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Objectives: This study presents a dental paleopathological analysis of skeletal remains from the Middle Byzantine 
Değirmenaltı Monastery (Tuzla, Istanbul), aiming to characterise the frequency and severity of dental pathology in the 
assemblage and to interpret the findings within the documented dietary and occupational context of Byzantine monastic 
life. 
Materials and Methods: Seven dental pathology categories whose caries, alveolar abscess, dental calculus, enamel 
hypoplasia, chipping, periodontitis, and antemortem tooth loss (AMTL) were macroscopically examined in 15 individuals 
recovered from 14 burials. A total of 247 teeth were recorded, together with 38 antemortem tooth losses. Occlusal wear 
was scored on a ten-point scale. Findings were compared with published dental data from contemporaneous Byzantine and 
medieval Anatolian populations. 
Results: Caries affected 80.0% of individuals (n = 12; tooth-level prevalence 10.5%), dental calculus 73.3% (n = 11; 41.3%), 
and AMTL 60.0% (n = 9; 13.3%). Alveolar abscess was observed in 46.7% (n = 7), periodontitis in 40.0% (n = 6), enamel 
hypoplasia in 33.3% (n = 5), and chipping in 26.7% (n = 4). Occlusal wear scores ranged from 1.3 to 7.1. 
Conclusions: The dental profile reflects a carbohydrate-rich monastic diet, communal-living oral hygiene deficits, and pre-
admission childhood physiological stress. Non-masticatory wear and chipping patterns in some individuals point to craft-
related dental use, consistent with occupational differentiation reported in the postcranial skeleton of the same 
assemblage. 
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Orta Bizans Manastır Topluluğunda Diş Sağlığı ve Dental Patoloji: Değirmenaltı 
Manastırı Bulguları (Tuzla, İstanbul) 
 

Araştırma Makalesi ÖZ 
Amaç: Bu çalışma, İstanbul Tuzla’daki Orta Bizans Dönemi’ne ait Değirmenaltı Manastırı’ndan ele geçirilen iskelet 
kalıntılarına ait dental paleopatolojik bulguların sıklığını ve şiddetini karakterize etmeyi ve bu bulguları Bizans manastır 
yaşamının belgelenmiş diyet ve mesleki bağlamı çerçevesinde yorumlamayı amaçlamaktadır. 
Gereç ve Yöntemler: 14 mezardan çıkarılan 15 bireyde çürük, alveolar apse, diş taşı, mine hipoplazisi, chipping, periodontitis 
ve ölüm öncesi diş kaybı (AMTL) olmak üzere 7 dental patoloji kategorisi makroskobik olarak incelenmiştir. Toplam 247 diş 
kayıt altına alınmış, ayrıca 38 antemortem diş kaybı tespit edilmiştir. Oklüzal aşınma on puanlık bir ölçeğe göre 
derecelendirilmiştir. Bulgular, çağdaş Bizans ve Orta Çağ Anadolu topluluklarına ait yayımlanmış dental verilerle 
karşılaştırılmıştır. 
Bulgular: Çürük bireylerin %80,0’ini (n = 12; diş düzeyi prevalans %10,5), diş taşı %73,3’ünü (n = 11; %41,3) ve AMTL %60,0’ını 
(n = 9; %13,3) etkilemiştir. Alveolar apse %46,7 (n = 7), periodontitis %40,0 (n = 6), mine hipoplazisi %33,3 (n = 5) ve chipping 
%26,7 (n = 4) oranında gözlemlenmiştir. Oklüzal aşınma skorları 1,3 ile 7,1 arasında değişmektedir. 
Sonuçlar: Dental profil, karbonhidrat ağırlıklı manastır diyetini, toplu yaşam koşullarında yetersiz oral hijyeni ve manastıra 
girişten önce çocuklukta yaşanan fizyolojik stresi yansıtmaktadır. Bazı bireylerde gözlenen mastikasyon dışı aşınma ve kırılma 
örüntüleri, aynı topluluğun postkraniyal iskeletinde belgelenen mesleki farklılaşmayla tutarlı, zanaata bağlı diş kullanımına 
işaret etmektedir. 
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Introduction 

Teeth recovered from archaeological skeletal 
assemblages are among the most durable and analytically 
informative materials available to researchers. Unlike 

postcranial bone, dental enamel preserves a lifelong record 
of physiological stress, dietary composition, and oral 
hygiene practices.1 Within an osteobiographic framework, 

http://xxx.cumhuriyet.edu.tr/
http://creativecommons.org/licenses/by-nc/4.0/


Köroğlu et al. / Cumhuriyet Dental Journal, 29(3): 532-543, 2026 

533 

the systematic documentation of caries frequencies, 
calculus deposition, periodontal disease, and 
developmental anomalies such as hypoplasia allows for 
reconstruction of subsistence patterns, food production 
technologies, and cumulative health conditions in past 
populations.2 

Byzantine monastic communities offer a particularly 
well-defined interpretive context for oral pathological data. 
Monastic dietary regimens, shaped by canonical 
restrictions on meat consumption as specified in typika, 
centred on bread, legumes, vegetables, and olive oil, with 
fish permitted intermittently at coastal establishments.3 
These nutritional conditions, combined with the physical 
demands of agricultural and craft labour and communal 
living arrangements that facilitated pathogen transmission, 
would be expected to produce distinctive and internally 
differentiated patterns of oral disease. 

Değirmenaltı Monastery, located in the Tuzla district on 
the Asian side of Istanbul and corresponding to the ancient 
settlement of Akritas, represents one of the best-preserved 
Byzantine monastic complexes on that side of the city. 
Systematic excavations begun in August 2023 under the 
directorship of the Istanbul Archaeological Museums 
recovered a skeletal assemblage of 23 male individuals 
from 14 burials, spanning a broad age range from 
adolescence to late adulthood. A recent paleopathological 
study of this material documented widespread 
enthesopathies, periosteal reactions, metabolic stress 
markers, and degenerative joint disease consistent with 
institutional labour and dietary restriction.4,5 Dental 
remains were absent in 8 of the 23 individuals; the present 
study therefore analyses the dentitions of 15 individuals. 

