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A B S T R A C T

Paleoradiological investigations of three mummified remains housed in the archaeological museum of Erba
allowed us to investigate the origin, biological profile, embalming techniques and pathological conditions of
finds unknown until now. These mummified remains, belonging to the private collection of the Majnoni family,
were donated to the museum without any information about their origin. We are well aware of the past issue on
the commercialization of mummified remains and of the low possibility for anthropologists to have access to
ancient mummies. For this reason our intent is to stimulate curators of small collections to contact team of
anthropologists, radiologists and paleopathologists to grant the study of finds housed in museums with the aim
of obtaining more information about the anthropological cultural heritage.

Introduction

How many times have you – physical anthropologists, pathologists,
archaeologists etc. - wished to study an Egyptian mummy? Many, cer-
tainly. Also, because we know that not many researchers in the field of
archaeology have access to these extraordinary preservations of human
remains [1,2].

Archaeological excavations conducted in European territories, or
generally in the areas of the continental planet, usually bring to light
human skeletal remains from cemetery contexts [3,4]. Apart from the
exception of some highly successful natural mummifications [5] of
ancient human remains [6], including frozen mummies [7, 8] and bog
bodies [9, 10], and of some collections of intentional mummifications,
such as the crypt of the Capuchin friars in Palermo [11], the anthro-
pologist has very few opportunities to study mummies especially those
resulting from the practice of embalming [12, 13] and in particular
from the evisceration of organs [14, 15].

Moreover, when this happens, of course we must use the necessary
expertise of the radiologist. Radiology, or better now, Paleoradiology, is
the only correct way to study mummies because it is clear that their
scientific investigation must not compromise their conservation [16,
17], considering also that, given the exceptional nature of these human

remains, a museum destination is envisaged [18, 19].
It is clear that finds of this type should be analysed. Overall, as often

happens, if specimens have never been studied, consequently even their
museum display is vitiated by the lack of descriptive information. So
“mummies outside their closets”means to stimulate the study, using the
updated techniques that today support anthropological analyses, of all
those exhibits that have been displayed in a museum but not yet in-
vestigated. Firstly, for these specimens generally it is necessary to in-
vestigate the authenticity especially when no provenience documenta-
tion is present. In fact, the support of radiological analysis can show the
type of bandage, the ornaments and the morphology of human remains
(tissues and bones) [20], all to investigate if the mummy is authentic
Egyptian or not.

In addition, paleoradiological investigation, through the analysis of
all the materials of the mummies, allows us to adopt the better choice to
preserve and expose the finds in the museum. In this regard, the ana-
lysis of an illustrative case related to the conservation of three parts of
Egyptian mummies at the archaeological museum of Erba (Como-
northern Italy) allows us to highlight the importance of paleor-
adiological investigation of human remains [21]. The finds are ex-
hibited in a display case, inside a room dedicated to oriental studies,
where various kinds of artefacts are exhibited, above all potteries and

https://doi.org/10.1016/j.fri.2020.200397
Received 19 March 2020; Received in revised form 12 June 2020; Accepted 17 July 2020

⁎ Corresponding author.
E-mail address: marta.licata@uninsubria.it (M. Licata).

Forensic Imaging 22 (2020) 200397

Available online 18 July 2020
2666-2256/ © 2020 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/26662256
https://www.sciencedirect.com/journal/forensic-imaging
https://doi.org/10.1016/j.fri.2020.200397
https://doi.org/10.1016/j.fri.2020.200397
mailto:marta.licata@uninsubria.it
https://doi.org/10.1016/j.fri.2020.200397
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fri.2020.200397&domain=pdf


ornamental objects, coming especially from private donations [22].
Our study investigated these finds through the paleoradiological

analysis in order to demonstrate their authenticity, investigate the state
of preservation, reveal the embalming techniques, determine their
biological profile/s and to explore the possible presence of pathological
conditions.

The aim of emphasizing the importance of radiological support to
the bioarchaeological finds is not secondary, not only for the purposes
of research but also for the expositive-informative ones.

