
Academic Editors: Arlen F. Chase,

Rosalie David and Jenefer Metcalfe

Received: 13 April 2025

Revised: 5 June 2025

Accepted: 6 June 2025

Published: 10 June 2025

Citation: Moraes, C.; Abdullah, J.Y.;
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Francesco Maria Galassi 8 and Thiago Beaini 9

1 Ortogonline Treinamento em Desenvolvimento Profissional e Consultoria, Sinop 78557-682, MT, Brazil
2 Craniofacial Imaging Laboratory, School of Dental Sciences, Universiti Sains Malaysia Health Campus,

Kota Bharu 16150, Kelantan, Malaysia
3 Dental Research Unit, Center for Transdisciplinary Research (CFTR), Saveetha Institute of Medical and

Technical Sciences, Saveetha Dental College, Saveetha University, Chennai 602105, India
4 GEO-CZ, 391 43 Tábor, Czech Republic; geo@geo-cz.com
5 Institute of Archaeology, Faculty of Arts, University of South Bohemia in České Budějovice,
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Abstract: This study presents a digital forensic facial approximation of Wenceslas, Duke of
Bohemia (ca. 907–935), based on photographs of the skull attributed to the saint, preserved
in St. Vitus Cathedral, Prague. The skull was replicated through structural deformation
using public domain images, adjusted to historical measurements, and enriched with
anthropometric data. The facial approximation combined traditional techniques with sta-
tistical projections from tomography of living individuals, resulting in two versions: an
objective one and another with artistic and more speculative elements based on historical
descriptions. Comparisons with Petr Parler’s 14th-century statue and a previous reconstruc-
tion revealed structural consistency, suggesting the skull may have inspired the sculpture.
This work contributes to humanizing historical figures and reinforces Wenceslas’s legacy
as a Czech icon.

Keywords: forensic facial approximation; Wenceslas; Přemyslid dynasty; digital skull;
St. Vitus Cathedral; historical anthropology; Petr Parler

1. Introduction
1.1. Who Is Wenceslas?

Wenceslas of Bohemia or Saint Wenceslas, born around 907, was a duke of Bohemia—
within the territory of present-day Czechia—and a pivotal figure of the Přemyslid dynasty,
representing its third generation. The son of Duke Vratislav and Drahomíra, a member of
the princely Lyutic family of Stodorian Brena, he was raised by his grandmother, (Saint)
Ludmila of Bohemia under a profound Christian influence. Following his father’s death in
921, Wenceslas, being too young to govern, remained under his mother’s regency until he
assumed power around 925 [1].
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Wenceslas furthered the efforts of his uncle Spytihněv in supporting the Bavarian
clergy to introduce Christianity into Bohemia. In 929, he confronted the East Frankish king
Henry I and the Bavarian duke Arnulf outside Prague, ultimately submitting to Henry
I and reestablishing Bohemia’s tributary dependence. That same year, he received the
relics of Saint Vitus from Henry I, a gift to which the Saxons attributed significant strategic
importance. Wenceslas enshrined these relics in a circular church, the St. Vitus Rotunda, at
Prague Castle, where the Prague bishopric would be established half a century later [2].

On 28 September 935, Wenceslas was assassinated by order of his brother Boleslav,
who then seized power [3]. Several years later, likely after 938, his remains were moved to
the St. Vitus Rotunda, though sources do not specify the reason for this delay. After the
transfer, veneration of Wenceslas began to flourish [2,4]. His cult grew over time, as seen
in his name on 11th-century Saint Wenceslas denars [5]. In 1333, King Charles IV, ruler of
the Bohemian lands, richly decorated Wenceslas’s tomb, and in 1346 commissioned a royal
crown to rest atop his skull, a relic used only for coronations and returned the same day [4].
Charles IV also commissioned a two-meter statue by Petr Parler, possibly modeled on the
saint’s skull to reflect his true facial features [2,6].

In popular culture, Saint Wenceslas is widely recognized in the English-speaking
world through the Christmas carol “Good King Wenceslas,” composed by John Mason
Neale and published in his collection Carols for Christmas-tide (1853). Inspired by the life
and legacy of Saint Wenceslas, the work reflects an idealized portrayal of his figure as a
benevolent and pious ruler, cementing his memory within a cultural and religious context
that transcends the boundaries of medieval Bohemia and resonates to this day.

