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Abstract

Previous investigations have shown that magnetic resonance imaging (MRI) can be employed as an efficient
non-invasive diagnostic tool in studies on Egyptian mummies. MRI, moreover, because it produces especially
clear images of well-hydrated tissue, could be a particularly effective diagnostic option for mummies that still
retain humidity within tissues or organs. Therefore, in the present study, we tested MRI on a 17th century
mummy, one of the most perfectly preserved ‘hydrated mummies’ ever found in Korea, in order to determine
the quality of images that could be obtained. We found that the diagnostic value of an MRI scan of the
hydrated mummy was not inferior to that of a computed tomography scan. The T1- and T2-weighted magnetic
resonance (MR) signals showed unique patterns not easily obtained by computed tomography, the resultant MR
images revealing the organ specificities clearly. Overall, the quality of the MR images from the hydrated mummy
was superb and the scientific value of MRI in the study of hydrated mummies should not be underestimated.
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with information that is not easily acquired by CT scan.
Moreover, the MRI technique, considering that it is known
Whenever invasive investigations into mummified human to produce particularly clear images when applied to rela-
remains are, for various reasons, not permitted by tively well-hydrated tissue, might be a better diagnostic
museum curators or descendants (Kim et al. 2006), com-  option for so-called ‘hydrated mummies’ (i.e. mummies
puted tomography (CT) has been the first choice of Kor- such as Otzi the Iceman) than for desiccated (e.g. Egyp-
ean anthropologists (Lee etal. 2007). However, as tian) mummies.

Introduction

mummies in most cases are severely dehydrated, even Over the past several years, we have studied Korean
well-trained radiologists have difficulties in interpreting mummies found in medieval tombs that are well encapsu-
the CT images of mummified remains (Lim et al. 2008). In lated by a thick lime soil mixture barrier (Kim et al. 2006;
this regard, recent reports on the successful application of Lim et al. 2008; Lee et al. 2009). These mummies were all in
magnetic resonance imaging (MRI) to dehydrated Egyp-  a relatively hydrated condition with, even after several hun-
tian mummies (Karlik et al. 2007; Minnemann et al. 2007;  dreds of years of burial, superbly well-preserved internal

Rahli et al. 2007) were very meaningful to us because  organs in comparison with mummies found in other parts
they showed that the technique can provide radiologists of the world. Anticipating that MRI application to a
hydrated mummy, the first investigation of its kind, would
yield comprehensive and enlightening information for the
benefit of future studies, we conducted a study to assess
the scientific value of MRI in that context.

Correspondence

Dong Hoon Shin, Department of Anatomy, Institute of Forensic
Medicine, Seoul National University College of Medicine, 28 Yongon-
Dong, Chongno-Gu, Seoul 110-799, Korea. E: drdoogi@snu.ac.kr
Dong Soo Yoo, Department of Radiology, Dankook University
College of Medicine, San 29, Anseo-Dong, Chonan 330-714, Korea.

E: radyds@dankook.ac.kr

Materials and methods

According to historic documents, the mummified individual
Accepted for publication 3 November 2009 found within the lime soil mixture barrier tomb had lived in
Article published online 7 January 2010 Korea from 1561 to 1622. The skin was discovered to have not
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completely dried, having retained its elasticity (Data S1A). After
CT scanning was completed (Lee et al. 2009), magnetic resonance
(MR) images were obtained for the entire body of the mummy
using a 1.5-T MR scanner (Signa twinspeed; GE Healthcare,
Milwaukee, WI, USA). Pre-contrast T1-weighted spin-echo images
[Repetition Time/Echo Time/Number of Excitation (TR/TE/NEX),
550 ms/12 ms/2] and T2-weighted fast spin-echo images (TR/
TE/NEX, 4000 ms/126 ms/2) on the axial, sagittal and coronal
planes (5 mm section thickness, 1 mm intersection gap, 512 x
512 matrix) were also obtained. The gray colors of the T1- and
T2-weighted images of the intervertebral discs (IVDs) were chan-
ged to red and green, respectively, using an LSM Image Browser
(Carl Zeiss, Germany), after which the two images were merged
using Adobe Photoshop CS3 Extended (Adobe Systems Inc.,
USA). The organs identified by CT or MR images were confirmed
by post-factum dissection. Upon incising and opening the body,
we observed that the hydrated state of the internal organs had
been maintained (Data S1B,C).