Materials and methods

The mummified remains consist of a head, a hand and a foot. The
Majnoni family donated these finds to the museum in 1977, which in-
herited the finds from Francesco Majnoni d'Intignano, the King's general
consul in Cairo in 1902.

The decision was taken by Francesco's wife to exhibit to the com-
munity a “piece of ancient Egypt”. To accompany the finds a document
that only explained the place of origin, Cairo, and nothing else, not even
the way in which Majnoni took possession of them. Certainly, this as-
pect did not make it so easy to guarantee their authenticity until now.
However, we know now that still at the beginning of the twentieth
century, it was a symbol of pride, among the antique dealers, to benefit
of finds such as mummies of ancient Egypt from the historical, scientific
but above all emotional point of view [23, 24]. It is therefore easier to
suppose that these finds had been purchased so specially divided, but it
is clear that this represents only our superficial assumption. We do not
know if the mummy, or mummies, arrived in Italy intact, moreover the
documentation does not reveal whether these three fragments belonged
to the same subject.

Only a paleoradiological investigation, according with the latest
ethical standards developed for the mummified human remains, can
answer these questions [25, 26].

Sex was determined on the basis of the morphological features on
the skeleton [27]. Age at death was assessed through the evaluation of
the degree ossification [28] and of degeneration of bone districts [29,
30].

For X-ray and CT examinations, conventional medical radiological
equipment was used (GE Healthcare Revolution - GSI 128 Layers).
Imaging parameters were as follows: 100 kV, 80 mA. The slice thickness
used was 0.625 mm for all the pieces, reconstructed at 3 mm; for the
reconstruction parameter we used the criteria suggested by Panzer and
colleagues [31]. The re-elaboration of the images was performed using
the software Mango (Research Imaging Institute, UTHSCSA, http://rii.
uthscsa.edu/mango/mango.html) and Radiant DICOM 5.0.2 Viewer
(Medixant, Poznan- Poland), which allow reconstructing 3D surfaces
starting from the axial planes of CT scans acquisition.

Packaging and transport operations are essential for conducting
safely analyses. Indeed, for each anatomical piece, a custom wooden
box was created in order to contain it, avoiding too large spaces that
would allow it to move during the transport phase. Every box was
padded with inert polyester foam or pads of acid-free tissue paper. In
each phase of the work, the finds were handled with disposable gloves.
The wood and plastic materials used do not interfere with the TC ac-
quisition, which can take place by not taking the sample from its box,
thus avoiding unnecessary manipulation.

Results

Macroscopical description

The mummified head was composed of the skull, the mandible and
the cervical trait until the 6th vertebra (Fig. 1). This part appeared
almost intact, although some portions of bandages and soft tissues were
missing and the skullcap was exposed. The facial portion appeared as
the best preserved, covered by bandages and soft tissues, and both the

auricles were well retained. The state of conservation of the head pre-
sented different degrees depending on the tissue involved. In particular,
soft tissues were partly exposed as the bandages were poorly preserved
and mostly lost, retaining only a few larger portions or isolated pieces.
The exposed skin, mostly at the level of the mandible and lower facial
portion, temporo-parietal and nuchal regions, showed a brown-black
discoloration and a dehydrated appearance. Bandages, recognizable
thanks to the fabric texture, were mostly preserved in the upper facial
region and on the neck, while in the other areas only isolated small
pieces were preserved. At the level of the skullcap, in particular of the
parietals, frontal squama and of the left temporal fossa, soft tissues and
bandages were missing and the bone portion was completely exposed.
The observable cranial bones appeared intact without any sign of
fracture or breakage. In the exposed portion, no particular modification
was noted. The nasal portion of the soft tissues has also not been pre-
served and the piriform cavity and part of the nasal bones were ex-
posed. At the level of the oral and nasal cavities, a resinous black
substance, with a vitreous, shiny and transparent appearance was ob-
served.

