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1 | INTRODUCTION

Abstract

The objective of this work is to evaluate temporal variation of dento-alveolar lesions
in hunter-gatherer groups who inhabited the middle course of the Negro River during
the late Holocene (ca. 3000-750 years BP) in order to discuss cultural practices and
changes in the paleodiet. Caries, dental calculus, periodontal disease, periapical
lesions, antemortem tooth loss, tooth wear, dislocation, and osteoarthrosic lesions in
the temporomandibular joint were analysed. The sample is represented by 567 teeth
and 547 alveoli, corresponding to 32 adult and subadult individuals, who were divided
into two periods for comparative purposes: pre-1000 and post-1000 BP. The results
indicate a low prevalence of oral lesions without differences between sex and age.
In the pre-1000 BP period, there is a larger frequency of antemortem tooth loss,
parafunctional wear of the anterior teeth, dental dislocations, and osteoarthrosis in
the mandibular condyles compared with the post-1000 period. This tendency
indicates that the individuals would have been exposed to greater stress in chewing.
However, the variations were not significant, so there is no clear evidence of changes
in the diet and particularly in carbohydrate and plant intake through the
late Holocene. Severe tooth wear is the main factor that caused some pathologies
(e.g., antemortem tooth loss), and limited the development of others (e.g., caries).
The results obtained here agree with other microregions from northeastern Patagonia
and differ from Humid Pampas, eastern Pampa-Patagonian transition, and lower
course of the Negro River due to differences in carbohydrate consumption in the last
ca. 1000 years BP.
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2004; Cordero, 2012; Miotti, 2012). Beyond this general pattern,
paleodiet shifts were observed during the late Holocene in different

The inland hunter-gatherers of the Patagonian region (Argentina) have microregions, which were mainly associated to environmental and
been traditionally associated with a protein-based diet obtained mainly demographic constraints, and also to technological changes (Cordero,
through big game hunting. From the final Pleistocene to the 15th cen- 2012; Gémez Otero, 2007; Martinez, 2017; Zangrando, 2009). In
tury, subsistence and economy were primarily based on the exploita- northeastern Patagonia, although significant archaeological changes
tion of guanaco (Lama guanicoe; Mengoni, 1999; Miotti & Salemme, have been proposed to occur around 1500-1000 years BP, these
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changes seem to have varied over microregions (Figure 1). For the
northern coast of the San Matias Gulf, it has been proposed predom-
inantly marine diets of high trophic level between ca. 3100 and
2200 years BP, and mixed to terrestrial diets between ca. 1500 and
420 years BP, through stable isotopes (Favier Dubois, Borella, & Tykot,
2009). Zooarchaeological studies indicated exploitation of marine
resources between 3000 and 2000 years BP, a greater increase of ter-
restrial vertebrates during ca. 2000-1000 years BP and a marked
increase in the use of major continental vertebrates after ca.
1000 years AP (Marani, 2016). In the lower valley of the Colorado
River, zooarchaeological studies indicate subsistence based on the
consumption of guanaco, deer, and rhea sp. between ca. 3000 and
1000 years BP. Then, during ca. 1000-250 years BP, subsistence trans-
formations occurred related to a process of intensification in the
exploitation of some resources (e.g., guanaco) and the diversification
in the consumption of different prey of medium and small sizes (e.g.,
fluvial and marine fish and armadillo; Stoessel & Alcaraz, 2017). Stable
isotopes in human remains confirmed this trend in the paleodiet of
hunter-gatherers (Martinez, Zangrando, & Prates, 2009). Besides, stud-
ies of oral pathologies showed the increase in the frequency of some
variables (e.g., caries and dental calculus) during the last ca. 1000 years
BP, due to a higher intake of carbohydrates from vegetables
(Flensborg, 2013).

Parallel to the Colorado River, the valley of the Negro River works
as the main fluvial corridor of North Patagonia (Figure 1). The middle
course of this basin presents an intense archaeological signal between
ca. 3000 and 400 years BP, with most of the sites characterized by the
overlapping of residential occupations and human burials in sand
dunes (Prates & Di Prado, 2013). Although human skeletons cover all
the chronological spanning (Prates & Di Prado, 2013; Serna, 2018;
Serna & Romano, 2018), there are no pre-1000 years BP-dated resi-
dential remains (e.g., fauna, charcoal, and shells). Zooarchaeological
analysis suggests that subsistence was focused on the exploitation of
terrestrial herbivores, rodents, armadillos, and freshwater mollusks
(Mange, 2019; Mange, Prates, Gonzédlez Venanzi, & Di Lorenzo,
2016; Prates et al., 2019; Prates, Di Prado, Mange, & Serna, 2010).
Nevertheless, dietary changes over time could not be evaluated

through zooarchaeological analysis because of the lack of data prior
to 1000 years BP (Mange et al., 2016; Mange, Ramos Van Raap, &
Leén, 2013; Prates, 2008).

