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AssTraCT: Wolfgang Amadeus Mozart (1756-1791) is considered as one of the greatest composers of the
Classical Period of music (ca. 1750-1820). Gifted with an unparalleled precocity, which allowed him to play
and compose at the highest levels from a very young age, he continued his studies until the end of his life.
Despite his prominent status, he was buried in a collective grave and years later his skull was supposedly
recovered, reaching the present day surrounded by an atmosphere of mystery and controversy. This study,
using a free, open-source, multiplatform software and the available published material, independently seeks
to approximate the face of this skull and compare it with previous publications and portraits painted during
the composer’s lifetime.
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Introduction: a brief
biographical sketch of Mozart

Wolfgang Amadeus Mozart was born in
Salzburg (Austria), on January 27, 1756.
His father Leopold (1719-1787), who was
a violinist, encouraged his sons to pursue
music from an early age. Mozart started
playing his first chords on the harpsichord
at the age of three, performing short pieces
at the age of four, and writing his first com-
positions at the age of five, demonstrating
his great precocity. Leopold saw his son’s
skills as an opportunity for professional
recognition and financial gain and in mid-
1763 he set off on a tour with his family,
performing alongside Mozart and his sister
Anna in several European cities, including
Munich, Brussels, Paris, and London. In
1769, the Mozart family, this time only
father and son, set off on another tour to
Northern Italy, which was a very positive
opportunity for the young composer, since
mastering Italian opera was essential to
his career. Subsequently, Mozart returned
to Northern Italy on two other occasions,
in 1771 and 1772. Leopold had hoped that
his son would secure an appointment in
Milan, but his expectations were dashed.
He did not give up, though, and sought
a position for Mozart at the court of Salz-
burg. Although Leopold did not secure the
position, Viennese music seemed to have
had a considerable effect on his son, awak-
ening his creative genius. In 1774 Mozart
was appointed Konzertmeinster at the
court and received a salary for this work.
However, the job was not very demand-
ing and did not meet either his abilities or
ambition, which encouraged him to seek
new opportunities. In 1777, after request-
ing release from the post, he left with his
mother for other cities in order to apply
for other positions. They went to Munich
and Mannheim, where they did not find

much work, but in the meantime Mozart
met and fell in love with Aloysa Weber (ca.
1760-1839). However, the young soprano
did not reciprocate the composer’s feelings
so the young Mozart, accompanied by his
mother, left for Paris, where he quickly
found a job. However, his luck also rapidly
changed with the death of his mother. Dis-
couraged, he returned to Salzburg in 1780,
where he found some success, and later
to Munich, establishing himself as a re-
spected composer. Around 1782 Mozart
married Constanze Weber (1762-1842,
Aloysa’s sister), and this period coincided
with his estrangement from his father,
Leopold. Living in Vienna from 1784 on-
wards, he enjoyed great prestige and inspi-
ration. Although his income was higher
than that of the average musician in his
position, his financial extravagance forced
him to find ways to control his spending.
It was during this period of financial insta-
bility that he composed The Marriage of
Figaro (1786) and Don Giovanni (1787),
his most famous operas. Leopold died in
May 1787. This period coincided with the
great success Wolfgang enjoyed with his
performances in Prague, where his pre-
mieres attracted large audiences and were
received with great enthusiasm. In 1791,
after some tribulations, things seemed to
have improved for Mozart. It was in that
year that he presented the opera The Ma-
gic Flute, which was a great success and
would become the most beloved on the
stage. In 1791 he also began writing his
Requiem, which he left unfinished as he
died on December 5, 1791 almost at the
age of 36 from “severe miliary fever”. He
was buried in a multiple grave and a small
group of friends were present at the fu-
neral. Constanze, from whom he had six
children, remarried and, together with her
second husband, she worked to keep Mo-
zart’s memory alive. She died in 1842 at
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the age of 80 and had the opportunity to
witness the recognition of the late great
composer’s work (Sadie 2024).

