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1. Introduction

The Neolithic package first emerged in Anatolia and the Aegean (ca. 8000 cal BC) before
it spread through Western Europe and Central Europe (Hofmanova et al., 2016; Olalde,
2018; Price, 2000; Whittle, 1996). In Belgium, the Neolithic way of life arrived around
5300 cal BC, with migrating farmer-herders that settled in relatively small regions of Middle
Belgium (Crombé et al., 2015; Crombé & Robinson, 2014; Crombé & Vanmontfort, 2007;
van Berg & Hauzeur, 2001). The Neolithic gradually expanded over the entire region of
current Belgium through further colonisation and contact and exchange with local hunter-
gatherers (Crombé, 2010; Messiaen et al., 2018; Teetaert, 2020).

Archaeological and anthropological remains have been recovered from more than 200
karst caves in the Belgian Meuse basin (Toussaint & Pirson, 2007). About a dozen of the
caves were used by Mesolithic hunter-gatherers, and more than 120 caves functioned as
funerary places for Neolithic agro-pastoralists (Toussaint, 2007). Most cave depositions
are dated to the Late (2" half 4"-millennium cal BC) and Final (3™-millennium cal BC)
Neolithic, but many are known from the Middle Neolithic (ca. 4300-3700 cal BC) as well
(Toussaint, 2007). Most Neolithic funerary caves contain commingled human remains
of five to 15 individuals, although several reached remarkably high minimum numbers of
individuals (MNI), including Bois Madame in Burnot (57 individuals, Dumbruch, 2003),
Sclaigneaux, near Sclayn (58 individuals, De Paepe & Polet, 2007), and Caverne de la Cave
in Maurenne (56 individuals, Vanderveken, 1997). The human remains from cave deposits
are the main source of information about early agro-pastoralist in the Belgian Meuse Basin.
However, their commingled and fragmented state limits the possibilities of osteological
and dental anthropological analyses.

Thousands of human teeth were found in the Neolithic caves of the Belgium Meuse
basin. Recent studies of the human teeth from the Neolithic caves in Belgium include the
analysis of molar morphology and dental microwear in the populations from the large sites
Bois Madame, Sclaigneaux, and Caverne de la Cave (De Paepe & Polet, 2007; Sherrill &
Williams, 2019; Williams et al., 2018; Williams & George, 2021; Williams & Polet, 2017).
However, no recent detailed studies of stress markers and oral health, or anthropological
studies of complete dental samples, are available in the literature. The study of dental
wear, calculus, caries, and enamel defects can shed light on childhood stress (Armelagos
et al., 2009; Orellana-Gonzalez et al., 2020; Steckel, 2005), subsistence practices and
diet (Bertilsson et al., 2022; Formicola, 1987; Lieverse et al., 2007; Nicklisch et al., 2016,
2022; Smith, 1984) and oral health (Clark et al., 2020; Pilloud & Fancher, 2019; Willis &
Oxenham, 2013). This study is part of an ongoing project, which combines molecular
archaeological-, osteological-, and dental anthropological analyses to gain insights into the
life histories and lifeways of the Neolithic people of Belgium (van Hattum et al., under
review, van Hattum et al., in prep.).

1.1. Grotte de la Faucille

The archaeological site Grotte de la Faucille is a karstic cave in the valley of the Fond des
Vaux in the Province of Namur in Belgium (Fig. 1). Based on a series of new radiocarbon

1 TTOT/ T *9D21101s1yaD.d 9DION

86L-6L1



lJ. van Hattum, J. D. Irish & I. De Groote

180

Fig. 1 — Map of Belgium with
the location of Grotte de la
Faucille in the Meuse Basin.

dates on human bone, it appears that the site was in use over a period of 239 and 432
years (2 sigma), with a mean start and end date of 2865 and 2485 cal BC, respectively
(De Groote et al., 2022). Despite the small area (less than two cubic meters) thus far
excavated inside the cave, the human remains from the site are already one of the largest
Neolithic skeletal assemblages recently excavated in Belgium (De Groote et al., 2019, De
Groote et al., 2022).

1.2. Oral health

Information about oral health can help answer research questions about subsistence,
dietary practices, and general health in populations. This study records four conditions to
assess oral health: dental wear, calculus, caries, and periodontal disease. Dental wear is
not a pathological condition but is associated with oral health, as severe wear can impact
mastication, may cause pain, and can lead to periodontal disease.

1.2.1. Calculus

Calculus is a mineralised dental plaque that accumulates on tooth surfaces. During life,
calculus is covered with a film of bacterial plaque, which facilitates periodontal disease
and its associated bone responses (Hillson, 1996; Roberts & Manchester, 2007). Calculus
occurs most often (and severe) on the lingual part of anterior teeth and the buccal
surfaces of molars (Hillson, 1996). Calculus attached to the dental enamel is called supra-
gingival calculus. It starts at the cervical area of the crown and can progress upward and
outward into a thick layer that covers the crown or can accumulate between adjacent
teeth. Calculus can also form on tooth roots. This form is referred to as sub-gingival
calculus.

1.2.2. Dental caries

Caries are the most common form of dental pathology. They can affect dental enamel,
dentine, and dental cementum, and involve progressive decalcification of these tissues.
Caries are caused by bacteria in dental plaque, which convert carbohydrates and sugars
in food and drink into acids to slowly destroy the dental tissues (Hillson, 1996). The
frequency and severity of caries are related to different factors, including diet, dental
shape, and oral hygiene (Powell, 1985: 317).
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Carious lesions are often found in tooth crown fissures but can occur on all surfaces,
including the root (Hillson, 1996). In enamel, they start as a microscopic smooth white
or brown spot, progressing into a spot visible to the naked eye that may develop into a
cavity. Carious lesions can also form in the cementum of a tooth root when exposed
by periodontal disease. They can form shallow lesions that spread sideways along the
circumference of the root and can rapidly penetrate the dentine. When carious lesions
progress and remain untreated, they can lead to severe decay, the destruction of entire
teeth, infectious dental disease, and antemortem tooth loss (Hillson, 1996).