This study pursues three objectives. The first is to 
produce a systematic, population-level characterisation of 
dental pathology in the Değirmenaltı assemblage, 
documenting the frequency and severity of caries, alveolar 
abscess, dental calculus, enamel hypoplasia, antemortem 
tooth loss, chipping, and periodontitis across the 15 
individuals. The second is to interpret these findings against 
the documented dietary and occupational framework of 
Middle Byzantine monastic life, examining the degree to 
which canonical dietary restrictions, manual labour 
regimens, and communal living conditions are reflected in 
the skeletal dental record. The third is to situate the 
Değirmenaltı dental profile within the broader comparative 
framework of Byzantine and medieval Anatolian 
bioarchaeology, providing a contextually well-defined 
reference dataset for a region where dental 
paleopathological evidence from monastic contexts 
remains limited. 

The study is explicitly complementary to a recent 
paleopathological analysis of the same assemblage,5 which 
documented widespread enthesopathies, metabolic stress 
markers, and degenerative joint disease in the postcranial 
skeleton. The dental evidence presented here constitutes 
an independent but convergent line of evidence bearing on 
the same questions of diet, health, and institutional life. 
Taken together, these data provide skeletal-level evidence 

for how Değirmenaltı Monastery, as a cenobitic institution, 
shaped the biological health of its members. 

Archaeological and Historical Context 
Değirmenaltı Monastery is located in the Tuzla district 

on the Asian side of Istanbul, within the boundaries of 
Merkez Mahallesi, block 192, parcel 1. Tuzla occupies a 
transitional position between Istanbul's urban core and the 
Kocaeli peninsula; historical sources confirm the presence 
of at least five monasteries in this area during the Byzantine 
period, among them structures dedicated to the 
Theotokos, Saint Tryphon, and Saint Demetrios.6 

A preliminary survey conducted in 1972 by specialists 
from the Istanbul Archaeological Museums identified 
marble fragments and foundation traces at the site. In 
September of that year, museum specialist Cihat Soyhan 
and Prof. Dr. Semavi Eyice carried out brief archaeological 
soundings, lasting approximately two weeks, during which 
structural remains tentatively attributed to a monastic 
church were identified. Eyice published these findings in 
1973 in Sanat Tarihi Yıllığı under the title "Tuzla 
Değirmenaltı Mevkiinde Bir Bizans Kalıntısı," establishing 
the site's first entry in the scholarly literature.7 The site was 
not subjected to any systematic excavation for roughly fifty 
years thereafter. Archaeological work resumed in August 
2023 under the directorship of the Istanbul Archaeological 
Museums, following a decision by the Istanbul Regional 
Board for the Protection of Cultural Heritage No. 5, and 
revealed a monastic complex considerably more extensive 
than the earlier soundings had suggested. 

The excavations uncovered a complex of exceptional 
scale, covering approximately 15,000 square metres and 
constituting one of the largest known Christian 
architectural complexes on the Asian side of Istanbul.4 The 
complex dates primarily to the Middle Byzantine period. 
Architectural units identified to foundation level to date 
include: a three-apsed basilica-plan church with an atrium 
and inner and outer narthexes; a single-nave refectory 
measuring 25 × 9 metres, furnished with horseshoe-plan 
stone dining tables and fresco-decorated walls; a crypt 
beneath the vault of the church narthex; a cistern; a multi-
room workshop with a kiln and collection basin; a storage 
area arranged in two rows containing nineteen pithoi; and 
a latrine niche with a ceramic pipe drainage system.4 The 
architectural finds are supported by a substantial material 
culture record spanning the 2nd to 13th centuries AD, 
including Middle Byzantine lead seals, coins, glazed 
ceramics, opus sectile floor fragments, amphorae, and iron 
tools including an axe.4 Faunal remains recovered primarily 
from the refectory and workshop areas include pig, sheep, 
cattle, red deer, dog, cat, rabbit, chicken, and tuna; cut 
marks are present on some specimens. These remains are 
currently under laboratory analysis and are expected to 
shed light on the monastery's subsistence and provisioning 
strategies.4 

Burials were identified at three locations within the site: 
in the central and southern naves of the church, in the 
atrium, and in a crypt south of the inner narthex. 
Sarcophagus graves were subsequently uncovered around 
a chapel structure. The burials in the atrium and around the 
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church follow a simple earth-cut inhumation arrangement 
oriented west–east, with heads facing west, a practice 
rooted in the belief that the resurrection will begin from the 
east.8,9 All individuals documented to date are male. The 
recovery of Middle Byzantine grave goods from burials in 
the central nave and the identification of priestly vestment 
buttons in one individual's grave, combined with the 
practice of burial within the church itself, suggest that this 
population consisted of clergy or monastic members.4 A 
secondary collective burial containing disarticulated 
skeletal remains is present in the crypt, indicating either 
deliberate relocation of earlier interments or subsequent 
disturbance of the grave. The skeletal assemblage analysed 
in this study derives from the simple earth-cut and chapel-
area sarcophagus burials; the crypt remains are the subject 
of ongoing investigation. 