The Skull Attributed to Mozart

According to one version of the skull’s sto-
ry, which is generally the most widely ac-
cepted, there were two gravediggers pres-
ent at Mozart’s burial, and one of them,
Joseph Rothmayer, marked the location
of the musician’s coffin (Murray 1993).
Years later, when the space was cleared to
accommodate new residents, the grave-
digger, knowing the location of the skull,
recovered it and kept it (Karhausen 2001;
Eng 1906). Years later, he handed the
skull over to his successor, Joseph Rad-
schorpf, who in turn gave the piece over
to the musician Jacob Hyrtl (1799-1868).
When Hyrtl died, the skull was acquired
by his brother, the anatomist Josef (1810~
1894) (Murray 1993). Between 1895 and
1900, it is not known what happened
to the skull, and in 1901 Joseph Schof-
fel (1832-1910), the curator of the Hyrtl
Foundation, declared that the anatomical
piece that had mysteriously disappeared

Table 1. Studies on the skull’s authenticity

had been found in one of the foundation’s
buildings. The skull was then officially
donated to the Mozarteum in Salzburg on
March 11, 1902 (Karhausen 2001).

There is some controversy surround-
ing the authenticity of Mozart’s skull, in-
cluding the difference in the tooth count.
For example, the Mozarteum piece has
11 teeth and the description made by the
writer and poet Ludwig August Frankl
(1810-1894), a friend of Joseph Hyrtl
and a witness, counts only 7 dental el-
ements in the jaw. However, Eng’s work
(1906) describes Frankl’s work as “su-
perficial and fleeting” and endowed with
“imaginative exaggerations” due to “ex-
citement” and in the end, indicates that
the skull would be authentic (Eng 1906).

Later works attempted to prove or
refute the authenticity of the skull (vd.
Tab. 1). In 1957, the embryologist Gus-
tav Sauser (1899-1968) expressed the
view that the skull was not Mozart’s,
while in the same year, the anthropolo-
gist Amilian Kloiber (1910-1989) gave
a positive opinion on its authenticity. In
1963, Carl Bir argued negatively about
its attribution (Karhausen 2001).

Author Approach Yes No Inc.
Eng and Minnich (1906) Macroscopic examination X
Sauser (1957) Macroscopic examination X
Kloiber (1957) Macroscopic examination X
Bar (1963) Macroscopic examination X
Puech et al. (1987) Macroscopic examination X

Kritscher et al. (1989)
Murray (1993)
Karhausen (2001)
Parson (2006)

Genetic analysis

Macroscopic examination
Literature review X

Literature review
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Between the late 1980s and ear-
ly 1990s, the anthropologist Francois-
-Pierre Puech and his team developed
a series of studies that sought not only
to assess the authenticity of the skull,
but also to address other anthropological
aspects. According to one of the stud-
ies, the skull was Mozart’s, and it even
structurally matched a portrait of the
composer made in 1778 (Puech et al.
1989). Based on the team’s assessment,
the skull would have belonged to a male
individual, albeit gracile, between 25 and
40 years of age. Mozart would also have
been ca. 1.50-1.52 m tall with a brain ca-
pacity of 1585 cm3 (Puech et al. 1989b).
They discovered what was interpreted as
a calcified extradural hematoma on the
left temporo-parietal endocranial surface
(Puech et al. 1989c¢). A forensic facial ap-
proximation was performed, indicating
a high compatibility with known por-
traits of the composer (Puech 1991).

In another study, Kritscher et al.
(1989) analyzed the skull at the request of
the Mozarteum and determined that it be-
longed to a male, aged between 25 and 40
years. The researchers also made a foren-
sic facial approximation using the Russian
method of Mikhail Mikhaylovich Gerasi-
mov (1907-1970) and, when comparing
the face with the portrait, the structural
similarity was quite significant. The final
indication was that the skull was proba-
bly authentic (Kritscher et al. 1989). Tiwo
works based on third-party publications
substantiated the analysis of Murray
(1993) and Karhausen (2001) with both
indicating the inauthenticity of the skull.

