
Anthropological Review • Vol. 87(1), 109–126 (2024)

ANTHROPOLOGICAL REVIEW

Available online at: https://doi.org/10.18778/1898-6773.87.1.08 

Tuberculous spondylitis: Macromorphological 
and radiological studies on a skeleton 

from the Late Iron Age monument  
of Nor Armavir, Armenia

Anahit Yu. Khudaverdyan1 , Azat A. Yengibaryan2 ,  
Simon G. Hmayakyan1 , Nvart G. Tiratsyan1 ,  
Margar S. Hmayakyan1 , Shota A. Vardanyan3 ,  

Anna P. Antonyan4  , Vahan R. Kocharyan4 

1Institute of Archaeology and Ethnography, National Academy of Science,  
Republic of Armenia

2Department of Medical Biology, Yerevan Mkhitar Heratsi State Medical University,  
Yerevan, Republic of Armenia

3Department of Forensic Medicine, Yerevan Mkhitar Heratsi State Medical University, 
Yerevan, Republic of Armenia

4Institute of Applied Problems of Physics of National Academy of Science,  
Republic of Armenia

AbsTRACT: The skeleton in question derives from the Late Iron Age monument of Nor Armavir and 
was unearthed from burial No. 19. The deceased was buried in an unusual position. In this article, we 
characterize the pathological bony changes indicative of tuberculous spondylitis. The skeleton was subject 
to a detailed macroscopic investigation. Besides age at death estimation and sex determination, a careful 
palaeopathological evaluation was performed on the bone remains. In addition, volumetric (3D) computed 
tomography was carried out on four lumbar vertebrae (L2–5) to complement the macromorphology-based 
diagnosis.
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Introduction

Tuberculous spondylitis is the most com-
mon form of bone and joints tuberculosis 
(An and Seldomridge 2006; Karadimas 
et  al. 2008). The disease was already 
mentioned by Hippocrates and Galen 
(Turunc et  al. 2007; Gouliouris et  al. 
2010) but the first detailed description of 
its main symptoms (hump and associated 
paralysis) was given in 1779 by the Eng-
lish surgeon Percivell Pott, after whom 
the disease was named (Pott’s disease).

Tuberculous of the spine, or tubercu-
lous spondylitis, is an infectious disease 
caused by Micobacterium tuberculosis 
and Micobacterium bovis, which cause 
clinically indistinguishable from each oth-
er diseases (Torres-Gonzalez et al. 2016). 
Molecular analysis of DNA has been car-
ried out on archaeological samples and no 
evidence of Micobacterium bovis has been 

found (Zink et  al. 2007). Tuberculous of 
the spine is characterized by the formation 
of specific granulomas and the progressive 
destruction of bone, leading to pronounced 
organic and functional disorders of the af-
fected part of the skeleton (Pereira and 
Lynch 2005). The thoracic spine (60%) is 
the most common site of lesions, followed 
by the lumbar spine (30%). The cervical 
spine (5%) and the sacral spine (5%) are 
affected to a lesser extent (Mushkin et al. 
2012; Ratobylsky et al. 2012). The num-
ber of vertebral bodies affected varies wide-
ly. Vertebral bodies of 2–3 vertebral bodies 
are most commonly found in first-time 
cases (65% of cases), and destruction of 
a  single vertebral body is found in 1–3% 
of cases (Kotze and Erasmus 2006; Huang 
et al. 2009; Barinov and Malchenko 2013). 
The incidence of tuberculous spondylitis 
is higher in men than in women (Burrill 
et al. 2007; Cottle and Riordan 2008).

Fig. 1. Schematic representation of the development of tuberculous spondylitis: a) unaltered spine, b) lesion 
of two adjacent vertebral bodies, c) reduced height of the affected vertebral bodies and involvement of 
the intervertebral disc, d) lesion of the third adjacent vertebral body, e) lesion of the fourth adjacent 
vertebral body, f) formation of a paravertebral abscess under the anterior longitudinal ligament and 
irreversible wedge-shaped deformation of the affected vertebrae at several levels
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Tuberculous spondylitis occurs as a re-
sult of reactivation and transfer of the 
source of infection from the primary com-
plex, which may be located in the lungs or 
in another organ (Diachenko 1958). Tuber-
culous inflammation develops in the ver-
tebral bodies. Initial foci occur in the mar-
ginal regions of the vertebral bodies close to 
the intervertebral discs. Mycobacteria may 
‘nest’ in the bone marrow even though the 
bone tissue is not anatomically or clinical-
ly altered (Dyachenko 1958; Nather et al. 
2005; Lee et al. 2015). In the bone system 
(including the spine), the onset of the local 
pathological process is expressed by a  re-
active inflammatory process around the 
pathogen and the development of an in-
fectious granuloma. As the inflammation 
progresses, areas of necrosis appear.