On the basis of its size, architectural detail, location, and 
the totality of documentary and material evidence, 
Değirmenaltı Monastery is considered a strong candidate 
for one of the five historically attested Byzantine 

monasteries in Tuzla. Fieldwork and archival research 
aimed at establishing the foundation of the monastery 
more precisely are continuing.4 

Materials and Methods 

Skeletal Sample 
The dental remains examined in this study derive from 

15 of the 23 individuals recovered from 14 burials at 
Değirmenaltı Monastery (Table 1). Dental remains were 
absent in the remaining 8 individuals (Figure 3). Sex was 
determined as male for all individuals on the basis of 
standard morphological criteria applied to pelvic and 
cranial structures.10-12 Age-at-death estimation followed a 
multi-criteria approach incorporating pubic symphysis 
morphology, auricular surface morphology, cranial suture 
fusion, and dental wear.12-14 The sample spans a broad 
demographic range, from a post-adolescent individual 
estimated at 16–17 years to individuals in late adulthood 
(50+). 

 

 

Figure 1. A Simple earthen grave belonging to the individual exhumed from grave no. 3 at the Değirmenaltı 
Monastery. 

Table 1. Age and sex of individuals included in dental analysis 
Grave no Sex Age range 

M-1 Male 22-24 (Young adult) 

M-2 Male 27-32 (Young adult) 

M-3 Male 35-45 (Middle adult) 

M-4 Male 16-17 (Post-juvenile) 

M-5 Male 20-35 (Young adult) 

M-6/1 Male Adult 

M-6/2 Male 35-45 (Middle adult) 

M-6/3 Male 20-23 (Young adult) 

M-7 Male 35-45 (Middle adult) 

M-8 Male 50+ (Old adult) 

M-10 Male 25-35 (Young adult) 

M-11 Male 45+ (Old adult) 

M-12 Male 30-50 (Mid.-old adult) 

M-13 Male 35-45 (Middle adult) 

M-14 Male 18-30 (Young adult) 
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Dental Protocol 
All teeth and jaws were examined macroscopically. For 

each tooth, presence or absence was recorded 
(distinguishing antemortem tooth loss, postmortem loss, and 
congenital absence), along with pathological status. Seven 
pathological categories were documented. Caries were 
graded on the seven-point scale defined by Hillson15 and 
Smith.16 Alveolar abscess was recorded as present or absent 
and graded on a two-point scale reflecting size (1 = small, 
well-defined margins; 2 = large with perforation). Dental 
calculus was scored on a three-point scale (light, moderate, 
heavy) following Scott and Turner.17 Enamel hypoplasia was 
recorded as present or absent on a per-tooth basis. Chipping 
was recorded as present or absent following Turner and 
Cadien.18 Periodontitis was graded on a two-point scale 
reflecting the degree of alveolar resorption. Antemortem 
tooth loss (AMTL) was distinguished from postmortem loss 
on the basis of alveolar resorption patterns. 

Occlusal wear was scored according to the ten-point scale 
developed by Smith,16 in which 1 represents minimal wear on 
the enamel surface and 10 represents advanced attrition 
with complete loss of the crown. Scoring was applied to all 
observable teeth, including incisors, canines, premolars, and 
molars; a mean wear score was calculated for each individual 
by averaging the scores of all observable teeth. Tooth-level 
data were compiled to generate pathological profiles at the 
individual level and frequency tables at the population level. 
Frequencies are reported as proportions of affected 
individuals (n=15) and, where relevant, as proportions of 
observable teeth. 

Comparative Framework 
Dental data from the Değirmenaltı individuals were 

compared against published dental data from 
contemporaneous Byzantine and medieval Anatolian 
populations. Comparisons were made at the level of caries 
rates, AMTL frequencies, and calculus deposition patterns. 

Ethical Statement 
The skeletal assemblage examined in this study was 

recovered during systematic archaeological excavations 

conducted under the authority of the Istanbul Regional 
Board for the Protection of Cultural and Natural Heritage 
No. 5 and under the operational supervision of the 
Istanbul Archaeological Museums Directorate. All 
permissions required for the examination, 
documentation, and scientific analysis of human skeletal 
remains were obtained from the Istanbul Archaeological 
Museums. As the material consists of archaeologically 
recovered human remains retrieved through a legally 
authorised excavation, no additional ethical approval was 
required. 

Results 

Sample Overview 
A total of 247 teeth were identified across the 15 

individuals examined. An additional 38 antemortem tooth 
losses (AMTL) were recorded. Tooth count per individual 
ranged from 6 (M-6/1) to 30 (M-14). Individual- and tooth-
level pathology frequencies are presented together in 
Table 4. Complete pathological matrices at the individual 
level are given in Table 2; population-level pathology 
frequencies are provided in Table 3. 

The highest individual-level prevalence was recorded 
for caries: 12 individuals were affected (80.0%), with a 
tooth-level prevalence of 10.5% (26/247). Dental calculus 
was the second most common condition, observed in 11 
individuals (73.3%), with a tooth-level prevalence of 
41.3% (102/247). Antemortem tooth loss was identified in 
9 individuals (60.0%), with a tooth-level prevalence of 
13.3% (38/285). Alveolar abscess was present in 7 
individuals (46.7%) and at the tooth level in 7.3% of teeth 
(18/247). Periodontitis was recorded in 6 individuals 
(40.0%), with a tooth-level prevalence of 36.8% (91/247). 
Enamel hypoplasia was identified in 5 individuals (33.3%) 
and in 8.9% of teeth (22/247). Dental chipping was 
observed in 4 individuals (26.7%) and in 5.7% of teeth 
(14/247). 

Occlusal wear scores are available for 12 individuals, 
ranging from 1.3 (M-4) to 7.1 (M-8), indicating substantial 
variation in dental attrition within the assemblage. 

