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This paper is a revised and expanded version of a paper entitled “Application of CT imaging to humanistic
studies: the case of an Egyptian cat mummy”, which was presented at Conference IEEE HISTELCON
2023—History of Electro-Technology Conference in Florence, Italy, 7-9 September 2023.

Abstract: Much of the fascination surrounding Egyptian civilization is linked to the practice of
mummification. In fact, to ensure the preservation of the body, the ancient Egyptians mummified
both human and animal subjects. However, mummified animal remains are less well studied,
although they represent a significant part of the material culture and history of ancient Egypt. The
introduction of non-invasive imaging methods has allowed researchers to study the material hidden
within the wrappings of mummies. In this article, the cat mummy currently exhibited at the Museo
Etnologico Missionario di San Francesco di Fiesole (Florence, Italy), originating from Luxor and legally
acquired during an expedition in the 20th century, was analyzed using computed tomography (CT).
The CT enabled the identification of the casing content, showing the presence of an entire cat skeleton.
The cat had several fractures, some of which were identified in the cervical region, possibly related
to the cause of death. Furthermore, the zooarcheological analysis allowed the identification of the
age at death of the cat, providing further information about the story of the mummy. This research
provides a further contribution to the analysis of mummies, with a case study of a cat mummy that
emphasizes the importance of CT scans in humanistic studies and museum environments.

Keywords: Egyptology; cat mummy; computed tomography; age at death; cervical fractures;
mummification

1. Introduction

The practice of preserving a body as a mummy is widespread across the globe and
throughout time. Many civilizations have practiced some type of mummification, using
different methods and rituals [1].

Incan, Australian Aboriginal, Aztec, African, ancient European, and other civilizations
used specific procedures, but some mummies formed by accident, due to extreme heat
or to the presence of geological stores of chemicals, which caused a natural process of
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mummification. Rapid heat drying has been the most common method of mummification,
but permanent freezing can also produce a mummy [1].

Each culture had its own reason for preserving their dead; artificial mummification
was a practical response to the desire to preserve the corpse for all eternity and is part of
the metamorphosis from a secular to a sacred being [2,3], but recently it is believed to have
been intended to direct the deceased towards divinity [4].

The mummification process is primarily understood through the writings of ancient au-
thors, which, despite their limited detail, provide valuable insights. Modern archeological
and specialist research continues to expand and deepen knowledge of this ancient practice.

Mummification offers an extraordinary insight into the life and living of people who
lived centuries ago. Every mummy provides clues on its age, health, cause of death,
and lifestyle, but also on the beliefs of past civilizations from an anthropological—cultural
point of view.

The primary objective of this study is to present the detailed findings from the com-
puted tomography (CT) scan conducted on an Egyptian cat mummy, currently housed at
the Museo Etnologico Missionario di San Francesco di Fiesole, Florence, Italy. This non-invasive
imaging method allowed for a comprehensive exploration of the anatomical features con-
cealed within the mummy’s wrappings, providing key insights into the cat’s physical
condition at the time of its mummification. The analysis focused on bioarcheological pa-
rameters such as the age at death of the cat, which was determined through the examination
of its skeletal development and the identification of pathological conditions like fractures
or other skeletal anomalies.

Additionally, the study aimed to shed light on the preservation state of the cat skeleton
and investigate the potential cause of death, with particular attention to its cervical fractures.
By leveraging the precision of CT technology, this research enhances our ability to analyze
mummies non-invasively, underscoring the importance of such techniques in museum
conservation and bioarcheological research, while adding valuable knowledge to the
underexplored field of animal mummification.

2. Egyptian Mummification

Ancient Egyptians are perhaps the best-known mummy-makers, thanks to the wealth
of available sources and the charm of Egyptian culture, which has always increased studies;
the current development of imaging and Al techniques now make it possible to also study
Egyptian mummies without being invasive or destroying the outer casings [5].

Ancient Egyptians believed that the preservation of a dead body from decay con-
tributed to the well-being of the soul throughout eternity [6].

A limited amount of information concerning the mechanics of the process has been
handed down through Classical authors. The process of mummification started more
than 4500 years ago [7]. The basic principle was to achieve dehydration in order to avoid
putrefaction, which is responsible for the progression of decomposition [8]. Mummification
was not only used to preserve humans, but also animals [9]. Animal mummies fall into
many different categories: pets, food, sacred, votive, and ‘other’ [9,10]. The ancient
Egyptians believed that different animals were associated with specific deities and could
either be worshiped as manifestations of a deity or given as votive offerings [9,11,12].