Compared to canines and incisors, premolars and molars are more prone to caries due
to their morphologically complex crowns. Due to this variation in susceptibility, it is
important to take tooth type into account when prevalence rates between populations
are compared.

1.2.3. Periodontal disease and antemortem tooth loss

Periodontal disease refers to the chronic inflammation of the soft tissues and maxillary or
mandibular bone supporting the teeth. It starts as an inflammation of the gums (gingivitis),
which may progress to the alveolar bone. The inflammation leads to gradual bone resorption,
loss of periodontal ligaments, and subsequent tooth loss. Only infection of the alveolar
bone (periodontitis) can be recognised in archaeological human remains. The aetiology is
multifactorial, but accumulating dental plaque and calculus are known to be primary factors
(Roberts & Manchester, 2007). Besides oral hygiene, other important factors that may
contribute to the development of periodontal disease are genetics, the immune system, diet,
and progressing age (Cochran, 2008; Roberts & Manchester, 2007). When progressed,
periodontal disease or severe attrition expose a pulp cavity, and the tooth is prone to
bacterial infection. Abscesses may then form in the surrounding alveolar bone due to the
accumulation of pus in the tooth’s pulp cavity (Roberts & Manchester, 2007).

1.3. Wear patterns

Dental wear is related to subsistence and provides direct evidence for masticatory
behaviour (Smith, 1984). Examining the rate, pattern and angle of wear can help assess
past diet and food procurement strategies (Hillson, 2014). Over time tooth crowns are
worn down by the abrasive properties of food, chewing and the associated tooth-on-
tooth contact. Teeth move slightly when used, which leads to tooth-to-tooth attrition
and wear at the medial and distal surfaces of adjacent teeth (Scott & Turner, 1988). Most
archaeological populations show severe dental wear relative to our modern-day standards.

Studies have revealed that farming populations generally have different patterns of molar
use wear than hunter-gatherer groups (Smith, 1984; Walker et al., 1991). Different
rates of wear in buccal and lingual cusps result in different angles in the occlusal planes
of molars. Agriculturists show more oblique wear planes, while hunter-gatherers are
characterised by flatter planes (Smith, 1984). Smith (1984) related the increased wear of
the occlusal surface to changes in subsistence and food procurement. The diet associated
with agricultural subsistence comprises less tough and less fibrous foods but contains
dietary grit from grinding stones, which results in steeper wear planes (Smith, 1984).
Watson (2008) also provided evidence that the rate and angle of the wear may reflect
changes in food-processing techniques.

1.4. Enamel hypoplasia

Enamel hypoplasia is a disturbance in enamel thickness caused by temporary upsets of
ameloblastic activity and reflects episodic disruptions of development (Goodman & Rose,
1990). There are three types of defects: furrow, pit, and plane (Hillson, 1996). The most
commonly studied defect is the furrow-type defect linear enamel hypoplasia (LEH). LEH
is a non-specific stress marker which can be caused by disease, periods of malnutrition,
famine, and temporary metabolic disturbance during tooth formation (Hillson, 2014).
Among bioarchaeologists, it is considered a reliable marker of growth disruption and is a
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common non-specific stress indicator to study general health in past populations (Hillson,
1996). Many studies have looked at the changes in the prevalence of LEH related to
subsistence change and diet (Roberts & Manchester, 2007).

LEH is characterised by bands of reduced enamel thickness disrupting the smooth enamel
surface of the crown, following the incremental growth lines on the crown (perikymata).
Several bands can form above one another on the same tooth at irregular intervals. LEH
can occur on both deciduous and permanent teeth but is most prevalent on the latter. It
occurs most often on the labial surfaces of the anterior dentition but can be found on the
cervical areas of posterior teeth (Hillson, 1996). These defects have been studied more
and are better understood than pit- and plane-type defects.

2. Materials

For this study, an inventory was made of all (permanent and deciduous) dental elements,
maxillae and mandibles thus far recovered from Grotte de la Faucille. This study entails
the dental anthropological analysis of 229 teeth, two fragmented maxillae and five partial
mandibles recovered during the initial survey in 1999 and excavation seasons in 2016, 2017,
2020, and 2022.

Because of the high number of isolated teeth and commingled state of the remains, data
were documented using a count per tooth or alveolar socket rather than by individual.
Of the teeth still in their alveolar bone, only erupted teeth are included in the analysis of
dental caries, calculus, enamel defects and dental wear. Abbreviations are used to refer
to the different permanent teeth of the dental arcades: Ul/LI = upper/lower incisor,
UC/LC = upper/lower canine, UP/LP = upper/lower premolar, and UM/LM = upper/
lower molar. The number following the abbreviation, i.e., in LP2 or UM3, indicates that
it is a second premolar or an upper third molar, respectively. The abbreviations for the
deciduous teeth are in small caps and start with the letter d. As there are no premolars
and third molars in the deciduous dentition, abbreviations are dui1, dui2, duc, dm1, dm2,
and dli1, dli2, dic, dim1, dim2.