 
Table 2. Individual-level dental pathology matrix for the Değirmenaltı monastic assemblage (n = 15) 

Individual Present teeth Caries Abscess Calculus Hypoplasia Chipping Periodontitis AMTL Mean wear 

M-1 13 ● ● ● ● ○ ○ 1 4.8 

M-2 24 ● ○ ● ○ ○ ○ — 3.7 

M-3 14 ● ● ● ○ ○ ○ 3 4.7 

M-4 26 ○ ○ ● ● ○ ○ — 1.3 

M-5 13 ● ● ● ● ● ○ — 2.7 

M-6/1 6 ● ● ○ ○ ○ ○ 9 5.8 

M-6/2 8 ● ● ● ○ ○ ● 3 — 

M-6/3 18 ● ● ● ● ● ● 2 3.1 

M-7 28 ● ○ ● ○ ● ● — 3.5 

M-8 21 ● ● ● ○ ● ○ — 7.1 

M-10 23 ● ○ ● ○ ○ ○ 1 2.7 

M-11 26 ○ ○ ○ ○ ○ ● 1 5.7 

M-12 8 ● ○ ○ ● ○ ● 9 — 

M-13 9 ○ ○ ○ ○ ○ ○ 9 — 

M-14 30 ● ○ ● ○ ○ ● — 1.7 

● = present; ○ = absent; AMTL = antemortem tooth loss; — = data unavailable. 
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Table 3. Population-level dental pathology frequencies (n = 15 individuals) 
Dental pathology Affected individuals Frequency (%) Affected teeth Individuals 

Caries 12 80.0 26 M-1, 2, 3, 5, 6/1, 6/2, 6/3, 7, 8, 10, 12, 14 
Alveolar abscess 7 46.7 18 M-1, 3, 5, 6/1, 6/2, 6/3, 8 
Dental calculus 11 73.3 102 M-1, 2, 3, 4, 5, 6/2, 6/3, 7, 8, 10, 14 
Enamel hypoplasia 5 33.3 22 M-1, 4, 5, 6/3, 12 
Chipping 4 26.7 14 M-5, 6/3, 7, 8 
Periodontitis 6 40.0 91 M-6/2, 6/3, 7, 11, 12, 14 
Antemortem tooth loss 9 60.0 38 M-1, 3, 6/1, 6/2, 6/3, 10, 11, 12, 13 

 
Table 4. Individual- and tooth-level prevalence of dental pathologies at Değirmenaltı Monastery (n = 15 individuals; 247 
observable teeth) 

Dental pathology Affected individuals 
(n/15) 

Frequency 
(%) 

Affected teeth 
(n) 

Denominator 
(teeth) 

Teeth-level prevalence 
(%) 

Caries 12/15 80.0 26 247 10.5 

Alveolar abscess 7/15 46.7 18 247 7.3 

Dental calculus 11/15 73.3 102 247 41.3 

Enamel hypoplasia 5/15 33.3 22 247 8.9 

Dental chipping 4/15 26.7 14 247 5.7 

Periodontitis 6/15 40.0 91 247 36.8 

Antemortem tooth loss (AMTL) 9/15 60.0 38 285* 13.3 
*AMTL denominator: observable teeth (247) + antemortem losses (38) = 285. 
Note: Individual prevalence is the proportion of individuals with at least one lesion relative to the total number of individuals. Tooth-level prevalence 
is the proportion of affected teeth relative to the number of observable teeth.

 
Caries 

Caries were identified in 12 of the 15 individuals examined 
(80.0%), with a total of 26 affected teeth. Lesions were 
concentrated predominantly in the mandible, particularly 
on first and second molars. Premolar caries were observed 
in three individuals (M-3, M-6/1, and M-8), while anterior 
teeth were rarely affected. Among anterior teeth, only M-
12 presented with caries, a grade 5 lesion on the maxillary 
right canine. Severe caries (grades 5–7) were recorded in 
four individuals (M-1, M-3, M-5, and M-8) (Figure 4). 

Alveolar Abscess 
Alveolar abscess was observed in 7 individuals (46.7%), 

with 18 affected alveoli in total. Most abscesses were 
classified as grade 2, indicating advanced periapical 
involvement. In the majority of cases, abscesses were 
associated with severe carious destruction. In M-3, grade 2 

abscesses were present on the mandibular first molars, 
directly corresponding to grade 7 caries lesions on the same 
teeth. Similarly, M-8 presented with a grade 2 abscess 
associated with severe destruction of the maxillary right 
second premolar (Figure 5). 

Isolated abscesses without associated caries were also 
recorded. In M-6/1, despite the absence of recorded caries, 
grade 2 abscesses affected the maxillary right canine and 
the mandibular left first premolar. In M-6/2, bilateral 
abscesses were present on the mandibular first molars with 
no observable caries. 

Abscess distribution was generally more prevalent in 
the mandible, although maxillary involvement 
predominated in M-6/3 and M-8. M-3 had the highest 
abscess score in the assemblage, with four teeth affected 
across both jaws. 

 

 

Figure 2. Grade 5 caries on the maxillary right PM2 of M-8, with wear on adjacent teeth. 
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Figure 3. Alveolar abscess observed in the mandible of M-8. 

 
Dental Calculus 
Dental calculus was identified in 11 individuals (73.3%), 

affecting a total of 102 teeth — the highest tooth-level 
frequency among all pathological categories recorded. 
Calculus deposits were concentrated on the lingual surfaces 
of mandibular anterior teeth and premolars. Deposition 
was particularly marked in several individuals. M-7 

presented with widespread grade 3 calculus across both 
jaws, while M-6/3 showed bilateral posterior involvement 
extending from the third molar to the canine on both sides 
of the mandible (Figure 6). M-6/2 displayed maxillary 
calculus concentrated in the premolar and canine region. In 
individuals with periodontitis, calculus accumulation was 
generally observed on the same or adjacent teeth. 

 

 

Figure 4.  Calculus on the labial surface of the right mandibular dental arcade of M-6/3 (scale 1 cm). 