The second mummified part was comprised of the left foot and of a
distal residual of the left tibia and fibula (Fig. 2). The proximal inter-
ruption of the residual limb, approximately at the level of the meta-
physeal end, was jagged and irregular, exposing the section of the two
bones and of surrounding tissues. From a superior view, was possible to
recognize the two bone portions and a bundle of dehydrated fibres,
which departed vertically from the posterior portion of the calcaneus.
This element was also visible in posterior norm, as in this region ban-
dages were missing exposing the underlying tissues. The preservation of
foot bones was not evaluable as this part was almost totally covered by
soft tissues and bandages. The postero-medial portion of the foot, from
the calcaneus up to the medial malleolus, did not preserve bandages
and a small part of black discoloured skin was exposed. The foot ap-
peared almost complete from the tarsal to the phalangeal portion, with
the exception of the second and third toes, which were missing and
broken at the level of the metatarsal heads, exposing the section of the
two metatarsals and of surrounding tissues. On the residual foot toes,
bandages were mostly missing preventing from evaluating the wrap-
ping pattern of these parts. The first toe, uncovered by the bandages,
showed black discoloured skin and the presence of the nail.

Some blue-green tube-shaped beads were observed adhering to the
bandages on the back of the foot, stuck through the coating of a whitish
cementing material. This cementing material was found longitudinally
along the entire back of the foot and transversely in at least two bands
that crossed the back of the foot from one side to the other, indicating
that, probably, at one time, the whole foot along these bands was de-
corated by the presence of beads, of which today only four are pre-
served. These beads are consistent with blue faience tubes, a particular
type of fine tin-glazed pottery.

The mummified left hand comprised some of the carpals and all the
metacarpals and phalanges. Macroscopically, the hand appeared almost
complete and showed all the fingers individually wrapped. In parti-
cular, the entire palm of the hand appeared wrapped entirely with
several turns of bandages, while the fingers, including the thumb, were
individually bandaged with accuracy. Soft tissues of the hand could be
evaluated only in a small portion at the level of the wrist, where the
embalmed part appeared interrupted, exposing the residual carpal
bones. At this level, a small part of black discoloured skin was exposed
by the missing bandages. The bandages were well preserved throughout
the hand and on the dorsal portion a part seemed coated with a sort of
white-coloured hard covering material (Fig. 3).

In all the three specimens, a more detailed observation of the ban-
dages revealed that they presented a plain weave, with weft and warp
characterized by simple crossings. In some bandages, the threads ap-
peared coarser and woven in a loose-weave, while other bands showed
a finer and tighter weave (Figs. 1–3).
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Radiological investigations

Tomographic images allowed visualizing the unwrapped aspect of
the specimens, avoiding invasive interventions. The images of the head
without bandages showed the degree of preservation of soft tissues.
Viewing only the skeletal part, no breakages or fractures that altered its
integrity were visible.

Images of the foot revealed the integrity of the skeletal portion and
the preservation of joints in their anatomical position. The residual limb
appeared in perfect articulation and irregularly broken at the

metaphysis. Tomographic analyses of the hand showed the absence of
some carpal bones, as it was macroscopically observed at the level of
the wrist, of which only the trapezium, trapezoid and hamate bones
were preserved.

Biological profile

Tomographic analyses of the finds suggested that the three em-
balmed human parts were not consistent with a single individual.
Biological profiles of the three mummified portions are illustrated

Fig. 1. Photographic representation of the embalmed head, in front (on the left) and left-lateral (on the right) views. The images show the portions of bandages well
preserved in the upper facial region, and the areas of exposure of the skin brown-black in colour. The superior cranial portion is exposed due to the loss of soft tissues
and bandages. At the level of the mouth and nose, which has not been preserved, a resinous substance of shiny black colour is observed. In lateral norm, the
preservation of the auricle is visible.
In the images, the scale bars equal 5 cm.