The tuberculous nidus may develop in 
the central parts of the vertebral body-cen-
tral type of vertebral lesion with a  small 
involvement of intervertebral discs, but 
more often, the process is localized in the 
adjacent parts of the vertebral bodies and 
in the intervertebral disc-intervertebral 
type of tuberculous spondylitis. The intra-
discal route is characterized by the primary 
involvement of the cartilaginous interver-
tebral disc with the hyaline boundary lam-
ina. The boundary lamina acts as a buffer, 
but in adults it is weaker and less homoge-
neous than in children, which favours the 
growth of a  tuberculous granuloma from 
the primary focus, which may spread ver-
tically. This subchondral spread of the pro-
cess disrupts the bone-cartilage junction, 
affecting the nutrition of the lamina and 
reducing its stability. As a result, the carti-
laginous lamina degenerates, elements of 
tubercle tissue sprout through it, and the 
process moves to the nucleus pulposus and 
through it to the second lamina and the 
adjacent vertebra. The observed decrease 
in the height of the intervertebral cartilage 

is one of the early signs of spondylitis and 
depends primarily on a  decrease in the 
elasticity of all its elements, especially the 
nucleus pulposus, which, when it germi-
nates or perforates the cartilaginous lam-
ina, eventually loses its dense covering, 
spreads and softens. The changes in the 
intervertebral disc are predominantly ne-
crotic and curdled (Kornev 1953).

In the extradiscal route from the pri-
mary focus, granulomas are observed to 
sprout through the cortical layer of the 
vertebral body in its anterior, lateral or 
posterior regions. Most often, the prima-
ry focus is located closer to the anterior 
surface, which, on the one hand, leads to 
the weakening of the anterior stability of 
the vertebral body and its wedge-shaped 
deformity and, on the other hand, to 
the spread of the process to the anteri-
or or lateral surface of the body under or 
through the periosteum, with the subse-
quent formation of “superfusion”. If the 
granuloma occurs to the lateral surface of 
the vertebra not covered by the anterior 
longitudinal ligament, the abscess forms 
close to the vertebra–paravertebral, first 
under the periosteum and then beyond 
it. In such cases, the abscess (unilateral 
or bilateral) may remain in situ and take 
on a globular “swallow’s nest” shape. In 
those anatomical areas where muscles 
attach to vertebral bodies, abscesses may 
spread and migrate through the inter-
muscular spaces (Kornev 1953).

The changes described above lead to 
marked destruction of the vertebrae. The 
anterior vertebral body is compressed 
and becomes wedge-shaped, forming 
a typical angular hump (Fig. 1).

In this work, we have applied a mod-
ern method of radial diagnostics, which 
allows us to obtain a volumetric (3D) im-
age of the pathology of the spine of a Late 
Iron Age individual from the Nor Armavir 
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monument. Archaeological excavations 
headed by S.A. Hmayakyan (with the par-
ticipation of archaeologists N.G. Tiratsyan, 
M.S. Hmayakyan) were carried out in the 
territory of the Nor Armavir monument 
(Armavir Province) in 2022. Armavir Prov-
ince (western part of Armenia) is located 
in the Ararat Plain, dominated by Mount 
Ararat to the south and Mount Aragats to 
the north; the province’s capital is the city 
of Armavir (Fig. 2). The province shares 
a 72 km border with Turkey to the south 
and west. The territory of Armavir has 
been inhabited since the 5th millennium 

BC. The ancient Urartian settlement of Ar-
gishtikhinili (Nor Armavir) was founded in 
776 BC by King Argishti I. One of the old-
est written records of the region was found 
in the inscriptions of the Urartian king 
Rusa II (685–645 BC). The area was one 
of the most important regions of ancient 
Armenia since the Urartu period. Nor Ar-
mavir is a village in the Armavir province 
of Armenia. The Nor Armavir necropolis 
includes primary burials and cremations; 
the latter are represented by burnt bones 
while flesh, sometimes of multiple individ-
uals (Khudaverdyan et al. 2022).