Given this background, the bioarchaeological record is the only
empirical mean to evaluate the occurrence of diet changes in the
Negro River valley, such as those inferred for the other microregions
of northeastern Patagonia. In this paper, we propose to identify
paleodiet shifts at ca. 1500-1000 years BP in the Negro River middle
valley through the study of the oral health. Dentition and bones are
dynamic, plasticc and adaptive systems in response to
socioenvironmental pressures (see discussion in Temple & Goodman,
2014), therefore the study of oral pathology offers a useful mean to
evaluate —among others— stress events and paleodiet changes (Eshed,
Gopher, & Hershkovitz, 2006; Hillson, 1996; Mickleburgh, 2016; Pow-
ell, 1985). Caries, dental calculus, antemortem tooth loss, and dental
wear are used to infer subsistence or as a proxy for the intake of car-
bohydrates and the hardness of the food (Eshed et al., 2006; Hillson,

1996, 2001; Lanfranco & Eggers, 2010; Powell, 1985; Turner, 1979).

2 | MATERIALS AND METHODS

The analysed sample is composed of 567 teeth (524 permanent and
43 deciduous) and 547 alveoli, corresponding to 32 adult and subadult
individuals that were recovered from seven archaeological sites from
the middle course of the Negro River, assignable to the late Holocene
(ca. 3000-750 years BP; Figure 1, Table 1). All of these sites are
located in elevated sand dunes near paleochannels. As mentioned
above, human burials and remains of residential occupations (e.g., lithic
flakes and pottery) usually coexisted, which has been interpreted as
the result of the recurrent occupation of the same places through time
due to their features (e.g., proximity to resources, comfortable condi-
tions to camp, and security against flooding). Among these sites, pri-
mary burials without funerary goods are predominant (Prates & Di
Prado, 2013). All the samples were sexed and aged with standard
methods, which can be consulted in other papers (Table 1). The
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FIGURE 1 Location of the archaeological
sites analysed from the middle course of the
Negro River.
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TABLE 1 Teeth and alveoli analysed by individual from the middle course of the Negro River

Period Site Individual  **C
pre-1000 years BP Loma de los 1 2088 * 46
Muertos 2 3027 + 48
3 2718 + 47
4 R
Negro Muerto 2 1 -
2 1586 + 47
3 1637 + 48
Negro Muerto 3 1 -
2 -
3 1091 + 35
4 -
5 -
Subtotal 12 -
post-1000 years BP Pomona 1 986 + 36
La Victoria 5 1 928 + 39
2 868 + 48
Fabrega 1 -
La Toma 1 750 £ 50
2
3)
4
5
6
7
8
9
10
11
12
13
14
15
16
_*
_*
Subtotal 20 =
TOTAL 32

Sex Age Reference N teeth N alveoli
M MA Prates et al., 2010 17 28
F MA 5 11
F YA 12 14
Indet. Indet. adult 5 13
F MA Serna, 2018 15 27
F YA 26 28
F YA 15 25
M YA Prates et al., 2019 30 32
M MA 32 32
M MA 30 32
M MA 24 29
F MA 17 21
- - - 228 292
M Indet. adult Mange, 2018 5 15
F MA Prates, Luchsinger, 25 32
F YA Scabuzzo, & 7 6
Mansegosa, 2011
Indet Indet. adult Mange, 2019 8 12
M MA Flensborg, Serna, 5 14
F MA & Mange, 2018 4 16
Indet. MA 6 16
M YA 6 16
M YA 7 10
M YA & 8
F YA 4 15
Indet. YA 6 20
M Indet. adult 5 8
Indet 8+2 12 6
Indet. 8+2 19 =
Indet. 7+2 4 12
Indet 6+2 7 10
Indet. 5+13 5 -
Indet. 4+1 20 -
Indet 1+04 5 5
Indet. Indet. adult 158 34
Indet. Indet. subadult 18 =
= = - 339 255
567 547

Note. Young adult category represents the range 20-34.9 years and the middle adult category the range 35-50 years (Buikstra & Ubelaker, 1994).

Abbreviations: F, female; Indet., indeterminate; M, male; MA, middle adult; YA, young adult; *, isolated teeth and alveoli that could not be associated with

any individual.

remains are currently housed in the Division of Archaeology of the La
Plata Museum.

To assess temporal diet changes, the sample was divided into two
periods: pre-1000 years BP and post-1000 years BP. The sample of the
first period consists of 12 adult individuals of both sexes; of which,
228 teeth and 292 alveoli were analysed. In addition, articular emi-
nences of eight individuals and mandibular condyles of 10 individuals
were recorded. The second period is represented by 20 individuals
of different ages and both sexes; of which, 339 teeth and 255 alveoli
were analysed (Table 1). In this case, articular eminences of six adults
and mandibular condyles of seven adults were recorded.