3. Methods

3.1. Minimum number of individuals and age estimates

To establish a minimum number of individuals (MNI), tooth types and sides were identified
for isolated teeth. To avoid an underestimate of the MNI, age, unerupted dentition in
mandibles/maxillae, and antimeres (opposite tooth from the same individual) were
considered. Antimeres were matched by visual inspection and comparison of all left and
right teeth from the same dental element. Age estimations for permanent teeth were
established based on the crown and root formation stages using the London Atlas by Al
Qahtani et al. (2010). For deciduous teeth, age estimations were made on root and crown
formation stages or root resorption stages based on the system by (Moorrees et al., 1963)
and Al Qahtani et al. (2010).

All teeth, except the third molars, are fully developed by the age of 18 years (Al Qahtani
et al., 2010), making it difficult to distinguish adults from juveniles once roots have closed
apices. The apex of the third molar generally closes between the age of 21 and 23, making
it an exception; however, here, we refer to permanent teeth without fully formed roots
as ‘juvenile’ teeth.

Although tooth wear is known to progress with age, it is not possible to determine age
for isolated teeth with a closed apex, especially as wear patterns based on isolated teeth
are not reliable for ageing. This is especially the case in commingled assemblages where
tooth wear has not been associated with skeletal age due to a shortage of dentitions with
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securely associated skeletal remains for age estimations. In addition, light or moderate
wear may also be caused by an absence of contact with opposite maxillary /mandibular
teeth due to malocclusion or antemortem tooth loss (AML), but this is impossible to
assess in this assemblage.

3.2. Oral Health
3.2.1. Dental Caries

Dental caries were examined macroscopically. A lesion was identified as carious when
cavitation was clearly observable. A distinction was made between caries of the crown
(coronal caries) and root (root surface/cemento-enamel junction (CEJ) caries) (Hillson,
2001). For each lesion, the location on the crown or root was specified. Large lesions
were scored as gross caries if it was no longer possible to discern where in the tooth the
lesion originated. Collecting data per tooth or alveolar socket allowed the calculation of
caries frequency (number of teeth affected). Caries prevalence, defined as the number
of individuals in the population with caries lesions, could not be calculated due to the
commingled state of the human remains. Caries prevalence per tooth type was calculated
as the percentage of affected erupted teeth per tooth type.

3.2.2. Calculus

Calculus was examined macroscopically and recorded following the scoring system
described by Buikstra and Ubelaker (1994) with minor adjustments described below. The
presence and severity of calculus was scored per tooth on a four-point scale (O = absent,
T = trace, 1 = small amount, 2 = moderate amount, 3 = large amount, unobservable is
scored as 9), noting the location of calculus on the tooth (lingual /labial). The T was
added to the scale to document minimal amounts of calculus (i.e., small thin patches that
did not form a rim). Also, calculus can easily be detached from teeth. It must be kept in
mind that the presence or severity may be underestimated due to detachment related to
post-depositional processes. Frequency of occurrence of calculus (per tooth type and the
total dental sample), and prevalence per tooth type (percentage of teeth with calculus per
tooth type) were calculate.

3.2.3. Periodontal disease

This study applies a simplified version of a scoring system by Kerr (1988) as proposed by
Tomczyk et al., (2017). This method distinguishes four stages of alveolar reduction: no
reduction, slight reduction, moderate reduction, and considerable reduction.

To assess oral health, the absence or presence of teeth in the alveolar bone was recorded
per alveolar socket. Empty sockets were scored as either antemortem tooth loss (AML)
or post-mortem tooth loss (PML). Unerupted teeth were documented as unerupted
(UE), although this can be difficult to determine for third molars, which erupt around
20 years of age. The alveolar bone was checked for evidence of abscesses that were
identified following the criteria described by Lukacs 1989). An abscess is scored as present
if a spreading pathological process has destroyed the external bone surfaces of the jaw.

3.2.4. Wear patterns

For anterior teeth, attrition was recorded by scoring the pattern of exposed dentine,
following Smith (1984). For molars, severity was scored according to the classification
by Brothwell (1981), which provides a 17-step scale per tooth type, ranging from grade 1
to 7. This method is most frequently used in bioarchaeological studies and is recognised
as a standard method (Buikstra & Ubelaker, 1994; Hillson, 2005). Occlusal angle and
wear planes were recorded in isolated and in situ teeth following the method by Molnar
et al (1972).
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3.2.5. Enamel defects

Enamel defects were studied macroscopically, either with or without the aid of a 10x
magnifying glass. A distinction was made between defects confirmed under magnification
and those visible without magnification, regardless of the angle of light. The teeth were
examined for the following enamel defects: linear enamel hypoplasia (LEH), linear vertical
grooves, linear horizontal pits, nonlinear arrays of pits, and single pits.

In the case of LEH, the number of lines was recorded and assigned to the following
sections, which each represent one-third of the crown height: occlusal, middle, or CEJ, as
advised by Kacki (2016).

4. Results and discussion

4.1. The recovered deciduous and permanent teeth

Of the 229 human teeth, 199 were found in isolation, 24 were in alveolar sockets of five
fragmented mandibular bodies, while only six teeth remained in situ in two fragmented maxillae.

Of the total sample, 47 are deciduous and 182 are permanent, of which 51 are identified
as ‘juvenile’ teeth. Based on the developmental stages of the root or crown, 23 unerupted
teeth could be identified amongst the juvenile sample. The juvenile dental sample also
includes three right third molars from individuals of 15 to 20 years old (yo) and may
represent individuals of adult age at death. Thus, at least 95 of 229 teeth (41 % of the
sample) came from juveniles.