Results

Generally, T1-weighted MR images exhibit high signal
intensities for soft tissues but only very weak ones for bony
parts. Considering the head of our mummy, for instance,

the scalp, dura matter and brain showed high signal intensi-
ties on both the T1- and T2-weighted images. The T1- and
T2-weighted images exhibited mixed signal intensities for
the brain, however, whereas the CT scan showed only a uni-
form radiodensity. The skull showed an intense radiopacity
on the CT scan but very weak or no signals on the T2- and
T1-weighted MR images, respectively (Fig. 1).

In the chest and abdominal areas, soft tissues such as the
skin, tracheal cartilage, bronchus, lung parenchyme, muscle
fascia, heart, liver, spleen and intestine exhibited high sig-
nal intensities on the T1-weighted images. By contrast, the
signal intensities of the T2-weighted images for the same
soft-tissue organs were not very different from those of the
skeletons (Fig. 2A-C). The MR images of the material within
the sigmoid colon and rectum were also very interesting.
Whereas the CT images showed radiodensities that were
not very different from those of the skin or intestinal wall
of the mummy, the MR images showed unique signal pat-
terns; in the case of the T1-weighted images, the signals
were much stronger than for any of the other structures
within the pelvic cavity, whereas the T2-weighted images
showed no signals other than very weak ones representing

Fig. 1 Magnetic resonance imaging on the
head of the hydrated mummy. T1- and T2-
weighted magnetic resonance (MR) images
proved not to be very inferior to the
computed tomography (CT) image. Although
the skull (sk) is clearly seen on the CT scan,
the T1- and T2-weighted MR images showed
very weak or no signals, respectively.
Magnified MR images exhibited the structures
very clearly. The dura mater (dm), brain (Br)
and scalp (sc) showed high signal intensities.
The skull showed weaker signals on both
images, especially on the T1-weighted image.
Note the mixed signal intensities for the
brain, which might have been due to the
retention of the cortex and medulla.
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Fig. 2 Magnetic resonance (MR) images for
(A and B) chest, (C) abdominal and (D) pelvic
regions. Note that the radiodensities of bone
are very high, whereas signals on the T1- and
T2-weighted MR images (indicated by white
arrows) were not so intense. The lung
(indicated by blank arrow) could be seen
much more clearly on the T1- than on the
T2-weighted image. Whereas the signal
intensities of each organ or structure on the
T1-weighted image all differed, the
T2-weighted image showed much more
homogeneous intensities. The tracheal
(asterisks) or costal (gray arrows) cartilages
were much more clearly seen on the T1- than
on the T2-weighted MR image. Ht, heart. In
(C), the intestines (indicated by the dotted
circle) were very clearly seen on the T1- and
T2-weighted MR images. (D) The feces
(indicated by asterisks) could be clearly seen
on the T1-weighted MR image but not on the
T2-weighted image. Whereas the radiopacity
of the feces on the computed tomography
(CT) image was not very different from those
of the other structures in the pelvic cavity, the
same materials on the T1-weighted image
showed intense signals only in the feces. As
pelvic structures such as intestinal walls
(indicated by arrowheads) could all be
observed on the CT, T1- and T2-weighted MR
images, feces showed unique signals on the
MR images.

the contours of the materials (Fig. 2D). When we performed
a post-factum dissection on the pelvic cavity, we confirmed
that the material was feces (Data S2).