Fig. 2. Photographic representation of the embalmed left foot, in lateral (on the left) and frontal (on the right) views. The preservation of the foot and of a distal
residue of the left lower limb is observed. In lateral view, the pattern of bandages and the irregular section where the tibia and fibula are interrupted are appreciated.
In frontal view, the preservation of the toes, of which the second and third are missing, deprived of the bandages with exposure of the blackish skin, is visible. In both
standards, the preserved blue faience tubes and the presence of a white cementing substance coated in longitudinal and transverse bands along the back of the foot
are observed.
In the images, the scale bars equal 5 cm. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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below.

Head
The features of the cranium pointed towards male sex: i) prominent

supraorbital ridges, ii) rounded supraorbital margins, iii) sloping fore-
head, iv) absence of parietal eminences, v) vertical big mastoid pro-
cesses, vi) development of nuchal line and external occipital eminence,
vii) everted gonial angles and prominent chin (Fig. 4).

Some features, as the almost complete obliteration of the cranial
sutures, the calcification of thyroid cartilages and the degree of dental
wear suggested the advanced age of the subject (Fig. 5). In addition, a

conspicuous ante-mortem teeth loss was observed, causing almost total
edentulism, with the exception of three maxillary teeth and of the
anterior mandibular teeth, reinforcing the hypothesis of an elderly in-
dividual (Figs. 4 and 5).

We also observed some noteworthy non-metric traits of the cra-
nium, such as the bipartite Inca bone (or pre-interparietal bones) of the
occipital squama and the elongated styloid process of the temporal
bone (measuring about 4.2 cm).

Hand
The ossification of the hamate of the carpus allowed estimating an

Fig. 3. Photographic representation of
the embalmed left hand, in dorsal (on
the left) and palmar (on the right)
views. The preservation of the part,
from the wrist throughout the hand up
to the fingers, as well as the pattern of
wrapping of the palm and of individual
fingers, are shown. In dorsal view, a
residue of a coating whitish material is
observed on the radial side. At the
lower right, some details of the
weaving of the bandages are visible.
In the images, the scale bars equal 5
cm.

Fig. 4. Tomographic images of the
head after the virtual unwrapping and
the removal of soft tissues, frontal and
fronto-lateral views. Features of the
cranium suggesting male sex are
visible. In particular, strong gonial
eversion, prominent supraorbital
ridges, sloping forehead, vertical big
mastoid processes and prominent chin,
are observed. A strong dental wear and
a severe antemortem teeth loss, up to
almost total edentulism, are also
visible, suggesting an advanced age-at-
death of the individual.
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age greater than 10 years, while the lack of fusion of the epiphyses of
the metacarpal heads and of the bases of the phalanges suggested an
age-at-death not over 16 years (Fig. 6).

Foot
The absence of observable degenerative changes allowed us to hy-

pothesize that the foot belonged to a young individual. More particu-
larly, evidence of retention of the fusion line of the calcaneal tuberosity
enabled suggesting an age range between 18 and 20 years (Fig. 6).

Embalming technique

Tomographic investigations revealed several significant features
useful to the reconstruction of the embalming process.

Firstly, tomographic images of the head allowed visualizing the soft
tissue preservation under the wrappings. Below the bandages, at the

level of the mouth, the presence of filling elements of the oral cavity
was also observed (Fig. 7).

By sectioning the three-dimensional reconstruction of the skull in
transversal and sagittal views, it was possible to observe that the cri-
briform lamina of the ethmoid was incomplete and appeared broken
(Fig. 8). The fracture of a portion of left lesser wing of the sphenoid
bone was also highlighted. Tomographic images also revealed the
presence in the cranial, oral and nasal cavities of a substance with a
radiodense appearance that inside the skull was recognizable in the
form of separated irregular fragments. This radiodense substance ap-
peared to fill all accessible cavities of the head, from the nasal to the
oral cavity up to the pharyngeal and laryngeal regions. The same ap-
pearance has been detected inside the cavities of the sphenoid sinus and
ethmoid cells. Overall, this substance appeared adherent to the lower
and posterior portions of the cavities (Fig. 8).