 
Enamel Hypoplasia 
Enamel hypoplasia was identified in 5 individuals 

(33.3%), affecting 22 teeth across the assemblage. Although 
hypoplasia was present in both jaws, mandibular teeth 
were more frequently affected in most individuals. Among 
tooth types, canines showed the highest involvement, with 

four individuals affected (M-4, M-5, M-6/3, and M-12) 
(Figure 7). In M-6/3, hypoplasia was recorded on a total of 
eight maxillary teeth. By contrast, M-12 presented with a 
single hypoplastic mandibular canine characterised by 
pronounced horizontal linear defects and brownish 
discolouration. 

 

 

Figure 5. Hypoplasia on the mandibular right PM2 and M2 of M-5 (scale 1 cm). 
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Dental Chipping 
Chipping was identified in 4 individuals (26.7%), with a 

total of 14 affected teeth (Figure 8). In M-5 and M-6/3, chips 
were concentrated predominantly on mandibular anterior 
and premolar teeth. M-7 showed a mainly posterior 
distribution, with bilateral involvement of maxillary 

premolars and molars in addition to the mandibular first 
molars. The most extensive chipping was observed in M-8, 
where chips affected the majority of observable teeth in 
both jaws. This individual also displayed marked directional 
wear, with lingual attrition on maxillary teeth and labial 
attrition on mandibular teeth. 

 

 

Figure 6. Chipping and dental calculus on the maxillary right anterior teeth of M-6/2, with periodontitis visible in the 
alveolar region (scale 1 cm). 

 
Periodontitis 
Periodontitis was identified in 6 individuals (40.0%), 

affecting 91 teeth in total. The majority of lesions were 
classified as grade 2, representing moderate to advanced 
alveolar bone resorption. M-7 was the most severely 
affected individual in the assemblage, with resorption 
recorded on 24 teeth across both jaws. Grade 2 resorption 
affecting 19 and 17 teeth was recorded in M-14 and M-6/3 
respectively. In M-6/2, resorption was concentrated 
primarily in the maxillary premolar and canine region. In 
four individuals (M-6/2, M-6/3, M-7, and M-14), heavy 
calculus deposits were co-located on the same or adjacent 
teeth as periodontitis lesions. M-11 and M-12, however, 
presented with alveolar resorption despite the absence of 
observable calculus. 

Antemortem Tooth Loss 
Antemortem tooth loss was identified in 9 individuals 

(60.0%), with a total of 38 teeth classified as antemortem 
losses. Lost teeth were concentrated predominantly in the 
posterior mandible, particularly first and second molars. 

The highest counts were recorded in M-6/1, M-12, and M-
13, each with nine antemortem losses. In M-1, M-3, M-6/1, 
and M-6/3, antemortem tooth loss co-occurred with severe 
caries or abscess formation (Figure 9). In M-11 and M-12, 
tooth loss appeared to be associated with widespread 
alveolar bone resorption. M-13 presented with advanced 
tooth loss despite the absence of observable caries or 
periodontitis lesions. 

Dental Wear 
Occlusal wear was recorded in 12 individuals. Mean 

wear scores ranged from 1.3 in M-4 to 7.1 in M-8. M-8 
showed pronounced directional attrition, with lingual wear 
on maxillary teeth and labial wear on mandibular teeth 
(Figure 4). M-1, M-3, and M-6/3 displayed a predominantly 
posterior wear pattern, concentrated on mandibular 
molars. M-2 and M-7, by contrast, showed a more evenly 
distributed pattern across the dental arcade. The lowest 
wear scores were recorded in M-4 and M-14, both of which 
retain relatively complete dentitions and present 
comparatively limited pathological involvement overall. 

 

 

Figure 7. Antemortem tooth loss and alveolar resorption in the mandible of M-6/1 (scale 1 cm). 
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Discussion 

General Oral Health Profile of the Değirmenaltı 
Monastery Community 

The dental findings from the Değirmenaltı monastic 
assemblage reveal a pathological profile marked by high 
frequencies of caries, dental calculus, and antemortem 
tooth loss, alongside moderate rates of periodontitis and 
alveolar abscess. Taken together, these patterns indicate 
that chronic oral disease was a routine feature of daily life 
within this community. 

Among all pathological categories, caries showed the 
highest individual-level prevalence at 80.0%. The 
concentration of lesions on mandibular molars strongly 
suggests a carbohydrate-rich dietary regime in which sticky 
and fermentable foodstuffs predominated. This 
distribution reflects the prolonged retention of 
carbohydrate residues in occlusal fissures and molar 
interproximal surfaces, a pattern widely reported for 
archaeological agricultural populations.1,2 In a Byzantine 
monastic context, such a caries distribution is most 
plausibly linked to the bread-, legume-, and vegetable-
centred regimen prescribed by monastic typika.3,19 

Calculus prevalence was high at 73.3%, with notably 
denser deposition in the mandibular anterior region — a 
distribution common in archaeological populations due to 
proximity to the salivary glands.20 That said, widespread 
grade 3 deposits affecting both jaws were recorded in more 
than one individual, pointing to prolonged plaque 
mineralisation and insufficient oral hygiene. Calculus 
accumulation is not in itself a direct dietary indicator, but 
epidemiological data compiled by Roberts and 
Manchester21 show that populations subsisting on soft, 
carbohydrate-rich diets experience reduced mechanical 
abrasion, which facilitates plaque persistence and 
mineralisation. 