Fig. 2. Map showing the location of Armavir province (Armenia) where of Nor Armavir monument is lo-
cated. Burial 19 (skeleton location). Diagrammatic illustration of the skeleton of No. 19. Missing parts 
are intentionally left blank; preserved ones were marked in gray
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Evidence from the skeletal remains 
of these inhabitants of Armenia can add 
to our understanding of their lives. Here, 
we describe the remains of an adult skel-
eton with spinal anomalies. The study of 
human biological material from archae-
ological contexts is in a key position  to 
facilitate cross-disciplinary research, 
to understand the past and present pop-
ulations through ancient remains, and 
to make substantial theoretical contribu-
tions to the broader social sciences (Lars-
en 1997; Buikstra and Beck 2006).

Material and methods

Burial 19 from Nor Armavir monument 
contained a partially complete but well-pre-
served (grade 1 according to McKinley et al. 
2004) skeleton of an individual (Fig. 2). 
The remains in burial no. 19 were lying in 
an unnaturally bent position with the arms 
and head clearly pulled down and the head 
turned to the west. The lumbar spine and 
hips were elevated. A small bronze neck-
lace was found around his neck.

Sex and age at death were estimated 
using standard anthropological methods. 
Sex was determined based on cranial and 
pelvic morphology (Phenice 1969; Buik-
stra and Ubelaker 1994). Age at death 
was determined based on the degree of 
obliteration of the cranial sutures (Meindl 

and Lovejoy 1985; Buikstra and Ubelak-
er 1994) and dental wear (Cox and Mays 
2000; AlQahtani et al. 2010). The stature 
was reconstructed on the basis of the long 
bones after Trotter and Gleser (1958).

3D computed microtomography (Mi-
croCT) was used at the Institute of Applied 
Problems of Physics of NAS RA to assess 
the condition of intervertebral discs. Com-
puted tomography allowed high-resolution 
(55 micrometers) observation and analy-
sis of the condition of the intervertebral 
discs, which was simultaneously used to 
generate virtual 3D reconstructions. This 
method allows for conducting a  detailed 
topographic analysis of the texture of the 
vertebral different slices, edge morphology, 
fracture angles and bone deformation.

Results 

The remains from the burial belonged to 
a man aged 40–49 years (Fig. 2). The metric 
variables and the values measured on the 
hip bones are shown in Table 1. Pathological 
lesions are located exclusively in the spine 
(Fig. 3), particularly in the lumbar region. 
He was found to have a severe pathology – 
fusion of several lumbar vertebrae (L2–L5). 
The vertebrae of this segment had been de-
formed and fused together during the indi-
vidual’s lifetime. The bodies show both os-
teoblastic and osteoclastic activity (Fig. 3).

