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A B S T R A C T

The aim of the study was to analyze possible human skeletal remains within the wrappings of a mummy from the Ar-

chaeological Museum, Zagreb, Croatia through the use of the multidetector CT (MDCT) technology. Plain X-ray films

and MDCT images of the mummy were taken in both frontal and lateral views. In a single volumetric acquisition of the

whole body by MDCT, 0.75 mm axial slices were obtained and combined with sagittal and coronal reformatting and

three-dimensional (3D) reconstruction. Sex and age was assessed visually using standard anthropological methods. The

results suggest that the mummy was of an adult female, most likely over 40 years of age at death. Pathologies observed

included degenerative changes on the vertebral column and healed fractures of the lower right arm. Damage of the

ethmoid bone at the roof of the nasal cavity was most likely caused by mortuary brain removal practice. Remnants of a

resin and an unusual object were found inside the cranial cavity. An elongated metal object and additional three metal

»belts« can be seen on the lower portion of the body. All internal organs were removed and thoracic and abdominal cavi-

ties were filled with various substances, most likely mud and pieces of linen cloth.

Our results show that the MDCT is a very useful technique for assessing the human remains in archeological sam-

ples, especially in comparison to the use of plain film (X-ray), where important details are obscured and 3D imaging im-

possible.
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Introduction

In 2008 a mummy was given to the Institute for
Antropological Research in Zagreb for further analysis.
The mummy was originally given as a gift from the
Zagreb Archbishop Juraj Haulik to the Archaeological
Museum in Zagreb sometime in the 19th century. It was
stored in a fake Egyptian sarcophagus, and whether the
wrapping contained human remains was uncertain.
Upon brief visual examination it was possible to conclude
that the bones that were clearly visible (part of the man-
dible and maxillary bone containing several teeth) were
indeed human. However, as the rest of the body was
wrapped inside a cloth, we have decided that the best
way to proceed is through a radiological study that will
minimize the damage to the mummy. As the sarcophagus
was not an original ancient Egyptian product, but a later
»fake«, a date for the mummy was also unknown. There-
fore, a part of a lower right first molar was extracted for

radiocarbon dating (C14). Direct dating using AMS (Beta
– 252265) provided a date of between 410 and 370 years
B.C. (Cal).

A small fragment of a glass eye, and a fragment of the
fabric in which the mummy was wrapped in were also
taken for further analyses. The overall condition of the
mummy was good, except for some traces of microbiolog-
ical material on the wrapping, samples of which were
taken and the microbiological analysis is in progress.

The main aim of this work were to study the mummy
with minimal damage to the specimen. One of the first
questions to answer was a simple one: what was inside
the wrapping, i.e. are there any human remains in it at
all? From this simple question, we have approached more
elaborate, albeit standard anthropological questions,
such as age assessment, sex assessment, presence of pa-
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thologies or any other irregularities etc. Further, we
were interested in the process of mummification itself,
and see how multidetector CT (MDCT) and post-process-
ing techniques can help us in answering some of these
questions.

Materials and Methods

Radiologic study of the mummy was done at the De-
partment of Diagnostic and Interventional Radiology,
Dubrava University Hospital, Zagreb, Croatia. Radio-
graphs of the whole body were done in frontal and lateral
views. RAD Speed, Shimadzu Europa GmbH, Duisburg,
Germany was used. Slices were obtained using 16´0.75
collimation and images were reconstructed at 1-mm sec-
tion thickness and 0.7-mm reconstruction increment us-
ing MDCT unit (Sensation 16; Siemens AG Medical Solu-
tions, Erlangen, Germany). Mummy was lying on its
back and the scanning was done headfirst. Sagittal and
coronal reformatting and three-dimensional (3D) recon-
struction was done on Leonardo workstation (Siemens
AG Medical Solutions, Erlangen, Germany) and Aquarius
workstation (Terarecon Inc, San Mateo, USA). Scanning
parameters were: 163 mA, 120 kV. There was no gantry
tilt. More than 2000 images were produced.

Anthropological analyses included determination of
sex, age at death, and pathological conditions. Sex deter-
mination was based on the visual observation of morpho-
logical characteristics of skull and pelvic bones1,2. Age at
death was assessed on the basis of epiphyseal closures,
dental wear, and structural changes in spongy bone of
proximal ends of humerus and femur1,2, and pathological
changes that are known to be correlated with age3,4.

