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ABSTRACT Two human thoracolumbar spine remains showing angular kyphosis have been  KEY WORDS
investigated. Both skeletons come from medieval Hungary; one of them was recovered from
the skeletal material of Szeged Castle and the other one from the cemetery of Nyarl6rinc. Both
cases show serious bone deformities; on account of a chronic pathological process, several
vertebral bodies have been destroyed and have collapsed resulting in a gibbus. Because of the
specific character of the lesions, the diagnosis of vertebral tuberculosis (TB) could be rendered
probable even after the initial macroscopic observations. As for the spine from Nyarl6rinc, the
diagnosis of TB was confirmed by a molecular test too. A comparative paleoradiological analysis
has also aided our diagnosis. The radiological picture is consistent with characteristics of Pott's
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disease in both cases.

Introduction

Paleoradiology studies bioarcheological materials using
modern imaging techniques, such as X-ray radiography,
computed tomography (CT), magnetic resonance imaging
(MRI), and micro-CT (Chhem and Brothwell 2008; Krist6f
2015; Zadori 2015).

Paleoradiological methods provide us with direct insight
into the internal structures of the examined object. Using
medical imaging techniques, we can visualize those hidden
alterations, which otherwise could only be exposed by post
mortem destruction or intentional cutting. The non-invasive
nature of these imaging techniques facilitates far better
possibilities for exploring and saving important historic or
prehistoric human remains and other items of cultural heri-
tage. The use of paleoradiological methods has a particular
importance in paleopathology of mummified remains (e.g.
Chhem and Brothwell 2008; Kustar et al. 2011; Coqueugniot
et al. 2015)
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The availability of CT scanners since the early 1970’s and
the continuous development of CT imaging techniques in the
subsequent decades provided improving visualization of the
anatomy and of paleopathological lesions in mummies and
in ancient skeletal remains. Today the latest generation of CT
scanners with three-dimensional (3D) and surface rendering
capabilities can create realistic 3D reconstructions (Chhem
and Brothwell 2008).

Three-dimensional imaging techniques have become a
very important tool in the field of paleopathology. 3D analy-
ses are in fact the only efficient way to visually reconstruct
processes involved in pathological bone changes. As for tu-
berculosis (TB), the 3D analysis brings additional and original
information: it facilitates virtual reconstruction of the initial
location and aspect of the infectious process, its extension to
the bone and its possible diffusion to the surrounding tissues
as well (Dutour and Coqueugniot 2012; Paja et al. 2012;
Coqueugniot et al. 2015).

Despite their non-destructive nature, radiological stu-
dies are unfortunately still underutilized and not part of the
investigation routine for ancient bones.

The aim of our study is to demonstrate the efficiency of
paleoradiological methods in support of preliminary diag-
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Figure 1. The location of Nyarlérinc and Szeged in the map of Hun-
gary.

noses of TB in two osteoarcheological cases coming from
medieval Hungary.

Materials and Methods

Two human thoracolumbar spine remains showing angular
kyphosis have been investigated for this study. Both skeletons
come from medieval graveyards located in southern Hungary
(Fig. 1). One of them was recovered from the skeletal mate-
rial of Szeged-Vir (Szeged Castle, grave no. 483, 20-40 yrs,
female) ((jsz et al. 2009) and the other one from the cemetery
of NyérlGrinc (grave no. 82, 20-40 yrs, female) (Baldzs et al.
2005; Marcsik et al. 2006, 2009).

The archeological excavation at the ruins of Szeged Castle
started in 1999 (Horvath 2009; Osz et al. 2009). In the centre
of the castle the remains of a gothic church were found dating
back to the first half of the 14" century AD. A burial area of
very high density was found around and inside the building.
The first period of use spanned from the foundation to 1543,
but after the Turkish Occupation in Hungary it was in use
again from 1686 to 1713. The excavation continued in 2007,
and up to now almost 1000 graves and several other objects
(ossuaries, crypts) have been recovered.

Nyarldrinc is a town of medium-size in the area called
Danube-Tisza interfluve. The first archeological excavation in
and around the medieval church in the former village centre
has been started in 1982 (Balazs et al. 2005). As a result of the
11-year-long excavation project, 541 graves were unearthed.
Although the earliest archeological layer found in the site is
from the Early Arpadian Age (11® century AD), but graves
from were not present in the material. The earliest graves date
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back to the 12" century AD, and the cemetery was utilized
until the 16™ century AD.

