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ABSTRACT

Two natural well-preserved mummies were found in the Church of Sant’Anna in Modica, south-eastern Sicily. The
bodies, dating back to 19th and 18th century, underwent external examination, digital radiology, and computed tomog-
raphy scanning. The conservative survey to these mummies allowed to date them back, understanding the preservation
mechanism and detecting significant diseases. Paleoradiological investigation allowed us to detect pulmonary tubercu-
losis in both individuals, complicated by phthisis in one of them. Obesity, degenerative joint disease, gallstones, and
phleboliths were also found in the other subject, along with possible traditional remedies to pain relief, and a iatrogenic
pneumothorax. Further investigations are planned in order to better evaluate each single disease and related findings.
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Introduction

Sicily is the Italian region hosting the largest number
of mummies collections. Beside the well-known series in
Palermo, Savoca, and Comiso, additional examples were
described throughout the island in the last decades"”. Re-
cently, we had the opportunity to document new examples
of mummified bodies in the city of Scicli, Ragusa province,
located in the south-eastern area of the island’. Unfortu-
nately, most of the mummies recovered in Scicli were re-
buried prior to be submitted to any scientific investigation,
and only a single one underwent thorough paleoradiolog-
ical and paleopathological examination®.

The church of Sant’Anna in the city of Modica (Ragusa
province, south-eastern Sicily) was built at the end of 17*
century, possibly in 1686, on the pre-existing chapel of
Saint Calogero, attached to a Franciscan Convent™. No
significant structural damage was suffered by the church
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during the major earthquake occurred on January 11"
1693, that partially destroyed the friary®. Since the end of
the 19" century, the lack of planned maintenance resulted
in a progressive decay of the building and in recent times
the ceiling collapsed on the floor in the central part of the
church®. During the restoration works, many tombs and
crypts were unveiled. In the crypt beneath the Crucifix
altar, two mummified human bodies were found and sub-
sequently recovered. In the year 2000 they were provision-
ally stored in a wooden case near the main altar, to be
occasionally showed to visitors (Figure 1).

A preliminary survey carried out by our group in 2010
allowed to recognize the poor conditions of the bodies,
prompting us to advice an intervention. Subsequently, we
were entrusted by the Ente Morale Autonomo “Liceo Con-
vitto” in Modica to perform a paleopathologic investigation
of the mummies, started in June 2016. Here we present
the results of the paleoradiologic survey of both bodies.
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Fig. 1. The mummies inside the wooden case.

Material and Methods

The study was carried out by a conservative approach,
based on visual inspection, digital radiology, and comput-
ed tomography (CT).

Both mummies were recovered from the wooden case
in which they were placed since the first recover, and iden-
tified as MSA1 and MSA2. A superficial cleaning allowed
to remove the dust and to sample insects from the clothes.
Sampling for laboratory investigations was limited to the
external surface of the clothes and the exposed body re-
gions, due to conservative reasons. Visual inspection of
the clothes and the exposed parts of the bodies was per-
formed. Vestimentary analysis according to historical
costume essays was performed as an absolute dating
method™.

The bodies were then fixed to a wood sheet by partial-
ly wrapping them in clear plastic film, in order to avoid
shocks during transportation and at the same time to en-
sure adequate ventilation for mummified tissues prevent-
ing increases in humidity. The mummies were then sub-
mitted to the paleoradiological study. Direct radiograms
in different projections were obtained with the digital
radiology system Philips OmniDiagnost. Plain films of the
skull, chest, upper and lower limbs, spine and pelvis were
acquired. Subsequently, they underwent computed tomog-
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raphy (CT) scanning using a General Electric LightSpeed
Pro 32 scanner with 0.625 mm thick sections, obtained
with a 1:1 pitch at 50 mA and 120 kV, with maximum field
of view (FOV) 47.1 x 47.1. Preliminary anteroposterior
and laterolateral scout images were obtained to include
the whole body and optimize the FOV. A total of 2819
scans was generated for MSA1, and 2761 scans were gen-
erated for MSA2. Tomodensitometric evaluations were
made according to the Hounsfield scale (HU: Hounsfield
unit), whereas volumetric 3D rendering was carried out to
obtain reconstructions of external and internal aspects of
the mummies.