The MRI scan of the vertebral column also provided us
with crucial information. Both the T1- and T2-weighted MR
images, compared with the CT images of the spine, in which
the IVDs were not clearly identified (Data S3), showed high
IVD signal intensities (Fig. 3). Moreover, an IVD signal-inten-
sity difference between the T1- and T2-weighted MR
images could also be observed (Fig. 3). Thus, simultaneously
examining the T1- and T2-weighted MR images of the IVDs
clearly differentiated the internal structures of the IVDs.
Whereas the cartilaginous end of the vertebral body or
annulus fibrosus (intervertebral fibrocartilage) showed high
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signal intensities on both the T1- and T2-weighted MR
images, the nucleus pulposus could be seen only on the T2-
weighted images (Fig. 3). Therefore, based on the MR
images of the vertebral column, we could even speculate
that the mummified individual might have suffered from
spinal stenosis caused by diffuse disc bulging, which could
not have been easily diagnosed with CT images (Fig. 4).

Discussion

As a number of researchers (Andreasen et al. 1991; Reihard,
1996; Spindler et al. 1996; Hess et al. 1998; Shin et al. 2003)
have pointed out, different types of mummies, reflecting
various mummification processes, have been found in the
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world. Some were artificially mummified by well-trained
embalmers (i.e. Egyptian mummies), whereas others were
naturally mummified in dry (i.e. Taklimakan or northern
Chile), permafrost (i.e. 15th century Greenland and Otzi the
Iceman) or waterlogged (i.e. bog bodies) conditions. Some
of these types of mummies, such as Otzi the Iceman or bog
bodies, belong to the so-called hydrated mummy (or damp
mummy) category, as their tissues have retained humidity
(Fleckinger, 2007). Therefore, even if previous studies have
shown that MR images could be obtained from dried Egyp-
tian mummies (Karlik et al. 2007; Minnemann et al. 2007;
Rahli et al. 2007), MRI diagnosis of hydrated mummies elic-
its our particular interest because MRI scanning is well
known to produce superb images of tissues that remain

Fig. 3 Magnetic resonance imaging axial view
of vertebral column. The figures in the second
column are magnified images of those in the
first column. After we changed the gray colors
in the T1-weighted magnetic resonance image
to red, and those in the T2-weighted image to
green, the two figures were merged into a
single plate (merged). The cartilaginous end of
the vertebral body (CE) or annulus fibrosus (AF)
was seen clearly on the T1-weighted image.
Even though the same structures (CE and AF)
were also seen on the T2-weighted image, a
possible nucleus pulposus (NP) could be
identified in that T2-weighted image. In the
merged T1- and T2-weighted images, the
difference could be much more clearly
observed. Only the signals on the T2-weighted
image could be seen in the space where the NP
should have been positioned, as signaled by
the green color there.

Fig. 4 Magnetic resonance imaging sagittal
view of vertebral column. (A) High signal
intensities could be seen in the vertebral
column. (B) Magnified image of the dotted
circle area in (A). Spinal canal (SC),
ligamentum flavum (LF), posterior longitudinal
ligament (PLL), nucleus pulposus (NP), annulus
fibrosus (AF) and cartilaginous end of
vertebral body (CE) can be seen clearly in (A).
Spinal stenosis due to diffuse disc bulging
(indicated by yellow arrows) can be observed.

relatively hydrated. In this regard, we undertook in the
present study to examine the internal organs of a Korean
mummy under MRI. Indeed, one of the unique findings on
medieval Korean mummies is that they are hydrated mum-
mies with exceptionally well-preserved internal organs that,
of course, were not removed by embalmers, as was the case
in Egypt. Thus, we were able to obtain very comprehensive
information on the application of MRI to the internal
organs of hydrated mummies.