Results and Discussion

The overall state of preservation of the mummy was
very good. Almost all skeletal elements were preserved.
The body was wrapped in cloth, with the exception of the
face on which glass eyes were added. The left eye was al-
most intact while the right was severely damaged. There
was a large hole in the cloth in the abdominal region.

The CT scan provided images of excellent contrast
and resolution and allowed us to see the details which
could not be observed on a regular X ray (Figures 1 and
2). Further, a detailed visualization of body cavities was
possible through a combination of images and 3D recon-
struction.

Sagittal reformatted images provided an insight into
the method of brain removal.

Brain was removed through nasal cavity, as shown by
the damage on the ethmoid bone (Figure 3). This was a
common method used for brain removal in Egyptian mum-
mies from the New Kingdom (XVIII – XX; 1550–1064
B.C.) onwards, in which an object (possibly a metal rod)
was inserted through the nasal passage in order to ex-
tract the brain matter3. No other skull bones were visibly
damaged. In the posterioinferior part of the cranial cav-

ity a homogenous mass (Figure 4) is seen with the den-
sity of 70 Hounsfield units (HU), which is similar to the
values for resin for several mummies, including the
»Trier mummy«5,6. A tubular structure approximately 10
cm in length can be observed inside the cranial cavity
(Figure 4). It extends from the left parietal bone to the
resin like fluid in the occipital bone. Difference in density
of this structure can be observed. The inner part has HU
values from –450 to –300, while the outside surface mea-
sures from 0 to 100 HU. In several Egyptian mummies
(again from the New Kingdom onwards) similar resin
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Fig. 1. VRT reconstruction of the cranium in anterior view.

Fig. 2. VRT reconstruction of the cranium in lateral view.



was found3. It was noted as a part of the mummification
process in which liquid was poured inside the cranial
cavty after the brain removal3. Remnants of the falx,
tentorial and dural matter have been noted on some
Egyptian mummies from the third intermediate (XXI –

XXV dynasty; 1064–656 B.C.) period and we may be see-
ing the same thing here. However, the regular shape of
this object may indicate artificial object (e.g. a wooden
stick used in brain removal, or some other item). As this
type of object is a rare find, endoscopic examination may
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Fig. 4. VRT reconstruction of the cranial cavity.

Fig. 3. sagittal reconstruction showing damage caused by the brain

removal.

Fig. 5. sagittal reconstruction showing degenerative changes on the vertebral column.



help shed some light into this. Eye orbits were almost
completely empty with some soft tissue remains in the
left orbital cavity (possibly remnants of orbital muscles
or nerve). The value of HU for the aforementioned glass
eyes is around 1500. Morphological observations on the
skull (supraorbital and mastoid region, gonial angle and
chin) indicate a gracile person, most likely female.

CT of the dental region shows that all teeth are pres-
ent in the maxilla, while in the mandible 7 teeth re-
mained. This loss is most likely postmortal. Dental wear

is quite severe and points to an older person of 40+ years
of death. Cervical and thoracic vertebrae show presence
of osteophytes. This is commonly associated with degen-
erative changes in persons over 30 years of age7 (Figure
5). Observed changes in the long bone density are in
agreement with older age1,8.

Inside the oral cavity a linen »packing« has been in-
serted. This is also seen in the ventral part of the neck.
All internal organs were removed, and thoracic and ab-
dominal cavities are filled-in with artificial material that
exhibits three different density values: 1. approximately
–300; 2. approximately 100; 3. approximately 1000 HU.
These values may indicate mud (fist value), linen wrap-
pings (second value), and resin fluid or shattered bones
(third value) (for more details see3 and references the-
rein). Similar objects have been noted in mummies of the
Third Intermediate Period (XXI-XXV dynasty, 1064–656
B.C.), presumably to make the mummy appear more
life-like3.

At the level of 9th thoracic vertebra, an oval structure
can be seen, approximately 5x2 cm in size (Figure 6). Mu-
mmies from the 21st dynasty had viscerae that were in-
closed in a linen wrapping reinserted into the body3. It is
unclear whether this is the case here.

The mummy’s arms were crossed on the chest. There
is a fracture on both right radial and ulnar mid-diaphysis
(Figure 7). Fractures are completely healed, with a slight
angulation seen on the callus.

