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Abstract

Objective 
This case study presents an osteolytic lesion on the entire mandibular body in an individual from Danilo 
(Croatia) (17th–18th centuries AD).

Materials 
The individual is an estimated male, with the age of death assessed as 45–49 years.

Methods 
Macroscopic, microscopic and radiographic methods were used to evaluate the osteolitic lesion. Cone Beam 
Computed Tomography scans were also collected. 

Results 
The lesion displays an irregular yet predominantly ovoid outline. Its internal structure is osteolytic with 
partially eroded internal septa. The radices of tooth 47 exhibit partial, mild resorption.

Conclusions 
The findings indicate that we may be dealing with either an odontogenic keratocyst or ameloblastoma. 
Considering the age and sex of the individual, the specific location and the radiological characteristics, we 
suggest odontogenic keratocyst as the most likely diagnosis.
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Introduction

The majority of studies of the mastica-
tory system in historical populations fo-
cus on dental calculus (Forshaw, 2022; 
MacKenzie et al., 2023), dental caries 
(Bertilsson et al., 2022; Moles, 2023), 
periodontal disease (Konig et al., 2010; 
Vodanović et al., 2012), and/or enamel 
hypoplasia (Berbesque & Doran, 2008; 
Towle & Irish, 2020). Large osseous le-
sions associated with bone remodelling 
are reported less frequently in the liter-
ature. These usually include radicular 
cysts and/or lateral periodontal cysts of 
inflammatory origin (Carrascal et al., 
2013; Neiburger, 1977; Salama & Hilmy, 
1951). In this article, we describe a case 
of a large mandibular lesion from the ar-
chaeological site of Danilo (Croatia). To 
our knowledge, this is the first report 
of such an extensive mandibular lesion 
from the Danilo site.

The remains analysed in this study 
originate from excavations carried out 

at the Danilo–Cemetery site, located in 
the central Dalmatian village of Dani-
lo in Šibenik-Knin County, Croatia. 
Danilo is situated approximately 10 km 
from the Adriatic coast, within a valley 
approximately 10 km long and 1.5 km 
wide, bordered by low ridges (Figure 1). 
Of particular interest are the cemeter-
ies uncovered at the site, which span 
the period from the 5th/6th century AD 
to the early Modern Period (Brajković 
et al., 2013; Krnčević, 1994). According 
to 13th-century records, settlement in 
the area was sparse and organised, as 
it is today, into hamlets scattered along 
the edges of the field (Krnčević, 1994), 
a pattern also reflected by the multiple 
small medieval cemeteries identified at 
Danilo (Krznar et al., 2024). A central 
burial ground, apparently established 
as early as Late Antiquity, occupied the 
area around and to the west of St Dan-
iel’s Church both before and after the 
church was constructed, and part of it 
remains in use today.

Figure 1. Location of the archaeological site: A – location of Danilo (basemap: Wikimedia Commons); 
B – aerial view of the cemetery and Stari Šematorij sites with the location of the excavation marked 
(author: K. Rabiega)
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Recent research was initiated at 
Danilo to investigate changes in set-
tlement patterns from the Roman pe-
riod to the Middle Ages within this 
micro-region through remote sensing, 
the analysis of legacy data, archaeo-
logical survey, and excavation (Kon-
estra et al., 2020). A small number of 
graves has been discovered south of the 
church, where the modern cemetery is 
located (Krnčević, 1994; Rabiega et al., 
2025). The present case study focuses 
on Grave No. 2 (G2), which extended 
beyond the limits of the excavation 
trench, allowing only its north-west-
ern part to be investigated. The grave 
typology and associated finds indicate 
that the burials within G2 date to the 
17th–18th centuries.

Material and Methods

During the 2024 excavation season, an 
almost complete skeleton of an adult 
male (G2 SJ98 U-57/U-59) exhibiting 
pathological changes in the mandible 
was excavated at Danilo (Croatia). The 
skeletal remains included the skull and 
mandible, both humeri, the left ulna, all 
vertebrae, ribs, the left scapula, and the 
right hip bone. The remains were in a 
good state of preservation. The material 
was initially examined in the field labo-
ratory at Danilo during the excavation 
season, while the skull and mandible 
were subsequently prepared for detailed 
analyses in specialist laboratories in Po-
land.

Macroscopic, microscopic, and radio
graphic methods were used to evaluate 
the osteolytic lesion. Radiographic exam-
inations were performed at the Depart-
ment of Dental and Maxillofacial Radiol-
ogy, Medical University of Warsaw. Cone 
Beam Computed Tomography (CBCT) 

scans were acquired using a Papaya3D+ 
system (Genoray, Seoul, Korea). The 
scan parameters were as follows: 70 kVp, 
7 mA, field of view (FOV) 160 × 160 × 
80 mm, voxel size 0.2 mm, and voxel 
spacing 0.2 mm. The CBCT images were 
evaluated by a dentomaxillofacial radiol-
ogist with 14 years of experience in den-
tal radiology.