In some of the previous publications,
the authors indicated that there was
a need for DNA testing to increase the
level of accuracy of the findings, but none
had worked with such an approach until,
finally, in 2006 a documentary produced

by the Austrian television station ORF
presented the results of such an exam-
ination. Researchers at the Innsbruck
Institute of Medicine collected biolog-
ical material from skeletons attributed
to Mozart’s niece, Janette, and maternal
grandmother, Euphrosina. They also ex-
tracted material from two teeth from the
skull attributed to Mozart, but the final
result was inconclusive, as none of the
samples were related to each other (Black
2012; Harding 2006).

This our study is independent and
has no connection with the institution
that preserves the remains of Wolfgang
Amadeus Mozart, nor with the universi-
ties and institutions that previously per-
formed the examination on them. The
motivating element of the article is the
creation of didactic material to explain
the facial approximation technique, by
testing the possibility of reconstructing
a face using data originally available in
newspaper articles, online media, books
and academic journals. In addition, it
offers a comparative analysis that may
help elucidate the mystery surrounding
the attribution of this skull.

Materials and methods

Concepts, Software and Hardware
Forensic facial reconstruction (FFR), also
known as forensic facial approximation
(FFA), represents an auxiliary recognition
technique addressing the approximation
of individuals’ facial morphology begin-
ning from their skull. It is used when
not sufficient information is available for
personal identification (Stephan 2015;
Pereira et al. 2017). It should be high-
lighted that this set of methodologies
does not mean identification per se, as it
would be possible through DNA testing
or through a comparative examination of
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dental arches, yet it deals with the recog-
nition by people observing the produced
image that may subsequently lead to
identification (Baldasso et al. 2020).

This work implements the step-by-
-step approach discussed by Abdullah
et al. (2022) and Moraes and Beaini
(2024) and Moraes et al. (2024). This
technique starts with the configuration
of the skull in the 3D scene, followed
by the projection of the profile and fa-
cial structures on statistical data, hence
generating the volume of the face with
the aid of the anatomical “deformation”
technique (Quatrehomme et al. 1997)
and concludes with producing the facial
details, with a full configuration of the
hair, clothing and the ultimate genera-
tion of the definitive images.

The modeling process was performed
in the Blender 3D software, running the
OrtogOnBlender add-on (website: http:/
www.ciceromoraes.com.br/doc/pt_br/O1-
togOnBlender/index.html) and its sub-
module ForensicOnBlender (Pinto et al.
2020), both developed by the first author
of the article. The program and the add-on
are free, open source and multiplatform,
and can run on Windows (>=10), MacOS
(>=BigSur) and Linux (=Ubuntu 20.04).

A desktop computer with the follow-
ing characteristics was used: Intel Core
19 9900K 3.6 GHZ/16M processor; 64
GB of RAM; GeForce 8 GB GDDR6 256-
bit RTX 2070 GPU; Gigabyte 1151 Z390
motherboard; SSD SATA III 960 GB 2.5”;
SSD SATA III 480 GB 2.5”; Water Cooler
Masterliquid 240V; Linux 3DCS (https:/
github.com/cogitas3d/Linux3DCS),
based on Ubuntu 20.04.

Forensic Facial Approximation
To perform a FFA, it is essential to pos-
sess a series of data about the skull. This
includes photographs in different views,

measurements and anthropological anal-
yses. In some cases, the availability of
radiographic images, imaging tests and
other data.

