
debate [4]. Since then, the partial skull and other skeletal remains have been treated mostly
by Emanuel VI¢ek (1925-2006), who prepared an anthropological and medical survey of
Céslav’s discovery [10].
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Figure 4. The skull attributed to Jan Zizka among other remains and objects, 1910 photo in the public
domain (https://commons.wikimedia.org/wiki/File:%C4%8C%C3%Alslavsk%C3%BD_n%C3%A1
lez.jpg), accessed on 13 November 2024.

The information on anthropological examinations contained in this article, which will
be presented below, was extracted from physical studies carried out by Emanuel Vl¢ek,
whose descriptions contain more detailed data and photographs. In order to maintain the
focus on the facial approximation, this manuscript reports only the most important data
related to the cited study. Nevertheless, we recommend reading VI¢ek’s work for a full
understanding of the decisions taken by this anthropologist [4,10].

The other recovered bones in the niche discovered in 1910 in Céslav belonged to at
least three people, and none of the total of seven bones—occipital bone, maxilla, nasal
bones, right and left ribs, right and left femur—can be assigned to the upper part of the
skull with nasal bones and right temporal bone, i.e., to Caslav’s bald head [4,10]. This
preserved skull consists of the frontal bone, both parietal bones and the upper half of the
occipital bone. A part of the right temporal bone is also preserved. Unfortunately, these
remains were secondarily damaged by blunt blows to the occipital bone and the upper
edge of the left orbit [4]. Additional damage is related to the rapid drying of the skull bones
and mechanical damage to the bones caused by handling the skull.

The classifying features for sex determination, found in Professor Vl¢ek’s work, were
primarily the strong development of the supraorbital arches, the frontal and parietal
protuberances not being formed, and a process on the temporal bone being massively
developed with a deep notch and with a strongly formed rim over the external auditory
canal. According to the anthropologist, those traits would lead to the conclusion that
the human remains are from a male individual. This analysis also found notable and
modeled muscular insertions in the skull. In addition, though this was not commented
on by him, the robustness of the glabella would also be an indication of the male sex [11].
Vlcek determined the age solely based on the closure and growth of the cranial sutures.
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According to him, this individual did not exceed a mature age. Hence, his age at death is
estimated as 50 & 10 years [4,10].

Regarding the individual’s ancestry, the authors did not find any mention of such
a characteristic in Vlcek’s study, but given the approach that seems to agree with the
fact that it belonged to Jan Zizka and since he is historically described as a European
individual, there is no reason to doubt that the skull belonged to an individual of European
ancestry. This approach can be reinforced, though indirectly and not free of errors, that the
characteristics, such as the proportions of the neurocranium, the glabella, and the projecting
nasal bone, are compatible with European individuals [12].

Healed lesions were assessed on the skull using computed tomography (CT). These
are a total frontal bone flap over the left orbit and an arcuate depression. This alteration
was caused by the formation of a massive lesion from the incisional wound that passed
through the upper and lower margins of the left orbit. Considering the healing process of
this wound, the anthropologist concluded that the injury occurred before the individual
had completed growth, between the ages of 10 and 14 years. Other traces of the injury
were found in the region of the right supraorbital arch, where an encapsulated healing
hematoma was found. This injury, according to the anthropologist, was caused by the
detachment of the periosteum from the surface of the bone by a blunt blow directed at the
region of the right eye and healed shortly before the death of the individual under study.
Some images of the skull in detail can be seen at the link: https:/ /www.staletapraha.cz/
pdfs/pha/1984/01/05.pdf accessed on 13 November 2024. Historically, this is the period
of the siege of Rabi Castle in 1421 [4,10].

After anthropological and medical research on the skull and its identification with
historical events, anthropologists came to the conclusion that it is an authentic relic of
Jan Zizka. The most recent research, which has not yet been scientifically published, was
carried out by the Institute of Nuclear Physics of the CAS, based on the radiocarbon method.
It was found that the individual in question died around 1424, the same time as the famous
warlord Jan Zizka of Trocnov [13].