Tab. 1. Postcranial measurements of skeleton

Right Left

Humerus

1 Maximal length 326 331

2 Total length 322 329

3 Upper epiphysis breadth – 53.2

4 Maximal midshaft breadth 63.2 64.2

5 Largest diameter Ø of the middle diaphysis 23.8 24.6

6 Smallest Ø of the middle diaphysis 20 19.9
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Right Left

Humerus

7 Minimal midshaft breadth 65 65.5

7a Midshaft circumference 70 72

7:1 Robusticity index 19.94 19.8

6:5 Cross-section index 84.1 80.9

Radius

1 Maximal length 253 252

2 Physiological length 242 242

4 Cross-section diameter 12.2 12.8

5 Sagittal shaft diameter 16 14

3 Minimal shaft circumference 40 39.5

3:2 Robusticity index 16.6 16.4

5:4 Cross-section index 131.2 109.4

Ulna

1 Maximal length 277 –

2 Physiological length 243 238

11 Sagittal diameter 14.7 13.8

12 Transverse diameter 16.5 18

13 Upper transverse diameter 21.6 21.7

14 Upper sagittal diameter 24 26.8

3 Minimal shaft circumference 36.5 36

3:2 Robusticity index 15.1 15.2

11:12 Cross-section index 89.1 76.7

13:14 Platyleny index 90 80.98

Femur

1 Maximal length – 461

2 Natural length – 452

21 Condylar breadth – 85

6 Sagittal diameter of midshaft 31.7 32

7 Transverse midshaft diameter 27.8 28

9 Upper transverse shaft diameter 33 35.7

10 Upper sagittal shaft diameter 26.5 27.5

8 Midshaft circumference 93 95

8:2 Robusticity index – 21.1

6:7 Pilastry index 114.1 114.3

10:9 Platymery index 80.4 77.1

Tibia

1 Full length – 370

2 Condylo-talar length – 350

1a Maximal length – 371.5

5 Upper epiphysis breadth – 83
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Right Left

Tibia

6 Lower epiphysis breadth 51.5 49.4

8 Sagittal diameter at midshaft level 33 34

8a Sagittal diameter at the nutrient foramen level 39 41.3

9 Transverse diameter at midshaft level 20 21

9a Transverse diameter at the nutrient foramen level 23 25.5

10 Midshaft circumference 85 90

10b Minimal shaft circumference 77 77.5

9:8 Cross-section index 60.7 61.8

10b:1 Robusticity index – 20.95

9a:8a Cross-section index 58.98 61.8

10:1 Robusticity index – 24.4

Fibula

1 Maximum length – 357

Skeletal proportions

R1:H1 Brachial index 77.7 76.2

T1:F2 Tibio-femoral index – 81.9

H1+R1/F1+T1 Intermembral index – 70.2

H1+R1/ F2+T1 Intermembral index – 70.93

H1:F2 Humero-femoralindex – 73.3

R1:T1 Radio-tibial index – 68.2

Body length 166.3

Fig. 3. Pathological lesions located in the spine. The destruction of the L2, L3, L4, and L5 bodies resulted in 
the sharp angular kyphosis in the upper lumbar region typical of the Pott’s disease
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The intervertebral discs of the lum-
bar vertebrae (L2–L5) have lost their ba-
sic properties (elasticity and firmness) 
and have undergone decay. On direct 
projection images, the height of the in-
tervertebral disc is reduced unevenly; 
in lateral projection, the discs are com-
pressed anteriorly more than posteriorly, 
as the anterior parts of the cartilage are 
loaded and destroyed more than the pos-
terior ones. There was involvement of 
adjacent vertebrae in the inflammatory 
process and formation of destruction of 
adjacent closure plates. The images show 
foci of destruction in the vertebral bod-
ies (Fig. 3). During the destruction, the 
vertebral bodies were, to a  large extent, 
destroyed and currently represent a large 
number of chaotically arranged dense 
bone fragments. The peripheral parts of 
the vertebral body are “eaten away” with 
sequestrum formation in caries-type de-
struction. This occurred as a  result of 
the spread of the tuberculous granuloma 
under the ligamentous (under the ante-
rior or posterior longitudinal ligament) 
from the primary destroyed vertebra to 
the neighboring vertebrae or through the 
disc in the area of the pulposus nucleus 
with subsequent destruction of the entire 
intervertebral disc.

The sequestrum has a rounded shape 
and looks like a “melting sugar cube” 
(Fig. 3). On the image, the sequestrum 
has a  heterogeneous structure. The af-
fected vertebral bodies wedge into each 
other, with the formation of an angular 
bend of the spinal axis with the apex 
pointing backwards (hump), which leads 
to irreversible deformation of the spine. 
The size of the hump depends on the 
number of vertebrae destroyed, and its 
presence is the most characteristic sign of 
tuberculous spondylitis. Defects in verte-
bral bodies are partially filled with newly 

formed bone trabeculae. Characteristic is 
irreversible deformation of the spine, pro-
nounced degenerative-dystrophic changes 
in bone tissue. 