Fig. 1. A-D: Skull reconstruction

In this study, information avail-
able in the publications of Puech
et al. (1987), Puech et al. (1989) and
Kritscher et al. (1989) was used, which
allowed two-dimensional projections
of the Mozart’s skull. It was possible
to make projections in the front (X and
Z axes), lateral (Y and Z) and superior
or top (X and Y axes) views (Fig. 1A).
Such projections are made by drawing
the outline of the images, giving an ad-
equate scale, adjusted with reference
to the measurements described. The
skull of a virtual donor was imported
and adjusted to fit the limits informed
by the consulted references (Fig. 1B).
Since the mandible was missing, it was
necessary to position some anatomical
points and project the measurements
of structures related to the soft tissue
and the skull itself, among them the
inferior limit of the mental protuber-
ance. These projections are based on
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measurements taken from computed
tomography scans of living individuals
and different ancestries (Moraes et al.
2021; Moraes and Suharschi 2022).
Again, in Mozart’s case, it can be seen
that the projection from the frontoma-
lar orbital distance generates a men-
tal protuberance lower (on the Z axis)
than the average for adults, denoting
that the skull is proportionally larger
on the X axis than on the Z axis (Fig.
1C). With the projections of the lower
limit of the mental protuberance avail-
able, the virtual donor’s mandible was
adjusted to fit the pattern presented at
the lower limit of the incisors, which
in Mozart was smaller than the average
and the distance in relation to the men-
tal protuberance remained compatible
(Fig. 1D). It is important to highlight
that, in addition to the projection of
the mandible limits, the skull provid-
ed information on fitting (mandibular
fossae) and occlusion (maxillary teeth).
These structures allow the reconstruct-
ed mandible to have more structural co-
herence, being complemented by infor-
mation extracted from measurements
of cranial samples. Therefore, these are
not random choices, but based on anat-
omy and statistics: more details will be
covered in the Results and Discussion
section.

Two video lessons on the projection
methodology are available online at: les-
son 1 (https://youtu.be/U60YKEmfyWo),
lesson 2 (https://youtu.be/Vez2e5uS-
FX8).

Soft tissue thickness markers were
distributed over the surface of the skull
(Fig. 2A), following the table of meas-
urements related to European males
with average BMI (De Greef et al. 2006).
Nasal projection was performed using
three different data, the projection by

the Russian method, the Manchester
method and the complementary meth-
odology developed by the authors of the
present work together with a team of
experts. A video lesson on the approach
can be accessed online (https://youtu.be/
F205KkLQ--Oo). With the data on soft
tissue thickness and nasal projection, it
was possible to trace the profile of the
face (Fig. 2B).

Fig. 2. A-D: Initial steps of the facial approximation

To complement the structural data,
the tomography of a virtual donor, recon-
structed in OrtogOnBlender itself (Mo-
raes et al. 2021c¢), was positioned in the
same plane as Mozart’s (Fig. 2C) and ad-
justed so that the donor’s skull matched
the one that would be approximated
(Fig. 2D), reflecting the deformation in
the soft tissue and, therefore, generating
a face structurally close to what it would
be in life (Quatrehomme et al. 1997). In
the process, it was possible to segment
the structure corresponding to the en-
docranium. A video lesson addressing
the anatomical “deformation” can be ac-
cessed online (https://youtu.be/xig5 Ecl-
FWA).


https://youtu.be/U6oYkEmfyWo
https://youtu.be/Vcz2e5uSFX8
https://youtu.be/Vcz2e5uSFX8
https://youtu.be/F205kLQ--Oo
https://youtu.be/F205kLQ--Oo
https://youtu.be/xig5_EcIFWA
https://youtu.be/xig5_EcIFWA
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Fig. 3. A-D: Final steps of the facial approximation

Following the approach available in
Abdullah et al. (2022), a previously pre-
pared bust was imported and distorted
based on the interpolated data from the
projections and anatomical deformation
(Fig. 3A, B). The expression marks were
then digitally sculpted to match the face
with the composer’s age at the time of
his death; the clothing, wig and other
facial hair were also modelled (Fig. 3C).
For the lighting and pigmentation of the
skin, a series of images related to Mozart
available on the Wikimedia Commons
website were taken as reference (Fig. 3D).
After the face was completed, compari-
sons and measurements were made and
images of the face were generated.

The final facial images were refined
using artificial intelligence (AI) to sharp-
en facial details such as expression lines,
correct eyebrows and skin tone (Fig. 4).
All processing was performed offline
using the Stable Diffusion web UT tool
(https://github.com/AUTOMATICI1111/
stable-diffusion-webui) and  manual
image editing with the Gimp software

(https://www.gimp.org) was performed to
correct some inconsistencies. Care was
taken to ensure that the improved re-
gions maintained a structure compatible
with the original image.