Cats, in particular, were worshiped and sacrificed to the feline goddess Bastet, who was
the symbol of beauty, fertility, and love and a fierce protector of women and children [13].
Therefore, cats were sacrificed and presented as mummies to Bastet to gain her support
for eternity. Archeological evidence points to the use of both wild and domestic forms of
Felis silvestris, Schreber, 1777, as well as of the jungle cat (Felis chaus, Schreber, 1777) for
mummies [14,15]. In addition, the presence of the sand cat, Felis margarita, Loche, 1858,
cannot be excluded in Egypt, even if it is rare in the area and has not been identified when
large samples of cat remains have been investigated (e.g., [16]).

One of the earliest methods to study mummies was autopsy, unwrapping or cutting
through the bandages to reveal the hidden contents [17]. While informative, this was
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destructive. While radiography was employed on mummies at the outset of its inception,
the cost and difficulties involved made it a rarity [18]. Currently, medical imaging such as
radiography and computed tomography (CT) have transformed the methods of the analysis
of Egyptian mummies [11,19-24]. Alongside these lines of research, the applications of CT
imaging to the study of zooarcheological remains has improved methodologically in the
past years, building solid protocols to gain as much information as possible from ancient
skeletal remains in a non-destructive way [25-33].

The first CTs of animal mummies were performed around 1987 [20,34,35], and one of
the most ardent supporters of this method was Falke and his colleagues [20]. They used
CT imaging to reveal a mummified cat within a sarcophagus. This technology allowed
them to identify the bones and to conduct an in-depth analysis of both the cat mummy and
its container. Subsequent research has continued to demonstrate the importance of using
non-destructive methods to analyze mummy bundles [19,34,35].

CT is useful not only for species identification but also for the identification of fractures,
the internal collapse of skulls, age-related skeletal markers, dentition, amulets, bandage
layers, and resins used for mummification. Furthermore, it is also a crucial tool for dis-
tinguishing between real mummies and pseudo or ‘false’ mummies, where the content is
different from their external appearance [9,10,24,36].

There is no doubt that CT technology has significantly advanced mummy research,
allowing for deeper insights while preserving these valuable artifacts [11,19,34,35,37].

3. Materials and Methods
3.1. The Cat Mummy

The Museo Etnologico Missionario di San Francesco di Fiesole, located in Florence, Italy, is
housed within the convent of San Francesco, situated on the site of the ancient Etruscan
acropolis that later became Roman Faesulae. The museum’s collection began with Etrusco-
Roman artifacts discovered in early 20th century excavations around the convent. The
formal establishment of the museum is credited to Father Ambrogio Ridolfi, who, in 1920,
injtiated the collection of diverse artifacts from global Franciscan missions. The museum’s
Egyptian collection includes approximately 240 items acquired between 1923 and 1929,
notably from Thebes, with contributions from the excavations in 1914 at Gebelein and
Aswan, in Upper Egypt, from the prominent Egyptologist Ernesto Schiaparelli.

Among the highlights of the museum’s Egyptian collection is the cat mummy (catalog
number: 09/00274967; inventory number: 186). The mummy lacks any feature indicating a
possible chronological range (e.g., peculiar wrapping style, painted markings) and was later-
ally fixed on a wooden stand with a screw. It measures 38 cm in length and 10.3 cm in width.
This mummy exemplifies the ancient Egyptian practice of animal mummification [7-9].

According to the museum’s records, the cat mummy was discovered by Ernesto
Schiaparelli in the early 20th century in Thebes, an ancient Egyptian city known for its
necropolis and religious importance. This find was part of a larger effort to collect religious
and cultural artifacts, many of which, including the mummy, were later brought to Italy
and donated to the museum.

The mummy arrived in Italy in 1923, and since then it has been preserved and exhibited
at the museum, which specializes in showcasing objects tied to missionary activities and
non-European cultures. This particular mummy provides insight into the ritualistic and
symbolic significance of animal preservation in ancient Egypt (Figure 1).

3.2. CT Scanning

Given the mummy’s fragility and cultural importance, invasive methods like unwrap-
ping were ruled out to protect its structural integrity. Instead, a non-invasive approach
using a Siemens SOMATOM go. Top CT scanner was chosen to examine the mummy’s
internal composition without causing any physical damage. This technique is particularly
effective for mummy research, offering detailed insights into the internal morphology and
condition of the specimen while preserving its conservation status.
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Figure 1. The cat mummy currently exhibited at the Museo Etnologico Missionario di San Francesco di
Fiesole (Florence, Italy), measuring 38 cm in length and 10.3 cm in width.