Both skeletal series were subjected to general paleopatho-
logical examination (Baldzs et al. 2005; Osz et al. 2009).
Because of the specific character of the observed lesions in
both cases, the diagnosis of tuberculosis could be rendered
probable even after the initial macroscopic observations (Palfi
et al. 1999; Ortner 2003). In order to support this diagnosis,
a specific paleoradiological analysis has been carried out in
both cases (Panuel et al. 1999).

The computer tomography (CT) examinations were
performed using a Siemens Somatom Emotion 6 multislice
spiral CT device. Bone window axial images were obtained
at 1.25 mm slice thickness. Based on the primary data and the
axial CT images secondary multiplanar (MPR) and volume
rendering technique (VRT) reconstructions were performed
for better visualization.

Results

Szeged-Var 483

Seven vertebral segments (T8 — L.2) are fused. Vertebral bo-
dies and the posterior elements are both ankylosed. Costover-
tebral joints are not involved in the fusion ( sz et al. 2009). The
five caudal segments (T10 — L2) of the affected spinal region
have collapsed, and because of the wedge-shaped vertebral
bodies severe angular kyphosis (Pott’s gibbus) developed with
an angulation of about 90 degrees (Fig. 2a, 2b).

CT images revealed the internal characteristics of the
vertebral bodies and narrowing of the spinal canal. At the
maximum of the kyphotic deformity the borders of the
vertebral bodies cannot be properly differentiated and the
bone structure is abnormal. Diameter of the spinal canal is
narrowed to 11 mm at this site. The intervertebral foramina
are also narrowed, the facet articulations are ankylotic. An
asymmetrical calcified paravertebral mass is also visible
near the lower-mid spinal segments, mainly on the left side
in conjunction with the vertebrae (Fig. 2c, 2d).

Nyaérlérinc 82

The most significant morphological feature of the spine is
the complete fusion of 8 vertebral segments (T10 — L5) and
the strong angular kyphosis (Fig. 3a, 3c). The body of T9 is
almost completely destroyed; the remnants are V shaped and
present considerable loss of height. Both the endplates and the
sides of vertebral bodies have irregular surfaces (Fig. 3b).
The radiological examination revealed, that body height
is well preserved in L4 — L5, but the bodies of the other six
affected vertebrae (T10 — L3) are destroyed and collapsed
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Figure 2. Advanced stage Pott’s disease. Morphological picture, 3D reconstruction and CT images of the thoracolumbar spine remains from
the Szeged-Var cemetery (Grave 483). a: macromorphological picture of the spine.

b: CT-based 3D (VRT) reconstruction of the spine remains.

c-d: lateral view (MPR) CT images of the thoracolumbar spine and separated images of the affected vertebrae.

with anterior and central dominance. The vertebral bo-
dies show anterior wedging, narrowing and forming dorsal
kyphotic prominence of the spine as a gibbus. The angulation
is approximately 90 degrees. As the lesions are very serious,
vertebral bodies cannot be differentiated from each other.
At the maximum of the angulation, a 7 mm wide irregular
calcification is present on the dorsal upper edge of the ver-
tebral body that narrows the spinal canal down to 10 mm in
diameter. The foramina are narrowed, the facet articulations
are ankylotic. Vertebrae L3 and L4 are not completely fused,
the endplates facing each other are irregular with sclerotic
rims. The anterior part of T10 — L4 vertebral bodies is highly
irregular with sclerotic bony defects (Fig. 3a-c).

Discussion

Tuberculosis has a great antiquity. It is accepted and fre-

quently cited in medical literature that TB of the spine is pro-
bably one of the earliest pathologies to have affected mankind
(Garg and Somvanshi 2011). Human paleopathology aided
by paleoradiology furnishes direct evidence to support this
statement. The earliest human skeletal evidence of vertebral
tuberculosis is more than ten thousand years old (Baker et al.
2015). From Hungary, a seven thousand years old spectacular
spinal TB was reported a few years ago (Kohler et al. 2012),
and its tuberculous infection was also proved recently by
molecular techniques (Pésa et al. 2015a). From more recent
archeological periods, especially from the middle ages an
invaluable dataset is available containing morphologically,
radiologically and molecularly confirmed paleopathological
TB cases from the Carpathian Basin (e.g., Palfi et al. 1999;
Marcsik et al. 2006, 2009; Hajdu et al. 2012; Pésa et al.
2015a, 2015b).

