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Abstract

INTRODUCTION
Periodontitis is a disease affecting a significant proportion of both modern and historical populations, and
its development is largely associated with poor oral hygiene.

STUDY AIM
The aim of this study was to assess periodontal status of the historical population of Dabréwki (Poland),
dated to the 16%—17% centuries.

MATERIAL AND METHODS

The study sample consisted of dental material from 24 individuals (12 females and 12 males), divided
into three age groups (17-25, 26-35, and >36 years). The analysis was based on measurement of the
distance between the cementoenamel junction and the surface of the alveolar bone, assessment of changes
in the mesial and distal interdental septa, evaluation of architectural changes in the alveolar bone, and
assessment of the possible presence of molar furcation.

Resutrs: Periodontitis was diagnosed in 75% (18/24) of the examined individuals, and pathological changes
were identified in 28% (146/520) of the analysed teeth. The occurrence of the disease was related to sex,
with periodontitis being statistically more frequent in males (46%) than in females (12%). An increase in
disease severity with age was also observed.

Concrusions: The results indicate that the population of Dabréwki exhibited a lower frequency of
periodontitis than other Polish populations from a similar historical period. One possible explanation
is the rural character of the community, where dietary patterns may have differed from those of urban
populations. Research on the Dabrowki population is ongoing, and further analyses, including isotopic
studies, are expected to allow a more comprehensive interpretation of the findings.
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Introduction

Periodontal disease is a persistent inflam-
mation of the tissues that make up the
periodontium, which may include the
gums, alveolar bone, root cementum, and
periodontal ligament (e.g., AAP 2003;
Armitage, 2004; Ogden, 2008). Perio-
dontal diseases are divided into gingivitis
and periodontitis. Gingivitis results from
plaque accumulation, which leads to in-
flammation of the soft tissues around the
tooth; this condition is reversible (e.g.,
Trombelli, 2025). Periodontitis, on the
other hand, is an advanced form of the
disease in which permanent damage to
the periodontal structures occurs. Peri-
odontal disease affects a significant pro-
portion of the population worldwide. It is
estimated that more than 42% of adults
aged >30 years suffer from some form of
gum disease, and nearly 8% have severe
periodontal disease (e.g., Nascimento et
al., 2024). In many individuals, the dis-
ease leads to tooth loss due to reduced
stability and damage to the alveolar bone
(Armitage, 1999; Highfield, 2009).

The main cause of periodontal dis-
ease is poor oral hygiene. As the disease
progresses, anaerobic bacteria such as
Porphyromonas gingivalis and Prevotel-
la intermedia gradually replace the nat-
ural saprophytic microflora of a healthy
mouth. Substances produced by these
bacteria trigger an inflammatory response
in the body, leading to damage to the tis-
sues surrounding the tooth (Czerniuk et
al., 2016; Li et al., 2025; Mehrinia & Van
Dyke, 2026; Nazir, 2017; Pihlstrom et al.,
2005). Some authors attribute periodontal
disease to dietary habits, such as vitamin
or micronutrient deficiencies (e.g. Garcia
et al., 2001). Studies by Slaus et al. (1997)
suggest that greater access to highly car-
iogenic foods contributes to periodontal

disease. However, the role of diet in peri-
odontal disease remains under discussion
(e.g. Balice et al., 2025). Other causes have
also been identified; metabolic disorders,
such as diabetes or insulin resistance, can
exacerbate inflammatory processes in per-
iodontal tissues (e.g. Saito & Shimazaki,
2007). In addition, excessive and chronic
psychological stress (Aleksejuniene et al.,
2002; Genco et al., 1999) and the use of
stimulants, such as smoking (Nociti et
al., 2015), are recognised as contributing
factors to periodontitis.