Results

The sex of the individual was estimated 
using both the method proposed by Fer-
embach et al. (1980) and the more recent 
method developed by Brůžek (2002), 
which involves three stages: scoring the 
pelvic traits, assessing their morphology, 
and determining sex based on five pelvic 
features. Sex was also assessed through 
the morphological evaluation of the skull 
following the standards of Buikstra and 
Ubelaker (1994).

Age-at-death was estimated based on 
morphological changes to the auricular 
surface of the ilium and the pubic sym-
physis (Brooks & Suchey, 1990; Buikstra 
& Ubelaker, 1994; White & Folkens, 
2000). According to these criteria, the 
individual was identified as a male aged 
between 45 and 49 years at death.

The following teeth are preserved in 
the mandible: the left canine (33), the 
left first (34) and second (35) premolars, 
and the right second molar (47). The al-
veoli of the remaining anterior teeth re-
main open, whereas those of the poste-
rior teeth on the left side are completely 
obliterated. On the right side, all teeth 
are missing except for tooth 47, as the 
entire right mandibular body is affected 
by an extensive osteolytic lesion. The 
crown of tooth 47 is severely destroyed 
and appears to have been “burst” from 
within (Figure 2).
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Figure 2. Mandible of individual G2 SJ98 U-57/U-59 
with an osteolytic lesion on the right side

In the maxillary dental arch, only the 
teeth on the right side are preserved: the 
first (14) and second (15) premolars, and 
the first (16) and second (17) molars. On 
the left side, only the second incisor (22) 
and canine (23) remain. Some of the alve-
oli on the left side are completely obliterat-
ed. The posterior teeth on the right-side 
exhibit extensive dental calculus deposits 
on both the buccal and palatal surfaces.

The mandible exhibits a unilateral le-
sion involving the entire right body of the 
mandible at the level of the molars, ex-
tending into the gonial region and corre-
sponding to the edentulous alveolar seg-
ment formerly occupied by teeth 43–46. 

The lesion has an irregular but predom-
inantly ovoid outline. Its internal struc-
ture is osteolytic, with partially eroded 
internal septa. The lesion measures ap-
proximately 41.4 × 22.3 × 22.1 mm in 
the mesiodistal, craniocaudal, and buc-
colingual dimensions, respectively. It per-
forates the cortical bone, producing focal 
discontinuities along the inferior border, 
buccal cortex, and alveolar crest of the 
mandible, while the remaining margins 
are well defined and surrounded by a rim 
of reactive osteosclerosis. The roots of 
tooth 47 project into the posterior aspect 
of the lesion and exhibit mild, partial re-
sorption. Owing to its mass effect, the 
lesion displaces the inferior alveolar ca-
nal superiorly and buccally. The mental 
foramen is displaced posteriorly relative 
to the contralateral side and opens at the 
level corresponding to the anatomical po-
sitions of the missing teeth 45 and 46.

Radiographic assessment also re-
vealed a discrete linear radiolucency con-
sistent with a fracture line traversing the 
lesion. No reparative osseous changes, 
such as periosteal callus formation, cor-
tical bridging, or bone remodelling, were 
identified. Collectively, these findings fa-
vour a post-mortem defect rather than an 
antemortem traumatic fracture. No addi-
tional pathological changes affecting the 
mandible were observed (Figures 3–4).

Figure 3. Volume rendering reconstruction of the mandible. To the left is shown anterior view, while on the 
right the view of the mandible is partly inferior and posterior
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Figure 4. Radiographic image of the osteolytic lesion in three projections: A) panoramic reconstruction, 
B) oblique slice, C) coronal slice, D) sagittal slice

Discussion

As is often the case with archaeological 
material, a definitive differential diag-
nosis is not possible. The principal di-
agnostic considerations are odontogen-
ic keratocyst and ameloblastoma. Less 
likely diagnoses include a radicular cyst 
(Deshmukh et al., 2014), central giant 
cell granuloma (Butel et al., 2018), ad-
enomatoid odontogenic tumour (More 
et al., 2013), ameloblastic fibroma (de 
Castro et al., 2014; Vij & Vij, 2013), and 
calcifying epithelial odontogenic tumour 
(Singh et al., 2011).