The scanning process started with the acquisition of a topogram to precisely determine
the positioning of the specimen, serving as a guide for the subsequent detailed imaging.
Then, a high-resolution helical scan was conducted with a 1 mm slice thickness, with
a spiral pitch factor of 0.8, using a peak tube voltage of 70 kVp and a tube current of
58 mA, along with a Br64f/3 convolution kernel, which captured comprehensive data on
the internal structures of the mummy.

The CT scanner generated a DICOM-format dataset comprising 512 x 512 pixel 2D
slice images, providing a detailed visualization of both the skeletal and soft tissue com-
ponents. These images facilitated an in-depth investigation of the mummy’s internal
structures. Parallel orthogonal slices resulting from the CT scanning were used to build
a 3D model using AVIZO 3D Pro 2022 software (Thermo Fisher Scientific Inc., Waltham,
MA, USA), enabling further elaborations. A semi-automatic threshold-based segmentation
was used to separate some of the bones from the bandages and soft tissues [38—40]. Mea-
surements were recorded using AVIZO software on 3D models of the bones following von
den Driesch (1979) [41]. The sagittal reconstruction (Figure 2a) clearly outlines the skeletal
features, offering a non-invasive approach to assess the preservation of the bones and detect
any potential anomalies or pathological conditions. Additionally, the three-dimensional
volume-rendered (VR) model (Figure 2b) offers a comprehensive reconstruction of the
mummy, enabling the examination of the wrapping patterns and the identification of any
artifacts placed inside during the mummification process. The age at death was established
considering the epiphyseal fusion and teeth’s eruption, following available data in the
literature [42-45].

Figure 2. (a) CT scan (MRP sagittal reconstruction) and (b) three-dimensional reconstructed model of
the cat mummy.
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These high-resolution CT images prove invaluable for studying the preservation
techniques utilized by ancient Egyptian embalmers. They not only provide insight into
the materials and methods used but also allow comparisons with other animal mummies
from similar time periods and regions. This enriches our understanding of the role animals
played in ancient Egyptian religious and burial practices.

4. Results

The CT data reveal a complete skeleton of the cat (Figure 2a). Like most other case
studies [15,46—48], the mummified cat is in a sitting position: its forelimbs are stretched out
along its body, while its hind limbs are flexed and pushed in toward its belly. Lastly, the
tail is folded between its hind and fore legs, lying along the belly.

The scans revealed unerupted permanent teeth within both the mandible and maxilla
(Figure 3). The canines shown in the figure are deciduous, and the permanent teeth have
yet to erupt. In the maxilla, the fourth premolar remains unerupted (Figure 3a), while in the
mandible, the first molar is still inside its chamber (Figure 3b). This helps in establishing
the age at death.

Figure 3. Axial CT scan of the cat’s dentition. (a) The unerupted fourth premolar in the maxilla
is indicated by a red arrow. (b) The molar in the mandible remains enclosed within its chamber
(red arrow). (c) 3D rendering of the skull and mandibles with the gems of the upper fourth premolar
(in purple) and lower first molar (in blue) still in the alveoli.

In the hind legs, the femurs’ distal epiphyses were unfused, as were the proximal
epiphyses of the tibiae, which appeared to be unfused, with the line between the epiphyses
and the shafts being very clear (Figure 4b—e). The proximal epiphysis of the humerus, the
ulna, and the distal radius were also not fully developed (Figure 4d,f,g). These provide
further evidence of the animal’s age. The epiphyseal status is reported in Table 1.
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Deeper analyses revealed several bone fractures. The cranial region showed a signifi-
cant fracture. The sides of the foramen magnum and the first cervical vertebra appeared
discontinuous and damaged; additionally, the atlas had a clear fracture in the ventral side,
where the arch of the vertebra is separated from the rest of it (Figure 5a,b).

Figure 4. (a) The figure presents a coronal view of the right side of the cat’s skeleton. (b) Zooming
into the red panel of Figure 4a, it shows the unfused distal epiphysis of the right femur and the
proximal epiphysis of the right tibia. (c) Similarly, in the yellow panel, the right proximal ulna physis
is open (red arrow). (d) A coronal view of the cat skeleton (left side). (e) Zooming in on the red panel
from Figure 4d, this image highlights the unfused distal femoral and proximal tibial epiphyses with a
red arrow. (f) Further enlargement (orange panel) within the figure focuses on the incomplete distal
epiphysis of the radius. (g) The proximal epiphysis of the right humerus is completely separated.

Furthermore, the occipital bone of the cat’s skull featured a centrally located posterior
rounded foramen measuring 2 mm in diameter (Figure 5c).