Studies of periodontitis are rarely
conducted on historical populations be-
cause they require well-preserved teeth
and dental arches (e.g., Karkus, 2018;
Vodanovi¢ et al., 2012). Because of the
disappearance of soft tissues after death,
analyses of periodontal disease are usu-
ally limited to assessing the presence or
absence of periodontitis in individuals
(e.g., DeWitte & Bekvalac 2011; Kwiat-
kowska & Nowakowski, 2011; Oztunc
et al., 2006). Other aspects, such as dis-
ease severity, are therefore often omitted.
Nevertheless, studies of historical popu-
lations are valuable because they provide
insight into the hygiene and dietary prac-
tices of past communities.

The most recent excavations, con-
ducted between 2022 and 2024 at the
Dabréwki site in Poland, provide an
opportunity to analyse this population
with respect to periodontal disease and
to use the resulting data to reconstruct
local dietary and hygiene habits. The key
research questions address the following
issues: (i) What was the incidence rate of
periodontal disease in the Dabréwki pop-
ulation compared with other groups in
Poland? (ii) Are there differences in inci-
dence between the sexes? (iii) Can stages
of disease progression be identified in the
studied population?
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Material and methods

The material used for this research de-
rives from a cemetery in Dabrowki,
Podlaskie Province, Poland (Fig. 1). The
cemetery was probably established for
the burial of the local rural population.
Because of the rare mention of rural bur-
ials in written sources, this cemetery
— like most sites of this type — was dis-
covered accidentally during construction
work carried out in the vicinity of the
village. Nevertheless, a small number of
historical sources refer to the settlement
as a place associated with Queen Bona
and Sigismund Augustus (Wawrzeniuk,
2021). In several graves, artefacts were
recovered (e.g. a silver coin bearing the
image of Sigismund III Vasa dated to
1593), allowing for a preliminary dating
of the cemetery to the 16% and 17 cen-
turies. Radiocarbon (**C) dating indicates
that the burials date to the period 1505-
1615 AD (Wawrzeniuk et al., 2023).
During the archaeological investiga-
tions, 62 graves were uncovered. How-
ever, because of the quality of preser-
vation — particularly in the dental arch
region — and the possibility of reliable sex
and age determination, only 24 adult in-
dividuals (12 males and 12 females) were
ultimately included in the analysis. In to-

(226 anterior and 294 posterior). Only
fully erupted teeth with antagonists in
the opposing dental arch were included
in the analysis (Table 1).

Figure 1. Map illustrating the location of the ar-
chaeological site in Dabrowki

The sex of individuals was determined
on the basis of pelvic bone morphology as
well as cranial traits, in accordance with
the scoring system for sexually dimor-
phic cranial features proposed by Buik-
stra and Ubelaker (1994). Age at death
was estimated using changes in the to-
pography of the auricular surface of the
ilium and morphological characteristics

tal, 520 permanent teeth were examined  of the pubic symphysis.
Table 1. The number of teeth analysed in this study
Maxilla
FDI 11 12 13 14 15 16 17 18 21 22 23 24 25 26 27 28
No. 14 15 19 17 18 16 10 8 13 15 19 17 14 11 12 9
Mandible
FDI 31 32 33 34 35 36 37 38 41 42 43 44 45 46 47 48
No. 2222 23 21 19 14 18 8 20 22 22 21 18 13 17 13

FDI World Dental Federation (Fédération Dentaire Internationale, FDI)
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Given the correlation between the in-
cidence of periodontal disease and age,
the sample was divided into three age
categories: 17-25, 26-35, and >36 years.
A similar age division has been used in
previous research, allowing for compara-
bility with other studies (Tomczyk et al.,
2018).

The American Academy of Periodon-
tics (AAP) and European Federation of
Periodontology (EFP) indicate that the
severity of periodontitis should be de-
termined based on clinical attachment
loss, pocket depth, bleeding on probing,
and bone loss. According to these cri-
teria, a patient has periodontitis when
these symptoms are diagnosed (e.g.,
Chmielewski et al., 2025). However, the
criteria cannot be used in the diagnosis of
individuals from historical populations.
Therefore, other methods of identifying
periodontal disease and its severity are
proposed. The following criteria were
used for a reliable assessment of the pres-
ence of periodontal disease:

I. Measurement of the distance between
the cementoenamel junction (CE]J)
and the surface of the alveolar crest
(AC). Measurements were taken us-
ing callipers and recorded in millime-
tres (accuracy: 0.01 mm). A CEJ-AC
distance of 3 mm is generally regard-
ed as normal, whereas a distance of
>3 mm is considered indicative of
a lesion (e.g. Shaju, 2011).