1.2. Archaeological and Anthropological Studies

Wenceslas’s tomb underwent improvements and reconditioning of the remains over
the centuries, though it also faced periods of apparent indifference or neglect, culminating
in 1905 with a significant donation for a new altar. This necessitated opening the site
housing the remains, a task completed in 1911 [4].

The analysis of the remains associated with St. Wenceslas (Figure 1) was conducted
between April and May 1911 by anthropologist Jindřich Matiegka (1862–1941). As reported
by the expert:

The purpose of the investigation was not to prove the identity of the individual; there was
no reason to doubt that the remains of St. Wenceslas had been preserved for us; after all,
these are not the remains of an ordinary person, but those of a duke, and a Czech domestic
prince; there is no doubt that his tomb was specially marked and known as such from the
beginning. The tombs and remains of other Czech princes from that era have also been
preserved [7].

Matiegka’s detailed work enabled the cataloging and measurement of a set of nine
bone remains, with the skull attributed to St. Wenceslas standing out, alongside a series of
measurements. According to the expert, the evidence pointed to an individual of Nordic
ancestry, characterized by:

This type includes blond hair and blue eyes. Historical sources, even the oldest depictions,
insofar as they can be applied here, do not contradict this concept of St. Wenceslas’s
physical nature; on the contrary, they align with it [7].
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Figure 1. Bone remains found, attributed to St. Wenceslas. Jindřich Matiegka, public domain
(https://cs.wikisource.org/wiki/Soubor:Summary_of_St_Wenceslas_remains.jpg, accessed on 5 June
2025). The engraving represents groups of bone pieces found separately, pigmented (in groups or
single pieces) in black, red, blue, and yellow, all, according to Matiegka (1934) [7] belonging to a
single skeleton, in this case, Wenceslas of Bohemia. The white regions are those missing.

Based on prior studies, anthropologist Emanuel Vlček (1925–2006) deduced various
details about Wenceslas. He argued that the identity of the remains was corroborated
by multiple documentary authentications, traditions linked to the burial sites, and the

https://cs.wikisource.org/wiki/Soubor:Summary_of_St_Wenceslas_remains.jpg
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remains’ millennium-long presence at the site of the rotunda he had built. The evidence
clearly indicated a male individual, as the skull, according to the analysis, presented
typical male characteristics, including, well-developed supraorbital arches on the inner
halves of both orbital cavities, a significantly developed glabella, a sloping forehead, a
well-developed zygomatic arch, and a more closed mandibular angle. Regarding age at
death, Vlček noted that while cranial suture closure might suggest an individual over 60,
the condition of the dental alveoli pointed to an age range about two decades younger,
estimated at 42.2 ± 4.8 years (37.4–47). Another analysis proposed an age between 35 and
40, aligning with the currently accepted 32 years, although the author suggests Wenceslas
may have been born before 907. From the nearly intact left tibia, his height was estimated
between 160–165 cm. A forensic facial reconstruction of the profile was performed, yielding
different versions: one with the skull overlaid with skin, another without hair or beard,
and two complete versions with hair and beard: one depicting him at 30 with a crown, and
another at 40 with a denser beard. Vlček also highlighted Petr Parler’s statue, suggesting
it was modeled on Wenceslas’s skull, constituting the first historical reconstruction based
on its measurements, a hypothesis supported by Vlček’s projection. However, he notes
inconsistencies, explained by details like the nose area, completed in 1866 by another
sculptor centuries after the original work [2].

1.3. New Digital Facial Approximation

The authors of this study have contributed over the years to the reconstruction of the
history of key personages of the Czech Republic through forensic facial reconstructions,
many published in peer-reviewed academic journals. In total, 16 reconstructions have been
completed, including the Zlatý kůň fossil, dated to approximately 43,000 years BP [8], the
Hussite general Jan Žižka [9], and several figures directly tied to the Přemyslid family, such
as Vratislav I of Bohemia [10], Spytihněv I of Bohemia [10], and Ludmila of Bohemia [11].
Notably, the case of Adalbert of Prague [12] is included in the official name of St. Vitus
Cathedral—St. Vitus, Wenceslas, and Adalbert—reflecting the coherence of this research
line and justifying the choice of St. Wenceslas as the next face to be reconstructed. Beyond
his Přemyslid lineage and presence in the name of a building symbolizing the nation [13],
he is also the patron saint of the Czech Republic [14].