1.3. The Facial Approximation

On the occasion of the 600th anniversary of Jan Zizka’s death in 2024, there was a
movement to reveal his face from the available remains. The skull was scanned using
photogrammetry and the process began, with the aim of revealing the face in early October.

2. Materials and Methods

Forensic facial approximation (FFA) is an auxiliary recognition technique that uses a
skull as a basis to approximate the face that the individual would have had in life. In the
forensic context, it is applied when there is little or no information about the identity of this
person, and can serve as an initial element of recognition, which can lead to subsequent
identification with DNA techniques or comparative analysis of the dental arches [14-16].

In addition to the forensic field, facial reconstructions are also presented in an archaeo-
logical or historical context, usually with artistic and/or speculative elements, such as skin,
hair, and eye color, without DNA data, or even specific clothing or hairstyles, which differs
from forensic work, which is more objective and anchored in data available on mortal
remains or at the crime scene, such as clothing and fabric remains. Examples of the use of
the technique in the field of anthropology /history can be seen in the presentation of faces
of ancestors of human evolution, such as a Neanderthal [17], passing through prehistoric
humans [18], from the Middle Ages [19] or more modern ones like Gertrude, one of the
30 people who died during the sinking of the Swedish ship Vasa in 1681 [20].
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In the present work, the technique is used in the museum context, aiming to approximate
the face from the skull attributed to Jan Zizka, following the steps of previously published
works, starting with the reconstruction of the skull, the statistical and anatomical projections
of the soft tissue, complemented by the anatomical deformation technique and concluding
the approach with the generation of the final media for public presentation [21-23]. The work
was carried out mainly in the Blender 3D software with the help of the OrtogOnBlender
add-on and its ForensicOnBlender submodule, which provides specific tools for executing
FFA [24].

The basic element for facial approximation is the dry skull, but in the case of the
present work, an additional challenge was presented, since a significant part of the splanch-
nocranium is missing, therefore requiring the reconstruction of the large missing region.
A few years ago, the team found itself in a similar situation, when reconstructing the skull
of Saint Ludmila of Bohemia, also with the splanchnocranium missing, and using as a basis
a projection made, coincidentally, by Dr. VI¢ek, the same specialist who worked on the
alleged skull of Jan Zizka. After the work, some members of the present team studied an
approach for projecting missing regions of the skull and, when testing such projections
on the skull of Ludmila of Bohemia, it was observed that Vlacek’s reconstruction was
within the standards expected for a skull projected from the remnant. However, for the
present work, the specialist did not provide a complete reconstruction, limiting himself to
presenting a partial facial reconstruction.

Ludmila da Bohemia’s facial approximation resulted in a peer-reviewed publication
that addressed not only the forensic technique but also the projection of facial structures
from anatomical landmarks, which was later incorporated into OrtogOnBlender and will
be presented below. The issue is that, although a technique has shown consistency in the
projection of the splanchnocranium, being published in a peer-reviewed journal and based
on measurements in a significant sample of CT scans, doubts about the reliability of such
an approach remained present, especially among critics of the methodology.

In order to assess this degree of precision, a preliminary study was carried out a few
months before the project presented in this article was carried out, in which a clearer margin
of error was measured regarding how close a statistical projection would be to the real piece.
Ten complete skull tomographies of modern individuals belonging to different ancestries
and anonymized were randomly selected and aligned to the Frankfurt plane. Initially, the
skulls were completely reconstructed from the CT scans (Figure 5A,D) and from these, two
groups were created, one composed of the skulls without the mandibles (Figure 5B,E) and
another group containing pieces with a significant part of the splanchnocranium erased
(Figure 5C,F), leaving almost only the neurocranium (occasionally, but not always, a small
part of the nasal bone and orbits). Two reconstructions were made, based on the statistical
projection methodology of the limits of the bone tissue, based on Moraes et al. (2022)
and Moraes and Suharschi (2022) [25,26]. Their aim was to measure the average distance
between the projections and the complete skull, as well as the standard deviations, and to
compare with the results presented in Wilkinson (2004), where six skulls were reconstructed
each in a different region and later compared with their complete version. In that study, all
reconstructions had a good level of compatibility, with the exception of the mandible [27].