II. Assessment of changes in the me-
sial and distal interdental septa (in-
terproximal bone) of each tooth.
Observations were made at 10X mag-
nification under standardised lighting
conditions using an endodontic mi-
croscope (Global Surgical Corpora-
tion, USA). Findings were recorded as
the presence (1) or absence (0) of the
interdental septum.

II1. Evaluation of changes in the tex-
ture and architecture of the alve-
olar bone. For this criterion, the
method proposed by Kerr (1988)
was applied, with modifications
introduced by our research team
(Tomczyk et al., 2017). This classi-
fication allows the severity of perio-
dontitis to be identified and divided
into mild (early), moderate, and se-
vere (advanced) stages.

IV. In cases where bi- or trifurcation of
the root was exposed, the presence
(1) or absence (0) of furcation involve-
ment was assessed using a periodon-
tal probe.

Periodontal disease was diagnosed
only when all three criteria (i-iii) were
met for anterior and posterior teeth. The
fourth criterion (iv) was additionally in-
troduced in accordance with the new-
est American Academy of Periodontics
(AAP) and European Federation of Perio-
dontology (EFP) recommendations for di-
agnosing moderate and advanced stages
of periodontal disease (e.g., Chmielewski
et al., 2025).

The presence of dental calculus was
treated as an additional, but not essen-
tial, criterion for evaluation (e.g. Lieverse,
1999; Vodanovic et al., 2012), as calculus
on archaeological material may be easily
damaged or lost during excavation, han-
dling, or transport to the laboratory.

Statistical analyses were conducted
using the R Project for Statistical Com-
puting (version 4.3.1). Two-sample and
three-sample tests of proportions were
applied to identify significant differences
between age groups and between fe-
males and males. Tables 2 and 3 report
the chi-square test statistics and cor-
responding p-values. Differences with
p < 0.05 were considered statistically
significant.
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Results

The study included a total of 24 indi-
viduals (12 males and 12 females) with
well-preserved dental and skeletal ma-
terial. Pathological changes were iden-
tified in 18 individuals (9 males and 9
females), accounting for 75% of the ana-
lysed sample. In total, 520 teeth were ex-
amined, including 226 anterior and 294
posterior teeth. Evidence of periodontal
disease was observed in 146 teeth (28%),
of which 55 (24%) were anterior teeth
and 91 (31%) were posterior teeth.

The results indicate variation in dis-
ease incidence across age groups. In the
17-25-year age group, periodontal disease
was least frequent, affecting only 9% of
the teeth examined. The highest preva-
lence was recorded in the 26-35-year age
group, in which periodontal disease was
identified in 44% of teeth; in this group,
the disease occurred exclusively in males.
Among individuals aged over 36 years, the
prevalence of lesions was 39% and was
significantly higher in males (45%) than
in females (16%). Regardless of age group,
periodontal disease was statistically more
common in males (Table 2).

Because disease severity is likely to
be related to age, this relationship was
examined in the next stage of analy-
sis (Fig. 2). Across all age groups and in
both sexes, moderate periodontal disease

Table 2. Prevalence of periodontitis by age group

was the most frequently observed stage.
However, a marked increase in advanced
disease was noted between the youngest
(17-25 years) and middle (26-35 years)
age groups (5% versus 30%) (Table 3).