The alveoli, teeth, and joint structures were analysed with a 2x/4x
binocular magnifying glass, considering the following variables: caries,
calculus, periodontal disease, periapical lesions, antemortem tooth loss
(AMTL), dental wear, dislocation, and osteoarthritic lesions. Caries

were recorded when cavities in teeth, generated by the demineraliza-
tion caused by acids during bacterial fermentation of carbohydrates,
were observed (Buikstra & Ubelaker, 1994; Hillson, 1996). The loca-
tion of the lesions was standardized as occlusal, buccal, mesial, distal,
and lingual (Hillson, 2001). The dental calculus was analysed according
to the amount of mineralized plaque on the surface of the teeth
(Brothwell, 1981): low (<1/3), moderate (1/3 to 2/3), and high (>2/3).
Periodontal disease was evaluated considering the distance
(millimetres) between the alveolar crest and the cement-enamel junc-
tion and the appearance and morphology of the buccal contour of
the alveolar margins of the posterior teeth (Ogden, 2008). In the
periapical lesions, the diameter and the features of the edge of the
cavities were analysed (Dias & Tayles, 1997). According to the viru-
lence of the inflammatory process, different outcomes may arise.

Although acute infections can cause abscess, the chronic ones are able
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to produce periapical granuloma, periodontal cyst, and periapical
abscess (Dias, Prasad, & Santos, 2007). The AMTL was recorded con-
sidering the porosity of the bone tissue and the alveolar obliteration
(Lukacs, 1989). Dental wear was measured with the scoring systems
proposed by Smith (1984, grades 1-8) and Scott (1979, grades 1-10)
for the anterior and posterior dentition, respectively. The shape and
pattern of tooth wear were standardized as flat, buccal-lingual,
linguo-buccal, mesio-distal, disto-mesial, and concave (Molnar, 1971).
The dental dislocation, which refers to the inclination of the dental
crown towards the lingual side and the apexes of the root in the buccal
direction (Clarke & Hirsch, 1991; Molnar, 2008), was recorded.

Given that some oral lesions (e.g., AMTL) and high stress in masti-
catory functions (e.g., dental wear) can generate alterations in the tem-
poromandibular joint (TMJ), degenerative lesions were analysed in the
articular eminences and mandibular condyles (Rando & Waldron,
2012). According to Rando and Waldron (2012), eburnation is consid-
ered as pathognomonic of TMJ osteoarthrosis. In the absence of
eburnation, osteoarthrosis was diagnosed when two or more of the
following lesions were identified: (a) new bone formation on joint sur-
face; (b) new bone formation on joint margins; (c) porosity on joint sur-
face; and (d) modification of joint contour. The lesions were also
classified using the ordinal scale of minimum, moderate, and florid
expression for the mandibular condyle and the joint eminence sepa-
rately (Rando & Waldron, 2012).

The lesions were evaluated at the dento-alveolar level. The fre-
quencies were obtained by dividing the total number of teeth/alveoli
affected by the total number of teeth/alveoli. The association between
their prevalence and sex/age-at-death were tested with x? test.
Regarding caries, the corrected caries rate was also calculated (Lukacs,
1995), because the sample shows a large number of AMTL. In the case
of dental wear, the analysis was performed at the individual level,
adding the scores and generating unique values for the anterior and
posterior dentition of each individual. In this case, the differences were
evaluated using the Student's t test for normal distributions and the
nonparametric Mann-Whitney U test suitable for small sample sizes
(Siegel & Castellan, 1988). The level of statistical significance was
established in a = .05, and these analyses were performed with SPSS
20 and PAST 3.21 (Hammer, Harper, & Ryan, 2001).

3 | RESULTS

The permanent teeth corresponding to adult individuals presented dif-
ferent degrees of wear, whereas deciduous or permanent teeth of sub-
adult individuals showed no wear. This variable does not indicate
temporal differences in the anterior (U = 57.5, p = .868) nor posterior
dentition (U = 61, p = .947), although a greater frequency was
observed on M1 in the pre-1000 (Figure 2). In this period, the anterior
teeth of females showed greater wear (scores 7.6-8) than males
(scores 6.2-6.5), but this difference was not observed in the post-1000
(Figure 3a). In the posterior dentition, the wear is similar in both sexes
for each period (scores 25-35, depending on the tooth), mainly affect-
ing the M1 (Figure 3b). In both periods, increasing tooth wear was
associated to the increase of age. In the anterior teeth, young adults
(YA) present scores between 5.8 and 7.4, and middle adults (MA)
scores between 7 and 7.7 (Figure 3c). The same tendency was
recorded in the posterior dentition, because the YA present scores
between 16 and 36 and MA scores between 28 and 38 (Figure 3d).