Sex estimation of the subjects was evaluated by inspec-
tion of the external features and by radiological features
of hip-bone and skull sexual characters®". The skull was
additionally used to assess sex using standard anthropo-
logical methods™. Due to the partial state of mummifica-
tion of MSA1 and MSAZ2, it was not possible to apply mul-
tiple methods to determine the individual’s age at death.
Primary centers of ossification were predominantly used.
In cases where the centres were already fused, the degree
of closure of the cranial sutures and dental wear patterns
were used as a means of verification".

Anthropometric analysis was carried out using the
digital image data and by calculating the pilastric index
(related to the degree of development of the linea aspera),
platymeric index (related to the degree of flatness in the
upper portion of the femoral diaphysis) and the humeral
robusticity index, to quantify diaphyseal shape and robus-
ticity", and to assess the degree of muscle engagement and
possible asymmetry in the long bones.

Results

Both mummies were clothed in their original garments
and the assessment of their historical clothing clearly
showed that they belonged to male individuals. As the
mummies underwent radiology and CT scanning without
removing their clothes, superimposition of metallic arte-
facts (buttons, pins, and buckles) and plaster fragments
made paleoradiological evaluation challenging.

The body named MSA1 was complete and in an excel-
lent state of preservation, as showed by visual inspection
and CT scanning. It belonged to a long-bearded man,
dressed in clothes dating back to the first half of 19" cen-
tury (timespan: 1830-1840) (Figure 2). The age at death,
according to radiologic evaluation of cranial sutures clo-
sure and dental wear patterns, was 35-40 years. The
mummy measured 170 cm in length, with a calculated
stature of 177 cm based on the measurements of the femur
and tibia, and belonged to a skinny subject with a weak
pilastric index, eurimeric femur, humeral robustness in-
dices tending to frail, with fully euribrachic diaphyseal
index.

The presence of internal organs and the absence of fill-

ing materials or skin cuts allowed us to define a natural
mummification process obtained by a rapid dehydration
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Fig. 2. The body of MSA1 after superficial cleaning and its
preliminary antero-posterior CT scout image.

mechanism in dry environment, possibly related to a
chamber burial in hot climate.

Abundant material corresponding to encephalic rem-
nants, measuring 13.4 x 10.5 x 6.5 cm, was highlighted in
the upper posterior cranial vault (Figure 3), along with
fibrous portions of the meningeal wrappings, also visible
along the entire vertebral column. Tissue remnants were
also observed within both orbits. All dental elements were
present, but two molars: the left lower first and right upper
third were lost ante mortem. Neither significant deposits
of tartar nor dental wear were observed.

Thoracic and abdominopelvic organs were extremely
well-preserved and readily recognizable.
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Fig. 3. CT imaging of the head in sagittal (above) and 3D
reconstructions (below). Encephalic remnants in the superior
posterior cranial vault. Exploration of the head after virtual

removing of the frontal skull shows a clearcut distinction

between brain and cerebellum (right bottom image).

Diffuse left pleural adhesions were observed along with
multiple calcifications of the lung. A peribronchial calci-
fied nodule measuring 17.9 mm in largest diameter (max-
imum density 940 HU) and a subpleural one measuring
6.5 mm (maximum density 515 HU) were noted (Figure
4). Such findings were consistent with post-primary (sec-
ondary) pulmonary tuberculosis and recurrent pleuritis.
The right lung appeared normally collapsed.

Neither growth arrest (Harris) lines, nor bone frac-
tures could be noted in the standard radiograms of the
long bones. Abdomino-pelvic viscera also appeared well-
preserved. The rectosigmoid tract was easily recognized,
and appeared distended by endoluminal fecal material.

