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Abstract
Purpose The earliest known case of cemento-osseous dysplasia could be detected in a Bronze Age skeleton, dating back 
4500 years ago in the region of the North Caucasus. Although the soft tissue was missing, sufficient diagnosis could be 
achieved by using different methods that prove the existence of fibro-osseous processes already in prehistory. Skeletal 
remains provide a direct view of such changes which cannot be obtained from a living patient without compromising.
Methods A skeleton of a 30-40-year-old female individual from the burial mound of Budyonnovsk 10 (including 19 indi-
viduals) in Southern Russia was investigated using macroscopic, radiographic, and microscopic methods.
Results In the mandible, destruction of the labial wall of the alveoli 32 and 31 is already visible macroscopically. At the 
base of the lesion, the original bone is replaced by fine porous bone including small dense particles: plain radiography and 
computed tomography evidence localized processes to the periapical areas of all lower incisors. The lesions are mainly 
radiolucent, only the particles in alveolus 32 have a radiopaque appearance. Microscopy shows woven bone as filling of the 
lesions and additional hypocellular materials in alveolus 32, which can best be explained as cementum-like structures.
Conclusions The lesion´s location in the periapical areas of the lower incisors, the woven bone, and cementum-like struc-
tures fit the diagnosis of periapical cemento-osseous dysplasia. The presence of a second individual with focal cemento-
osseous dysplasia in this burial mound is an interesting co-occurrence that requires further genetic analysis.
Limitations The diagnosis is solely based on the skeletal remains, soft tissue components are missing.
Suggestions for Further Research Genetic analyses are planned to detect the underlying mutation for the two individuals.
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Introduction

The facial skeleton is prone to develop fibro-osseous lesions 
of various origins [1]. They differ according to their location 
in the skull, ranging from rare diseases like fibrous dyspla-
sia and yet not well-defined small fibro-osseous processes in 
the entire area of the facial skeleton [2–5], to specific lesions 
of the tooth-bearing areas. These include odontogenic 
fibroma, cementoblastoma, different types of cemento-osse-
ous dysplasia, and ossifying fibroma [1]. The special feature 
of odontogenic dysplasias, originating from the periodontal 
ligament, is the presence of cementum-like materials.

Although this substance is brittle, it can persist in human 
skeletons for thousands of years, still enabling a diagnosis 
in skeletons from archaeological contexts [6]. Here, we 
present a skeleton of a 30-40-year-old female individual 
who had lived in the northern Caucasus approximately 4500 
years ago. The Stavropol region in Southern Russia com-
prises hundreds of cemeteries consisting of burial mounds 
dating from the Bronze Age to Medieval times. The soil 
and climatic conditions in this region favor skeletal pres-
ervation, therefore it was possible to detect distinct osseous 
changes in the mandible of this Bronze Age female. Another 
male individual from the same burial mound showed similar 
changes in the mandible. He was diagnosed with unifocal 
cemento-osseous dysplasia of the alveolus 43 [6].

Paleopathology is the study of diseases in past popula-
tions [7, 8]. Investigating skeletons from archaeological 
excavations, mummies, or bog bodies, this research aims to 
shed light on the general health status of single individuals 
or larger groups [9]. Furthermore, it focuses on the origins, 
distribution, and evolution of infectious diseases [10, 11] 
or the long-term perspective of specific disease groups, e.g. 
rare diseases [12, 13].

Investigation of fibro-osseous lesions in skeletons 
from prehistory could add to clinical results. The lesions 
are directly visible in defleshed bones, they can be docu-
mented by photography and digital microscopy without 
any restrictions providing a different view of these lesions. 
Furthermore, the often subtle changes can be detected more 
precisely in micro-computed tomography scanning without 
the risks of high voltage radiation to living patients. Large 
samples of the lesions can be taken and investigated in 
detail by microscopy or genetic analyses without creating 
any damage to the living.

By studying fibro-osseous lesions, we will be able to 
enlarge the sample size of certain lesions and detect possi-
ble changes in diseases during human history. Furthermore, 
by studying larger populations, we will be able to compare 
their distribution pattern in ancient and modern groups, their 
predilection for a certain age and sex, and with the help of 

genetic analyses provide information about the origin of the 
affected people.