This study aimed in a pioneering manner to three-dimensionally reconstruct the face of
Wenceslas of Bohemia through a rigorously peer-reviewed process, enabling the provision
of images under a free license (Creative Commons) and facilitating derivative works, such
as 3D bust prints and statue compositions. As open-access material, the data will be
shared transparently, encompassing not only free images but also a replicable methodology
developed using open-source software and accessible sources.

2. Materials and Methods
This study explored the use of forensic facial approximation (FFA), a technique

grounded in anatomical projections and statistical analyses derived from a dry skull to esti-
mate an individual’s appearance during life. In forensic contexts, this method is frequently
employed in cases where the victim’s identity is unknown, producing a facial represen-
tation that enables preliminary identification, later substantiated by techniques such as
dental analysis or DNA testing. Although the authors bring considerable experience in
forensic applications [15], the present work focused on reconstructing a figure of historical
and religious significance. The primary aim was to assign a face to a relic, fostering a
connection with the public through a more accessible and humanized depiction.

All work described herein was conducted using open-source, free, multi-platform
software. For 3D modeling, Blender 3D 2.91(https://www.blender.org, accessed on

https://www.blender.org
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5 June 2025) was used with the OrtogOnBlender 2.91 add-on (https://www.ciceromoraes.
com.br/doc/pt_br/OrtogOnBlender/, accessed on 5 June 2025), which enhances the na-
tive program with tools for importing computed tomography scans, photogrammetry,
forensic facial reconstruction, and AI-driven image enhancement. Graphics were created
using GIMP 2.10 (https://www.gimp.org, accessed on 5 June 2025) and Inkscape 1.2
(https://inkscape.org, accessed on 5 June 2025). These tools were run on Ubuntu
Linux 24.04 (https://ubuntu.com, accessed on 5 June 2025), though being multi-platform,
they are also compatible with Windows and macOS.

The process requires a fully digitized 3D skull. Here, photographs of the skull
attributed to St. Wenceslas, available in the public domain on Wikimedia Commons
(https://commons.wikimedia.org/, accessed on 5 June 2025), were used to create a corre-
sponding digital anatomical piece via structural deformation [16]. A virtual donor skull,
derived from a 3D-reconstructed tomography scan, was imported into the scene and
aligned with the Frankfurt horizontal plane. Multiple digital cameras were then added,
using reference photographs as backgrounds, aligning both cameras and images to the
donor skull. Structural adjustments transformed the donor skull into one compatible with
St. Wenceslas’s (Figure 2). The initial adjustment was based solely on proportions, with
the skull later scaled to real dimensions using the measurements documented by Matiegka
(1934) [7]. For the calibration of the skull size, three primary external measurements were
used as a basis: the maximum length (185 mm), the maximum width (131 mm), and the
basion-bregma height (135 mm), which define the rectangular volume encompassing the
skull. In addition to this, 52 other measurements, including facial, mandibular, and cranial
indices, are available for detailed consultation in the document referenced in Matiegka
(1934) [7]. For the skull reconstruction, four freely licensed images available on the internet
were used (Figure 2A–D), selected in accordance with the project’s premise of employing
resources accessible to anyone interested in replicating the methodology. For this reason,
media from the Wikimedia Commons portal were chosen. To validate the structural co-
herence of the model, proprietary images from the Prague Castle collection were utilized
(Figure 2E), with camera metadata available, enabling the configuration of a virtual camera
compatible with the real one. This approach confirmed that the model reconstructed from
the four openly available images was compatible with the proprietary photographs from
the official collection. After the completion of the forensic facial approximation process,
a complementary comparison stage for volumetric evaluation of the skull was carried
out using a 3D digitized model from proprietary photos of Prague Castle through the
photogrammetry process. This test will be addressed in Results and Discussion.

For the facial approximation, the approach of Moraes et al. (2024) [9] was adopted,
combining traditional facial approximation methods with complementary techniques
based on measurements from living individuals’ tomography scans, alongside anatomical
adjustment of a virtual donor. The final bust resulted from interpolating all data, prioritizing
statistical and anatomical coherence.