Fig. 4. Original on the left and Al+manual edit on
the right

Results and Discussion

It is possible to compare the projections
made in the present work (Moraes et al.
2024) and that of (Kritscher et al. 1989)
and both are smaller than the average
for adults and even smaller compared
to the proportion from the fmo-fmo
distance (Fig. 5). There is no descrip-
tion of which method was used for
the projection of the mandible in the
publication by Kritscher et al. (1989),
making it difficult to understand the
approach chosen by the authors. How-
ever, this projection is made in relation
to the drawing presented and not to the
sculpture, which apparently used the
mandible of a donor and may have dif-
fered from the drawing in dimension,
as will be seen below.


https://github.com/AUTOMATIC1111/stable-diffusion-webui
https://github.com/AUTOMATIC1111/stable-diffusion-webui
https://www.gimp.org
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fmo Projection ----

Fig. 5. Comparison of mandibular projections

Regarding the functional issue of
mandibular projection and its limita-
tions and effective use in facial approx-
imations, it is possible to find some ap-
proaches in the forensic literature that
illustrate this question. Taylor (2000)
uses the Sassouni and Krogman projec-
tion: although the author admits that
this technique is not 100% accurate and
that it is based on a normal skull, with-
out potential structural deformations,
she presents successful cases of facial
approximation that led to subsequent
identification, demonstrating that even
in the forensic context, the absence of
a mandible is not an impediment to
the facial approximation procedure. In
another work, Wilkinson (2004) points
out potential problems in the projec-
tion of the mandible in relation to other
missing regions; however, the study she
cites has only 6 structural reconstruc-
tions based on just one skull, unlike the
projections used in the present work,
which are raised from samples ranging
from 75 to 110 skulls (Moraes and Su-
harschi 2022). The technique was tested
during the approximation of the face of
Zlaty kén, a fragmented skull that was

reconstructed from another approach
and whose results were quite similar, in-
dicating that the projection of the man-
dible used in this work, in addition to
anatomical and statistical coherence,
also presents results that converge with
other reconstructive approaches (Mo-
raes et al. 2024). Although the ideal sce-
nario for facial approximation involves
an entire skull, in cases of structural ab-
sence, such as the one presented here,
reconstruction techniques are not only
applicable, but also useful in situations
of great gravity and seriousness, such as
those related to the approximation of
crime victims, in an effectively forensic
context.

Fig. 6. Upper images: Comparison between the
portrait painted by Joseph Lange and the facial
approximation in this work. Picture credit: Wiki-
media Commons - Mozart-Lange.jpg. Lower im-
ages: Comparison between the portrait drawn by
Dora Stock and the facial approximation in this
chapter. Picture credit: Wikimedia Commons -
Mozart drawing Doris Stock 1789.jpg
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In relation to Lange’s work (1782—
1783), a mask of the approximation
was positioned on the face and was sig-
nificantly compatible, differing slightly
in the region of the forehead and chin,
where the structure of the approximation
was shown to be more projected than that
of the painting. However, the projections
of the nose, eyes and the position of the
lips are quite similar in both approaches
(Fig. 6, upper image).

When the approximation is com-
pared with Stock’s profile drawing
(1798), the compatibility is significantly
greater in the region of the nose, lips,
eyes, forehead and even the ear (Fig.
6, lower images). The region with the
greatest incompatibility is the mental
one, but it should be remembered that
this is a general mandibular projection,
respecting what is expected of a mul-
ti-ancestral population.