The study aims to diagnose the pathological changes of 
the female’s mandible based on clinical literature and to 
compare them to other fibro-osseous lesions of the odonto-
genic apparatus. Furthermore, this finding will be contextu-
alized with the second individual in the same burial mound 
having a fibro-osseous lesion.

Materials and Methods

In 2013 the large burial mound field with more than a 
hundred burial mounds at the banks of the river Mokraya 
Buivola in the steppe zone of the Stavropol region of South 
Russia was excavated (Fig. 1A). The vast majority of the 
mounds originated in the middle Bronze Age, but some 
burial mounds were used as cemeteries until the late Middle 
Ages.

This paper focuses on the site of Budyonnovsk 10, par-
ticularly on the burial mound 7, comprising 19 burials, of 
which the presented one has number 2. The individual of 
interest was buried in a single inlet burial in a catacomb. 
The burial was covered with its mound, indicating the high 
social status of the individual. The body of a four-wheeled 
wooden cart at the bottom of the pit contained the skeleton 
and most of its grave goods: two ceramic incense burners, a 
flint tool, a bronze needle in a bone case, a bronze knife, and 
a pile of beads. The individual was placed on its left side in 
a crouched position facing the SSW (Fig. 1C). Archaeologi-
cal methods date the burial to the Middle Bronze Age, late 
Catacomb culture (2500 − 2300 BC).

The individual is almost completely represented, only 
the bones of the lower extremities are very fragmentary 
(Fig. 1B, D). The surface of the bones is well-preserved, 
and their consistency is rather fragile. Features of the pelvic 
morphology point to female sex while characteristics of the 
skull show a male tendency [14, 15]. This discrepancy is not 
uncommon as, in many individuals, not all present skeletal 
features indicate one or the other biological sex straight-
forwardly. Instead, these features have to be weighted for 
a reliable sex determination. In the presented case, pelvic 
morphology due to its physiological purpose, is more reli-
able than the features of the skull, in synopsis pointing to a 
female individual. For age estimation, dental wear [16], the 
morphology of the pubic symphysis [17], and the degree of 
degenerative processes of the joints were considered, sug-
gesting an age between 30 and 40 years.

Investigation of the human remains followed the Paleo-
pathology Association Statement of Ethical Principles. The 
skeleton was cleaned and macroscopically investigated 
using a magnifying glass with 10x magnification. Apart 
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from other pathological changes on the bones, the mandible 
showed distinct lytic lesions of the alveoli of the anterior 
dentition. This bone was brought to the German Archaeo-
logical Institute (DAI) for further diagnostic procedures. 
For detailed photographic documentation, the digital micro-
scope Hirox KH-870,031 was used.

Plain radiography was undertaken by contact radiog-
raphy with a Faxitron X-ray cabinet (Faxitron 43805 N 
by Hewlett-Packard at the DAI) followed by micro-CT 

scanning (Bruker™ SkyScan 2211 X-Ray Nanotomograph) 
with an image spatial resolution of 50 μm at the Max Planck 
Institute for Evolutionary Anthropology. The radiographs 
were evaluated for the lesions´ predominant appearance, 
either radiolucent, radiopaque, or mixed, and its transition to 
the surrounding bone. An undecalcified histological sample 
was taken from the alveolus of tooth 32 in a sagittal plane 
with a slice thickness of 60-µm. Using plain and polarizing 
microscopy (Leica Microscope DM R), it was assessed for 