For the comparison of the mandible reconstruction, 6 landmarks were chosen (Me
Z—Menton on the Z axis, Me Y—Menton on the Y axis, GoRL—Lateral limit line of the
right gonion, GoLL—Lateral limit line of the right gonion, PBR Y R—Posterior border
ramus on the right X axis, PBR Y L—Posterior border ramus on the left X axis).

For the comparison of the reconstruction without a significant part of the viscero-
cranium, 9 landmarks were chosen (NS—Nasolabial, Incis, Z—Base of the incisors on
the Z axis, Incis, Y—Base of the incisors on the Y axis, Me Z—Menton on the Z axis, Me
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Figure 5. (A,D) Complete skull with the evaluated landmarks. (B,E) The same skull, but without the
mandible. (C,F) The same skull, but without a significant part of the viscerocranium.

The previous study indicated that the projections made using the approach described
in Moraes et al. (2022) and Moraes and Suharski (2022) [25,26] were consistent along the X
and Z axes (horizontal and vertical), with the greatest discrepancy in the Y axis (depth),
a direction that was not evaluated at the incisor and chin points. The reconstruction of
the skull from a smaller available portion was better at two points, compared to one from
the reconstruction of only the mandible, demonstrating that a greater absence of structure
may not necessarily imply a greater projection error (see Tables 1 and 2). The survey also
indicated that the standard deviation of the measurements made in the reconstructions, in
relation to the original models, is smaller than that of the general studies mentioned above,
which served as a basis for the application of “reverse engineering” for the projection of
the missing regions.
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Table 1. Comparison of complete model vs. mandibular reconstruction.

SD (Moraes &

Landmark Average (mm) SD Suharschi, 2022) [26]
Me Z -1.9 29 7.6

MeY 5.7 3.7

GoRL -0.2 3.3

GoLL -0.2 2.6

Go Average -0.2 2.5 6.0

PBR YR 1.8 2.4

PRB YL 0.7 2.8

PRB Average 13 22

Table 2. Comparison of complete model vs. viscerocranium reconstruction.

Landmark Average (mm) SD Sul?izsgl\:[i?;)eZSZﬁZ 6]
NS —-0.6 2.0 3.2
Incis. Z —-0.9 24 5.1
Incis. Y —-1.5 4.5

Me Z —0.5 49 7.6
Me Y 4.2 2.1

Go RL —-0.6 3.1

Go LL 0.1 2.7

Go Average -0.2 2.5 6.0
PBR YR 1.8 33

PRB YL 2.3 2.6

PRB Average 2.0 24

The information gathered in the preliminary study showed that, although there is no
absolute certainty about what a skull might look like, by following the statistical projections,
while respecting the limits of the remaining structure, there is a good chance of getting
closer to what it would look like in reality. Armed with this information and aware of its
limitations, the team continued with the process of facial approximation.

The skull (Figure 6A) is composed of a frontal bone, parietal bones, the squama of
the occipital bone, the right temporal bone, and part of the calf of the nasal bones [19].
Since it is an incomplete skull, it was necessary to reconstruct the missing region to enable
the FFA process. A mirroring on the X axis of the structure allowed a discrete structural
completion, which allowed the visualization of the frontomalar orbital points (fmo-fmo)
(Figure 6B). Some anatomical landmarks were reported (fmo-fmo, g, n), and a projection
system available in ForensicOnBlender traced the expected limits of some soft tissue
structures (position of the eyeballs, horizontal dimension of the lips, and inferior limit of
the nasal wings) and bones (horizontal limit of the gonions, inferior limit of the incisors,
and inferior limit of the chin) (Figure 6C) [20,21]. The skull from the computed tomography
scan of a virtual donor was reconstructed [22] and adjusted to the limits reported by the
projection algorithm based on 44 measures took on 102 persons (https:/ /bit.ly /3NRw2KW
accessed on 13 November 2024) with the two biological sexes (Figure 6D). Important
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anthropological data such as sex, age, potential injury structures, and others were extracted
from [19].