Stock (1789)
Kritscher et al. (1989)
Puech (1991)

Moraes et al. (2024)

Fig. 7. Comparison between the portrait and the
facial approximations

Since Stock’s drawing (1789) was
made in profile, it ended up allowing the
comparison of all facial approximations
made to date, since all of them have cap-

tures from the same point of view. The
work of Kritscher et al. (1989) is gener-
ally compatible with the entire face, ex-
cept for the chin region, where it projects
a little more, perhaps because it is the
version related to the physical sculpture,
with the jaw of a donor, and not to the
two-dimensional drawing. The work of
Puech (1991) is also generally compati-
ble, with a small difference in the tip of
the nose and the upper lip, both a little
more projected. The current work is gen-
erally compatible with the face, although
it differs in the mental region, which is
more projected. Although all the approx-
imations have small differences in differ-
ent parts, they all indicate a pattern quite
similar to the face portrayed by Stock in
1789 (Fig. 7).

However, this could not serve as
a proof that the skull definitely belonged
to Mozart. Since the forensic facial ap-
proximation technique aids in recogni-
tion, not strictly in identification, so it
may happen that similar skulls result
in facial approximations that resemble
the faces of different individuals. Fur-
thermore, there is no denying that there
is a great compatibility and, since the
aDNA test did not answer the questions
related to identification, it remains to
speculate that it could be the composer’s
skull, or that it could be a great coinci-
dence, arising from a potential structural
compatibility of the region’s population
at that time as discussed in Karhausen
(2001).

Table 2. Endocranial volume

Author Volume (cm?)
Puech et al. (1989) 1585
Kritscher et al. (1989) 1388
Moraes et al. (present study) 1447
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Regarding brain capacity, the study
by Puech et al. (1989Db) estimated it at
1585 cm3, using the mustard seed fill-
ing method, but it was not very clear how
this was done, since part of the anatom-
ical structure is missing. The survey by
Kritscher et al. (1989) used Lee Pearson’s
general ancestry formula to calculate what
the capacity could have been, resulting in
1388 cm?. In this study, the approach used
was the segmentation of the endocranium
based on anatomical deformation, which
took into account data on skull thickness
in the works consulted. Since the anatom-
ical deformation used a complete skull
and this was in accordance with the di-
mensions of the references, the final vol-
ume was 1447 cm3. When applying the
conversion of the endocranium to brain
volume, reducing the value by 9.81% (Mo-
raes et al. 2023), the volume is 1305 cm3,
which falls within the standard devia-
tion for modern men, which is 1234 c¢m?
(+ 98] (Ritchie et al. 2018). As for the head
circumference, the measurement result-
ed in 54.16 cm, closer to the average for
women, which is 54.3 cm (+ 2.3), com-
pared to men, which is 56.2 cm (+ 2.4),
although it falls within a standard devia-
tion of the second (da Costa et al. 2021).

Six images were rendered for the pres-
entation of the face:

e Three poses in the objective version,
in grayscale, as there is no informa-
tion on skin color; with eyes closed,
as the shape of the open eyes is not
known exactly; without hair and fa-
cial hair, due to the same lack of in-
formation and without clothing and
accessories (Fig. 8). These images did
not receive final artwork with Al

e The other three images contain subjec-
tive and more artistic elements, such
as skin color and eyes, which are open;
hair, accessories and clothing (Figs. 9

and 10). These images received final
artwork with AT + manual editing.

Fig. 10. Complete — Frontal and profile views

Conclusions

This work was the first proposed case
of purely digital and three-dimensional
facial approximation of the alleged Mo-
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zart skull. It was possible to compare
the results with previous approxima-
tions, which showed convergence, serv-
ing as an illustrative case of structural
coherence in forensic facial approxima-
tion, regrardless of applying approach-
es based on different techniques intro-
duced in different decades. The use of
artificial intelligence, performed with
human monitoring and manual adjust-
ments, allowed a significant increase in
details, without clashing with the raw
renderings, demonstrating that the use
of these tools, instead of distorting the
work of an expert, can be an important
aid in improving graphic quality. Be-
cause it is an approach focused on the
use of open source software, aiming at
educational purposes for the field of fo-
rensic facial reconstruction, this work
also served as a source of data for the
replication of techniques, by sharing not
only the step-by-step process, but also
teaching tools that, together, allow the
replication of the process by potentially
interested parties.
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