Several significant fractures were present in the postcranial skeleton. The forelimbs
were damaged; the left humerus had a dislocation in the proximal epiphysis, the left ulna
and radius showed a break in the middle of the diaphysis (Figure 6a), and the right humerus
had three separate fractures: a dislocation in the proximal diaphysis, a detachment of a
shrapnel fragment that moved into the medullary cavity, and a separation of the distal part
of the bone (Figure 6b).

The central part of the body was severely damaged, with all the ribs and several
vertebrae displaced from their normal positions. The last cervical vertebra (C7) and the
thoracic vertebrae were completely fragmented, while the remaining cervical, lumbar, and
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caudal vertebrae had experienced less damage and remained in their correct positions
(Figure 7a). The first ribs were visible and showed minimal fracturing, even though they
appeared rotated by 180 degrees (Figure 7b), contrarily to the other ribs, which were

extensively damaged.

Table 1. Status (fused/unfused) of the main ossification centers.

p-: proximal; d.: distal; +: registered data; —: unclear data.

Abbreviations and symbols:

Bone Unfused

Fused

Scapula d.

Humerus p. +
Humerus d.

Radius p.

Radius d. +
Ulna p. +
Ulna d. —

Metacarpal d. —

Femur p. —

Femur d. +
Tibia p. +
Tibia d. +

Calcaneum p. —
Metatarsal d. —
Phalanx 1 p. —
Phalanx 2. p. —

+

+
+

Figure 5. The head of the cat mummy. (a) Axial CT of the foramen magnum depicts a discontinuity
of the occipital bone compatible with the fracture of the atlas (b), where the ventral arch is separated
from the rest of the body (red arrow, axial CT scan). (c¢) Axial CT scan of the foramen in the occipital
bone (2 mm). (d) 3D rendering of the skull with the foramen.
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Figure 6. Coronal view of specific fractures in the cat skeleton. (a) The red arrow indicates the
fractures of the left ulna and left radius (left side). (b) Three fractures of the humerus are marked by
red arrows: (from left to right) a fracture of the distal epiphysis; the presence of a shrapnel fragment
in the humerus; and a 90-degree dislocation and rotation of the proximal head.

Figure 7. In the coronal view (a), the skeleton shows the cervical and lumbar vertebrae correctly
positioned (highlighted by yellow arrows). However, the thoracic vertebrae are severely dislocated
and fragmented. In the axial CT scan (b), attention is drawn to two first ribs that are rotated
180 degrees from their normal position (highlighted by red arrows).
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Moreover, the CT scans indicated the presence of materials within the cranium, resem-
bling small bone fragments and the remnants of brain tissue (Figure 8).

Figure 8. Axial CT scan reveals the evidence of possible brain tissue and tiny bone fragments inside
the skull, which are lying on the left side of the mummy (red arrow).

The 3D model generated from the CT scan data provides a detailed reconstruction of
both the external and internal shapes of the cat mummy. Using the open-source software
Slicer 3D v.5.6.2 (https:/ /www.slicer.org/, accessed on 28 October 2024), two distinct
volume reconstructions were created from the DICOM data: one representing external
shape of the mummy and another detailing the internal structure. This model, illustrated
in Figure 9, offers valuable insights into the preservation techniques and anatomical details
of the cat mummy.

Figure 9. Volume reconstructions of the cat mummy obtained from CT scan data using Slicer 3D
software (v. 5.6.2). (a) External volume rendering showing the detailed preservation of the mummy’s
wrappings. (b) Internal volume rendering revealing the arrangement within, including the complete
skeleton of the cat mummy.
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5. Discussion

Research on ancient Egyptian mummies has been significantly aided by technological
advances in imaging, particularly CT. Our research provides a case study of a cat mummy
from Thebes to add to the extant literature concerning animal mummies and radiological
investigations [11,12,19,23,34,36,37,48,49].

The scans show that the distal epiphyses of the femurs were unfused, as were the
proximal epiphyses of the tibiae (Figure 8). Regarding the forelimbs, the proximal epiphyses
of the right humerus and the right ulna were unfused, as well as the distal epiphysis of
the right radius. All these findings are an indicator of an immature individual [42,43]. The
young age is a problem for its taxonomic identification, as the diagnostic skeletal features
are not fully developed and biometry is limited to certain skeletal elements. The distal
breadth of the humerus (Bd, following von den Driesch, 1979) is 15.8 mm. The humerus
was chosen as the distal epiphyses was already fully ossified. Even if a possible slight
further growth of the bone cannot be excluded, the size is in line with the variation of Felis
silvestris and looks to be too small for the jungle cat Felis chaus [14]. The size overlaps with
that of the sand cat Felis margarita [14], but this species is considered to be much rarer and
looks to be uncommon in the zooarcheological record in Egypt [16]. If we hypothesize
the attribution to Felis silvestris, common amongst votive mummies [47,48], the individual
was almost certainly younger than 9 months [43,44]. Furthermore, the dentition was still
composed of deciduous teeth, while the permanent molars were unerupted (Figure 3b) and
the fourth premolar of the maxilla was still within the chamber (Figure 3a). Since molars
erupt at 5 or 6 months, and the eruption of permanent premolars occurs between 4 and
6 months [45], it is possible to hypothesize that the animal was probably less than about
5 months old at death. This age is very common among cat mummies, as other mummies
prove [47,48,50].