From anatomical points positioned on the reconstructed skull, projections were
made based on measurements from tomography scans of living individuals of varying
ancestries [9]. These projections estimated the positions of the eyeball, ear, nose, and
lips, as well as cranial structure. Here, some estimates aligned with the reconstructed
structure, including the nasolabial point (Figure 3A 1), the lower limit of the upper in-
cisors (Figure 3A 2), and the lower limit of the chin (Figure 3A 3). This consistency
allows the tool to project expected structure locations and reconstruct missing skull re-
gions [9]. The tool’s functionality is detailed in two online video tutorials (Lesson 1:
https://www.youtube.com/watch?v=U6oYkEmfyW, accessed on 5 June 2025; Lesson 2:
https://www.youtube.com/watch?v=Vcz2e5uSFX8, accessed on 5 June 2025). It is impor-

https://www.ciceromoraes.com.br/doc/pt_br/OrtogOnBlender/
https://www.ciceromoraes.com.br/doc/pt_br/OrtogOnBlender/
https://www.gimp.org
https://inkscape.org
https://ubuntu.com
https://commons.wikimedia.org/
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tant to note that some of the lessons available in this section come from videos originally
recorded in Portuguese. Therefore, depending on the viewer’s language, it will be necessary
to enable subtitles on the video and set them to the desired language.

 

Figure 2. Adjustment of a virtual donor skull over photographs (3D camera backgrounds) in
the public domain. Credit: Jindřich Matiegka. (A) St. Wenceslas’s skull—(https://commons.
wikimedia.org/wiki/File:St_Wenceslas_skull.jpg, accessed on 5 June 2025). (B) Complete skull of
St. Wenceslas, the Prince of Bohemia, including the lower jaw (https://commons.wikimedia.org/
wiki/File:Complete_St_Wenceslas_skull.jpg, accessed on 5 June 2025). (C) St. Wenceslas’s skull
(https://commons.wikimedia.org/wiki/File:St_Wenceslas_skull_2.jpg, accessed on 5 June 2025).
(D) Lebka sv. Václava, kterou nese kardinál Miloslav Vlk. Credit: Kmenicka (https://commons.
wikimedia.org/wiki/File:Lebka_vaclavova_(cropped).JPG, accessed on 5 June 2025). (E) Set of official
images of the skull of Saint Wenceslas belonging to the collection of Prague Castle (not available on
Wikimedia Commons) used for structural validation of the skull from different points of view.

The digital skull was supplemented with soft tissue thickness markers based on
ultrasound measurements from a generic European male population aged 30–39 [17].
This choice was due to the fact that they are based on living individuals, which provides
better structural coherence compared to those derived from cadavers. Moreover, although
the ancestry includes diverse groups, the individuals are of European origin, consistent
with the ancestry of the skull being approximated. As will be seen later, this approach is
complemented by other projections; therefore, the final appearance of the face is not limited
to these data alone, but results from the interpolation with additional elements.

https://commons.wikimedia.org/wiki/File:St_Wenceslas_skull.jpg
https://commons.wikimedia.org/wiki/File:St_Wenceslas_skull.jpg
https://commons.wikimedia.org/wiki/File:Complete_St_Wenceslas_skull.jpg
https://commons.wikimedia.org/wiki/File:Complete_St_Wenceslas_skull.jpg
https://commons.wikimedia.org/wiki/File:St_Wenceslas_skull_2.jpg
https://commons.wikimedia.org/wiki/File:Lebka_vaclavova_(cropped
https://commons.wikimedia.org/wiki/File:Lebka_vaclavova_(cropped
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Figure 3. (A) Reconstructed skull with projections of bone and soft tissue structures. (B) Profile
tracing from soft tissue markers and nasal projection. (C) Virtual donor head imported into the scene.
(D) Donor head adjusted to the skull attributed to St. Wenceslas.

Nasal projection relied on a complementary technique integrating tomography mea-
surements from living individuals of different ancestries with traditional nasal projection
methods, as detailed in Moraes et al. (2024) [9]. Using soft tissue thicknesses and nasal
projection parameters, the facial profile was outlined (Figure 3B). A video tutorial on nasal
projection is available at https://www.youtube.com/watch?v=F205kLQ--Oo, accessed on
5 June 2025.