Vertebral tuberculosis is among the most common forms
of skeletal tuberculosis and constitutes about 50% of all cases
of typical skeletal tuberculosis in the reported series (Tuli
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Figure 3. Advanced stage Pott’s disease. Morphological pictures, CT images and 3D reconstructions of the thoracolumbar spine remains from

the Nyarlérinc medieval cemetery (Grave 82).

a: lateral view macromorpological and 3D (VRT) reconstruction images showing complete bony ankylosis of 8 vertebrae.

b: lateral view (MPR) CT images showing severe dorsal kyphosis.

c: anterior view macromorpological and 3D (VRT) reconstruction images of the affected spinal region.

1995). The predilection for spinal disease may be explained
by the fact that the vertebrae are extremely well vascularized,
even in adulthood, which facilitates bacterial colonization of
the bones through the blood stream. Spinal TB is most fre-
quently located in the lower thoracic and lumbar spine. Most
cases of tuberculous bone and joint disease are isolated to one
area, but multifocal disease has also been described (Agrawal
et al. 2010). The cavitations observed in vertebral tuberculosis
usually begin in the inferior or anterior portion of the verteb-
ral body, near an intervertebral disc. The process ultimately
destroys the entire body and may result in its collapse and
fusion with the adjacent bodies causing the typical angulation
(gibbus) of the spine. This condition indicates longstanding
bone tuberculosis (Ortner 2003). In juvenile skeletons the
variability of vertebral TB lesions is high and was probably
higher in pre-antibiotic periods (Pélfi et al. 2012).

During the retrospective diagnosis of tuberculosis we have
limited possibilities. After recognizing macroscopically vi-
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sible osteological lesions suggesting tuberculosis we can use
radiology, histology and molecular biology to strengthen the
diagnosis. This paper focused on macromorphological and
radiological studies.

The radiological picture of advanced stage tuberculous
cases usually shows the following pattern: radiolucent lesions
of variable size within the vertebral body, narrowing of the
disc space, collapse of the vertebral body, and ultimately an
acute kyphosis centred on the collapsed vertebra (Chhem and
Brothwell 2008).

In our cases the morphological picture of the lesions
is consistent with the characteristics of TB-related severe
kyphosis (Pott’s gibbus). Both cases show serious bone de-
formities: several vertebral bodies have been destroyed and
have collapsed resulting in a gibbus. These lesions refer to
a longstanding, chronic pathological process, induced most
probably by tuberculosis.

The existence of a calcified, paravertebral mass involving



the lower-mid segment of the gibbus in the Szeged-Var 483
case and the sclerotic bony defects on the anterior part of the
T10-L4 vertebrae in the Nyarl6rinc 82 case raise the suspicion
of concomitant soft tissue infection.

Spinal tuberculosis is still the most common cause of se-
vere kyphosis in many parts of the world. Radiological reports
of contemporary tuberculous cases provide good opportunity
for comparison with advanced stage osseous tuberculosis
cases is archeological series. The radiological picture of the
two medieval Hungarian skeletons shows great similarity
with modern clinical cases of severe Pott’s disease (Jain et
al. 2010; Rajasekaran 2012).

According to modern medical literature neurological
complications (paraplegia or quadriplegia) and osseous defor-
mities are the most dreadful complications of spinal TB (e.g.,
Agrawal et al. 2010; Jain et al. 2010; Garg and Somvanshi
2011; Rajasekaran 2012). Neurological complications can
develop both in the active and the healing stage of the disease.
When patients develop a kyphosis of 60 degrees or more in
the dorsal or dorsolumbar spine they are also likely to develop
late onset paraplegia (Tuli 1995; Marcsik et al. 1999). In our
cases, narrowing of the spinal canal at the kyphosis and de-
creased size of the intervertebral foramina may have caused
some neurological complication. However, in the absence
of any skeletal changes referring to Pott’s paraplegia (e.g.,
atrophy of the lower limb bones) this hypothesis cannot be
confirmed.

Previous paleomicrobial analysis proved the presence
of mycobacterial DNA in one of the affected vertebrae of
the Nyarldrinc Pott’s disease case supporting the diagnosis
of tuberculosis (Baldazs 2005; Zink et al. 2007). In the other
case molecular biological analysis was not performed yet.
However, the great similarity in the morphological and ra-
diological appearance of the pathological lesions between
our two cases, moreover the similarity of radiological ima-
ges of contemporary advanced stage tuberculosis cases
and these two archeological samples allow us to set up the
diagnosis of advanced stage chronic spinal tuberculosis in
both specimens.

As a conclusion, we can state that the paleoradiological
examination brought great benefits to the diagnosis in terms
of showing the inner structures of pathological bones. The
archived radiological data will also provide us a great op-
portunity to create virtual or printed 3D reconstruction of the
pathological bones in the future.
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