For both periods, flat wear predominates (82.5%) in the anterior
dentition of adults, followed by the bucco-lingual (17.5%). In the pos-
terior teeth, the flat wear also predominates (42.7%; Figure 4a), and
to a lesser extent, the bucco-lingual (32.3%), followed by the disto-
mesial (12.7%), and the concave (12.3%). Some anterior (n = 11) and
posterior (n = 4) teeth (N = 15; 2.65%) have different wear patterns,
characterized by the presence of parafacets and grooves (Fiorenza,
Benazzi, & Kullmer, 2011). These facets have a bucco-lingual direction
and the grooves, a lateral one (Figure 5). The highest percentage of
cases is in the pre-1000 (5.26%; 12/228); whereas the difference is
significantly lower in post-1000 (0.89%, 3/338), x> = 10.104,
p = .006. In both periods, YA and MA females (Figure 5) were more
affected than MA males.

All individuals showed post-mortem tooth loss (PMTL; 32.9%;
180/547 of the alveoli), mainly in the post-1000 period (Table 2). In
both periods, the highest percentage of PMTL corresponded to 11
(32.8%), 12 (25.5%), and C (11.9%), followed by Pm2 (8.9%), Pm1
(7.5%), M1 (5.9%), M3 (4.6%), and M2 (2.9%). That is, the anterior den-
tition showed greater PMTL (86.5%) than the posterior dentition
(13.5%). Caries, dental calculus, periapical lesions, AMTL, dislocations,
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FIGURE 2 Dental wear scores on each tooth for periods (both sexes) [Colour figure can be viewed at wileyonlinelibrary.com]
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FIGURE 3 Dental wear score by tooth according to (a,b) sex and period; (c,d) adult age category and period.
Note: F, female; M, Male; YA, young adult; MA, middle adult [Colour figure can be viewed at wileyonlinelibrary.com]

and TMJ osteoarthritic lesions were recorded in adults, whereas no
injuries have been observed in subadults. Alveolar modifications
related to periodontal disease were not observed.

Caries were recorded at 3.82% with the correction factor, whereas
the frequency of teeth with caries over the total number of teeth
analysed gave a percentage of 4.05%. For the latter frequency, similar
percentages were observed for both periods (Table 2), without statis-
tical differences (x? = 0.953, p = .62) and with a higher prevalence of
caries in YA compared with MA (Table 3). No significant differences
were observed by sex during the pre-1000 period, whereas in the
post-1000, the frequency is higher in men (Table 4). In both periods,
caries were recorded on different enamel surfaces: occlusal (n = 16;
69.6%), mesial (n = 2; 8.7%), distal (n = 1; 4.3%), labial (n = 1; 4.3%),
and lingual (n = 3; 13.1%). In pre-1000, caries were recorded in M2
(Figure 4a), whereas in post-1000, it affected 11, M2, and M3.

Dental calculus were recorded in both periods with no statistical
differences (x> = 1.49, p = .474). The amount of plaque is low, and
affected mainly males (Table 4). In pre-1000, there is no significant dif-
ference between YA and MA; but in the post-1000, formers were
more affected by calculus than MA (Table 3). In pre-1000, dental cal-
culus was observed in C, Pm1, Pm2, and M3; whereas in post-1000,
it was registered in 12, Pm1, Pm2, M2, and M3.

Periapical lesion was observed in comparable percentage in both
periods (Table 2) (x*> = 1.524, p = .466). The lesions were recorded at
similar frequencies between adult age categories (Table 3). Regarding
sex, males predominate during the pre-1000, and there are no differ-
ences in the post-1000 (Table 4). The alveoli affected in both periods
were C, Pm1, M1, and M2. All lesions are characterized as granuloma
(Figure 4b).

AMTL was recorded more frequently in the pre-1000 than in the
post-1000 period, (x* = 24.174, p < .001; Table 2). The percentages
were similar between YA and MA for both periods (Table 3). During
the pre-1000, AMTL are more frequent in females than males, with

statistically significant differences (Table 4); whereas in the post-
1000, these lesions were recorded only in males. The alveoli affected
in the pre-1000 were 11, Pm1, Pm2, M1, M2, and M3 (Figure 4c);
whereas in the post-1000, the lesions are located in the M1 and M2.

Dislocations (n = 12; 2.11%) were recorded on M1. Although the
pre-1000 period showed higher frequency (3.08%; 9/292) than the
post-1000 period (1.17%; 3/255), there are no statistical differences
(x?> = 2.304, p = .315). In the first period, YA female individuals were
more affected than MA males. In contrast, in the second period, MA
males present the majority of injuries (Tables 3 and 4).