Figure 2. Different stages of periodontal disease pro-

gression (marked with black arrows where pres-
ent) observed in the population from Dabrowki
(A - healthy, B — early stage, C — moderate
stage, D — advanced stage)

Differences in susceptibility to per-
iodontal disease were also observed be-
tween the sexes. Among males aged
26-35 years, the moderate stage of per-
iodontal disease predominated (40% ver-
sus 33%), whereas among females in the
same age group, the early stage was most
common (47% versus 27%) (Table 3).

Age of individual Total Male Female p e
17-25 19/212 (9%) 7/73 (10%) 12/139 (9%) 1 1.7
26-35 67/154 (44%) 52/52 (100%) 15/102 (15%)  <0.0001  101.9

>36 60/154 (39%) 55/123 (45%) 5/31 (16%) 0.014  8.508
p 0.0001 0.0001 0.3032
b 65.55 100.1 2.39

Total 146/520 (28%) 114/248 (46%) 32272 (12%)  <0.0001  75.1
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Table 3. Progression of periodontitis by age group

Total Male Female

Age of Moder-  Ad Moder-  Ad Moder-  Ad
individual oder- - oder- - oder- -
Early ate vanced Early ate vanced Early ate vanced

1795 219 1619 119 B 717 B Y12 912 12
11% 84% 5% 100% 17% 75% 8%

26-35 21/67 26/67 20/67 14/52 21/52 17/52 7/15 5/15 3/15
31% 39% 30% 27% 40% 33% 47% 33% 20%

~36 22/60 33/60 5/60 22/55 31/55 2/55 B 2/5 3/5
37% 55% 8% 40% 56% 4% 40% 60%
P 0.098 0.002 0.002 0.220 0.008 0.0002 0.218 0.088 0.062
x> 4.64 12.75 12.36 1.50 9.68 13.52 1.51 4.86 5.57

In the diagnosis of periodontitis, par-
ticular attention is often paid to measure-
ments of the distance between the CEJ
and the AC. The present study shows
that this distance increases with disease
progression. The lowest values (mean:
2.5 mm) were recorded in the healthy
group, while mean measurements in-
creased progressively in subsequent
stages of the disease. An accompanying
increase in standard deviation was also
observed, indicating greater variability
in CEJ-AC distances in more advanced
stages of periodontitis (Table 4).

Table 4. Disease progression and measurements
between the cementoenamel junction and the
alveolar crest

persit)ac;gc‘)an(é tis min max mean median SD
Healthy 1.0 71 25 2.2 1.06
Early 32 71 45 42 093
Moderate 40 9.6 6.3 6.1 1.13
Advanced 5.0 12.0 8.0 7.8 1.51

Discussion

The population studied from the Dabrowki
site shows a frequency of periodontal dis-
ease, in terms of the number of affected in-

dividuals, similar to that reported for other
populations from Poland dated to a com-
parable historical period (16%-17% centu-
ries) (Table 5). It may therefore be assumed
that the environmental factors most com-
monly associated with periodontal disease,
such as diet quality and oral hygiene, were
broadly similar in the populations con-
sidered. However, it should be noted that
apparent similarities in disease frequency
may also result from differences in diag-
nostic methodology. In many earlier stud-
ies, authors relied on only one or two diag-
nostic criteria, such as visual assessment
of alveolar bone resorption, the presence
of dental calculus (Glen, 1976), or CEJ-
AC measurements alone (Kozubkiewicz
& Trachtenberg, 1960). As a result, their
estimates may be overstated. Only studies
of the populations from Brze$¢ Kujawski
(Karkus, 2018) and Radom (Tomczyk
et al., 2018) applied methods comparable
to those used in the present research. For
this reason, comparisons were limited to
these two Polish populations.