The co-occurrence of heavy calculus and periodontitis in 
multiple individuals supports a progressive inflammatory 
pathway linking plaque accumulation to alveolar bone 
resorption. This was particularly clear in four individuals (M-
6/2, M-6/3, M-7, and M-14), where severe calculus deposits 
and advanced periodontal resorption were observed within 
the same anatomical regions. Clinically, chronic 
periodontitis is characterised by progressive inflammation 
driven by plaque accumulation on gingival tissues; in its 
early stages the disease is typically painless and often 
produces no clinical signs until late.21 Left untreated, 
alveolar bone support diminishes progressively and 
eventually results in tooth loss.2 

Caries, Abscess, and Antemortem Tooth Loss 
The pathological relationship between caries, abscess 

formation, and antemortem tooth loss represents one of 
the most consistent patterns in the assemblage. This triad 
is most pronounced in the mandibular molars, in keeping 
with broader bioarchaeological observations that posterior 
teeth carry the highest cariogenic load in pre-modern 
agricultural populations, due both to their morphology and 
masticatory function.2 

The relationship is particularly evident in M-3 and M-1, 
where grade 7 molar destruction coincides with large 
alveolar abscesses and loss of adjacent teeth. These 
individuals almost certainly experienced prolonged chronic 
pain, recurrent infection, and masticatory dysfunction 
during their lifetimes. Periapical abscesses typically arise 
from untreated deep caries: when pulp tissue becomes 
infected, it produces a granuloma or cyst in the bone 
surrounding the apical foramen, detectable radiologically.21 
A systematic classificatory framework covering these 
pathological processes was developed by Dias and Tayles.22 

Not all abscesses, however, were associated with 
observable caries lesions. In M-6/1 and M-6/2, isolated 
abscesses were recorded without coronal destruction. In 
these individuals, severe periodontal disease and 
widespread calculus accumulation suggest an alternative 
aetiological pathway involving chronic gingival 
inflammation, root surface exposure, and secondary 
bacterial infection. This distinction carries interpretive 
weight: it argues against reducing oral pathology in this 
assemblage to a single diet-based mechanism, and instead 
points to multiple interacting processes contributing to 
dental breakdown. 

Widespread AMTL observed in several individuals adds 
further complexity. In two individuals (M-11 and M-12), 
tooth loss appears more closely linked to periodontal bone 
resorption than to severe caries. One individual (M-13) 
presents an instructive case: nine antemortem tooth losses 
despite the absence of prominent active pathological 
lesions in the remaining dentition, a pattern most 
consistently explained by age-related senile alveolar 
atrophy. 

Childhood Stress and Developmental Delays 
The enamel hypoplasia findings provide substantial 

evidence of physiological stress experienced during 
childhood, prior to entry into the monastic community. 
Hypoplasia was identified in five individuals (33.3%), 
affecting 22 teeth, with defects concentrated primarily on 
canines and premolars — teeth whose crowns form during 
early and middle childhood. Enamel hypoplasia is a well-
established bioarchaeological indicator of systemic 
physiological stress, encompassing nutritional deficiency, 
febrile illness episodes, or a combination of both.23,24 
Disruptions to enamel secretion impair ameloblast activity 
and produce hypoplastic defects whose typology and 
location serve as a tool for establishing the timing of stress 
episodes.25 

Under Byzantine monastic regulations, formal 
admission to a monastery typically occurred at around ten 
years of age or later, making it clear that the hypoplastic 
defects observed in this assemblage predate monastic 
life.26 For this reason, hypoplasia must be interpreted not 
as a process linked to monastic conditions but as a pre-
existing biological burden that individuals carried with them 
on entry. 

The distribution of hypoplasia in some individuals 
reflects not a single stress episode but recurrent periods of 
physiological disruption. In M-6/3, defects affecting 
multiple teeth formed across an extended developmental 
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period, pointing to prolonged nutritional deficiency or 
repeated infectious episodes during childhood, two factors 
considered mutually reinforcing in the bioarchaeological 
literature.2 The sequential adjacent mandibular defects in 
M-4 are more consistent with sustained systemic stress 
than with a discrete short-term event. This variation across 
individuals supports the view that at least a portion of the 
Değirmenaltı community arrived at the monastery from 
backgrounds marked by physiological hardship, potentially 
encompassing childhood undernutrition, infectious disease 
burden, seasonal food insecurity, or metabolic disruption 
associated with weaning.24 

Occupational Dental Use and Non-Masticatory 
Behaviours 

The chipping and wear patterns observed in several 
individuals indicate that teeth were used for functional 
purposes beyond mastication. The clearest evidence for 
occupational dental use comes from M-8, where 
widespread chipping co-occurs with pronounced 
directional attrition — lingual on the maxillary dentition 
and labial on the mandibular teeth. In the bioarchaeological 
literature, comparable wear markers have been associated 
with fibre processing, hide preparation, cord production, 
and related craft activities in which the anterior dentition 
functioned as a gripping or pulling device.18,27 Sinew-
processing practices documented in Greenlandic Eskimo 
populations and lingual surface attrition on maxillary 
anterior teeth in Brazilian archaic samples provide 
ethnographic and archaeological support for this 
association between directional anterior wear and craft 
activity.28,29 A similar pattern was documented in the 12th-
century Anatolian population from Nysa, where maxillary 
and mandibular dentitions show wear consistent with 
occupations involving fibre or cord-like materials.30,31 

The chipping distribution in two individuals (M-5 and M-
6/3) is consistent with intermittent anterior loading 
behaviour, while the predominantly posterior chipping in 
M-7 is more compatible with repeated forceful mastication 
or heavy occlusal stress related to craft use. The systematic 
comparative study by Turner and Cadien18 across Aleut, 
Eskimo, and Native North American dentitions 
demonstrated that tooth damage patterns correlate closely 
with subsistence activity and intensive extra-masticatory 
dental use. The Değirmenaltı data extend this framework to 
a monastic context. 