Osteoarthrosic lesions were recorded in the mandibular condyles
corresponding to individuals from the pre-1000 period (22.2%; 2/9);
whereas no joint changes were observed in the articular eminences.
The differences were not significant between periods. Minimum
lesions characterized by porosity, new bone formation, and changes
in the joint contour were recorded in YA males and MA females.

4 | DISCUSSION

4.1 | Tooth wear and oral stress

In both periods, adult males and females present severe dental wear,
which affected the normal morphology of the dentition and could have
generated alterations in the oral health of the individuals analysed in
the middle course of the Negro River during the late Holocene. This
indicates that several processes of attrition and abrasion played an
important role in the dentition of individuals. In this sense, it is possible
that they incorporate abrasive particles in the oral cavity during daily
tasks (Jurmain, 1990), because most residential areas are located in
dunes, causing exposure of the mouth to suspended sediments; and
also during the ingestion of foods or substances processed with grind-
ing tools made on lightly cemented sandstones (Prates, 2008). Besides,
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FIGURE 4 (a) Caries on the occlusal and lingual surface in the lower
left third molar (NM3-individual 4); (b) granuloma in the left first molar
(LM-individual 1); (c) bilateral antemortem tooth loss in maxillary
premolars and molars (NM3-individual 5) [Colour figure can be viewed
at wileyonlinelibrary.com]

in the study area, there is a wide variety of fibrous and hard seeds,
pods, tubers, and roots, which could have accelerated the tooth wear
(see examples in Cane, 1989; L' Heureux, 2002). In addition, the intake
of other abrasive substances (e.g., calcium oxalate phytolith, Lalueza
Fox, Jordi, & Albert, 1996) was common in these groups because of
cooking meat and vegetables directly on the ashes (e.g., Angostura 1
site; ca. 900 years BP; Capparelli & Prates, 2015), which could also
cause tooth wear. Archaeological evidence indicates the extensive
use of pottery from ca. 1000 years BP onward (Di Prado, 2016), which
generated changes in the preparation of food and probably access to a
milder diet. However, the use of this technology did not seem to have
generated important variations in the tooth wear and oral health.

According to the wear pattern, the predominance of flat and
bucco-lingual shapes in both periods responds to normal occlusion
(Hinton, 1981). However, teeth with faceted and grooved wear, mainly
for the pre-1000 period (see Prates et al., 2010), would be linked to
the parafunctional use of the mouth (Eshed et al., 2006; Fiorenza
et al., 2011). This type of wear in male and female individuals shows
that there is no sexual pattern in extramasticatory activities. In addi-
tion, the higher prevalence in MA indicates the constant use of teeth
for functional purposes throughout life (Molnar, 1972; Wood, 1992).
This practice could also increase the wear from early age and cause
the AMTL, mainly during the pre-1000 period. Although there are no
comparative references available for studies on the parafunctional
use of the mouth in Patagonia (see other ethnographic and archaeo-
logical cases in Molnar, 1972; Kaidonis, Townsend, & Richards, 1993;
Bonfiglioli, Mariotti, Facchini, Belcastro, & Condemi, 2004; Eshed
et al., 2006; among others), the wear pattern observed in the sample
could be the result of processing both vegetable and animal fibres.
This is compatible with the recent record of phytoliths associated with
leaves and/or stems of grasses (Poaceae) in the dental calculus of
some individuals from Negro Muerto 3 site, which could indicate the
use of teeth as tools for manipulating vegetable fibres (Prates et al.,
2019).

The higher frequency of AMTL in the pre-1000 period indicates
that individuals were exposed to greater oral stress than in the post-

FIGURE 5 Antemortem tooth loss in right molars and severe tooth wear in the anterior and posterior dentition (with exposure of the pulp cavity)
of a mandible (NM3-individual 5). The arrows indicate the parafaceted wear on each tooth. The left image shows grooves in the right premolars

[Colour figure can be viewed at wileyonlinelibrary.com]
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TABLE 2 Frequency by variables analysed in each period, considering total number of teeth/alveoli affected by the total number of teeth/alveoli

PMTL Caries Dental calculus Periapical lesion AMTL Dislocation TM) osteoarthritis
Periods n % n % n % n % n % n % n %
Pre-1000 56  19.17 7 307 11 4.82 6 2.05 32 1095 9 3.08 2 222
Post-1000 124  48.62 16 471 25 7.37 2 0.78 2 0.78 3 1.17 0 0
Total 180 329 23 405 36 6.35 8 1.46 34 621 12 219 2 13.3

Abbreviations: AMTL, antemortem tooth loss; PMTL, postmortem tooth loss; TMJ, temporomandibular joint.