Tab. 1 and Tab. 2 present an overview of deciduous and permanent teeth, specifying the
recovered number per tooth type and side. For the permanent dentition, the number of

Left Right
Element n left nAc nJuv n UD n right n Ac nJuv n UD total MNI
ul1 8 8 - - 8 7 1 - 16 9
ul2 9 8 1 - 4 2 2 - 13 10
ucC 6 5 1 - 7 7 - - 13 7
UP1 4 4 - - 4 4 - - 8 4
UP2 7 6 1 - 4 2 - 2 1 7
UM1 1 1 - - 2 1 1 - 3 2
UM2 1 1 - - 2 2 - - 3 2
UM3 7 3 3 1 4 1 2 1 1 7
L1 1 5 5 1 5 1 3 1 16 "
LI2 8 2 2 4 5 2 2 1 13 8
LC 8 4 2 2 9 4 3 2 17
LP1 6 3 2 1 7 3 3 1 13
LP2 12 8 4 - 4 3 1 - 16 12
LM1 3 3 - 7 2 4 1 10 7
LM2 4 3 1 - 5 4 1 - 9
LM3 3 2 1 - 3 1 1 1 6 3
Total 178

Tab. 1 — The number of teeth per dental element and MNI calculated based

on the number of teeth per dental element in the sample of Grotte de la Faucille.
Ac stands for fully formed teeth with a complete root apex.

Juv stands for juvenile teeth.

UD stands for undeterminable teeth.
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recovered ‘juvenile’ versus fully formed teeth and teeth

from adult maxillae or mandibles is reported. Teeth Element n left n right n totel
that could not be assigned to an age category due to a duit 2 3 5
damaged root are reported as undeterminable (UD) in dui2 2 6 8
the table. Due to extreme wear, it was not possible to duc 3 2 5
side the roots of two permanent upper central incisors dum1 3 1 4
and one lower molar. One juvenile lower molar could dum2 1 1 5
not be identified as a second or third due to the
absence of a root. These four teeth are excluded from dit 0 2 2
table 1 and the calculation of the MNI. dLi2 2 2 4

dLc 6 2 8
4.2. Minimum number of juveniles and age categories dim1 1 2 3

dim2 1 5 6
The five mandible fragments belonged to four 47
individuals, one adult and three juveniles (two + 6-7
years, one + 4-6 years). One maxilla belonged to Tab. 2 - Deciduous teeth per element,
a child of + 5-7 years of age at death. The second specified per side, in the deciduous
maxilla was that of an individual at least of 12 years dental sample from Grotte de la Faucille.

old at death. Based on the light wear of all teeth in
this maxilla (right upper central and lateral incisors,
canine, and first premolar), it seems plausible that this
individual was an adolescent or young adult.

The total ‘juvenile’ dental sample (including the maxilla and mandibles) represents at least
13 individuals; two children of + 2 yo, one of + 1-3 yo, one + 4-6 yo, two of £ 5 to 6 yo,
two £ 6 to 7 yo, three juveniles of 8- 10 yo, at least one subadult 10-13 yo, and one of
* 13-15 years old at the age of death. Two ‘juvenile’ upper third molars (left) belonged to
individuals 15-20 years old. As these two may have been adults, they are excluded from
the minimum number of juveniles.

4.3. Total MNI

The most prominent permanent dental element in the assemblage is the left lower second
premolar (n = 12). Eight have a complete root with a closed apex, while four are ‘juvenile’
teeth. As the apex of the lower second premolar (LP2) closes between 12 and 15 years, the
complete LP2s represent eight individuals who were at least 12 years old. The actual age at
death could have been any age of adulthood. The four ‘juvenile’ LP2s could be assigned to
individuals of different ages (+ 6-9 yo, + 7-12 yo, + 8-10 yo, and one 10-12.5 yo). Two out
of eight complete left LP2s could have belonged to two juveniles (+ 12 to 15 years old) in the
sample, as no juvenile LP2s could be assigned to them. One adult individual in the sample is
represented by a mandible with AML of the left LP2. The socket of the tooth is almost fully
healed, indicating that the tooth was not lost close to death and did not have an LP2 at the
time of deposition. With one adult mandible with AML of the left LP2 and six complete LP2s
that could not be assigned to one of the 13 juveniles, the MNI of the dental sample is 20.

Skeletal elements of one neonate and an infant approximately 9-12 months old were
recovered from Grotte de la Faucille. Individuals of these ages are not represented in the
dental sample. This brings the MNI for Grotte de la Faucille up to 22.

Compared to most Neolithic multiple cave burials, which generally consist of five to 15
individuals (Polet, 2011; Toussaint et al., 2001), the MNI of Grotte de la Faucille is relatively
high. At least 13 of 20 individuals in the dental sample were juveniles, which is ~65 % of
the MNI. Percentages between 40 and 50 % have been reported for the Neolithic human
remains from caves in the Belgian Meuse basin (Toussaint et al., 2001).

4.4. Calculus

Out of the 206 erupted (permanent and deciduous) teeth in the sample, 197 teeth could
be inspected for the presence of calculus. The crowns of nine teeth were destructed by
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post-depositional processes. Calculus was observed on 101 out of 197 teeth (=51 %),
which falls within the range reported for Neolithic societies in Europe (Lillie, 1996).
Lillie (Lillie, 1996) reports percentages of affected teeth between ~47 % to 63 % for five
Neolithic populations, and ~35-36 % in Mesolithic groups from Ukraine.