To enhance the facial approximation data, a 3D-reconstructed tomography of a virtual
donor was imported, incorporating a fused mesh combining general soft tissue (face)
and skull (bones) (Figure 3C). This mesh underwent anatomical deformation to align the
donor skull with St. Wenceslas’s, reflecting the adjustment in the soft tissue to generate
a potentially compatible face. Here, this process yielded a profile aligned with prior

https://www.youtube.com/watch?v=F205kLQ--Oo
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projections (Figure 3D). A video tutorial on anatomical deformation is available at https:
//www.youtube.com/watch?v=xig5_EcIFWA, accessed on 5 June 2025.

Following the approaches outlined in Moraes et al. (2024) [9], an initial bust was
developed by interpolating the data from the estimates, achieving consistency in both
profile (Figure 4A) and frontal views (Figure 4B). Hair and facial hair were modeled
(Figure 4C) with reference to the 1980s lateral facial approximation (an adult man with
30–40 years old) [2]. Facial coloration was guided by Matiegka’s 1911 study describing
a Nordic-type individual with blond hair and blue eyes (K tomu typu patří světlý vlas a
modré oči) [7], an approach thus marked by artistic and speculative elements. The final
rendering underwent detail refinement using artificial intelligence [18], preserving original
features to avoid distortion (Figure 4D).

 

Figure 4. (A) Adjustment of the basic bust interpolating all performed projections. (B) Frontal view of
the basic bust with soft tissue projections. (C) Configuration of hair, beard, mustache, etc. (D) Facial
pigmentation, lighting, and detail adjustment with AI tools.

https://www.youtube.com/watch?v=xig5_EcIFWA
https://www.youtube.com/watch?v=xig5_EcIFWA
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3. Results and Discussion
3.1. Final Images

Two rendering sets were produced: one with a bust featuring more objective elements
and another with more artistic and speculative characteristics. The first opted for a normal
BMI (body mass index) on the soft tissue table, a bust without hair, with closed eyes, no
beard or facial hair, and in grayscale, avoiding highly speculative aspects like eye shape,
hair configuration and color, beard, or skin tone, which remained unavailable at the time of
this study (Figure 5).

 

Figure 5. Objective facial approximation.

Two additional images were created integrating artistic and speculative elements and
depicting a low BMI to align with the traditional portrayal of Saint Wenceslas as a slender
figure. These reconstructions feature open eyes, hair (accentuating a prominent and visible
forehead), a beard, general pigmentation, and attire inspired by Petr Parler’s statue, the
1980s facial reconstruction, and several iconic representations (Vlček, 1997 [2], p. 113)
(Figures 6 and 7).

3.2. Comparisons

As previously mentioned, an earlier study on facial profile approximation was de-
scribed in Vlček (1997) [2]. According to the caption detailing the process, it followed
the methodology of Lebedinskaya (1998) [19]. Minor differences were noted between the
profile images from the 1980s, with the approximation stages consolidated into a single
profile (Figure 8, upper center). Although Vlček addresses mandibular retrognathism, also
present and more pronounced in Vratislav I [10], this feature appears subtle in the initial
stage image of his profile approximation. In subsequent images, the profile assumes a
normal appearance without marked upper dental projection, a characteristic more evident
in this study (Figure 8, upper left). When comparing the two approximations, mandibular
retrognathism is more noticeable, as is the nose in the 1980s work, which appears somewhat
less pronounced, likely due to Lebedinskaya’s (1998) [19] technique. In simplified terms,
this method reflects the shape from the nasal bone entry to the nasolabial point. While this
approach offers significant accuracy regarding the actual nose [20], the method employed
here incorporates a complementary process based on tomography measurements from liv-
ing individuals, considering not only anatomical coherence but also the probable position
of the tip derived from intersection data [9]. Generally, except for the lip projection, which
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was more forward in the 1980s work, the mouth height aligned with this study, as did other
structures such as the nose, forehead, and chin, which remained quite similar.

 

Figure 6. Artistic facial approximation, 3/4 view.

The approximation of the present work was also compared with a profile representa-
tion created by graphic artist Pavel Dvorský in 2022 (https://www.facebook.com/groups/
ceskystredovek/posts/8213831395403806/, accessed on 5 June 2025) based on Wenceslas’s
skull. The nose appears consistent with the current work; however, similarly to Vlček’s
study, there is no clear evidence of mandibular retrognathism, although the lip height has
been preserved (Figure 8, lower part).