TABLE 3 Percentage of dento-alveolar lesions and TMJ osteoarthrosis by adult age category in each period and association between variables

Pre-1000 Post-1000

Variable YA MA Indet. X YA MA Indet. X
Caries 4.67 1.72 0 X2 =1.591; p = 451 3.03 1.2 7.38 X* = 0.024, p = .987
Dental calculus 1.87 7.75 0 X2 =4.116; p = 127 27.3 2.3 9.09 ¥2 = 9.647; p = .008*
Periapical lesion 2.34 1.98 0 X* = 0.041; p = .979 1.33 1.28 1.22 x> = 0.007; p =.996
AMTL 10.15 12.58 0 X° = 0.401; p = .818 2.6 1.05 243 x> = 0.381; p = .826
Dislocation 4.68 1.98 0 X2 = 1.618; p = 445 15 256 0 X2 =0.30; p = .861
™J 24 16.6 0 X = 0.104; p = .949 0 0 0 -

*p < .05.

TABLE 4 Percentage of dento-alveolar lesions and TMJ osteoarthrosis by sex in each period and association between variables

Pre-1000 Post-1000

Variable F M Indet X F M Indet. X

Caries 33 3.1 0 X? = 0.0187; p = .99 0 9.67 7.30 X2 =4.041,p = 132
Dental calculus 1.1 7.51 0 X2 = 4.699; p = .095 0 12.90 11.79 ¥2 = 5469; p = .064
Periapical lesion 0.8 3.26 0 X2 = 2.01; p = .3659 144 1.40 0 ¥2 =0.001; p = .999
AMTL 19.84 457 0 X* = 11.307; p < .003* 0 2.81 0 X? =1.971;p = .373
Dislocation 476 0.65 0 X2 = 4.767; p = 092 0 2.81 0 x> = 1.978;p = .375
™J 3221 14.28 0 X2 = 0.476; p = .788 0 0 0 =

*p < .05.

1000 period. Although the origin of AMTL is multifactorial (e.g., infec-
tion of the pulp cavity, caries, dental fracture, severe attrition, and
periodontal disease; Littleton & Frohlich, 1993, Nelson, Lukacs, & Yule,
1999; Lukacs, 2007), in this study case, a high wear by attrition and/or
abrasion was observed in all dental pieces, mainly in MA individuals,
which caused a reduction in tooth enamel. This process may have gen-
erated physiological responses (e.g., continuous eruption) in the organ-
ism to maintain functional dental occlusion and facial height, causing in
extreme conditions the loss of teeth (Clarke & Hirsch, 1991; Glass,
1991). In addition, the exposure of the dentin and the pulp cavity
(Figure 5) to the oral environment increases the chances of causing a
foci of alveolar infection and, therefore, to the definitive loss of the
teeth (e.g., M1; Bernal, Novellino, Gonzélez, & Perez, 2007; Ogden,
2008; Fujita et al., 2013). According to the results, individuals lost their
teeth at early ages in both periods, probably due to severe masticatory
stress. The higher frequency of AMTL in female individuals (Table 4)
could be related to greater wear than males (Figure 3a,b). However,
it is not ruled out that caries could cause AMTL (Cusina & Tiesler,

2003; Fujita et al., 2013; Jurmain, 1990; Lukacs, 2007). The latter is
congruent with the fact that the second molars of females were the
most affected by caries and AMTL.

Dental dislocation, as a physiological response to the loss of tooth
tissue by attrition and abrasion (Clarke & Hirsch, 1991), is another indi-
cator of an excessive demand in the performance of the masticatory
apparatus mainly in the pre-1000 period. The location of the lesion
in the first molars of females also supports the trend of greater stress
in this sex (Table 4). In addition, dental wear associated with disloca-
tions and AMTL in greater frequency during the pre-1000 period,
would have affected the structure of the temporomandibular joint
and contributed to the development of osteoarthrosic lesions (Lovell,
2014; Suby & Giberto, 2018; Whittaker, Davies, & Brown, 1985).

Periapical lesions are caused by an infection of the pulp cavity
because of exposure to oral bacteria through caries, attrition, or
trauma (Dias & Tayles, 1997). Here, only granulomas were observed
in teeth with severe tooth wear and signs of continuous eruption
(Figure 4b). Therefore, the exposure of blood vessels located in the
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pulp chamber to the oral environment could allow the entry of bacteria
into the organism and, consequently, cause periapical infections and
the alveolar bone loss associated with bone fenestrations (Dias et al.,
2007; Kieser, Kelsen, Love, Herbison, & Dennison, 2001). The fre-
quency of lesions observed in both periods suggests that chronic alve-
olar inflammations would not have been frequent.