Figure 6. Reconstruction of the missing parts of the skull. (A) Original piece. (B) Mirrored structure.
(C) Missing part projections. (D) Skull complete reconstruction.

Once the skull was complete, it was possible to position more anatomical landmarks
and generate all the projections available in ForensicOnBlender (Figure 7A). For a practical
understanding of how the solution works, two video lessons on structural projections are
available online: lesson 1 (https://youtu.be/U60YKkEmfyWo accessed on 13 November
2024), lesson 2 (https:/ /youtu.be/Vcz2e5uSFX8 accessed on 13 November 2024). A series
of soft tissue thickness markers, derived from a population sample of adult European men
aged 50-59 years, was distributed along the surface of the skull (Figure 7B). This table
was chosen because it is a survey carried out on living individuals, which allows for a
more coherent projection than that of tables based on cadavers. Furthermore, it is a generic
European population, with no description of nationality [28]. The projection of the nose was
performed using a complementary methodology based on data collected from CT scans of
living individuals [26,29], allowing, together with the data from the soft tissue markers, a
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preliminary profile of the face to be drawn (Figure 7C). The level of nasal decay (Figure 7D),
in relation to age, was measured and adjusted according to data from [30]. A video lecture
on the nasal projection technique can be accessed online (https://youtu.be/F205kLQ--Oo
accessed on 13 November 2024).

Figure 7. Initial steps of facial approximation. (A) All projections by anatomical points. (B) Soft tissue
markers. (C) Profile face draw. (D) Nose point rotation corrected by age.

To complement the approximation data, the anatomical deformation technique [21,23]
was used, which consists of importing a composite head (skull, soft tissue, and endo-
cast) from a virtual donor (Figure 8A) and deforming/adjusting the donor’s skull until
it is compatible with the skull to be approximated, reflecting such changes to the soft
tissue, allowing the interpolation of the data from the projection of the anterior profile
with that provided by the anatomical deformation to result in a basic face (Figure 8B,C).
A video lesson addressing anatomical “deformation” can be accessed online. The basic
face undergoes a digital sculpting process, receiving expression marks compatible with
age, as well as the scar from the injury to the left eye [31], in addition to the hair, eyebrows,
mustache and beard (Figure 8D). Since this is a project for exhibition purposes in the
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context of museums, the face and eyes are pigmented according to data on the average
facial features of adult Czech men, generated by image composition from searches on
image websites (see [19]), so the process involves more speculative elements and does not
necessarily reflect what would have been seen in life. Clothing was modeled with data
provided by the classical iconography attributed to the historical character (Figure 1) and
the scene was lit to generate the final images (Figure S8E). Videos illustrating the digital
pigmentation and hair configuration processes are available online.

Figure 8. Final steps of facial approximation. (A) Virtual donor head imported. (B) Anatomical
deformation done. (C) Final basic bust. (D) Hair, beard, mustache, and other facial hair setup.
(E) Scene rendering.

3. Results
Three groups of images were created:
1.  Objective FFA (Figure 9A-C);
Colored bust (Figure 10A-C);
3. Complete artistic FFA with Al detailing, this is a version with increased detail via the

Leonardo Al application (https://app.leonardo.ai/ accessed on 13 November 2024)
and manual adjustments made in the Gimp image editor (https:/ /www.gimp.org/
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accessed on 13 November 2024). To better appreciate the details, it is necessary to

observe such images closely (Figure 11A-C).

Figure 9. Objective FFA containing only the face mesh, with the eyes closed (since the shape of the
eyes and their color/tone are not known for sure), without hair (since their distribution and shape
are not known), and in grayscale (since there are no data on skin color). (A) Frontal view, (B) lateral
view, and (C) three-quarter view.