Due to the application of technical 
features, the multi-slice X-ray tomogra-
phy (3d) enables detecting all changes 
more clearly compared to standard ra-
diography of the spine (Fig. 4). Figure 4 
shows a  cross-section of the spine with 
some adjacent vertebrae attached. The 
use of a  MicroCT scan of the relevant 
area of the spine allowed us to look at the 
ankylosis. Upon external examination, 
the bodies of these vertebrae were not 
clearly visualized as part of the deformity, 
which is probably due to osteomalacia 
(destruction, fusion) of their larger part 
and further formation of secondary bone 
callus. MicroCT allowed us to detect the 
mass resulting from osteomalacia of the 
bodies of the 2nd, 3rd, 4th and 5th lumbar 
vertebrae, the nature of the fusion of the 
bodies and what was left of them. The 
pathology resulted in the formation of 
a  bone mass approximately comparable 
in volume to the body of a single verte-
bra. The deformity was fused to the bone 
callus anteriorly. Bone layering, fine po-
rosity and porosity are visible on the sur-
face of the formation. There was probably 
a  previous haemorrhage. Increased vas-
cularisation of the bone promoted bone 
callus growth (Fig. 4). There appeared to 
be an inflammatory process as well. 

Vertebral fusion resulted not only 
from osteomalacia of the bodies, but also 
from the overgrowth of the interverte-
bral joints and fusion of the arches. The 
spinous processes are practically intact 
due to the development of pathology, 
partially destroyed only when in burial. 
Interestingly, the ribs were still attached 
to the vertebrae. Anyway, there were up-
per and lower rib fossae on the vertebrae.
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The upper (L2) and lower (L5) body 
surfaces are deformed, including at the 
edges, and there are signs of osteochon-
drosis and osteoporosis. A recessed area 
was formed in front of the bone con-
glomerate with a  height of 26.2 mm, 
width of 23 mm, and depth of 12 mm. 
The surface itself is rough and porous 

(Fig. 3). Convergence of the spinous 
processes to the contact between the 
L4–L5 spinous processes is revealed. 
Convergence of the spinous processes 
is due to lumbar hyperlordosis, which 
inevitably occurs to compensate for ky-
photic deformity and humping of the 
spine.

Fig. 4. Computed tomography of the fused vertebrae
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The body length reconstructed from 
femur measurements calculated using 
Pearson and Lee’s formulae could be 166 
cm. However, in terms of the deformity 
of the spine, the length of the body was 
rather unusual.

Discussion 

Tuberculous spondylitis accounts for 
about 40–50% of all bone tuberculosis 
cases. The thoracic vertebrae are affected 
most often (60%), while the lumbar ver-
tebrae are less frequently affected (30%). 
The cervical region accounts for about 
5–9%. The lower thoracic and upper 
lumbar regions are particularly suscep-
tible to tuberculosis (Krasnobaev 1950; 
Kornev 1953; Talantov 1961; Mushkin 
et al. 2012; Ratobylsky et al. 2012). Men 
and people of young age are more prone 
to getting the disease. Among individu-
als with tuberculous spondylitis, 66% 
are children under 10 years of age, and 
83.3% are individuals under 20 years 
of age (Kornev 1959; Gratsiansky and 
Khokhlov 1966).

 The earliest case of tuberculous 
spondylitis dates back to the Neolithic 
(Bartels 1907; Baker et al. 2015, 2017). 
Palaeopathological lesions reminiscent 
of skeletal tuberculous spondylitis have 
been observed in northern Syria (Dja’de 
el Mughara, 8800–8300 BC). Typical 
lesions are found on the 9th and 10th 
thoracic vertebrae (Dja’de el Mughara). 
They are mainly lytic. The lower part 
of the 9th thoracic vertebra is completely 
destroyed, and the upper part of the 10th 
thoracic vertebra shows cystic rounded 
cavitations extending to the vertebral 
body, with a  space-occupying mass as-
pect (Baker et al. 2015). In the site of At-
lit Yam, the remains of an adult female 
and an immature individual presented 