One aspect highlighted in Vlček’s (1997) [2] analysis is the hypothesis that St. Wences-
las’s statue, attributed to Petr Parler (Figure 9), had its face modeled on the saint’s skull.
For this study, photogrammetry (digitization from photographs) of the sculpture was
performed, isolating the facial region and aligning it with the 3D facial approximation.
Both representations were kept at a 1:1 scale, and despite some structural differences—due
to the statue’s style and execution by different sculptors—evident structural coherence
was observed, particularly in the final nose configuration, lip position, facial horizontal
limits, and eye placement. These elements support the plausibility of the theory that the
skull attributed to St. Wenceslas served as a reference for the modeling, centuries before
Gaetano Giulio Zumbo’s (1656–1701) works based on real anatomy [21] and further still
from Welcker (1883) [22], who used soft tissue thickness measurements to verify Friedrich
Schiller’s death mask compatibility with his skull. Similarly, it predates by centuries the
supposed first published facial approximation by His (1895) [23], who applied Welcker’s
approach to reconstruct Johann Sebastian Bach’s face from his attributed skull.

https://www.facebook.com/groups/ceskystredovek/posts/8213831395403806/
https://www.facebook.com/groups/ceskystredovek/posts/8213831395403806/
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Figure 7. Artistic facial approximation, frontal view.

Within forensic facial approximation, comparisons can be made with reconstructions of
Přemyslid dynasty skulls, such as Wenceslas’s face (completed in 2025) relative to Vratislav
I’s (done in 2021), his father, who exhibits more pronounced incisor projection than his
son, as observed in the skull, and Spytihněv I’s (also completed in 2021), Wenceslas’s uncle,
characterized by subtler occlusion without the evident projection of the others (Figure 10).

3.3. Limitations of the Technique

In recent years, team members of this project have presented various religious figures,
such as St. Anthony of Padua [24], Ludmila of Bohemia [11], and Adalbert of Prague [12],
as well as historical figures, including Jan Žižka [9], Tutankhamun [16], Amenhotep III [25],
Mozart [26], and Giovanni Battista Morgagni, recognized as the father of pathological
anatomy [27]. All cited cases were published in peer-reviewed journals, demonstrating
adherence to expected academic standards. However, with historical figures, questions
often arise about skull authenticity, as it is frequently impossible to confirm whether they
truly belonged to the attributed individuals.

Among the cited facial approximations, the skull with the strongest evidence, in-
cluding DNA confirming authenticity, is Morgagni’s. In other cases, attribution relies on
tradition, associated documentation—as with St. Anthony—or cross-referenced histori-
cal data and accounts, as with Mozart. The latter underwent DNA testing, but samples
from alleged relatives showed no match with each other or the composer. Specifically
for Wenceslas, identification is tied to tradition and preserved documents indicating it as
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the saint’s skull. Thus, this study does not categorically affirm its authenticity, limiting
itself to the interpretation of experts who analyzed the remains, with the caveat that it
concerns the alleged skull. Considering the evident limitations, it is the role of researchers
to adopt a precise approach using objective parameters grounded in academic literature.
Even if the skull under analysis does not belong to the initially attributed individual, but to
another, the employed methodology was based on replicable criteria consistent with the
morphological characteristics of the skull. This approach ensures the scientific validity of
the work, even if expectations regarding identification are later frustrated.

Figure 8. Comparisons. Upper: between the facial approximation in this project and one conducted
in 1980, featured in Vlček (1997) [2]. Lower: between the facial approximation in this project and
another conducted by Pavel Dvorský (2022).
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Figure 9. Comparison between this study’s facial approximation (green in solid form, yellow in
wireframe) and the statue attributed to Petr Parler (green in solid form, orange in wireframe). Dotted
profile regions correspond to mustache and beard hair, projecting them forward relative to the hairless
bust evaluated in the reconstruction.

 

Figure 10. From left to right: Wenceslas, Vratislav I (Wenceslas’s father), and Spytihněv I (Wences-
las’s uncle).