The mummy named MSAZ2 was complete and in a very
good state of preservation. It belonged to an old man, with
extensive remnants of clothes. Vestimentary analysis al-
low to date it back to the end of 18™ century (timespan:
1785-1795) (Figure 5). The age at death, according to ra-
diologic evaluation of cranial sutures closure and dental
wear patterns, was over 60 years and probably the subject
was even older. The mummy measured 166 cm in length,
with a calculated stature of 169 cm calculated based on
the measurements of the femur and tibia, and belonged to
a plump subject as displayed by the abundant cutaneous
folds with a null pilastric index, stenomeric femur, high
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Fig. 5. The body of MSAZ2 after superficial cleaning and its
preliminary antero-posterior CT scout image.
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Fig. 4. On the left, direct radiogram showing superimposed artifacts and a lung calcified nodule (arrow). In the middle, CT scans
showing left pleural adhesions and calcified pulmonary nodules (arrows). On the right, virtual endoscopy of the left hemithorax with
both nodules.

humeral robustness indices, with fully euribrachic diaph-
yseal index. No signs that could be ascribed to anthropo-
genic preservation were noted. Poor dental status was
observed. All upper molars, as well as the left lower first
and right lower second were lost ante mortem. High de-
grees of dental wear and periodontal disease were also
noticed. Amorphous material was observed in the poste-
rior cranial vault and fossa with a clearcut distinction of
the cerebellum and both hemispheres, and clear evidence
of the falx and the tentorium (Figure 6). Thoracic and
abdominopelvic organs appeared extremely well-pre-
served and readily recognizable. These findings confirmed
the occurrence of natural mummification due to rapid de-
hydration and possibly related to the hot dry climate.

A 36 x 15 mm incision with smooth borders was ob-
served in the fourth intercostal space of the anterior
hemithorax. A left fibrothorax with multiple subpleural
calcified nodules measuring from 7.0 to 3.6 mm in largest
diameter, with maximum density values between 1115
HU and 365 HU of the lung and a single right costal ad-
hesion with partial lung retraction were observed with two
subpleural nodules ranging from 4.5 mm to 2.5 mm, with
maximum densities between 483 HU and 334 HU (Figure
7). Such findings were consistent with post-primary (sec-
ondary) pulmonary tuberculosis and bilateral pleuritis’
outcomes, and suggested the possibility of a traumatic or
iatrogenic pneumothorax.

Additional radiologic findings included gallbladder
stones, pelvic phleboliths, and severe degenerative joint
disease of the spine and the right hip (Figure 8). The total
number of gallstones was 7, measuring 1.3 cm to 2.0 cm
in largest diameter. They had ellipsoid shape and inhomo-
geneous morphologic pattern with central hypodense cores
and CT density values ranging from 70 to -289 HU (aver-
age density: -40 HU). These features suggested combined
cholesterol gallstones. The small round phleboliths within
the pelvis measured 2 to 3 mm in largest diameter with
an average density of 1667 HU. Their location was close
to the bladder lateral walls and the prostatic region.
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Fig. 6. CT imaging of the head in sagittal (above) and 3D
reconstructions (below). Encephalic remnants in the posterior
cranial vault, with clearcut distinctions of hemispheres and
cerebellum.

Careful visual examination of the legs revealed the
remnants of a fabric compress containing three well-pre-
served leaves on the right shin, a chalky device on the
dorsal aspect of the homolateral foot (Figure 9), and the
presence of a fabric bandage around the left knee, probably
representing analgesic devices or medications. CT density
values of the foot device ranged between -30 HU and -592
HU with an average value of -147 HU. Calcifications were
also noted in the wall of the abdominal aorta and both
iliac arteries, as a possible sign of atherosclerosis. Abdom-
inal-pelvic organs appeared well-preserved. The rectosig-
moid tract was easily recognized and distended by endo-
luminal fecal material.

Discussion

The living conditions of people in past centuries repre-
sent an extremely interesting issue for scientific investiga-
tion. Human mummified bodies as a direct source of study
offers exceptional opportunities for bioanthropological
research. Spontaneous mummification of the bodies gives
a further element of exceptionality, granting extraordi-
nary possibilities of biocultural knowledge and providing
invaluable information about diseases in past times. As a

Fig. 7. CT scans of the thorax showing pleural adhesions and
lung nodules (arrows).

historical and biological heritage, mummies should be
properly surveyed and protected, but also adequately stud-
ied through non-invasive or minimally invasive analyses
by multidisciplinary teams of experts. The presence of
skilled radiologists and pathologists, well trained in the
study of ancient human remains, in such teams represents
an undeniable condition.