paleopathological evidence of TB, con-
firmed by lipid biomarkers and aDNA 
analyses (Hershkovitz et al. 2008). In the 
same geographic area, paleopathological 
evidences of tuberculosis were previous-
ly mentioned for contemporaneous site 
(Ain Ghazal, ca. 7250 BC) (El-Najjar 
et al. 1996). In Egypt, in excavations of 
burials near the Nile River, 4 out of 10 
skeletons (3000 BC) had signs of tuber-
culous spondylitis. E.G. Smith and W.R. 
Dawson (1924) provide a photograph of 
a  mummy with tuberculous spondyli-
tis and marked kyphosis of the thoracic 
spine. This individual lived in Egypt in 
the 11th to 10th century BC. D.G. Rokh-
lin and V.S. Maikova-Stroganova de-
scribe 5 cases of spinal tuberculosis in 
adults whose skeletons were found in 
Russia in burials from the last centuries 
BC and early AD (Rokhlin 1965; Galin-
skaya 2013). A  skeleton of a  man with 
tuberculous spondylitis was found in 
burial No. 2 of the Vaskovichi cemetery, 
Belarus (late 19th century) during the ar-
chaeological excavations (Vasiliev et  al. 
2022). The young man was lying on his 
back with his arms visibly slumped down 
and his spine unnaturally curved around 
his lower back. The case of subliga-
mentous tuberculous spondylitis, a  rare 
form of extrapulmonary tuberculosis, 
was diagnosed in the skeleton of a mid-
dle-aged man found in the ossuary of the 
Franciscan crypt of the church of Saints 
Anthony and Eusebius in north-western 
Italy (Larentis et al. 2020). The skeleton 
can be dated between the 17th and 19th 
centuries. Frequent cases of tuberculous 
spondylitis have been found in Armenia 
(Khudaverdyan 2005), Georgia (Pirpilas-
hvili 1956), the Baltics (Darums 1970; 
Jankauskas 1998), Hungary (Nemeskery 
and Harsanyi 1959; Hlavenková et  al. 
2015), and Slovakia (Hanakova and St-
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loukal 1966; Kyselicová et al. 2015). The 
case of tuberculous spondylitis was pres-
ent in Transylvania (Romania) during the 
12th and 13th centuries. The paleopatho-
logical diagnosis was supported by M. tu-
berculosis analysis for complex ancient 
DNA (Hajdu et al. 2012).

Tuberculous spondylitis, found in 
an individual from Nor Armavir Monu-
ment, is a  long, drawn-out disease that 
last for years. The rapidity of the devel-
opment of this process may have depend-
ed on the local and general immunity of 
the individual, lack of treatment and 
physical stress on the spine. Due to the 
lack of any changes in the facet joints, it 
does not seem that vertebral collapse did 
occur, in spite of the important lytic de-
struction of the 4 vertebral bodies. This 
pattern is not commonly described in 
modern clinical practice but can be seen 
by medical imaging on living patients 
(Baba et al. 2013), and on skeletal mate-
rials (Pálfi et al. 2012; Baker et al. 2015). 
A typical sign of tuberculous spondylitis 
is deep, often subtotal contact destruc-
tion of the closure plates, which is an 
important differential diagnostic criteri-
on. As we know, patients with tubercu-
lous spondylitis stop walking because of 
pain, and with neurological insufficiency 
– because of weakness in the legs. They 
are characterized by sharp pain on per-
cussion (latin percussio) of the spinous 
processes of the affected vertebrae, and 
on loading along the axis of the spine, 
there is the restriction of mobility in the 
damaged spine, its deformation. Under 
the skin, a  thickening is formed, and 
then a bulge, the skin over which at first 
is not changed, but then as a result of the 
inflammatory process fuses with it, the 
abscess bursts outwards with the forma-
tion of a fistula, through which pus and 
necrotic masses are discharged. Individ-

uals experience a  change in gait: when 
walking, there is a slight leaning forward 
and towards the localization of the ab-
scess. The development of the hump is 
caused by the destruction of vertebral 
bodies, accompanied by their flattening 
with wedge-shaped deformation of the 
destroyed vertebral bodies; the spinous 
process of the destroyed vertebrae pro-
trudes most sharply and is located at the 
top of the hump, which has the shape of 
an angle. The size of the hump depends 
on the number of vertebrae destroyed, 
and its presence is the most characteris-
tic sign of tuberculous spondylitis.

We have used diagnostic criteria de-
rived from both the paleopathological 
and clinical literature.