Radicular cysts rarely enlarge to 
the extent observed in the present case 
(Deshmukh et al., 2014). A diagnosis 
of central giant cell granuloma is con-
sidered unlikely, as approximately 75% 
of cases occur in children and young 
adults, with the highest incidence dur-
ing the first three decades of life (Butel 

et al., 2018). Adenomatoid odontogenic 
tumour occurs predominantly during the 
second and third decades of life, exhibits 
a marked female predilection (approxi-
mately 2:1), and most commonly arises 
in the anterior maxilla, where it is typ-
ically associated with an unerupted ca-
nine (More et al., 2013). It is estimated 
that adenomatoid odontogenic tumours 
account for 2.2% to 8.6% of all odonto-
genic tumours. Ameloblastic fibroma is 
a rare (<2%) benign mixed odontogenic 
tumour composed of ameloblast-like ep-
ithelial strands embedded within a den-
tal papilla-like mesenchyme. Most cas-
es occur during the first two decades of 
life (mean age approximately 15 years), 
without a clear sex predilection, and 
show a marked preference for the poste-
rior mandible, frequently surrounding an 
impacted or unerupted tooth (de Castro 
et al., 2014; Vij & Vij, 2013). Calcifying 
epithelial odontogenic tumour (CEOT, or 
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Pindborg tumour) is a rare benign epithe-
lial odontogenic neoplasm, accounting 
for approximately 0.4–3% of all odonto-
genic tumours (Singh et al., 2011).

Odontogenic keratocysts most fre-
quently arise within the mandibular 
body and ramus (Borghesi et al., 2018). 
The lesion is most commonly detected 
in patients aged 20–50 years and shows 
a male-to-female predilection of approx-
imately 2:1 (Atwal et al., 2019; Bello et 
al., 2016). The age, sex, and lesion lo-
cation in the individual from Danilo are 
consistent with the reported epidemio-
logical data for this condition. Clinically, 
these lesions may remain asymptomatic 
for prolonged periods and are therefore 
most often identified on radiographic ex-
amination.

Radiographically, odontogenic kerat-
ocysts present as solitary, round to 
ovoid radiolucent osteolytic lesions with 
well-defined margins and a surrounding 
sclerotic border (Borghesi et al., 2018). In 
larger lesions, the peripheral sclerotic rim 
may become attenuated or may be entire-
ly absent (Koppula et al., 2015). Odon-
togenic keratocysts typically arise within 
the cancellous bone; however, as they en-
large, they may expand and compromise 
the integrity of the surrounding cortical 
bone. In more advanced cases, internal 
septations may develop, resulting in a 
multilocular radiographic appearance 
(Batra et al., 2024). Large odontogenic 
keratocysts may exert a mass effect, lead-
ing to displacement of adjacent teeth, 
deflection of the mandibular canal, and 
expansion of the bone. Root resorption 
is occasionally observed and corresponds 
to the radiological findings in the pres-
ent individual, which demonstrate mild 
resorption of the roots of tooth 47.

Multiple odontogenic keratocysts are a 
characteristic feature of the Gorlin–Goltz 

syndrome (Abdi et al., 2016). Until the 
2022 revision, the World Health Organi-
zation classified odontogenic keratocysts 
as a benign neoplasms, a designation 
based primarily on the frequent identifi-
cation of pathogenic PTCH1 mutations 
in the lesional epithelium. However, the 
2022 (5th edition) update reclassified it 
as a developmental cystic lesion (Soluk 
Tekkesin & Wright, 2022; WHO, 2022).

A diagnosis of odontogenic keratocyst 
has been reported in only a few individ-
uals from historical periods, including a 
case from Egypt dated to approximate-
ly 2800 BC (Salama & Hilmy, 1951), a 
prehistoric American Indian individual 
(Neiburger, 1977), and a male individual 
from Santa Magdalena d’Empúries (Chi-
menos-Küstner & Agustí-Farjas, 2006). 
The characteristics observed in the pres-
ent case are consistent with those re-
ported for odontogenic keratocysts in the 
palaeopathological literature. However, 
the interpretation of these historical cas-
es was based solely on radiographic and 
macroscopic findings, without histologi-
cal confirmation. In the reported cases, 
particular attention was drawn to patho-
logical changes involving the mandibular 
ramus. These lesions were osteolytic in 
nature and exhibited a multilocular ap-
pearance. No evidence of an acute inflam-
matory process, such as irregular bone 
resorption or reactive new bone forma-
tion, was observed. Instead, the lesions 
were considered more consistent with a 
benign but locally aggressive odontogenic 
lesion than with an abscess or post-trau-
matic pathology (Chimenos-Küstner & 
Agustí-Farjas, 2006; Neiburger, 1977; 
Salama & Hilmy, 1951).