It must be mentioned that in the dental sample of Grotte de la Faucille, small amounts of
calculus generally consist of a thin rim or patches of calculus at the CEJ or approximal
surfaces, while moderate amounts consist of a thicker rim of approximately a 1-2 mm
thickness. The largest amounts of calculus consist of several mm thick deposits, covering
a large part of the CEJ or crown or circling the tooth. Completely encapsulated crowns
or root surfaces do not occur in the sample. Traces of calculus were observed in ~3 %
(n=7), small amounts in ~26 % (n = 51), moderate amount in £ 15 % (n = 28), and a large
amount was observed in ~4 % (n = 8). For six teeth (=3 %), the calculus was present,
but the severity and location could not be determined due to post-depositional processes.
Fig. 2 presents the frequency of caries and its severity per tooth type (grouped by incisors,
premolars, etc.).

Calculus

BINo calculus

M Trace

M Small amount

B Moderate

M Large amount

M Severity unobservable

Fig. 2 — Number of teeth and
severity of calculus per tooth type.

o

5 10 15 20 25 30
Number of teeth

Tab. 3 reports the prevalence of calculus per tooth type. Calculus is most prevalent in the
upper canines and lower premolars, with 85 % and 81 % per tooth type, respectively. In
the upper dentition, calculus is more prevalent in the anterior teeth (incisors and canines)
than in the posterior teeth (premolars and molars), while in the lower dentition, calculus
is most prevalent in the premolars (81 %).

Calculus was observed in ~30 % (n = 14) of the deciduous teeth and is most prevalent in
the deciduous upper molars (n = 3) and lower incisors (n = 3). The observed calculus
on the deciduous teeth is small, except for one dum1. This tooth, with a moderate to
large amount of subgingival calculus, belonged to an individual of + 7-12 yo. The other
deciduous teeth with calculus belonged to at least five other juveniles: one of + 2-5 yo,
one + 7-12 yo, one + 6-11 yo, and of + 4-6 yo. The deciduous teeth generally erupt
between 10 months (the incisors) and three years of life (the canines) (Al Qahtani et al.,
2010). Thus, calculus in deciduous teeth developed over a period of at least one year
and a maximum of 10 after eruption. In the juvenile permanent dentition, calculus was
observed in only three teeth: one LP1 (£ 10-14 yo), one LP2 (+ 12 yo), and one LC
(+ 13-15 yo), all with a small amount of calculus. As the juvenile LP1 may have belonged
to a juvenile of = 6-11 represented in the deciduous dentition, the minimum number of
juveniles with calculus is seven. With a minimum of fifteen juveniles represented in the
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n total n calculus prevalence calculus % '
deciduous upper incisors 13 4 31
deciduous upper canines 5 1 20
deciduous upper molars 6 3 50
deciduous lower incisors 6 3 50
deciduous lower canines 8 1 13
deciduous lower molars 9 2 22
upper incisor 28 17 61
upper canine 13 M 85
upper premolars 16 9 56
upper molars 12 7 58
lower incisors 25 1 44
lower canines 12 7 58
lower premolars 2 7 81
lower molars 23 8 35
Total 197 101 51

Tab. 3 — Calculus prevalence (in %) per tooth type in erupted deciduous and permanent teeth.
' Calculus prevalence percent is calculated as number of teeth with calculus/
the total number of erupted teeth per tooth type (x 100).

total juvenile sample, the calculus prevalence in the juvenile individuals at Grotte de la
Faucille is 40 %. LP1 and LC generally fully erupt between the 10 and 12 years of life,
while the LP2 erupts around the age of 11. Thus, calculus formed on the juvenile teeth
over one to four years after eruption.

Calculus has a multi-causal nature and studies support its relationship to calculus and diet,
oral health, oral hygiene, and frailty (Hillson, 2008; Lukacs, 1992; Roberts & Manchester,
2007; White, 1997; Yaussy & De Witte, 2019). In a review of the literature White (1997)
states that in populations without regular oral hygiene practices, calculus is expected to
develop shortly after or within a decade after tooth eruption. Severity of calculus is in
this case expected to increase over time until the approximate age of 30 (White, 1997).
In populations with regular oral hygiene practices, calculus is not expected to occur before
adolescence and does not increase significantly with age (White, 1997). At Grotte de la
Faucille, calculus developed on the deciduous and juvenile teeth within one to ten years
after eruption. The occurrence of light calculus in the juvenile teeth and the larger amounts
of calculus in the complete permanent dentition suggest that calculus did accumulate over
time. Thus, calculus rates in the dental sample indicate that regular oral hygiene practices
were not a part of daily life for a large part of the population of Grotte de la Faucille.

Several studies have used the relationship between calculus and caries within a population
to interpret diet (Clarke, 2015; Delgado-Darias et al., 2006; Lillie, 1996). The proportion
of protein and carbohydrate rich foods are known to influence the formation of
calculus (Hillson, 1996; Lieverse, 1999). High calculus rates are associated with protein
consumption, while high caries rates are associated with carbohydrate consumption
(Hillson, 1996; Lieverse, 1999). Calculus and caries form under different conditions
(related to PH values) where calculus frequencies are high, low caries rates are expected
(Duckworth & Huntington, 2005). Calculus rates of 88 %, in the absence of caries, have
been associated with high protein, low carbohydrate diets (Delgado-Darias et al., 2006).
However, high calculus rates have been reported for many agricultural populations with
high- carbohydrate diets (Lieverse, 1999). The relationship between calculus and caries
at Grotte de la Faucille will be discussed in the caries section below. Microwear analysis of
teeth from Neolithic caves in the Meuse basin provided evidence for a mixed diet farmed
and foraged foods, rich in fibrous plants (Sherrill & Williams, 2019). The moderate
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Fig. 3 — Example of large

calculus frequency (51 %), which falls between the rates reported for hunter-gatherers
and farmers by Lillie (1996), and the generally low calculus severity at Grotte de la Faucille
correspond to these findings.