4.2 | Oral pathology and the role of carbohydrates in
the diet

In the dentition, no indicators of premortem or postmortem dental
cleaning were observed, which could have biassed the caries and den-
tal calculus survey. Besides, the high percentage of PMTL, mainly in
anterior teeth, can bias the inferences. However, this work offers the
first trend regarding oral health in the middle course of the Negro
River.

The low and similar percentage of caries regardless sex and age in
both periods indicates that dental infections were not frequent
through the late Holocene. During the pre-1000 period, both sexes
were affected in similar proportions, which do not indicate differences
in access to cariogenic and carbohydrate-rich food resources. In con-
trast, the post-1000 period showed a larger prevalence in males, but
this result is probably due to a sex bias in the sample because there
are several teeth that have caries correspond to the category of inde-
terminate sex (Table 4).

The prevalence of caries obtained in this sample is low and is
within the ranges expected for the hunter-gatherer's way of life pro-
posed by Turner (1979; between 0% and 5.3%) and by Larsen (1987;
between 0% and 7.8%). In this case, the low prevalence of caries could
be related with two nonexclusive factors. On the one hand, a reduced
carbohydrate intake (Bernal et al, 2007; Bonfiglioli, Brasili, &
Belcastro, 2003; Eshed et al., 2006; Hillson, 2001; Larsen, Shavit, &
Griffin, 1991). In the study area, there is a diversity of plant and vege-
table species that offers products rich in sugars, sticky foods, and car-
bohydrates (e.g., Prosopis alba and Prosopis flexuosa; Roig, 1993). In
some cases, they present direct evidence of their consumption from
the presence of fruits of the genus Prosopis in residential areas
(Capparelli & Prates, 2015) and micro-rests of Zea mays and Prosopis
sp. in dental calculus (Prates et al., 2019). The results obtained in this
study could indicate that these resources had a reduced importance
in the human diet through the late Holocene. On the other hand, the
severe attrition and abrasive processes inferred from high dental wear,
particularly in MA (Figure 3c,d), may have contributed to the elimina-
tion of previous caries and bacterial plaques responsible for
demineralizing the enamel (Hillson, 1996; Meiklejohn, Wyman, &
Schentag, 1992). The location of the caries mainly on complex surfaces
of posterior dentition (M2/M3) that act as food traps (e.g., cusps and
grooves; Hillson, 2001, Bonfiglioli et al., 2003) shows that the bacteria
were deposited on teeth with less wear (Figure 3). Therefore, the
percentage of caries recorded here could be underestimated by the
dental wear.

The results of dental calculus indicate that through the late Holo-
cene, individuals would have had a low precipitation of minerals in

the oral fluids (i.e., saliva and gingival fluids) by the action of bacterial
microorganisms (Hillson, 2001; Nancollas & Johnsson, 1994). This
result agrees with the lack of periodontal disease, because it is usually
caused by the accumulation of subgingival plague and the conse-
quently inflammation of the gums (DeWhitte, 2012; Marsh & Martin,
2000). Besides the pH of the saliva and the general oral hygiene, the
food intake is also a contributing factor for the formation of calculus
(Lieverse, 1999). Some authors propose that dental calculus may be
mainly related to consumption of protein-rich food (e.g., fish or meat;
Lieverse, 1999; Delgado-Darias et al., 2006), whereas others indicate
that diets rich in carbohydrates may promote the formation of bacte-
rial plaque (Littleton and Frohlich, 1993; Buckley, Usai, Jakob, Radini,
& Hardy, 2014). The higher prevalence of dental calculus in the denti-
tion of YA of the post-1000 period could be related to variations in
diet and oral hygiene. However, the overall frequencies observed over
time do not indicate dietary changes in the hunter-gatherer groups.
The interpretations outlined here should be considered with caution
due to the analysis of a small sample of individuals and that presents
a significant amount of PMTL, mainly in anterior dentition. All interpre-
tations should be tested in the future with a larger sample.