Fig. 1 A) Map of Budyonnovsk, Stavropol region, South Russia. B) 
Skeletal inventory of the cranium and teeth, bones present for exami-
nation are marked in dark gray. Numbering of teeth after FDI scheme. 
C) The individual is placed in a crouched position on its left side in 

a Catacomb burial of Budyonnovsk 10, Burial mound 7, Burial 2. D) 
Skeletal inventory of the postcranium, bones present for examination 
are marked in dark gray. (Credits A, B, D: J. Gresky, C: A. Kalmykov)
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porous, consisting of small irregular trabeculae (Fig. 2D-
F) in contrast to the original alveolar surfaces. The distal 
two-thirds of the floor of alveolus 32 contain a conglomer-
ate of roundish particles that have a slightly lighter color 
than the surrounding bone (Fig. 2D, E). They are embedded 
within the fine porous bone of the alveolus´ floor. Inferior 
to the alveolar septum between alveoli 31 and 32 to the lin-
gual wall there is an approximately 2 × 1 mm hollow cavity 
(Fig. 2D, F). The labial wall in the septum region is thinner 
than the other labial walls and its compact bone is replaced 
by fine porous bone which is also visible on the external 

resorptive processes and the nature of the macroscopically 
visible mineralized tissue within the lesion.

Results

Macroscopic and Digital Microscopic Examination

The base of the alveolus of tooth 32 shows a roundish 
5 × 6 × 6 mm destructive defect which extends inferior of 
the alveolar septum into the base of alveolus 31 (Fig. 2A-
F). The lesion is sharply demarcated, its surface is very fine 

Fig. 2 Macroscopic (A-C, G) and digital microscopic (D-F, H) images 
of the lesion in alveoli 32–42. Digital microscope, Hirox KH-870031. 
A) Left mandible with the lesion between the alveoli 32 and 31 (arrow). 
B) Close-up of the lesion (arrow). C) View of the lesion (arrows) from 
anterior-superior. D) Close-up of the lesion with dense particles (in 
blue) on the base of alveolus 32. E) Conglomerate of roundish particles 
(arrows) embedded in fine porous bone. F) Destruction of the alveolar 

septum and replacement by fine porous bone (arrows). G) Postmortem 
broken part of the mandible in the area of the alveolus 42. The upper 
arrow indicates the lesion in alveolus 41, and the lower arrow in alveo-
lus 42. H) Superior view into alveolus 42 with a lesion on the anterior 
base of the alveolus (arrow). (Credits A-C, G: J. Gresky, D-F, H: M. 
Frotscher)
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(Fig. 3B, C), the extent of the nodular deposit is better vis-
ible (Fig. 3C, colored in light red).

Micro-computed tomography images (Fig. 3D-I) show 
the radiopaque deposit which is solely located in the alve-
olus of tooth 32 (Fig. 3D-F). The lytic lesion of alveolus 
32 continues into alveolus 31 visible as resorption of the 
compact bone of the lingual more than the labial sides. The 
lesion is partly filled by very fine porous bone which is less 
radiopaque than the original bone. The radiolucent lesions 
on the mesial walls of alveoli 41 and 42 (Fig. 3H, I, arrows) 
are very small, solely radiolucent, and not interconnected 
with each other or the large lesion.

Light Microscopic Examination

A thin section was prepared on the level of the distal region 
of the alveolus of tooth 32 in a sagittal direction (Fig. 4). This 
section shows the resorption of the compact bone, the void 
area which probably was filled by fibrous tissue and which 
is interspersed by small islands of woven bone (Fig. 4A, 
blue filling). A large conglomerate of hypocellular matrix 
is located in the labial area of the lesion (Fig. 4A, arrow). 

surface of the mandible in an area of 3 × 2 mm. The anterior 
external wall of the alveoli 31 and 32 is broken postmortem.

The mesial-labial wall of alveolus 41 shows an approxi-
mately 3 × 2 mm oval cavity exhibiting a fine porous bone 
structure on its base (Fig. 2G, upper arrow). A similar but 
2 × 1 mm large cavity is visible on the mesial-labial wall of 
the alveolus of tooth 42 (Fig. 2G, lower arrow, H, arrow).