Figure 10. Colored bust, containing the bust with one eye open, hair, mustache, beard, and eyebrows
with the appropriate pigmentations. (A) Frontal view, (B) lateral view, and (C) three-quarter view.
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Figure 11. Complete artistic FFA with Al detailing. (A) Frontal view, (B) lateral view, and (C) three-
quarter view.

4. Discussion

The most obvious fact about the current work is that there is only a part of the skull
assigned to Jan Zizka and that the lack of a significant region certainly raises questions about
the accuracy of the projection performed to recover what could be the complete structure.
Something partially similar to what happened in the case of the facial approximation of
Saint Ludmila, also studied by Dr. Emanuel Vl¢ek and whose skull was approximated by
the anthropologist in the 1990s. Interestingly, the specialist’s cranial reconstruction was
within the parameters of statistical projection and the facial approximation was compatible
with current techniques, duly published in a peer-reviewed journal [22].

In her book, Forensic Facial Reconstruction, Caroline Wilkinson addresses, in chapter 6,
the problems related to the reconstruction of missing parts of the skull, indicating that it
would be possible to reconstruct several parts of that anatomical structure and present a
model close to the original, with the exception of the mandible region, which generated a
greater difference. For this study, only six skulls were used. Even so, this approach was
cited in one of the most popular books on forensic facial reconstruction as a reference [27].
In this article, it was possible to present the results of a preliminary study using 10 skulls,
which were reconstructed twice each, resulting in 20 approximations, 10 of which were
only of the mandible and the other 10 of a significant part of the splanchnocranium. The
results showed good compatibility between the reconstructions and the original skulls,
in the measurements addressed in the study by Moraes et al. (2022) and Moraes and
Suharschi (2022) [25,26], which were the basis for the projections made from the remnant
of the alleged skull of Jan Zizka. The exception was precisely the projection that was not
studied, that is, the distances on the Y axis that present more discrepancy. But frontally,
that is, in relation to the X and Z axes, the projections proved to be quite reliable.

Although this does not guarantee that the approximated skull is completely similar to
the original, the chance of it being compatible is quite reasonable, and is therefore not the
result of random work, but centered on statistical, anatomically coherent data.

In the case of the present work, although it seems to be the same situation as the skull
reconstruction of Ludmila of Bohemia, it has more data in the nose region, allowing a more
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accurate lateral approximation, and the lack of data in the lower part was partially resolved
by the configuration of the mustache and beard, which cover a significant part of the region,
naturally hiding the maxilla and mandible.

The projection technique has been shown to be consistent with average skull structures
and was even compatible with the structural reconstruction of the incomplete skull of
Zlaty ki, originally performed with other, widely published tools, demonstrating the
coherence of the proposal available via ForensicOnBlender [32]. Even though the data from
the structural projections, combined with the anatomical deformation technique, come
from groups with individuals of different ancestries, the practical results have shown great
anatomical coherence with the approximated skull, including in unprecedented cases,
such as the approximation of a Polish man from the medieval period with achondroplasia.
Even though the data used did not come from a group with achondroplasia, the approach
generated a face with the expected characteristics, demonstrating structural coherence [19].
The technique, however, like any other based on statistical data, has its margins of error
and standard deviations. It is essential that these characteristics be explained so that
the limitations are known. Since these are reconstructions intended for presentation in
religious and museum contexts, in both the case of Saint Ludmila and Jan Zizka, there
is no excessive pressure on structural accuracy. However, even in critical cases such as
approximation in the effective forensic context, that is, cases of murder or disappearance,
there is the possibility of reconstructing highly fragmented skulls with a significant chance
of recognition. One case that can be used as an example is a skull with a significant region
of the splanchnocranium missing, found in 1999 in a remote Avocado Grove in San Diego,
California. The structure lacked the nasal opening, the zygomatic bones, no maxilla, and a
small part of the mandible. In 2002, a structural reconstruction of the skull, followed by
facial approximation, generated images of the face and the entire body, with some pieces of
clothing found at the scene. Although it did not produce a face perfectly compatible with
the individual in life, the work was sufficient for there to be recognition and subsequent
identification of the crime victim [33]. Therefore, the approach used to approximate the
missing parts of the alleged skull of Jan Zizka, although it is not a forensic work (with
crime victim), strictly followed the techniques that would be applied in a formal approach
for the identification of a crime victim. Unfortunately, the complete skull is not available,
which would be an ideal scenario, but on the other hand, even with the aforementioned
limitations, it is possible to project the missing regions with a satisfactory degree of accuracy,
especially in frontal and slightly lateral views. Until the other remains are found, if they are
ever found, at least for now, this is the most coherent approach presented so far, with the
detailed process and available sources, and there is nothing to prevent other work, with
more robust and precise data, from being done in the future.