4.3 | Oral health on a regional scale

The oral health indicators analysed in this paper fit well with the trends
reported for hunter-gatherer societies from other regions of southern
South America such as northeastern Patagonia, Dry Pampas, and
Humid Pampas (Figure 1; Table 5). However, in Humid Pampas, east-
ern Pampa-Patagonian transition and lower course of Negro River an
increase in the frequency of caries, dental calculus, and periodontal
disease was observed for post-1000 years BP. This was linked to an
increase in the intake of vegetable resources rich in carbohydrates
(Flensborg, 2013; L'Heureux, 2000; Menéndez, 2010) and to changes
in the ways of processing food (Menéndez, 2016). This would have
occurred in a scenario of diet diversification, including intensification
in the consumption of fruits and tubers and the introduction of pottery
technology, which implied new ways of preparing food (e.g., boiled)
from 1500 years BP (Flensborg, 2013; L'Heureux, 2000; Menéndez,
2010). In the middle course of the Negro River, even with the frequent
use of pottery (Di Prado, 2016), no changes in the frequency of caries
and dental calculus were observed during the late Holocene. Similar
trends in oral pathologies were reported for other neighbouring
regions located in steppe environments from northeastern Patagonia,
where no changes were detected over time (Bernal et al., 2007;
Gobmez Otero & Novellino, 2011). On the basis of the study of samples
from the lower course of the Negro River, San Blas, and Gama islands,
Bernal et al. (2007) proposed that the low prevalence of caries in the
last ca. 1000 years BP could be also due to the low consumption of
carbohydrates. In other words, although plant intake was always part
of the diet, its role was not probably as important as it was in other
regions.

The differences between the regions can be related to the avail-
ability of resources in the environment. In this sense, it is possible that
in the study area the plant species represented in the Monte
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TABLE 5 Percentage of oral pathologies at the dento-alveolar level in neighbouring microregions during the late Holocene

Chronology N N
Microregion YBP teeth alveoli Caries
Humid Pampas ca. 8000-400 838 1067 10.6
Dry Pampas ca. 1000-350 806 724 0
Eastern Pampa- ca. 3000-250 974 1260 4.7
Patagonia transition
Lower course ca. 3000-400 1317 2996 2.3%
Negro River
Lower course Negro ca. 3000-400 821 n/r 0.5-1.25
River-San Blas-Gama
Islands
Middle course Negro River ca. 3000-750 567 547 4.05
3.822

Periapical Dental Periodontal

lesion AMTL calculus disease References

4.8 1.4 67.37 1.6 L'Heureux, 2000

3.29 7.9 38.83 22.55 Luna & Aranda,
2014

2.6 6.6 24.2 2.1 Flensborg, 2013

2.8 24 v/n 7.9 Menéndez, 2010

v/n 6.3 v/n v/n Bernal et al., 2007

146 6.21 6.35 0 This paper

Note. All frequencies were obtained by dividing the total number of teeth/alveoli affected by the total number of teeth/alveoli.

Abbreviations: n/r, not reported; v/n, variable not analysed.

?Frequency obtained by the Caries Correction Factor (Lukacs, 1995).

phytogeographic region offer fewer products with carbohydrates (e.g.,
fruits) in comparison with the Espinal phytogeographic region where
the eastern Pampa-Patagonian transition is located (Cabrera & Willink,
1973; Roig, Roig-Juiient, & Corbalén, 2009). However, the differences
between regions can also be explained by variations in tooth wear,
which in some cases conditioned the presence of some indicators
(e.g., caries and dental calculus) (Flensborg, 2013; Gémez Otero &
Novellino, 2011; L Heureux, 2002). To explore this idea, the variation
in the degrees of tooth wear of individuals between the middle course
of the Negro River and the neighbouring eastern Pampa-Patagonian
transition was evaluated. The first region has a larger overall degree
of dental wear in both, anterior (U = 694.5, p = .006) and posterior
dentition (t = 3.360, p = .001) than the second region. In this sense,
some variations in the frequency of dental pathologies (e.g., caries) in
the study area could be conditioned by tooth wear. In sum, the results
indicate that in the middle Negro River, severe abrasive processes
occurred between ca. 3000 and 750 years BP without showing
changes, most likely due to diet abrasiveness and hard texture and
parafunctional use of dentition.

5 | CONCLUSIONS

The analysis of dento-alveolar lesions in the late Holocene samples
from the middle course of the Negro River suggests a low intake of
carbohydrate and does not show evidences of diet changes over time
in hunter-gatherers groups. Although tooth wear could have
prevented the observation of some dental features, there were no sig-
nificant changes in the alimentary habits and/or physiological adapta-
tions in human groups. Anyway, for the pre-1000 period, there is a
greater frequency of AMTL, teeth with parafunctional wear, dental dis-
locations, and osteoarthrosis in mandibular condyles, which indicates
that individuals would have been exposed to greater stress in chewing

than in the post-1000 period. These differences are probably a result

of a softer diet during later times, associated with the use of pottery
technology. If so, it would not have been sufficient to produce greater
dental infections (e.g., caries) unless these are not observable due
intense attrition and abrasive processes. In this sense, it will be neces-
sary to explore other lines of analysis (e.g., stable isotopes) to evaluate
the role of vegetables in the human diet. Finally, if subsistence changes
occurred around 1000 years BP among hunter-gatherers of the study
area, these were not as important as those occurred in neighbouring
regions such as the Humid Pampas, eastern Pampa-Patagonian transi-
tion, and lower course of Negro River.
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