These observations are consistent with historical 
models that characterise Byzantine monasteries as 
economically productive institutions in which craft 
production formed part of daily life. They also align with the 
findings of the paleopathological study of the same 
assemblage, in which craft-specific skeletal changes at 
upper extremity cortical and humeral insertion sites, 
together with lower extremity enthesopathy profiles, point 
to two distinct occupational subgroups.5 

Dental Wear and Dietary Abrasion 
The overall wear profile from the assemblage, with 

individual scores reaching a maximum of 7.1 in M-8, is 

consistent with long-term consumption of mechanically 
abrasive foods. Posterior molar attrition of this magnitude 
is a common feature of medieval populations.1 The 
presence of stone-grinding equipment at Değirmenaltı 
Monastery raises the possibility that extrinsic grit particles 
contaminating food accelerated dental wear. A comparable 
process has been documented for ancient Egyptian bread, 
where grinding stone contamination is known to have 
accelerated enamel and dentine loss, particularly in the 
molar dentition responsible for primary grinding.1,32 
Siliceous plant phytolith content similarly increases 
abrasive wear.33 Studies from the Nile Valley have 
documented that attrition caused by grinding stone dust 
contributed to pulp exposure, periodontal disease, and 
tooth loss, and a similar sequence may apply to the 
Değirmenaltı assemblage.34 

Wear intensity also varied considerably across 
individuals. M-4 and M-14 showed comparatively limited 
attrition, which may reflect younger age at death or shorter 
cumulative exposure to abrasive dietary conditions. The co-
occurrence of heavy wear, chipping, and limited caries 
involvement in certain individuals indicates that dental 
attrition and cariogenic processes did not advance 
simultaneously across the assemblage. This reflects both 
the caries-attrition competition documented extensively in 
the bioarchaeological literature35 and the more complex 
relationship between caries susceptibility and rapidly worn 
enamel surfaces that varies between individuals, 
particularly in older adults. 

Inferences about Byzantine Monastic Life and 
Differences between Contemporary Societies 

Situating the Değirmenaltı findings within the 
comparative bioarchaeological literature requires explicit 
attention to methodological differences in how prevalence 
is calculated. In this study, frequencies are reported at both 
the individual and tooth levels (Table 4). Because the 
comparative literature largely presents tooth-level data, 
cross-population comparisons are conducted on that basis 
(Table 5). Individual-level prevalence values represent a 
separate analytical dimension addressing the distribution 
of pathology within the assemblage and are not used for 
direct comparison. 

The combination of a carbohydrate-rich diet, high 
calculus deposition, and limited oral hygiene conditions 
produces a pattern interpretable within the broader 
framework of medieval monastic life. Comparative studies 
of dental pathology in Late Roman and early medieval 
Italian populations show that high caries and AMTL rates 
are a common feature of environments characterised by 
cereal production and institutionalised dietary regimens.47 
The caries rate and AMTL frequency at Değirmenaltı fit 
within this picture and are consistent with the broader 
observation that dietary regimens high in carbohydrate 
load but deficient in oral hygiene systematically 
compromised dental health in early medieval institutional 
communities across the Mediterranean basin. 
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Table 5. Tooth-level dental pathology prevalences at Değirmenaltı Monastery compared with selected Byzantine and 
medieval Anatolian populations 

Population Period Caries 
(tooth %) 

Abscess 
(tooth %) 

Dental Calculus 
(tooth %) 

AMTL 
(tooth %) 

Değirmenaltı Monastery (this study) Middle Byzantine 10.5 7.3 41.3 13.3 

Kayalıpınar Hellenistic-Early Byzantine 11.71 5.06 64.80 7.87 

Dara Late Roman 13.63 3.71 68.32 7.15 

Sardis Late Roman-Early Byzantine 8.66 7.26 50.52 16.04 

Kirazlıdere Early Byzantine 7.80 9.21 67.37 35.23 

Smyrna Agora Byzantine 4.46 1.63 16.96 7.61 

Alanya Kalesi Byzantine 12.60 2.30 29.60 2.80 

Iasos Byzantine 5.38 2.10 50.80 13.87 

İznik Late Byzantine 10.88 3.93 59.28 7.00 

Büyük Saray-Eski C. Late Byzantine 9.60 5.10 57.20 12.00 

Van Dilkaya Medieval 8.86 3.79 37.63 23.15 

Van Kalesi Medieval 11.75 1.72 47.00 18.28 
Note: All values are tooth-level prevalences (affected teeth / observable teeth × 100). Comparison is restricted to studies employing a shared tooth-
level methodology. Individual prevalence values (Table 4) should not be directly compared with this table. Data sources: Kayalıpınar36; Dara37; Sardis38; 
Kirazlıdere39; Smyrna Agora40; Alanya Kalesi41; Iasos42; İznik43; Büyük Saray-Eski Cezaevi44; Van Dilkaya45; Van Kalesi.46 

 
The tooth-level caries prevalence of 10.5% falls in the 

mid-to-high range of the comparative sample, close to 
values recorded at Kayalıpınar (11.71%), Alanya Kalesi 
(12.60%), and Dara (13.63%) (Table 5). The high individual-
level prevalence (80.0%) should be read as analytically 
independent from this figure: it indicates that cariogenic 
exposure was distributed broadly across the community 
rather than concentrated in particular individuals, 
pointing to a systematic institutional exposure pattern. 
This is consistent with what one would expect from an 
institutional framework in which typika provisions 
imposed the same carbohydrate-heavy dietary regimen 
on all members over the long term. 

The tooth-level calculus prevalence of 41.3% places 
Değirmenaltı in the middle of the comparative sample, 
above populations such as Smyrna Agora (16.96%) and 
below Kayalıpınar (64.80%) and Dara (68.32%). The raw 
frequency, however, does not fully convey the severity of 
the condition. The widespread grade 3 deposits in M-7 
and the bilateral posterior involvement in M-6/3 point to 
prolonged plaque mineralisation and inadequate oral 
hygiene. The co-occurrence of heavy calculus and 
advanced periodontal resorption in the same anatomical 
regions in four individuals (M-6/2, M-6/3, M-7, and M-14) 
supports a progressive inflammatory process linking 
plaque accumulation to alveolar bone destruction. 