Paleopathological evidences

Only the mummified head showed pathological conditions.
At the level of the preserved cervical vertebrae, degeneration of the

articular surfaces was observed, with formation of horizontal jutting
spicules and reduction of intervertebral spaces. In sagittal section, the
vertebrae appeared deformed, with hypertrophic changes at the level of
the end plates of the bodies. Between the vertebral bodies of C4 and C5,
in sagittal section, ring apophyses were not clearly visible and the two
bodies seemed seamless united (Fig. 9).

The cranium showed evidence of bilateral thinning of the parietal
bones. In particular, two circular areas of reduction in thickness of the
cranial table were observed in the upper parietal portion, on the two
sides of the sagittal suture and symmetrically to the parietal foramina.
Particularly affected by the reduction in thickness was the external
cranial table, which in sagittal and coronal section appeared reduced
and resorbed, until almost uncovering the diploe. The two areas were
also observed in the three-dimensional reconstruction, in the form of
wide depressions of the surface (Fig. 10). In detail, the left area mea-
sured 2.73 (transverse diameter) X 2.83 (sagittal diameter) cm and the
right one was 3.59 (transverse diameter) X 2.85 (sagittal diameter) cm.
The normal cranial bone thickness (frontal, parietal unaffected) in other
sections was 6.01, 6.94, 6.21, 6.15 mm. The cranial bone thickness in
the two resorbed areas was at the right 3.99, 4.60, 4.86, 5.11 mm and at
the left 4.38, 4.78, 5.05, 5.11 mm.

Fig. 5. Tomographic image of the head, left latero-anterior view. White arrow
shows the calcification of the thyroid cartilage, suggesting an advanced age-at-
death of the individual. At the lower right, a detail of the calcified cartilage in
cross section is shown.

Fig. 6. Tomographic images of the left hand (on the
left) and foot (on the right). On the left, white arrows
indicate the fusion lines of the proximal epiphyses
(bases) of the phalanges and of the distal epiphyses of
the metacarpals (heads) of the left hand. On the right,
white arrow indicates the still visible line of fusion of
the calcaneal tuberosity.
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Discussion

Ancient Human remains are the “material memory” of the people
who preceded us and, therefore, can provide a direct means by which
we can learn much of our past. As custodians of this precious source of
information on biological human history, we need the commitment to
promote the long-term preservation of the archaeological collections to
ensure that future generations will be able to learn from them and,
therefore, know and understand those stories [32].

However, human remains are characterized and significantly dif-
ferentiated from any other naturalistic remains due to the complex
symbolic, anthropological, cultural, psychological and religious values
they are capable of evoking on individuals and/or communities. These
values urge a careful evaluation and a precise moral responsibility of

the researchers and the museum institution with respect to several
ethical issues arising from the comparison of different interests in-
volved.

Although lagging behind what happened for clinical studies, in the
last decades the ethical discussion has also concerned ancient human
finds, with particular reference to: ways of their acquisition; lack of
previous informed consent of the deceased, his descendants or the
community to whom he belonged; respect for human dignity and bodily
integrity; invasiveness of the investigations, which can irreparably
compromise their conservation and consequently future studies; pos-
sible infringement of privacy and spread of “sensitive” data, respect for
the religious and cultural traditions, appropriate communication re-
search results, protection and accessibility of cultural heritage, museum
exibition [26, 33].

Fig. 7. Tomographic images of the
mummified head, three-dimensional
re-elaboration. Soft tissues preserved
under the wrappings are recognizable.
Obliteration of the oral cavity and
partial cranial bones exposure, due to
the loss of part of the mummified tis-
sues, are observed. Inside the orbital
cavities and in the posterior neck re-
gion some muscular structures pre-
served are shown.

Fig. 8. Tomographic image of the mummified head, sagittal section. A radio-
dense material is shown to fill the cavities of the head. The substance, grey-
opaque in colour, is observed adhering on the floor of the nasal and oral cav-
ities, along the posterior wall of the pharyngeal and laryngeal tracts, inside the
ethmoidal cells and along the posterior wall of sphenoidal sinuses. Breakage of
the cribriform plate of the ethmoid bone is also shown (white arrow).