Further studies of commingled dental samples from Neolithic caves are needed to
establish whether the rate of ~50 % of the dental sample and low severity of calculus are
characteristic of the Belgian Meuse basin.

4.5. Dental caries

Caries lesions were observed in 20 (~9.7 %) of the 205 erupted
teeth in the sample. Four out of 20 caries lesions were observed
in the 47 deciduous teeth from Grotte de la Faucille: in one
deciduous canine and three (out of four) deciduous upper first
molars. The rare occurrence of caries in deciduous dentition
is in accordance with the findings from Brabant and Brabant
(1962). The most common type of lesion in the assemblage is
root surface caries (Fig. 3), followed by interproximal caries. In
total, 172 permanent and deciduous roots could be examined.
Root caries were observed in approximately ~9 % of the roots
(n = 15). In six permanent teeth, interproximal caries were
observed on the crown (=2.9 % of the total sample). The
affected teeth belonged to at least four individuals (20 % of
the MNI represented in the teeth), of whom two are juveniles
(one >12 yo and one 7-12 yo). No lesions were observed
in the occlusal surfaces of any teeth. It must be noted that
caries in the occlusal surface may become unobservable with
progressive dental wear.

root surface caries Tab. 4 presents the frequency of observed caries lesions in

at the CEJ of an upper third molar permanent teeth and caries prevalence per permanent tooth

from Grotte de la Faucille.
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type (the percentage of affected erupted teeth). Prevalence

is highest in upper premolars and lower third molars. No
lesions were observed in the first and second upper molars. As the latter teeth are
underrepresented in the sample, it cannot be concluded that these were less affected.

The caries rate of 9.7 % is a relatively high percentage compared to caries reported by
Brabant and Brabant (1962) (~5.1 %) for the total dental assemblage of twenty Neolithic
caves in the Meuse Basin. In a broader European perspective, similar caries rates as those
observed at Grotte de la Faucille were reported for several Neolithic European populations
(Karsten et al., 2015; Tomczyk et al., 2021). A similar caries frequency (9.5%), as observed
in Grotte de la Faucille, was reported by Karsten et al. (2015) for a population of the Tripolye
culture buried in Verteba Cave in Ukraine. Tomczyk et al. (2021) report caries rates of
13 % for a Late Neolithic Corded Ware Culture population and 11 % for an agricultural
population from the early Bronze age. Tomczyk et al. (2021) found in both groups, similar
patterns in the location of caries as observed in Grotte de la Faucille: caries manifested on the
CEJ surfaces and on the interproximal surfaces, while caries on the occlusal surface were
rare. Tomczyk et al. (2021) state that the percentage of teeth affected by caries and their
locations is indicative of agricultural subsistence strategies in their studied groups. Based
on the similar rates found in Grotte de la Faucille with the Polish groups, the caries rates
appear to be indicative of a carbohydrate-rich diet typical for agricultural populations. As
mentioned above, high calculus rates have been reported for many agricultural populations
with high-carbohydrate diets (Lieverse, 1999). As calculus and caries sometimes occur in the
same teeth at Grotte de la Faucille, we consider that this study is an example of such a case.

4.6. Dental wear

Dental wear was observed in 106 (~88 %) out of the identifiable 121 erupted permanent
teeth with a closed apex and observable crown. Severe wear is most prevalent in the
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Element  ntotal n caries prevalence caries %* caries type lesion location
ul1 16 1 6 Root surface Below CEJ
ul2 10 0
ucC 13 1 8 Coronal Labial side incisal edge
UP1 8 2 25 Coronal Contact surfaces
UP2 M 4 36 Root surface Below CEJ
UM1 2 0
UM2 3 0
UM3 8 2 25 Root surface Below mesial CEJ
LI 13 0 0
LI2 12 2 17 Coronal and Root surface Distal contact surface and distal CEJ
LC 13 2 15 Gross and Root surface At distal CEJ
LP1 10 0
LP2 12 2 17 Coronal Contact surfaces
LM1 M 1 10 Root surface Mesial CEJ
LM2 8 1 13 Root surface Mesial CEJ
LM3 2 33 Root surface
LM UD** 2 0 0
Total 157 20 14

Tab. 4 — Frequency and caries prevalence of caries per tooth type in erupted permanent teeth from Grotte de la Faucille.
* Caries prevalence percent is calculated as the number of teeth with caries / the total number

of erupted teeth per tooth type (x 100).

** Undetermined lower molars.

molars (Fig. 4), apart from the UM1, which may be explained by an underrepresentation of
the tooth in the sample. In 90 % of the total sample, attrition resulted in an angled occlusal
surface. Horizontal wear is most common in the lower incisors. The angled occlusal
surface and high rates of dental wear in molars are characteristic of Neolithic societies and
are associated with chewing of highly abrasive food (Smith, 1984; Toussaint, 2013; Toussaint
et al., 2001). The established high rates of severe wear in molars are in accordance with
previously established wear patterns for Neolithic Belgium (Toussaint, 2001).

Occurrence of wear stages per tooth type

90
80

70

ul ucC UP UuM1 | LC LP LM1 LM2  LM3

0
uUumM2 UM3 L

occurrence in %
8 8 35

-
o

No wear wmLight mModerate mSevere

Fig. 4 — The percentage of wear stages per tooth type, calculated as the number of teeth with of each wear stage /total
number of teeth per tooth type. First and second incisors and premolars are grouped.
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In the juvenile permanent dentition, dentine exposure was observed on the incisor of
two individuals of approximately 10-12 yo. Light wear developed over a period of at
least three years, as the incisors erupt around approximately seven to eight years of life.
No dentine exposure was observed in the erupted juvenile premolars and molars. The
premolars belonged to two juveniles of 10-14 yo, the first and second molars from two
juveniles of £ 6-7 yo, and two 4-6 yo. The third molars belonged to at least two juveniles
between the ages of 16 and 20. Light wear is not unexpected as these teeth start erupting
around these ages.