Analysis of data from the chronolog-
ically similar populations of Brzes¢ Ku-
jawski and Radom (16™-17% centuries)
suggests that the proportion of teeth affect-
ed by periodontal disease in the Dabrowki
population was relatively low (28%).
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Table 5. Prevalence of periodontitis in historical populations from Poland

Period Site Individuals References
15th.18% Brzes$¢ Kujawski 48/61 (79%) Kozubiewicz & Trachtemberg 1960
14th.17t% Brzes¢ Kujawski 37/48 (77%) Karkus 2018
15t-18th Cracow 68/108 (63%) Glen 1976
16%-18% Wroctaw 18/30 (60%) Kwiatkowska & Nowakowski 2011
1417t Radom 57/80 (71%) Tomczyk et al. 2018
18th-19th Radom 93/126 (74%) Tomczyk et al. 2018
16%-17% Dabrowki 18/24 (75%) presented publication

In Brze$¢ Kujawski, pathological chang-
es were identified in 41% of examined
teeth (Karkus, 2018), while in the popu-
lation of Radom, dated to the late Middle
Ages and early modern period (14%-17®
centuries), periodontal disease was diag-
nosed in 44% of teeth (Tomczyk et al.,
2018). The observed differences between
the Dabréwki population and the groups
from Brze$¢ Kujawski and Radom may
be related to differences in socio-eco-
nomic status. The population examined
in the present study derives from a rural
context, whereas the populations from
Brze$¢ Kujawski and Radom were asso-
ciated with urban centres. Comparative
studies indicate that during the late Mid-
dle Ages and early modern period, urban
populations generally exhibited poor-
er oral health, which has been linked,
among other factors, to diets richer in
highly processed carbohydrates (e.g.,
Slaus et al., 1997; Tomezyk et al., 2018).
These factors may therefore help explain
the higher incidence of periodontal dis-
ease observed in the urban populations.
At the current stage of research, no in-
dependent data are available to confirm
the quality or composition of the diet
in the Dgbréowki population, as analyses
of the material are still ongoing. By con-
trast, detailed studies conducted at the
Radom site, including isotopic, archae-

ozoological, and archaeobotanical analy-
ses, confirm the proposed pattern, name-
ly that urban populations had poorer
diets and a higher proportion of individu-
als affected by diseases of the masticatory
system (Tomczyk et al., 2018; 2020).

Of course, it should be remembered
that periodontitis is a multifactorial dis-
ease (e.g., Muro et al., 2026). Its develop-
ment may be influenced by behavioural
factors (lifestyle), nutritional factors, or
metabolic disorders (such as diabetes or
insulin resistance). However, the interpre-
tation of results based on bone (archaeo-
logical) material is always limited to those
elements that can be verified by scientific
evidence. Therefore, when looking for the
causes of periodontal disease in historical
populations, the most common factors
pointed to are diet quality and the socio-
economic status of the population studied.

The results obtained for the Dabrowki
population also reveal a clear contrast
between males and females in the prev-
alence of periodontitis. Contemporary
studies consistently show that perio-
dontal disease is more common in men
than in women (e.g., Ioannidou, 2017;
Stanescu et al., 2020), and similar pat-
terns have been documented in historical
populations (e.g., Karkus, 2018; Novak,
2015; Raitapuro-Murray et al.,, 2014).
Sex is considered a potential risk factor,
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as the composition of the oral microbi-
ome differs between women and men,
and sex hormone levels — particularly
male androgens — may influence the de-
velopment and progression of periodontal
disease (e.g., Del Pinto et al., 2024; Mas-
carenhas et al., 2003). Clinical studies
further indicate that oestrogen slows the
production of inflammatory cytokines,
such as interleukin-1f and tumour ne-
crosis factor-a, which are responsible
for bone resorption during periodontal
inflammation. As a result, women tend
to produce fewer cytokines in response
to infection. Progesterone also plays an
important role in the formation of peri-
odontal ligaments and the maintenance
of bone mass (e.g., Ahmed et al., 2010).
These biological mechanisms may help
explain the lower incidence of periodon-
tal disease observed among women.
Dietary factors may also have con-
tributed to sex-related differences in
disease prevalence. Research by Reitse-
ma et al. (2010) indicates that males in
historical populations more frequently
consumed meat products. Diets rich in
protein are thought to promote dental
calculus accumulation (Hillson, 1979),
as increased protein intake leads to el-
evated blood urea levels. Oral bacteria
metabolise urea into ammonia, result-
ing in increased oral alkalinity (Lieverse,
1999) and, consequently, greater calculus
formation. These processes may provide
an additional explanation for the signifi-
cantly higher prevalence of periodontitis
observed among males from Dabréwki.
When discussing periodontal disease,
the relationship between age and disease
severity must also be considered. Peri-
odontitis develops gradually, with its
effects accumulating over time (e.g., Be-
natti et al., 2009; Flemmig, 1999). In the
Dabréwki population, a clear progression