А) The probable cause of this pathol-
ogy was fractures of the bodies of the 2nd, 
3rd, 4th and 5th lumbar vertebrae, fusion of 
the resulting bone mass, leading to a ky-
phosis bone conglomerate in the lumbar 
region. If there was trauma, which is 
the most likely scenario, the spinal cord 
and spinal nerves would have been dam-
aged as well. In the case of trauma, this 
is determined by the migration of bone 
fragments into the spinal canal, canal oc-
clusion, and in the case of purulent-in-
flammatory lesions – the development of 
an epidural abscess or myelitis (inflam-
mation of the spinal cord). The forma-
tion of this pathology (resulting from 
a  fracture) in the individual from Nor 
Armavir would be incompatible with life, 
primarily due to the formation of bone 
fragments and damage to the main ves-
sels. Similarly, fractures caused by trau-
matic events rarely involve two or more 
vertebrae and, most importantly, they do 
not usually lead to osteoclastic activity, 
which is clearly evident in our individ-
ual case. In fact, osteoclastic activity is 
usually associated with the necrosis of 
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isolated bone elements in a  complex 
trauma, such as a comminuted fracture, 
which is not visible on a CT scan (Fig. 4). 
Because the processes leading to callus 
formation result in osteoblastic activity, 
the presence of mild and severe areas of 
lytic lesions in our individual allows us 
to easily rule out trauma as the cause of 
our findings (Lovell 1997).

B) Among inflammatory diseases, 
haematogenous osteomyelitis shares the 
greatest similarity to tuberculous spon-
dylitis of the spine (Musaev 2000; Tik-
hodeev and Vishnevsky 2004; Nene and 
Bhojraj 2005). The most common causa-
tive agent of osteomyelitis is Staphylococ-
cus aureus. In most cases, non-specific 
spondylitis is formed due to the haema-
togenous spread of the pathogen from 
the infectious focus, complicated by bac-
teremia. Common sources of infection 
include genitourinary tract, leg thrombo-
phlebitis with chronic shin ulcers, pneu-
monia, bronchiectatic disease, streptoder-
ma, furunculosis, tonsillitis, odontogenic 
infection (Mwachaka et al. 2011).

In addition to the haematogenous 
spread of infection, the venous route 
through the pelvic and vertebral plexus 
to the sacrum is well-known lumbar and 
lower thoracic vertebrae – for thrombo-
phlebitis, paraproctitis, haemorrhoids, 
purulent processes in the pelvis and along 
the pharyngovertebral venous plexuses 
of the posterior surface of the pharynx to 
the upper and middle cervical vertebrae 
– in case of oral cavity infection, tonsil-
litis (Guseva et  al. 2006). Pre-existing 
traumatic or dystrophic lesions of discs, 
joints, vertebral bodies, or processes may 
contribute to osteomyelitis at a particu-
lar level. That is, osteomyelitis of the 
spine is characterized by association 
with a past inflammatory disease, trau-
ma, etc. (Ivanov et al. 2003). It is worth 

noting that sequestrations and abscesses 
in osteomyelitis are less common than 
in tuberculosis. Spinal deformity is less 
pronounced or absent in osteomyelitis. 
Unlike tuberculous spondylitis, osteo-
myelitis more often affects the posterior 
aspect of the vertebrae: the wishbones 
and transverse processes. Therefore, the 
diagnosis made for the individual from 
Nor Armavir is correct.

C) Syphilitic spondylitis results from 
the passage of syphilitic ulceration of the 
mucous membrane of the mouth and 
pharynx to the upper cervical vertebrae, 
where this lesion occurs predominantly. 
On radiological examination, bone scle-
rosis is typical. An individual from Nor 
Armavir has affected lumbar vertebrae.

D) Brucella spondylitis and tubercu-
lous spondylitis, caused initially by bac-
teremia, are the two leading types of gran-
ulomatous spinal infections (Cordero 
and Sanchez 1991). Brucella spondylitis 
is easy to miss or may be misdiagnosed 
as tuberculous spondylitis. There was 
a significantly lower severity of vertebral 
destruction, vertebral posterior convex 
deformity, dead bone, and abscess scope 
in brucella spondylitis when compared 
to tuberculous spondylitis. Through the 
analysis of vertebra and intervertebral 
space, it was significantly lower in the se-
vere vertebral destruction, vertebral pos-
terior convex deformity, dead bone, and 
narrow – disappear change of interverte-
bral space in the patients with brucella 
spondylitis than those in tuberculous 
spondylitis (Yang et  al. 2014; Liu et  al. 
2018; Guo et al. 2021).This widespread 
destruction in tuberculous spondylitis 
may result from the rapid involvement 
of the endplate (inflammatory reaction). 
With the progress of tuberculous spondy-
litis, gradually the vertebrae were severe-
ly destroyed. Our study found that the 
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vertebral destruction in the individual 
from Nor Armavir was more severe. The 
vertebral erosion in tuberculous spondy-
litis was caseating granulomas and dead 
bone without new bone formation (Sapi-
co and Montgomerie 1979).