The pelvic region was very distorted and damaged as
a result of the postmortal displacement.

There is a defect on the sacrum and another hole can
be seen at that level. Size of the greater sciatic notch as
seen on radiographs indicates female sex.

Femoral heads are outside acetabula, and femora are
rotated laterally. This is also a post mortal event.
Scanning revealed an additional hole on the dorsal side,
approximately in the sacral region.
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Fig. 8. CT scout image showing the metal objects.

Fig. 6. transversal view showing the oval object in thoracic cavity.

Fig. 7. VRT reconstruction showing healed fractures of radius

and ulna.



Metal objects associated with the lower portion of the
body were clearly visible on both radiographs and CT
scans (Figure 8). The most prominent feature is an elon-
gated object (bar) of 91.5 cm in length and made of metal.
The object is positioned in superoinferior direction, star-
ting approximately at the level of 10th thoracic vertebra,
and extending to the midshaft of the lower legs. Three
belt-like metal structures are also present (Figure 9).
The uppermost one, located at the femoral midshaft is 4
cm wide. The middle belt is located at the knee joint and
reaches14.5 cm in width, while the lowermost one is 3 cm
wide and located at the midshaft of the lower leg. Belts
were connected on the ventral side of the body with
metal wires. Their function was most likely to secure and
reinforce the position of the lower body and the function
of the metal »shaft« is uncertain. The presence of metal

objects excluded the possibility of use of MRI in our anal-
ysis as it would require their removal and thus cause se-
rious damage to the specimen.

Conclusion

Advances in technology offer a novel insight and
means to analyze human skeletal remains. Especially,
computer assisted radiological procedures provide us with
non-destructive means of analyzing internal structures
of various structures. We used a multidetector CT (MDCT)
combined with computerized post-processing methods in
order to study internal structures of a mummificated
body. We have been able to determine the sex and approx-
imate age of the deceased, as well as get an insight into
the process of mumification without unwrapping the
body. Further, it was possible to compare the results of
the already available data on mummies and mummifica-
tion procedures. The removal of the brain and internal
organs is consistent with procedures used in ancient
Egypt, and the details such filling in the abdominal and
thoracic cavity are consistent with examples from the
21st Dynasty onwards, while the results of the radiomet-
ric dating to between 410 and 370 years B.C. (Cal) sug-
gest the mummy is from the Late Period (XXVIII-XXX dy-
nasty), in which a decline in the quality of the mummifica-
tion procedures can be observed. Further analyses will in-
clude the endoscopy of the cranial cavity and study of the
wrappings.
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Fig. 9. VRT reconstruction of the metal objects.



UVID U MUMIJU: PALEORADIOLO[KA ANALIZA

S A @ E T A K

U radu su prikazani rezultati analize mumije iz fundusa Arheolo{kog muzeja u Zagrebu. Konvencionalne Roentgen
(RTG) snimke mumije snimljene su u dvije projekcije. Na MDCTu dobiveni su izometrijski aksijalni 0,75 mm slojevi te
naknadno kombinirani sa sagitalnim, koronarnim te trodimenzionalnim (3D) rekonstrukcijama. Spol i dob odre|ena je
na temelju standardnih vizualnih antropolo{kih metoda. Rezultati analize ukazuju na to da ostaci pripadaju odrasloj
`enskoj osobi, najvjerojatnije starijoj od 40 godina. Uo~ene su patolo{ke promjene kralje{nice kao i zalije~ene frakture
desne podlaktice. O{te}enje re{etnice unutar nosne {upljine najvjerojatnije je nastalo prilikom uklanjanja mozga. Unu-
tar lubanjske {upljine prisutni su ostaci smole kao i neidentificiran predmet. Dugoljast metalni predmet i tri metalna
remena uo~ena su u predjelu donjeg dijela tijela. Svi unutarnji organi nedostaju a unutar torakalne i abdominalne
{upljine prisutni su razni predmeti, najvjerojatnije blata i tkanine. Rezultati pokazuju da je MDCT vrlo korisna tehno-
logija za analizu ljudskih kosturnih ostataka iz arheolo{kog konteksta, posebice u usporedbi s tradicionalnim radiograf-
skim metodama (x zrake) budu}i da otkriva puno vi{e detalja.
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