Fig. 9. Tomographic image of the mummified head, sagittal section. Vertebral
joints degeneration, with formation of horizontal jutting spicules, reduction of
intervertebral spaces and hypertrophic changes at the end plates of the ver-
tebral bodies are appreciated. Between C4 and C5 ring apophyses are not
clearly visible, showing a possible fusion of the two bodies (white arrow).
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The peculiarity of the nature of these remains is also indicated in the
Code of Ethics of the International Council of Museums (ICOM), which
inserted human remains in a special category titled "culturally sensitive
materials”, providing for a particular discipline for their management
[34].

However, in Italy, the ethical debate on this issue is, to date, very
recent and still, at least in part, unexplored question [35]. In fact, ex-
cept the 2013 opinion on the donation of the post mortem body, the
Italian National Bioethics Committee never addressed ethical issues
relating to the detention, treatment and management of human re-
mains. Even the literature on the topic is not very extensive in Italy
[36]. This although Italian museums themselves have been invested by
requests for returns of several human remains, as in the case of the
famous Villella skull exhibited at the Cesare Lombroso Museum in Turin
[37, 38].

As a “culturally sensitive material”, human remains collections must
be handled with respect regardless of their age and legitimacy of pro-
venance. The issue on whether at all and how to study ancient mum-
mies is subjected to new discussions.

Radiology is the only way to investigate human remains that still
preserve mummified tissues [31, 39]. If we talk about Egyptian em-
balming, radiological investigation represents the most efficient way to
analyse the find while maintaining its integrity [40, 41]. Radiological
examinations allow us to analyse the finds without damage them and
explore bandages, bones and other materials used for embalming [42,

43].
Thanks to the acquisition of radiological images it was possible to

understand that those three mummified finds, exhibited inside the same
shrine and described as “the mummy of Erba”, may belong to three
different subjects. In fact, the skull belonged to a male subject of ad-
vanced age, while the foot showed an age between 18 and 20 years and
the hand was estimated between 10 and 16 years.

Overall, macroscopic external observation is the first step useful to
investigate all the details of the embalmed portions. It was useful in our
case in order to examine the weaving of the bandages, the aspect of the
beads and of the material used to stuck them. Significant, in fact, are the
considerations about the grave goods allowing to associate them with a
historical period, and in particular place the finds within a dynasty. In
particular, the presence of faience tubes on the foot bandages, ac-
cording to what emerges from the Egyptian historiography, is known to
have a magical protective purpose [44, 45]. This type of grave goods
was in fact used to protect the deceased and guarantee their eternal
survival. This custom can be found starting from the XXI dynasty but it
also lasts until the XXVI dynasty and it seems to continue until the
Ptolemaic period [46]. Probably preserved only in part, these beads
seemed to have been much more numerous to adorn the foot in crossed
longitudinal and transversal bands.

The hand does not preserve traces of grave goods but the kind of
bandage recalls with great probability Egyptian origin. We know that
this type of bandage, with the scruple of bandaging individually all the

Fig. 10. Tomographic images of the mummified head, with representation of the resorptions at the level of parietal bones. (A, B) Left lateral aspect and right latero-
posterior view of the head, two bilateral areas of resorption in the parietal bones are clearly recognisable in the form of two depressions with irregular aspect; (C)
tomographic sagittal section of the head, showing the areas of resorption in the form of parietal thinning and exposure of the diploe after the gradual disappearance
of the outer cortex (white arrow); (D) tomographic coronal slice displaying the section of the two areas of resorption and thinning of the parietals (white arrows).
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fingers, represents an attention to detail in the mummification process
that generally did not characterize the more recent periods, in which
the bandage was coarser and for which the hand was entirely covered.
Unfortunately, for this find it is not possible to add another inter-
pretation.