E) Post-typhoid spondylitis usual-
ly occurs about a  month after the end 
of typhoid fever and is localized most 
commonly in the lumbar spine. This 
disease is characterized by early, notice-
able disc changes after only a few weeks. 
The intervertebral gap narrows and then 
completely disappears. The periosteum 
of the vertebral bodies is thickened and 
overgrown, so the lateral contours of the 
vertebrae also appear altered. It is not 
uncommon for bony brackets to form, 
fusing vertebral bodies and ossifying liga-
ments. The process is usually limited to 
2 vertebrae and ends in bony ankylosis. 
In the person from Nor Armavir, post-ty-
phoid spondylitis was also ruled out.

F) Actinomycosis of the spine is, as 
a  rule, a  secondary lesion and occurs 
when the fungus passes from the primary 
focus, localized in the submandibular re-
gion, in the lungs, oesophagus, intestine. 
Quite quickly, fistulas are formed, which 
are preceded by a dense (“like a board”) 
infiltrate against the background of 
this  infiltrate and open the external fis-
tula openings. The course of actinomy-
cosis of the spine is long, resembling the 
course of tuberculous spondylitis with 
fistula. In radiological examination, focal 
destruction in the form of small patterns 
combined with sclerotic areas, moderate 
narrowing of the intervertebral gap cor-
responding to the lesion of the vertebral 
bodies, and development of ossification 
of ligaments in the form of “brackets” are 
typical. Spinal actinomycosis has also 
been ruled out in an individual from Nor 
Armavir. 

G) Among the many non-tuberculous 
lesions, malformations, acquired deform-
ities, neuralgia, lumbalgia, dystrophic 
and oncological diseases may be present. 
The malformations that may give rise to 
suspicion of tuberculous spondylitis are 
manifested mainly externally in the form 
of scoliosis, kyphoscoliosis and other spi-
nal deformities associated with changes 
in the number and shape of the vertebrae 
and their relationship to each other and to 
other bones such as the skull, pelvis and 
ribs. These malformations are noticed 
in early childhood as soon as the child 
begins to sit up. In the beginning, they 
do not give any painful sensation, or any 
disturbance in the mobility of the spine, 
but later there is pain due to disturbance 
of the normal statics. Wedge-shaped ver-
tebrae, or rather semi-vertebrae, are the 
most common developmental anomaly 
and cause of congenital scoliosis with 
a  slight angular curvature, but without 
rotation around the axis (torsio), as in 
normal scoliosis. Non-inflammatory spi-
nal lesions were also excluded in the in-
dividual from Nor Armavir.

H) Infectious arthritis is an acute or 
chronic inflammation that occurs in the 
joint bag due to bacterial or viral infec-
tion. The cause of arthritis is usually 
echinococcosis, which affects the bone 
tissue of the vertebrae, pelvic bones, and 
long bones of the limbs. Rheumatoid ar-
thritis typically affects the periarticular 
area of the hands and joints (Grassi et al. 
1998; Tesi et al. 2019). Reactive arthritis 
is characterized by peripheral arthritis, 
enthesopathy and asymmetric involve-
ment of the sacroiliac joint, feet, heels, 
knees and ankles (Rogers and Waldron 
1995; Carter and Hudson 2009). Psori-
atic arthritis usually affects asymmetri-
cally hands and feet, leading to a charac-
teristic appearance of the disease in the 
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phalanges of the hands and feet, known 
as “pencil-in-cup” (Rogers et  al. 1987; 
Gladman 2005). Infectious arthritis, 
rheumatoid arthritis, reactive arthritis, 
psoriatic arthritis have also been exclud-
ed in the individual from Nor Armavir.

Conclusions

In this study, we presented a new prob-
able case of tuberculous spondylitis. 
The pathology studied occurred long 
before the death of the individual who 
had been alive for years with that fused 
spine. Most probably, this deformity oc-
curred because of chronic disease lasting 
for months or years, as evidenced by the 
vertebral fusion and bone callus forma-
tion. Such course of the disease is charac-
teristic of tuberculous spondylitis. With 
such pathology of the spine, the man, of 
course, could not live a full life.
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