was observed between successive age
groups (9% versus 44%). In the oldest age
group, however, the prevalence of disease
decreased to 39%. This phenomenon has
been described in previous studies and
is likely related to tooth loss in individ-
uals affected by the most advanced stag-
es of periodontitis (DeWitte & Bekvalac,
2011). With increasing age, changes in
immune function may further exacer-
bate chronic inflammation and contrib-
ute to declining oral health (Lopez et al.,
2017; Preshaw et al., 2012). Notably, dis-
ease progression appeared to occur more
rapidly in males. In the 26-35-year age
group, 40% of males were diagnosed with
moderate periodontitis and 32% with ad-
vanced disease, whereas among females
of the same age, 33% exhibited moderate
disease and 20% advanced disease.

In odontological research, the use of
multiple diagnostic criteria is essential.
For many years, CEJ-AC measurement
was the primary method for assessing
periodontitis in skeletal material (e.g.,
DeWitte, 2012; Kozubkiewicz & Trach-
tenberg, 1960; Raitapuro-Murray et al.,
2014). It is now recognised, however,
that this criterion alone is insufficient-
ly reliable and may lead to misdiagnosis
(e.g. Tomczyk et al., 2017). Recent stud-
ies (e.g., Muro et al., 2026) suggest that
macromorphological bone defects provide
a more robust indicator of periodontal
disease. For example, research conduct-
ed on a forensic collection from Yucatin
demonstrated that bone changes were
present in 94.8% of individuals, whereas
CEJ values exceeded diagnostic thresh-
olds in only 55.8% (Muro et al., 2026).
Reliance solely on CEJ measurements
would therefore result in substantial un-
derestimation of disease prevalence. Al-
though CEJ values correlate with disease
severity, several authors emphasise that
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this measure should be used as a support-
ive tool rather than as a primary diagnos-
tic criterion (Muro et al., 2026; Tomczyk
et al,, 2017). In the Dabréwki popula-
tion, the progressive increase in mean
CEJ values across disease stages (Table 4)
indicates that this measure retains com-
parative value, but it should be applied in
conjunction with the assessment of bone
defects to ensure diagnostic reliability
and a more comprehensive interpretation
of periodontal changes.

Limitations

The main limitation of the present study
is the relatively small number of individ-
uals included in the analysis. However,
as noted above, research on periodontal
disease requires not only well-preserved
alveolar bone but also the presence of op-
posing teeth, which substantially restricts
sample size in archaeological contexts.

Conclusions

Periodontal research is rarely represented
in anthropological literature, largely be-
cause of the condition of preserved skel-
etal material. Additional challenges arise
from the difficulty of accurately diagnos-
ing periodontal disease in archaeological
populations. Consequently, each contri-
bution in this area is valuable because it
can provide important insights into the
dietary practices and hygiene habits of
historical communities.

Although examinations of periodontal
disease cannot always be conducted be-
cause of the preservation state of archaeo-
logical material, they can yield informative
and meaningful results. The study of the
Dabréowki population indicates a lower
frequency of periodontitis compared with
other Polish populations from a similar

historical period, a pattern that may be
linked to the rural character of the com-
munity. Nevertheless, further research is
required to confirm this interpretation. As
discussed, the principal limitation of the
study lies in the limited number of indi-
viduals analysed; however, this constraint
is inherent to periodontal research, which
depends on the preservation of both alve-
olar bone and opposing teeth.
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