Plain Radiology and Micro-Computed Tomography 
Examination

Plain radiography analyses show the localized lesions peri-
apical of alveoli 32, 31, 41, and 42 (written in bold italics 
Fig. 3A). In lateral view (Fig. 3A, B) a radiolucent roundish 
area with a well-defined border surrounds the tip of alveo-
lus 32 (Fig. 3A, B, arrows) and touches the distal border 
of alveolus 31. The entire lesion is radiolucent except for 
a nodular radiopaque deposit (Fig. 3B stars). This deposit 
is located in the distal half of the lesion, defining it as a 
mixed lesion. In the alveoli of teeth 41 and 42 only small 
lytic lesions which show a less well-defined border are vis-
ible (Fig. 3B, arrows). In the posterior-anterior beam path 

Fig. 3 A-C) Plain radiographs and D-I) Micro-CT scans of the left 
mandible of the 30-40-year-old female of Budyonnovsk 10, burial 
mound 7, burial 2. A-C) Faxitron 43805 N by HewlettPackard. A, B) 
lateral beam path, 35 kV, 3.5 min, C) posterior-anterior beam path, 
40 kV, 3.5 min. A) numbering of alveoli after FDI scheme, B) demar-
cated radiolucent areas periapical of alveoli of teeth 32 to 42 (arrows), 
nodular radiopaque deposit (stars). C) alveoli of the anterior teeth, the 
nodular radiopaque deposit marked in light red. D-I) SkyScan 2211, 

SkyScan 2211 X-Ray Nanotomograph by BrukerTM, 110 kV 170 µA, 
sagittal sections of the alveoli 32–42 of the mandible. Nodular radi-
opaque deposit (stars), radiolucent areas periapical of alveoli (arrows). 
D) septum between alveolus 33 and 32, the nodular radiopaque deposit 
is embedded into the bony wall, E) alveolus 32, F) lateral region of the 
septum between alveolus 32 and 31, G) mesial region of the septum 
between alveolus 32 and 31, H) alveolus 41, I) alveolus 42. (Credits: 
A-C: J. Gresky, D-I: A. Stoessel)
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Differential Diagnosis and Probable Diagnosis

Applying differential diagnosing, we were able to narrow 
down the diagnosis, even in a 4500-year-old skeleton: The 
combination of woven bone and cementum-like materials 
in microscopic evaluation could encompass odontogenic 
fibroma, cementoblastoma, ossifying fibroma, and cemento-
osseous dysplasia [1].

The odontogenic fibroma is a very rare neoplasm, mainly 
located in the region of the mandibular premolars [18]. It 
comprises soft tissue components (odontogenic epithelium 
and fibrous stroma) rather than mineralized materials like 
woven bone or cementum [18]. If dysplastic cementum or 
osteoid is present, it is only focal within the lesion and does 
not show a conglomerate [18].

A cementoblastoma is unlikely as there is no evidence 
of blending with the root of a tooth or root resorption [19]; 
instead, the cementum-like tissue is separate from the roots 
of the teeth. Furthermore, the preferred location of the per-
manent first mandibular molar does not match the localiza-
tion of the resorption in the presented case [19].

Ossifying fibroma (OF) cannot be excluded by its com-
position of mineralized materials of varying appearances 
[20]. However, its preferred location in the posterior man-
dible [21], its often-occurring jaw expansion, and larger 
size lesions [22] do not match the features of the presented 
case. While radiographically the presence of a well-defined 
border rather points to OF than cemento-osseous dysplasia 
(COD), the mixed radio-opacity is characteristic of COD 
[22]. Furthermore, OF cases are less often related to tooth 
apices than COD [22].

It is distinctly demarcated from the surrounding bone. Its 
mass is not homogeneous but shows areas of defined round-
ish particles and irregular cement lines (Fig. 4C) suggest-
ing single round particles being connected by additional 
hypocellular materials, by their shape resembling a ginger 
root. The borders of the resorptive lesion do not show clear 
evidence of osteoclastic activity. Instead, the woven bone 
seems to be attached to the walls of the original compact 
bone (Fig. 4D). The lack of Howship lacunae might be due 
to poor preservation.

Discussion

Limitations of the Study

There are two main limitations in diagnosing diseases in 
skeletal remains from archaeological sites: Taphonomic 
processes can alter bone and destroy formerly present path-
ological changes or they might simulate characteristics of 
diseases. In the presented case, postmortem destruction of 
the lesion´s walls is visible, however, this does not hinder 
the diagnosis based on other distinct features: Replacement 
of compact by woven bone and the presence of cementum-
like materials are particularly clearly visible in the micro-
scopic analysis. The second limitation is the missing soft 
tissue, laboratory values, and the patient´s clinical history. 
Without this information, diagnosing is challenging, but not 
impossible.