Another disease entity that could ex-
plain the Danilo case is ameloblastoma. 
These are classified as benign odontogen-
ic neoplasms with locally aggressive be-
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haviour and represent the most common 
odontogenic tumours associated with im-
pacted teeth (Soluk Tekkesin & Wright, 
2022; WHO, 2022). They typically orig-
inate from the odontogenic epithelium 
of the dental lamina but may also arise 
from the epithelial lining of odontogenic 
keratocysts (Kumar et al., 2022).

Ameloblastomas most commonly 
occur in the mandible and show a high-
er prevalence in males than in females 
(Ghai, 2025; Vila et al., 2025). They are 
most frequently diagnosed between the 
second and fourth decades of life. It is 
estimated to account for approximately 
10% of neoplasms of this type. Radiologi-
cally, ameloblastomas typically present as 
well-demarcated osteolytic lesions with a 
surrounding sclerotic margin (More et 
al., 2012). They may exhibit either uni-
locular or multilocular radiographic pat-
terns (Ranchod et al., 2021).

Although ameloblastomas generally 
grow slowly, they can eventually reach 
considerable size and, in rare cases, pro-
duce a pronounced mass effect on adja-
cent structures (Lovásová et al., 2021). 
They are capable of causing cortical bone 
resorption and invading adjacent soft tis-
sues. Root resorption of adjacent teeth is 
a frequent radiographic finding (Struthers 
& Shear, 1976). They may also displace 
the mandibular canal and compromise 
its cortical boundaries (Evangelista et al., 
2021).

Only a few cases of ameloblastoma 
in historical populations have been de-
scribed in the literature, including exam-
ples from South America (550–850 CE) 
(Bartelink & Wright, 2011), Italy (5th–6th 
century BCE) (Capasso et al., 2001), and 
Italy (17th–19th centuries CE) (Cilli & 
D’Anastasio, 2017). The most character-
istic features of the lesion observed in the 
present case include its localisation in 

the posterior mandible (angle and ramus 
region), marked bony expansion result-
ing in cortical “ballooning,” a multilocu-
lar appearance, extensive osteolysis, and 
thinning and remodelling of the cortical 
bone with partial preservation of its con-
tinuity. The well-defined lesion margins 
suggest a slow, chronic pathological pro-
cess.

As only skeletal remains are available, 
assessment of the functional impact of 
the lesion is inherently limited. Never-
theless, it is reasonable to assume that 
the extensive osseous changes observed 
in the individual from Danilo adversely 
affected overall well-being and daily func-
tioning. The destruction of the mandible 
was accompanied by the loss of teeth 
on the right side, which likely resulted 
in difficulties with mastication, swal-
lowing, and possibly speech. Given the 
extent of the lesion, facial swelling and 
deformity may also have been present. 
Furthermore, a lesion of this size could 
have caused paraesthesia or hyperesthe-
sia within the distribution of the inferior 
alveolar nerve (Vincent’s sign), reflecting 
compression or involvement of the neu-
rovascular bundle (Otto et al., 2009).

The present study has certain limita-
tions. First, it should be noted that the 
diagnosis is based solely on archaeologi
cal skeletal material. No soft tissues 
are preserved that could definitively 
confirm the diagnosis. Therefore, in 
the absence of histopathological exam-
ination – which is not always feasible 
in archaeological contexts – differenti-
ating between ameloblastoma and cer-
tain extensive odontogenic cysts can be 
particularly challenging. In archaeologi-
cal and historical contexts, diagnosis is 
usually based primarily on morphologi-
cal and radiological evidence, which in-
creases the uncertainty of interpretation 
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(Table 1). A second limitation is the 
small number of reported cases from 
historical populations and, consequent-
ly, the limited comparative material 
available for the individual from Danilo. 
This means that, based on the available 
evidence, this represents the most likely 
diagnosis, although alternative explana-
tions cannot be excluded.

Table 1. Comparison of characteristics of amelo-
blastomas and keratocytes as identified here as 
two probable diagnoses

Feature Ameloblas-
toma

Kerato-
cytes

Location in the 
mandibular ramus

Yes Yes

Osteolysis Yes Yes

Multilocular 
appearance

Common May occur

Well-defined margins Yes Yes

Slow growth Yes Yes

Local aggressiveness Yes Yes

Root resorption Common May occur

Mass effect May occur Common

Conclusions

Studies of pathological conditions ob-
served in archaeological material are 
valuable as they allow the investigation 
of disease patterns and abnormalities in 
past populations. This study describes 
a probable case of an odontogenic kerato
cyst in a male individual aged 45–49 
years at death. To the best of our know
ledge, this represents the first case of 
such extensive mandibular bone changes 
recorded at the examined site in Danilo 
(Croatia). Further research is needed at 
archaeological sites where similar man-
dibular changes are observed, to allow for 
meaningful comparative analysis.
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