In the deciduous dentition, initial dentine exposure is observed in teeth that belonged to
two juveniles of + 2-3 yo, one + 5-6 yo, and one + 8-10 yo. Moderate dentine exposure
in deciduous teeth occurred in at least five juveniles: two £ 5-6 yo, two = 6-7, and two
+ 8-10 yo. Severe dentine exposure was observed in deciduous teeth representing at least
one *+ 8-10 yo and one 5-6 yo. Light wear developed in a period of at least one year of
eruption, moderate wear in at least four years, while heavy wear developed over at least
four to six years after tooth eruption. Studies are currently ongoing to make comparisons
between dental wear from other Neolithic and Mesolithic dental samples from the Meuse
basin. At present, it is difficult to compare wear rates to data in the literature due to the
commingled state of the remains.

4.7. Enamel defects

Enamel defects in the form of LEH were observed in 40 (of the 229) erupted or isolated
teeth (=18 % of the sample). This might be an overestimation of the prevalence of
childhood stress markers, as individuals might have been scored multiple times. Several
teeth are (two Ul1s) antimeres, and three (lateral incisor, canine, and first premolar)
come from the maxilla with permanent teeth (Fig. 5). In three teeth with LEH, nonlinear
arrays of pits and/or vertical linear grooves were also observed. The frequency of LEH
in the sample of Grotte de la Faucille is much higher than reported for other Neolithic
assemblages of the Belgian Meuse Basin (Brabant & Brabant, 1962; De Paepe & Polet,
2007; Toussaint et al., 2001). Enamel defects have been reported to be very rare in the
Neolithic populations of the Belgian Meuse basin. A study by De Paepe & Polet (2007)
reported only two occurrences of LEH in 916 permanent teeth from Sclaigneaux. It
was not reported if magnification was used for the identification of LEH in this study.
Further study of other Neolithic sites is ongoing and necessary to conclude whether the
frequencies of enamel defects in Grotte de la Faucille are an exception. Toussaint et al.
(2001) observed non-specific stress markers in the form of Harris lines in two-thirds of
tibiae from the Neolithic cave Abri du Pape. Thus, periods of stress seem to have been
more prevalent in other Neolithic cave sites.

Fig. 5 — Example of linear
enamel hypoplasia in upper
anterior teeth in a maxilla
from Grotte de la Faucille.
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In 20 teeth (=9 % of the total sample), LEH is visible regardless of light or angle of
inspection. Its presence was confirmed for the other 20 teeth by inspection under
magnification (10 x) and by running a fingernail over the crown (if the line could be felt, it
was registered as LEH). Fig. 6 reports the frequency of occurrence LEH per tooth type.

18
16

14

U2 UuC UP1 UP2 UM1 UM2 UM3 LI LP2 LM1 LM2 LM3

-

Number of teeth
> (o)) [o¢] 8

N

In most affected teeth, multiple LEH lines were observed (two lines, n = 11; three lines,
n = 14; four lines, n = 5; five lines, n=2). In eight teeth, only one LEH line was observed,
which in all cases is located on the lower third of the crown (near CEJ). The presence of
multiple LEH lines in the dentition provides evidence that the individuals lived through and
survived several periods of stress (such as illness and/or malnutrition) during childhood.
The two teeth with five LEH lines (left UC and right LP1) belonged to two juveniles
between the ages of 7-11 and 13-15 years old. Of the five teeth with four lines, one is a
juvenile tooth. Based on the moderate to heavy crown wear, it seems likely that these
individuals were of adult age.

Most LEH occurs in the middle of the crown and the CEJ of canines and incisors, which
corresponds with disrupted development between the age of + 2-5 years in upper incisors,
+ 2-4 years in lower incisors, and *+ 3-6 years of life in the canines (Hillson, 2008; Reid &
Dean, 2006). LEH was only observed twice in the occlusal third of the left UC and right LP1
with five lines, which is probably an underestimate because this part of the crown is often
worn down or polished over time by contact with the tongue or lips. However, six out of
eight unworn juvenile teeth with LEH do not have LEH in the occlusal third of the crown.
All teeth with LEH have at least one line in the lower third of the crown. Thus, in this dental
sample, LEH frequencies and the prevalence per tooth type are unlikely to be underestimated
due to dental wear. The LEH in the above-mentioned UC and LP1 occur from the tip to
the CEJ, corresponding to the period of + 1.5-5.5 and * 4-6 years of life (Hillson, 2008;
Reid & Dean, 2006). Based on the LEH in the total dental sample, the age at onset of LEH
is between 2 and 3 yo at Grotte de la Faucille. This is similar to the average ages at onset
reported by Ash et al. (2016) for five LBK populations across central Europe. The age at the
onset of LEH corresponds with the average age of weaning in these Neolithic groups (Ash
et al., 2016). Similarly, age at onset at Grotte de la Faucille corresponds with stable isotope
evidence for weaning around the age of 2 in Belgian Neolithic populations (Bocherens et al.,
2007). Weaning might be a stressful time during infancy as the digestive and immune systems
need to adjust to the transition from the optimally nutritious mother’s milk to solid foods
and possible associated contaminants (Dabrowski et al., 2020; Goodman et al., 1991, and
references therein). A Stable isotopic study of Grotte de la Faucille is ongoing and may provide
direct evidence for the timing of weaning practices (van Hattum et al., in prep.).