However, it is on the skull where the successful embalming practice
typical of Egyptians is highlighted. Firstly, computerized axial tomo-
graphy allows us to see the rupture of the cribriform plate and the
breaking of the sphenoid bone. This evidence is linked to the practice of
excerebration of the brain, through the use of a hook that entered one of
the nasal cavities to split the ethmoid and thus traced to the brain to
completely remove it through manoeuvring within the cranial theca
[47, 48].

The 3D re-elaboration of the tomographic images has also high-
lighted the presence, inside the skull, of a radiodense substance in the
form of irregular fragments, probably following the crumbling of the
crystallized material. This substance, which was also observed during
the macroscopic examination, was also used with the aim of filling the
cavities of the head. In fact, it was observed to be adhered to the floor of
the oral and nasal cavities and along the posterior wall of the phar-
yngeal and laryngeal cavities, as well as inside the ethmoidal cells and
along the posterior wall of the sphenoid sinuses. This suggests that the
casting of the viscous substance must have taken place while the in-
dividual was in a supine position, which would have allowed the sub-
stance to flow along the cavities and crystallize along these portions.
The scientific literature shows that, in the most ancient periods and not
only in the Egyptian civilization, there were the uses of excerebrating
the skull through the nose or by fracturing the occipital bone [49], in
particular starting from the occipital foramen [41, 50]. In addition,
Herodotus said that during the embalming process the brain was re-
moved via the nostrils with an iron hook and what could not be reached
with the hook was washed out with drugs [51]. In our case, it is the
reference of the black resinous substance that allows a dating of the
artefact to a period around the start of the XVIII dynasty. We also know
that the excess use of black resinous substance is recorded even in the
following periods, in particular between the late Dynastic and Roman
age [52].

The radiological investigations suggest that for all the three finds
the embalming must had been foreseen. It is evident that what has been
described so far supports the authenticity of the finds. Indeed, it is
difficult to imagine the reproduction of a fake with this kind of atten-
tion to detail, such as the filling of the skull cavities with resinous
substances. Moreover, in case of reproductions of Egyptian mummies,
tomography often unmasks the presence of brain matter.

For what concern pathological investigations, the evidences found
on the parietals are significant. The condition of biparietal thinning, in
fact, has been identified in more than 200 Egyptian skulls [53, 54].

This pathological condition appears to have been present elsewhere
in the past and, albeit rarely recorded, is recognized also in today's
clinic. In fact, several published paleopathological cases are docu-
mented in Europe (England, Italy, France, Austria and Spain), America,
Africa and Australia. Biparietal thinning has been found even in India in
a skull from the Bronze Age, which today would represent one of the
oldest cases. This pathological condition has been known for a long
time. In particular, the first descriptions of parietal thinning were
published in the 18th century. Called by different names: “biparietal
senile disease”, “senile arthropathy”, “biparietal thinning” and “parietal
osteodystrophy”, with unknown etiology, this pathological condition
appeared to usually involve the posterior parasagittal regions.

The manifestation of this anatomical alteration usually has an oval
or quadrilateral flat shape that can measure up to 4 to 6 cm in the
coronal plane and up to 8 or 9 cm in the parasagittal plane [55].

Cederlund et al. in the article published in 1982 reported a radi-
ological observational criteria to classify the degree of the parietal
thinning. In particular, based on the thickness of more affected bone,
three stages were proposed: i) thinning is only superficially observed in

the parietal region and in tomographical images a radiolucent area is
highlighted; ii) a considerable thinning in anterior and posterior view is
recorded, in particular the loss of more than half of the bone substance,
even if the diploe is preserved, is observable; iii) external surface is
affected and the total loss of the diploe and of the outer region is ob-
served [56].

While true biparietal thinning seems to be characterized by a very
subtle skull thickness and thin compact bone, this case shows regular
wall thickness with reduced outer table until almost the exposure of the
diploe, but without involvement of the inner table.

According to various authors, in the first phases of onset, only the
outer table becomes flattened while inner table is unchanged [57].
Virchow believed that parietal thinning started as a localized dis-
appearance of the superficial layers of the external skull table and
gradually progressed through it, the diploe, and on occasion the inner
table of the skull [58].