Another question that is raised with some constancy is that related to the authenticity
of the skull in relation to the individual to whom it is attributed. Regarding the alleged
skull of Jan Zizka, the arguments in favor may be those related to the study of the 1980s
by Dr. Vl¢ek, which indicated that it was a male individual between 40 and 60 years old
who would have suffered two injuries to the eyes, one with bone healing that occurred at a
young age and the other close to death, denoting, according to the researcher, a combination
of factors rarely seen in other contexts [31]. In addition to such data, a radiocarbon dating
carried out in the year 2024 seems to corroborate the year of death in 1424 [13], reinforcing
the elements in favor (that is different to prove) of the thesis that it would have belonged to
the notorious Bohemian general.

The solution to the doubt could be resolved with a DNA test, but there is no guarantee
of success, just considering the case of the tests carried out on the hair and supposed skull
of Nicolaus Copernicus [34], which raised great debate [35], and the case of the test carried
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out on the skull that would be Mozart’s, comparing the sample with two supposed relatives
of his, and in the end, all the samples were unrelated to each other, further increasing the
mystery that has dragged on for centuries [36,37].

Regarding the use of the artificial intelligence tool to detail the final images, when
viewed from a distance, there is not much difference between the original version and the
one refined by Al. However, when viewed closer, it is possible to see significant detail,
especially in relation to expression marks, facial hair, and the brightness of the eyes, which,
together, make the figure more human, with an aspect of liveliness. However, there are
some problems with the tool, such as the need for manual edits for structural corrections
in the eyes, facial hair, and others, since the algorithm, although it works very well, still
generates some structural errors. Even so, the tool allowed for a level of detail that, if done
completely manually, would significantly increase the execution time.

5. Conclusions

This study presented an approach based on statistical and anatomical data to initially
seek the reconstruction of the alleged skull of Jan Zizka and subsequently its facial ap-
proximation, using as a basis the examinations carried out by Dr. Emanuel Vl¢ek with the
remains of the physical skull in the 1980s. Although on the one hand, a series of limitations
guided the choices and results, on the other hand, it was possible to present some advances
in facial approximation techniques, such as that related to the reconstruction of missing
regions. The preliminary study demonstrated that there is a tendency for the projections
to be compatible with the complete skull, which may be a motivating element for further
studies with a larger sample. It is recommended to carry out further studies on depth
projections, but it is important to note that frontal and slightly lateral views of the face are
more reliable than profile views, unless the reconstructed face has a beard, as in the case
of the alleged Jan Zizka, which would reduce this incompatibility in artistic versions of
the works, as it would hide the region with lateral imprecision. Furthermore, the use of
artificial intelligence to increase details was successful in its objective, demonstrating that,
as long as it is supervised by a specialist and does not distort the original structure, it can
be a powerful tool for increasing productivity and the quality of the work, giving more
vivacity to the face that will be presented to the museum public.

Note: A preprint, open-access version of this study was posted online at the on-
line repository (link to Ortogon in Portuguese, https://ortogonline.com/doc/pt_br/
OrtogOnLineMag/10/Zizka.html accessed on 13 November 2024), and the facial recon-
struction was presented to the media.
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