Regarding the technique’s precision, the term forensic facial approximation is always
worth emphasizing, meaning efforts focused on achieving a face compatible with the
individual in life using studies of living anatomies as reference, though this does not
guarantee 100% compatibility. However, team members have worked on real police cases,
one published where, using more traditional techniques—before the enhancements in this
study—a crime victim’s face was approximated, leading to recognition and subsequent
identification [15].
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Given the wide age range presented in the study by Vlček (1997) [2], which spans from
30 to 60 years, we chose to maintain a facial structure consistent with the most likely age
within that range, indicative of 30 to 40 years. Such broad margins are relatively common in
the field of forensic facial approximation and are addressed through the objective version,
in grayscale with closed eyes, which in this case depicted an adult male individual, main-
taining the statistical and anatomical coherence of the approximated face, as corroborated
by real cases previously handled by the authors [15].

A concern with the approach here relates to potential inaccuracy in reconstructing a
skull from photographs. This is significantly mitigated by the fact that OrtogOnBlender’s
primary use is for planning real surgeries. The developers’ and users’ accumulated knowl-
edge stems from analyzing and manipulating real anatomy scans, particularly of the head,
applied in procedures like orthognathic surgeries [28], mandibular fracture correction in
adults [29], rhinoplasty [30], facial prosthesis creation for oncology patients [31]), and
mandibular correction in infants [32]. As a critical approach requiring often submillimetric
precision, the tools for structural reconstruction and estimation of missing regions are
developed from real cases using living individuals’ anatomies.

Although at first glance, it may seem that medical and archaeological studies (in the
context of facial approximation) lack compatibility, both share human anatomy as their
foundation. In the case of studies related to surgical planning, the approach extends beyond
the mere reconstruction of computed tomography to predict future changes, encompassing
the use of other sources for structural reconstruction, such as two-dimensional radiographs,
reconstruction of missing structures, and the analysis and measurement of characteristics
from distinct ancestral populations. This methodology enables the understanding and
projection of data that can be coherently applied to the field of forensic facial approximation,
as demonstrated by the references to a previous study that served as the basis for the present
work [9]. The structural coherence of skull reconstruction from photographs is strengthened
by two other studies that also used this approach and generated structures consistent with
previous work, whether the skull or the face of the approximated individual [16,25,26].

A subsequent step in the forensic facial approximation process involved the digiti-
zation of the relic of Saint Wenceslas through photogrammetry [33] using photographs
from the collection of Prague Castle. The aim was to compare the resulting model with
the skull employed in this study. The photo series was processed using Reality Capture
software (https://www.capturingreality.com/, accessed on 5 June 2025), generating a
three-dimensional mesh compatible with the skull covered by fabric (Figure 11A). Al-
though the images were not originally captured following standard photogrammetric
protocols—which resulted in limited lateral coverage of the object—the generated model
provided satisfactory coverage of the frontal portion. When imported into Blender and
compared to the model used in this study, it proved to be consistent with the structure and
external boundaries of the skull, conforming well to the morphology of the relic and struc-
turally complementing the regions not covered by the photogrammetry (Figure 11B–D).
Although direct digitization remains the gold standard and is strongly recommended when-
ever feasible, this complementary comparison step reinforces the robustness of the cranial
reconstruction technique based on a virtual donor adjusted to photographs, demonstrating
sufficient structural adequacy for the purposes of forensic facial approximation.

https://www.capturingreality.com/
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Figure 11. Comparison between the model digitized by photogrammetry and the skull adjusted
from photographs. (A) Model digitized in 3D by photogrammetry. (B–D) Comparison between the
model digitized by photogrammetry in gray and the skull used in the present study, in purple and
orange lines.

4. Conclusions
This work offers a new perspective on Wenceslas, Duke of Bohemia and patron

saint of the Czech Republic, through digital forensic facial reconstruction. By combining
analytical techniques with historical data, it estimated the physical appearance of a key
Přemyslid dynasty figure whose influence endures across centuries, bridging past and
present. Analysis of the skull attributed to the saint, preserved in St. Vitus Cathedral,
yielded facial representations that despite limitations regarding material authenticity and
the method’s approximate nature, show consistency with anthropological descriptions and
historical artistic depictions, such as Petr Parler’s statue. These images not only humanize
Wenceslas, making him more accessible to today’s public, but also reinforce his significance
as a symbol of Czech identity. Furthermore, the study underscores the value of digital
technologies in preserving and disseminating cultural heritage, forging a link between
anthropology, history, and society. Thus, it provides a renewed view of this iconic figure,
enriching the understanding of his legacy.
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