According to literature, this condition can manifest in two ways: flat
or grooved. In particular, the second type involves a small area in the
coronal plane and the thinning is created by a sagittal oriented groove.
However, the most documented cases in literature are the “flat” types.
Bruyn and Bots found a relationship between these two typologies,
using the term “biparietal osteodystrophy” to indicate the second type
[59].

From a radiological-morphological point of view, the normal con-
vexity of the bone appears interrupted to form a superficial depression,
which involves about a quarter of the parietal bone. Radiologically, on
the lateral projection there is an area of reduced density corresponding
to the region involved by bone thinning. As some authors report,
magnetic resonance and computer tomography imaging show the
thinning or the absence of the lamina corticalis externa, the loss or the
disappearance of the diploe and an intact lamina corticalis interna in
the area of the lesion [60–64].

From a histopathological point of view, some cases affected by
thinning record the lack of osteoclasts [65].

At this point, we cannot avoid discussing the causes that are at-
tributed to parietal thinning to date. For more than two centuries,
anatomists, doctors and anthropologists have tried to find the answer to
the etiological nature of this condition. The various causes associated
over time include: constant pressure on the bones, developmental
dysplasia, congenital dysplasia of the diploe, growth defects, post-me-
nopausal osteoporosis, gonadal insufficiency, hormonal changes, in-
flammatory arthropathy associated with trauma, primary metastatic
tumors, diabetes, senile changes of the temporal artery and simple
anatomical variation.

By the clinical cases recorded, literature informs us that the most
cases have a minimum average age of 50, for men, and over 60 for
women. It can therefore be suggested that this condition is related to
the reduction or cessation of sex hormone activity [66]. Hormonal
disorder causes osteoporosis, a condition also linked to the lack of os-
teoclasts, especially in women of advanced age. However, it should be
noted that bilateral parietal thinning has also been reported in young
patients with hypogonadism, with or without osteoporosis, and also in
young patients with other hormonal disorders. It is evident that also for
our case to conclude a differential diagnostic reasoning is difficult, we
can only record the presence of bilateral parietal thinning and, stating
to the classification of degree, of the type one. Nothing else. We cannot
establish what disease affected our subject, also considering the fact
that we only have the subject's head.

It is certainly interesting to note how this condition has been
highlighted in various Egyptian skulls. Smith recognized this condition
in the skulls of the ancient Egyptians by describing it as “strange, large
symmetrical depressions of the parietal bones” [67]. Furthermore,
Rowling also noted this condition in the mummies of Thutmosis III and
Meritamon of the New Kingdom [68].
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Conclusion

Authenticating Egyptian finds is certainly not a simple operation.
Especially if these come from private collections without documenta-
tion that certifies their discovery. If we then refer to human remains,
the operation seems even more complicated, given both the fragile
condition that characterizes these finds and the preservative provisions
that they claim.

The study of human remains, especially those finds, such as mum-
mies preserving tissues, cannot fail to take into account the use of
radiology. Radiological imaging can in fact be not only a study tool on
biological remains and ancient artefacts, but also an informative and
communicative strategy capable of enhancing the museum display and
interacting with the public. Paleoradiology would in fact have a high
communicative value, we would say, of narration of the exposed find.

An efficient communicative power of these images that would en-
hance the find in a narrative dimension often distorted by the de-con-
textualization of a museum frame that is not exactly adequate as often
happens.

Again, could not more recent grievances regarding the exposure of
human remains be partially resolved by the support of the radiological
images of some of the finds?

This, however, is another story. For now, let us worry about
studying, thanks to the radiological support, also all those finds that,
belonging to museum collections on the margins of large exhibitions,
have not received the right attention. In fact, our case feels to be de-
monstrative of this need to stimulate a dialogue between the different
disciplines to acquire a great deal of information: anthropological, ar-
chaeological and paleopathological.

So, we send our message, in the hope that this can also be heard by
the curators of the small museums “Mummies outside their closets” -
only temporarily to radiologically investigate them - and
“Paleoradiological images inside museums”.
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