Fig. 4 Microscopic images of the alveolus 32 of the mandible of the 
30–40 years old female of Budyonnovsk 10, burial mound 7, burial 
2. 60-µm thick section viewed in polarized light using quartz as a 
compensator. A) Sagittal section of the alveolus 32 in plain light. The 
resorptive lesion is colored blue, including small islands of woven 
bone and a conglomerate of a hypocellular matrix (arrow). B) 16× 

magnification of the lesion with the dense conglomerate of a hypocel-
lular matrix (left) and the interspersed areas of woven bone (right). C) 
Conglomerate of a hypocellular matrix with heterogeneous structure, 
including roundish particles (arrows), 100× magnification. D) Bulky 
trabeculae of woven bone (arrows) attached to remnants of original 
trabecular bone (stars), 100× magnification. (Credits: J. Gresky)
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The benefit of samples from archaeological skeletons 
is the availability of bone tissue which is neither decalci-
fied nor scarce because it has not to be taken from a living 
person. Therefore, we hope to get enough tissue samples to 
perform a sufficient genetic analysis. Furthermore, uncon-
ventional views on the lesions are possible using samples of 
paleopathological research: They can provide a macroscopic 
view of the lesion and surface details, which is impossible 
in a living patient.

The oldest two cases of COD from the Bronze Age show 
that this disease has a long, yet unknown, history of occur-
rence and did not seem to have changed in its appearance 
over the last 4500 years.
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Cemento-osseous dysplasia is the most frequently occur-
ring fibro-osseous lesion of the jaws [23] and is located in 
the periapical region of the tooth-bearing areas, predomi-
nantly of the mandible [24, 25]. Its main characteristic fea-
ture is the replacement of normal bone by metaplastic bone 
mixed with fibrous tissue [24] in close association with tooth 
apices. Radiology and computed tomography images of this 
case show a mixed lesion with a well-defined radiolucent 
rim around the radiopacity, characteristic of an intermediate 
stage [22]. The large lesion which shows a fusion of periapi-
cal lesions of alveoli 32 and 31 shows more mineralization 
than the exclusively radiolucent lesions of alveoli 41 and 
42.

Apart from the missing cellular fibrous tissue caused 
by taphonomic reasons, microscopically, woven bone 
and cementum-like material are detectable. One impor-
tant aspect in favor of the diagnosis of COD is the miss-
ing fusion of the hard tissue components with the roots of 
the teeth. The latest edition of the WHO classification [26] 
lists four different subtypes of COD: the best fitting is the 
periapical COD which has multiple foci in the region of the 
lower incisors.

Contextualizing of the Oldest Case of COD from the 
Bronze Age

The presented case of COD in a 30-40-year-old female 
individual from the Bronze Age burial mound cemetery of 
Budyonnovsk in the Northern region of the Caucasus is the 
oldest evidence of such a disease in humans so far. Within 
this cemetery, buried in close vicinity, a 22-25-year-old male 
individual (burial 14) showed a similar pathology, a unifocal 
cemento-osseous dysplasia of the alveolus 43 [6]. Both indi-
viduals share similar grave goods and types of grave con-
struction indicating that they might have been buried during 
the same period, the Late Catacomb, more precisely, the 
East Manych Catacomb Culture, which dates to 2500 − 2300 
BC. Archaeologically, burial 2 is earlier than burial 14, but 
the chronological gap is small, and as such both individuals 
could have lived contemporarily or individual 14 was born 
later than individual 2. The probability that two individu-
als sharing the diagnosis of cemento-osseous dysplasia and 
who are buried in one burial mound might be biologically 
related, is worth being discussed. Although a familial basis 
of florid cemento-osseous dysplasia is known [27], famil-
ial cases of periapical are less often reported [28]. Genetic 
analysis is planned to detect a possible biological relation-
ship between the two affected individuals and depending 
on the bone preservation to search for hotspot mutations 
involving the RAS-MAPK signaling pathway, which were 
identified to be responsible for 28% of COD cases [5].
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