Over the past decade, there has been a constant in-
crease in paleoradiology studies of human remains. Beside
plain radiology, CT scanning represents an extremely
valuable non-invasive method to examine mummies. CT
examination allows to visualize the normal anatomy,
pathological findings, degenerative alterations, and for-
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Fig. 8. Direct radiogram and coronal CT reconstruction showing gallbladder stones, pelvic phleboliths, and severe osteophytosis of
the toraco-lumbar spine and the right hip. Pathologic findings can be much more easily recognized in CT scan, whereas clothes’
buttons are evident in plain film.
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Fig. 9. The right foot with the posterior part of the shoe. 3D reconstructions of CT scanning highlight a chalky device on foot’s dorsal
aspect.
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eign objects, also enabling virtual documentation of the
mummy. As one of the main goals of bioanthropological
and paleopathologic research is to investigate an object
without destroying it, the virtual autopsy (virtopsy) ap-
proach represents an ideal technique for non-invasive in-
vestigation of mummified bodies”. Virtopsy also allows
virtual osteological analyses aimed at sex and age at
death estimation, as well as different anthropometric and
ergonomic evaluations'. Investigations are repeatable and
digital data can be easily shared with other experts in
order to verify, discuss and reassess the findings avoiding
additional manipulation of the bodies'®". The detection of
degenerative changes and pathological findings may pro-
vide valuable information on mummies also in case of
sub-optimal preservation'.

As stated by various studies, the use of fine resolution
radiologic devices is to be preferred to portable machines
and is fundamental in obtaining virtual reconstructions
of the bodies™*. Despite its easy availability, relative
cheapness, and high spatial resolution, conventional ra-
diography alone rarely gives sufficient results**’. More-
over, tomodensitometric measurements represent an ad-
ditional advantage of CT and a rather neglected issue in
paleoradiology, as they were primarily addressed to nor-
mal organs preservation and body treatments identifica-
tion***’. Actually, they may be of great help also as a pow-
erful diagnostic tool for the investigation of internal
organs disease. Although density values need to be cali-
brated depending on tissue dehydration and other envi-
ronmental or anthropogenic effects, HU ranges are high-
ly specific for pathologic findings, and especially for soft
tissue calcifications®*?. This approach enabled us to rec-
ognize and accurately diagnose bone and extra-skeletal
diseases without significant damage to the bodies®*.

By all odds, Sicily represents the Italian region with
the largest number of mummified bodies. The intentional
mummification of corpses became a diffuse practice in the
island since 17" Century, especially among priests and
laymen. Most Sicilian mummies are the result of peculiar
treatments, such as drying the body in favourable micro-
climatic conditions, without evisceration. This allowed to
achieve a state of preservation almost equal to eviscerat-
ed, embalmed mummies**. According to Aufderheide, the
mummification process may be classified into anthropo-
genic (artificial), spontaneous (natural), spontaneous-en-
hanced, and indeterminate forms*. The methods em-
ployed in the mummies from the well-known Capuchin
Catacombs of Palermo and Savoca vary from spontane-
ous-enhanced to anthropogenic, whereas in the series
from Comiso the bodies may be considered spontane-
ous-enhanced as no trace of artificial mummification was
described.

In the Sicilian scenario, hosting a large number of
bodies obtained by artificial or spontaneous-enhanced
mummification, the mummies in the church of Sant’An-
na, Modica represent a good example of natural mummi-
fication, quite similar to those described throughout the
Italian peninsula™**. It is worth noting that a similar

preservation mechanism was also observed in the so-
called “Queen of the Moors” and in the mummies from
the church of Santa Maria della Consolazione in the
nearby town of Scicli**. These uneviscerated mummified
bodies allowed to identify different pathologic conditions
and to understand health conditions of these subjects as
well as their social status.