s teeth with LEH
mteeth without LEH

Fig. 6 — Number of
teeth with LEH
per tooth type.
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4.8. Periodontal disease

With the underrepresentation of adult mandibles and maxillae in the sample, it was not
possible to assess the frequency or prevalence of periodontal disease in the population
from Grotte de la Faucille. The maxilla with permanent dentition did not show any signs
of periodontal disease. However, periodontitis does occur in the adult mandible, which
represents one out of nine in the sample (Fig. 7 described below). The part of the alveolar
process above the chin was damaged by post-depositional processes, and the associated
teeth (incisors, canines and left LP1) are missing. Although small portions of several of the
alveolar sockets remain, it was not possible to determine if the teeth were lost before or
after death. Also, the rami of the mandible are missing due to post-depositional damage,
including part of the alveolar socket of the right M3. The right PM1, PM2, M1 and M2 remain
in the mandible. The left PM2 and part of the root of the M1 were lost before death. The
left M2 and M3, which show heavy dental wear, are present in the mandible. The crown of
the left M1 was destructed, likely by severe dental attrition. Wear progressed onto the root
to the point that the two roots were no longer connected. The remaining root is completely
exposed and has hypercementosis
deposits on its lower half and apex.
The alveolar sockets of the M1 and
PM2 were not fully healed, but the
formation of new bone was in a
progressed stage. Periodontal disease
is the most common cause of AML.
And this mandible has several bony
changes associated with periodontal
disease, which support the diagnosis:
slight inflammatory pitting and crest
formation in the alveolar process and
slight atrophy of the alveolar bone
around the remaining premolars and
molars. The upper half of the root
of the right LP1 is exposed, and there
is hypercementosis on the lower
part of the root. Also, the teeth in
the mandible are all covered with a

Fig. 7 — Adult mandible with antemortem tooth loss of the LP2 and relatively large amount of calculus,
partial exfoliation of the M1 (root and loose right LP2 are not in the photo). which is known to be a primary factor
There is alveolar atrophy and crest formation at LM2 and LM3, in the development of periodontal
oblique wear is clearly visible. disease (Roberts & Manchester, 2007;
The loose right LP1 and root of LM1 not included in the photo. Yaussy & De Witte, 2019).

Six other cases of hypercementosis were observed in the erupted isolated dentition from
Grotte de la Faucille. Based on the number of teeth affected per tooth type (two left
Ul1, two left UM3, one left LP1, and one right UP1), hypercementosis occurred in at
least two different individuals from Grotte de la Faucille. Without inspecting the alveolar
bone in which the teeth were lodged during life, it is difficult to determine whether the
hypercementosis was a response to periodontitis or excessive force and the associated
continued eruption. However, small to large amounts of calculus were present on all six
teeth. This supports the hypothesis that these cases of hypercementosis might have been
associated with periodontitis.

5. Conclusions

With an MNI of 20 based on the teeth (22 in total), La Faucille is one of the larger recently
excavated Neolithic sites from the Belgian Meuse Basin. With at least 13 juveniles in the
dental sample (59 %), it has a high representation of subadults. In contrast to previous
studies of Neolithic cave burials in the Meuse basin, this study found evidence for relatively
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poor oral health and high frequency of childhood stress at Grotte de la Faucille. The LEH
in the dental sample provides evidence that a relatively high number of individuals lived
through one or multiple periods of stress during childhood. The age at the onset of
the stress markers correspond to the age of weaning in Neolithic Belgium. The rates of
calculus, frequency of caries and the angled wear patterns correspond with those known
from Neolithic societies across Europe and are indicative of a diet rich in carbohydrates.
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Abstract

Grotte de la Faucille is one of many collective cave burials in the Belgian Meuse Basin. This study is
an inventory and dental analysis of the = 300 human teeth recovered from the cave. The aim is to
gain further insights into oral health, childhood stress, subsistence, and diet in Neolithic Belgium.
Grotte de la Faucille is one of a few recently excavated sites and is unique in the detailed study of
its chronology. This study found high caries and enamel defect rates compared to other studies of
Neolithic teeth from Belgium. However, rates correspond with those from other Neolithic societies
in Europe. This study provides valuable new insights into the Neolithic people of Belgium from
a dental anthropological perspective and may function as a reference for future intrapopulation
studies.

Keywords: Sclayn, Grotte de La Faucille (Andenne, Prov. Namur, BE), La Faucille cave, dental
anthropology, calculus, caries, enamel hypoplasia, periodontal disease.

Résumé

La Grotte de la Faucille est 'une des nombreuses sépultures collectives en grotte du bassin de la
Meuse. Cette étude présente un inventaire et une analyse dentaire des = 300 dents humaines
découvertes dans la grotte. L’objectif est de mieux comprendre la santé bucco-dentaire, le stress
subi pendant I’enfance, la subsistance et I"alimentation dans la Belgique néolithique. La Grotte de
la Faucille est 'un des rares sites néolithiques récemment fouillés, unique par I’étude détaillée de
sa chronologie. Cette étude a révélé des taux élevés de caries et de défauts d’émail par rapport
a d’autres études sur les dents néolithiques en Belgique, taux correspondant a d’autres sociétés
néolithiques en Europe. Cette étude fournit de nouvelles informations précieuses sur la population
néolithique de Belgique du point de vue de I’anthropologie dentaire et peut servir de référence
pour de futures études intrapopulationnelles.

Mots-clefs : Sclayn, Grotte de La Faucille (Andenne, Prov. de Namur, BE), anthropologie dentaire,
tartre, caries, hypoplasie de I’émail, maladie parodontale.
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