The AMTL tooth-level prevalence of 13.3% falls in the 
upper range of the comparative sample, exceeded only by 
Kirazlıdere (35.23%) and Sardis (16.04%), and 
substantially above Kayalıpınar (7.87%) and Smyrna Agora 
(7.61%). The predominance of mandibular molars among 
lost teeth is consistent with the broader bioarchaeological 
literature on agricultural populations.2 The nine 
antemortem losses in M-13 in the absence of observable 
caries or periodontitis lesions reflect a separate age-
related contribution from senile alveolar atrophy. 

The abscess tooth-level prevalence of 7.3% is 
comparable to Sardis (7.26%) and Kirazlıdere (9.21%), 
placing Değirmenaltı above most populations in the 
comparative sample. The abscess pattern also warrants 
aetiological consideration. The isolated abscesses 

recorded in M-6/1 and M-6/2 without coronal destruction 
point to a periodontal infection pathway, demonstrating 
that oral morbidity in this assemblage cannot be reduced 
to a single aetiological mechanism. 

Because periodontal disease scoring systems vary 
considerably across studies, the Değirmenaltı data (36.8% 
at the tooth level) are better evaluated in terms of severity 
and anatomical distribution than ranked by frequency. 
Unlike assemblages such as Kayalıpınar where calculus 
deposits are largely mild, the overlap of grade 3 deposits 
and advanced alveolar resorption in the same dentitions 
at Değirmenaltı points to a stronger association between 
calculus accumulation and periodontal destruction. 

The enamel hypoplasia tooth-level prevalence of 8.9% 
places Değirmenaltı in the lower portion of the 
comparative sample, well below high-prevalence 
assemblages such as Komana (65%)48 and Çiçekdağı 
(22.64%),49 and close to Kayalıpınar (7.87%). 
Inconsistencies in reporting conventions across these 
studies require methodological caution. The analytical 
significance of the Değirmenaltı hypoplasia findings lies 
not in the frequency but in the chronological 
interpretation: defects are concentrated on canines and 
premolars, corresponding to a developmental window in 
early and middle childhood. These defects formed years 
before monastic admission and constitute a skeletal 
record of biological stress from the individuals' prior lives, 
not from institutional conditions. 

Taken together, the Değirmenaltı tooth-level profile 
falls in the mid-to-high range for caries and AMTL, and in 
the middle range for calculus. The high individual-level 
prevalence across all categories reflects the systematic 
exposure produced by the homogeneous dietary and 
living conditions imposed by the institutional framework. 
Comparative studies of Late Roman and early medieval 
Italian populations have documented similar caries and 
AMTL patterns in environments dominated by grain-
based institutionalised diets.47 When integrated with the 
postcranial skeletal evidence from the same assemblage,5 
two independent studies converge on the same 
conclusion: Değirmenaltı Monastery should be 
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understood not only as a site of spiritual practice but as an 
institutionally productive structure whose physical 
demands registered as long-term biological stress in the 
skeletal and dental tissues of its members. 

Conclusions 

The dental findings from Değirmenaltı Monastery offer 
a contextually well-defined contribution to the 
bioarchaeological literature on institutional communities 
of the Middle Byzantine period. The high caries 
prevalence observed in the majority of individuals, 
combined with widespread calculus deposition, advanced 
antemortem tooth loss, and chronic periodontal 
destruction, reflects the cumulative burden of a 
carbohydrate-heavy dietary regimen, communal living 
conditions, and inadequate oral hygiene over the long 
term. Enamel hypoplasia defects concentrated on canines 
and premolars formed before monastic admission, 
demonstrating that affected individuals entered the 
institution carrying a pre-existing biological disadvantage. 
Non-masticatory wear and chipping patterns in some 
individuals extend the interpretation beyond diet, 
pointing to craft-related dental use consistent with the 
occupational differentiation documented in postcranial 
skeletal data from the same assemblage. 

Within the comparative framework, Değirmenaltı falls 
in the mid-to-high range among Byzantine and medieval 
Anatolian populations for tooth-level caries and 
antemortem tooth loss. The more telling finding is the 
high individual-level prevalence across all pathological 
categories, which can be read as an institutional reflection 
of the homogeneous dietary conditions and shared 
environmental exposures imposed by typika regulations 
— and which aligns consistently with the enthesopathies 
and degenerative changes reported in the postcranial 
analysis of the same sample. 

This study presents one of the few dental 
paleopathological datasets from a reliably identified 
Middle Byzantine monastic context in the Istanbul region, 
and the first to be integrated with concurrent postcranial 
bioarchaeological data from the same assemblage. Future 
isotopic and dental microwear analyses will allow direct 
testing of the dietary interpretations proposed here and 
may clarify whether the marked variation in wear scores 
across individuals reflects occupational division of labour, 
intra-community dietary differences, or length of 
monastic residence. Given that Byzantine monastic 
bioarchaeology in the eastern Mediterranean remains 
well behind the potential indicated by documentary 
sources, Değirmenaltı will serve as a comparative 
reference dataset for future work from similar 
institutional contexts. 

Limitations 

Several methodological limitations should be 
considered when evaluating this study. The small sample 
size (n=15) requires that population-level interpretations 
be treated with appropriate caution. Preservation 
conditions and differential tooth survival may have 

affected observable pathology rates in some individuals; 
in particular, the reduced number of assessable teeth in 
individuals with extensive antemortem tooth loss may 
cause the true pathological burden to be underestimated. 

The inconsistent reporting of individual- versus tooth-
level prevalence values across the comparative literature 
partially constrains inter-population comparisons, which 
should therefore be interpreted with methodological 
care. Finally, while the inferences regarding diet and 
physiological stress are supported by archaeological and 
historical data, isotopic analysis and dental microfossil 
examination were not conducted as part of this study. 
Future biochemical work will provide more direct tests of 
the dietary and childhood stress interpretations proposed 
here. 
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