A point of great interest is that both subjects from
Modica were affected by pulmonary tuberculosis. This
finding improves our current knowledge about the impact
of the disease on the island population in past centuries.
A definite diagnosis of pulmonary tuberculosis depends
on the demonstration of typical lung lesions with histo-
logic or molecular detection of Mycobacterium tuberculo-
sis. In the present cases, the radiologic and CT scan evi-
dence of multiple pulmonary/mediastinal calcifications
along with pleural adhesions provided a convincing dem-
onstration of secondary tuberculosis. Even though tissue
sampling was not authorized, none of the conditions con-
sidered in differential diagnosis (chronic hemorrhage,
histoplasmosis, coccidiomycosis, pneumoconiosis, sar-
coidosis, amyloidosis, hemosiderosis, primary or meta-
static cancer, hamartoma, hypercalcemia, mitral steno-
sis, and alveolar microlithiasis) seemed relevant to our
cases. Moreover, the anthropometric measurements and
the scarcity of muscle and fat body mass in the subject
MSA1 may represent the result of the weight loss com-
monly associated with end-stage disease, historically re-
ferred to as consumption (phthisis).

Additional examples of pulmonary tuberculosis in Sic-
ily during past times were detected in natural mummies
from the same geographical area, namely in Scicli and
Comiso. The already mentioned “Queen of Moors” in the
nearby Scicli, belonging to a 45-55 years old female and
dating back to 20" century, showed multiple tiny calcifica-
tions of the lung and a paratracheal calcified nodule mea-
suring 21x16x12 mm*. Also, a 30-35 years old male mum-
my dating back to 19" century in the church of Santa
Maria delle Grazie in Comiso showed post-primary pul-
monary tuberculosis. Histological examination showed
pulmonary fibrosis with multiple calcified nodules in the
left lung, each measuring 2 to 5 mm in largest diameter*’.
These findings highlight the great impact of this disease
on the island population during the last centuries allow-
ing to infer that tuberculosis was a common disease in
SE Sicily and allegedly in the whole island. Urbanization,
population growth, and the huge trade improvement reg-
istered after the major earthquake in 1693 might have
fostered the spread of the infection. This is not surprising
as in the pre-antibiotic era tuberculosis was an extreme-
ly diffuse disease. According to the Italian Pathology
Textbook edited in 1921 by Professor Pio Foa, any mani-
festation of the disease could be observed in 60% of all
necropsies and tuberculin skin tests gave positive results
in nearly 100% of adults living in large cities or densely
populated regions*. Further research is needed in order
to confirm the presence of ancient microbial DNA and
investigate molecular features of the mycobacteria in this
peculiar area.
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Moreover, the possibility of an iatrogenic pneumotho-
rax recorded in MSA2 subject, if confirmed, would corrob-
orate the diagnosis of tuberculosis, backdating the intro-
duction of this procedure in medical practice of at least one
century. This is not surprising, as in 1696 the Italian
physician Giorgio Baglivi (1668-1707) described a general
improvement in tuberculosis patients who suffered pene-
trating sword wounds to the chest. This represents the
very first description of the pneumothorax effects on lung
tuberculosis, almost 200 years before Carlo Forlanini
(1847-1918) introduced his artificial pneumothorax treat-
ment***,

Additional pathological findings detected in MSA2,
such as cutaneous folds, poor dental status, atherosclero-
sis, pelvic phleboliths, and gallstones yield valuable infor-
mation about his social status and nutrition. Abdominal
and thigh skin folds per se lay for an overweight subject,
as confirmed by the osteophytic bridges throughout the
lower thoracic and lumbar vertebrae. Aortic and iliac ath-
erosclerosis along with phleboliths corroborate the hypoth-
esis that this subject belonged to high-social class with
high fat and sugar intake.

With regard to the gallstones, we know that they only
represent a theoretical finding in skeletal remains, but
they may be extremely well preserved in natural mum-
mies. On the basis of their gross aspect, gallstones can be
usually subclassified as pure cholesterol, mixed cholester-
ol (multiple), combination or composite, and pigmented
stones™*®. To the best of our knowledge, about twenty
paleopathological cases of biliary stones were reported in
literature, only two ancient gallstones underwent com-
plete CT study, and a single case was described in Italy,
namely in 16" century Naples**°. Unfortunately, due to
conservative reasons, endoscopical sampling of the stones
could not be performed, preventing us from performing
further investigations. Modern advanced morphological
and analytic investigations of at least one of the stones
would have add important additional data about their pre-
cise structure and detailed chemical composition™. In any
way, the low values obtained at CT densitometric mea-
surements allowed to exclude pigment stones, whereas
size and morphology and classify them as mixed choles-
terol gallstones®***.