Previous research on mummified cats has shown that a common method to sacrifice
young cats was to break their necks by twisting them or hitting them on their head [46,48,51].
These procedures left prominent marks near the cervical vertebrae and occipital portion
of the skull [48]. Based on a comparison between our cat mummy and cases reported in
the literature [19,46,48], it is feasible to conclude that the death may be attributed to a neck
dislocation with visible fractures, as shown in Figure 5a,b.

Additionally, the CT scans highlighted the presence of a perfectly rounded and sym-
metric foramen in the occipital bone (Figure 5¢,d). Various hypotheses have been proposed
regarding its origin, suggesting it may be related to a traumatic injury, such as a small
perforation by a small tool, given its 2 mm dimension, or it could represent an anatomical
feature of the skull that occasionally forms. However, the exact nature of this foramen
cannot be definitively ascertained from the CT scan alone, as it requires more detailed
analysis for a thorough understanding.

Most of the postcranial elements have evident fractures, such as those indicated in
Figure 4. The breaks on the limb bones seem to have occurred post-mortem, unlike the
fractures on the skull and vertebrae. For example, the proximal part of the humerus is
separated and rotated by 90 degrees in relation to the bone’s diaphysis (Figure 6b). The
manipulation, embalming process, and positioning of the skeleton may have compromised
the structural integrity of the bones, as did its burial and subsequent transport, since there
is no evidence for bone repair/growth.

An intriguing observation in the skull is the presence of various materials within the
cranial cavity. There are tiny bone fragments, probably originating from the cribriform
plate and the medial wall of the right orbit, which could be a consequence of the desiccation
process, which could have compromised their structural integrity and made them highly
fragile, causing them to break with minimal handling. Additionally, the possible remnants
of brain tissue are observed, located on the left side of the temporal and occipital bone
regions (refer to Figure 8). Several studies have reported the appearance of brain residues
inside animal skulls due to the dehydration caused by the mummification process [36,52].
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Although this could be a possible explanation for the presence of this material, further
analysis is needed to clarify the issue.

6. Conclusions

This study has demonstrated the value of non-invasive imaging techniques, specif-
ically computed tomography (CT), in providing detailed insights into the physical and
pathological conditions of mummified remains, with a focus on an Egyptian cat mummy
from the Museo Etnologico Missionario di San Francesco di Fiesole. By utilizing CT, we were
able to assess the internal structure of the mummy, revealing the critical anatomical features,
age at death, and evidence of fractures that may indicate the cause of death. These findings
contribute significantly to our understanding of the role and treatment of animals in ancient
Egyptian society, particularly in religious and votive practices.

The application of CT allowed for a thorough analysis without compromising the
integrity of the mummy, demonstrating that such non-invasive techniques are crucial for
preserving cultural heritage while advancing scientific knowledge. The identification of the
age at death through dental and skeletal markers, as well as the detection of pathological
conditions like cervical fractures, highlights the importance of radiological methods in
bioarcheological research. Furthermore, this case study exemplifies the broader potential
for CT scans to uncover valuable data from mummified animal remains, providing insights
into ancient preservation techniques, burial customs, and the religious significance of
animals in ancient Egypt.

Future studies could build on this work by employing additional analytical techniques
such as isotope analysis or molecular biology tools to further investigate the life history and
environmental conditions of the mummified animal. Additionally, cross-comparative stud-
ies with other animal mummies could enhance our understanding of regional variations in
mummification practices.

In conclusion, this research emphasizes the importance of interdisciplinary collabora-
tion between Egyptologists, radiologists, and bioarcheologists in the study of mummified
remains. The use of advanced imaging technologies like CT not only preserves the integrity
of ancient artifacts but also enhances our ability to explore their historical and cultural
significance. This case study of the cat mummy serves as a model for future investigations
into animal mummification, contributing to the growing body of literature on ancient
Egyptian funerary practices and the role of animals in their spiritual life.
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