In our findings, it was clear that MR images of a hydrated
mummy are not inferior to corresponding CT images. In fact,
whereas CT images are difficult to interpret even for well-
trained radiologists, owing to the fact that the organ radio-
densities are not very different from each other, in the case
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of our MRI scan of the hydrated mummy, that pertinent
information was easily obtained. Specifically, as the signal
distributions of the T1- and T2-weighted MR images were
very organ-specific, we concluded that MRI scanning on a
hydrated mummy offers the advantage of the precise differ-
entiation of each mummified organ. The MR signals for the
mummy’s IVD structures are a good example of the remark-
able differences between CT and T1- and T2-weighted MR
images, i.e. the distributions of the T1- and T2-weighted MR
signals for the IVDs differed from each other, especially for
the nucleus pulposus, which could be seen only on the T2-
weighted MR image. Such clear MR IVD images could even
help us to diagnose a vertebral disease, which would not
have been easily accomplished by CT scanning alone. Specif-
ically, we found, thanks to clearly differentiated IVD, spinal
canal and posterior longitudinal ligament structures on MR
images, that the mummified individual had suffered from a
spinal stenosis due to diffuse disc bulging.

The confirmation of feces in the sigmoid colon and rec-
tum could be considered to be another achievement of MRI
application to a hydrated mummy. In our study, the CT scan
showed only the feces' radiodensity, which was not very dif-
ferent from those of other, adjacent structures, making the
differentiation difficult (we originally suspected that the
materials might be tumors in the pelvic cavity). By contrast,
the feces showed very high intensities in the T1-weighted
images, whereas no signals were detected in the T2-
weighted MR images. Considering that the images of the
intestinal wall on the CT, T1- and T2-weighted MRI scans
looked similar, the difference between the CT and MR
images of the feces was an exception rather than the rule.
MRI could become a very useful tool for the differentiation
of feces from other structures within body cavities; further
findings from our forthcoming studies will hopefully con-
tribute to this and other, related goals.

Finally, we should point out that our MRI study has value
in its comparability with previous MRI studies on desiccated
Egyptian mummies. To obtain MR images from those mum-
mies, researchers had to rehydrate their tissue specimens
prior to scanning (Piepenbrink et al. 1986) or use the newly
developed Ultra-short-Echo Time sequence technique (Rihli
et al. 2007). However, in the present study, we were able to
obtain clear MR images from a Korean hydrated mummy
without having to employ any rehydration method or the
UTE sequence, thanks to the water remaining within the tis-
sues. This means that MRI would be a convenient and pow-
erful, non-invasive tool for the investigation of hydrated
mummies (examined before becoming completely dehy-
drated) around the world.

Conclusion

Taken together, MRI applied to a Korean hydrated mummy
could provide us with information that is not inferior in
quality to that obtained from CT scans. Considering that we
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could clearly delineate our mummy’s organ specificities
from the T1- and T2-weighted MR signals, the qualities of
the resultant MR images being superb even in comparison
with CT images, the scientific value of MRI as applied to a
hydrated mummy should not be underestimated. More-
over, as the MR images could be obtained without any pre-
scan rehydration or other newly developed techniques, MRI
promises to be a very powerful non-invasive tool for esti-
mating the preservation status of or making diagnoses of
pathological changes in mummified organs within hydrated
mummies.
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Supporting Information

Additional Supporting Information may be found in the online
version of this article.

Data S1. (A) The face of the mummified person. The skin was
very elastic even after several hundred years of burial. Organs
seen during dissection performed after computed tomography
or magnetic resonance imaging scans: (B) intestine and (C) lung.
Both organs showed high signal intensities on magnetic reso-
nance images. Some parts of the organ surfaces were not yet
dehydrated completely, which seems to improve magnetic reso-
nance images on those organs.

Data S2. (Left) Feces (arrow) filled in the sigmoid colon or rec-
tum, which could be identified during post-factum dissection
after computed tomography and magnetic resonance imaging
scans. (Right) The feces are still well hydrated even after sam-
pling.

Data S3. Computed tomography scan on the vertebral column.
Radiopacities could be seen in the intervertebral space, possibly
intervertebral disc.
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