Paleoradiological diagnosis of pelvic calcifications can
be an even more challenging task. Phleboliths are venous
calcifications representing the end product of thrombosis.
In modern patients they are frequently observed within
the pelvis, in the veins outside the posterolateral regions
of urinary bladder, prostate, uterus and rectum. Also, they
are generally considered of no clinical significance, and
for this reason they are actually neglected in modern ra-
diology and histopathology reporting®®*. Pelvic phlebo-
liths are common in people from economically developed
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countries, and may be considered a marker of western
pattern of diseases™. They represent an under-recognised
condition in paleopathological literature as their presence
has been only incidentally reported in mummies, often
misinterpreted as inflamed lymph nodes, and barely cited
in differential diagnosis®?". They share pathogenesis and
location with their modern counterparts, and can be eas-
ily distinguished from ureteral calculi or calcified lymph
nodes by the classic concentric calcification pattern seen
in radiology, high CT densitometric values, and histolo-
gy**%. When found in ancient remains, they represent a
useful marker of age at death, social class, and nutrition-
al status, and a clue to related diseases.

Finally, MSA2 showed showing evident signs of severe
spinal and lower limbs degenerative joint disease, along
with possible traditional remedies applied for the disease.
The presence of natural remedies in an ancient body is a
point of great interest. The use of such devices in past
times is well described in historical sources, but they are
not frequently recognized in mummies®. Their application
may have been necessary in a subject needing joint pain
relief. We do not know the reason why these remedies were
left beneath the clothes after death, but the presence of
such devices, along with undeniable signs of OA, strongly
suggest anti-inflammatory or analgesic medications in an
old individual. In particular, the use of a clay pack as a
natural remedy in folk medicine dates back to prehistoric
times, and a hot clay cataplasm (poultice) can soothe ach-
ing joints and relieve swelling and inflammation®.

In conclusion, the conservative survey to these mum-
mies through external examination, digital radiology, and
computed tomography scanning allowed us to date them
back, understanding their preservation mechanism and
detecting significant diseases. Actual signs of pulmonary
tuberculosis complicated by phthisis and possibly under-
gone iatrogenic pneumothorax, obesity, gallstones, phleb-
oliths and degenerative joint disease along with tradition-
al remedies to pain relief could be reliably recognized.
Further investigations are planned in order to better eval-
uate each single disease and findings related to therapeu-
tic interventions.
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PALEORADIOLOSKOVISTRAZIVANJ E PUTEM VIRTOPSIJE MUMIJA IZ CRKVE SANT’ANNA,
MODICA, JUGOISTOCNA SICILIJA

SAZETAK

Dvije dobro o¢uvane mumije pronadene su u crkvi Sant’Anna u mjestu Modica, na jugoistoku Sicilije. Tijela koja
datiraju iz 19. 1 18. stolje¢a podvrgnuta su vanjskom pregledu, digitalnoj radiologiji 1 kompjuteriziranoj tomografiji.
Konzervativno istrazivanje ovih mumija omogucilo je njihovo datiranje, razumijevanje mehanizma o¢uvanja i otkrivanje
znacajnih bolesti. Paleoradioloska istrazivanja omogudila su nam da otkrijemo pluénu tuberkulozu u oba pojedinca,
kompliciranu ftizom kod jednog od njih. Pretilost, degenerativna bolest zglobova, zuéni kamenci i fleboliti takoder su
pronadeni kod drugog subjekta, zajedno s moguéim tradicionalnim lijekovima za ublazavanje boli, kao i jatrogeni pne-
umotoraks. Planiraju se daljnja istrazivanja kako bi se bolje procijenila svaka pojedinacna bolest 1 povezani nalazi.
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