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Abstract Teeth are a valuable information
source in bioarchaeology. Dental pathology
informs on diet, habits, hygiene and treatment
in the past. A churchyard necropolis in the
strategically important Valenga fortress,
of medieval origin, was excavated in 2010.
The dental pathology of 30 individuals (19
adults: seven males, seven females, five
undetermined sex) is preliminarily interpreted
in this work. Caries frequencies are moderately
high (47.3% of teeth) yet, cavitated lesions
(29.4% of teeth), ante-mortem tooth loss
(AMTL) (36.3% of alveoli) and calculus index
(Cl) (0.687) are high. Females show higher
Cl, caries and AMTL frequencies than males.
Periapical granulomas/cysts affect 25% of
adult individuals (non-adults are not affected).
Periodontitis affects 65.4% of teeth; males are
more affected than females. Mean occlusal
wear score is 3.5 (SD=1.1). Despite their young

Resumo Os dentes providenciam informa-
¢do valiosa em bioarqueologia. A patologia
dentdria informa sobre dieta, habitos, higie-
ne e tratamentos no passado. A necrépole
da Igreja de Santa Maria dos Anjos, na For-
taleza estratégica de Valenca, foi escavada
em 2010. Neste trabalho, as lesdes dentarias
de 30 individuos (19 adultos: sete masculi-
nos, sete femininos, cinco aloffsicos) sao in-
terpretadas preliminarmente. A frequéncia
de céries é moderadamente alta (47,3% dos
dentes), mas as lesdes cavitadas (29,4%), a
perda dentaria ante-mortem (PDAM) (36,3%
dos alvéolos) e o indice de tartaro (IT) (0,687)
sao elevados. Os individuos femininos apre-
sentam frequéncias de IT, céries e PDAM mais
elevadas que os masculinos. Os granulomas/
quistos periapicais afetam 25% dos adultos
(0os ndo-adultos néo sao afetados). A perio-
dontite atinge 65,4% dos dentes e os indivi-

T Unit of Archaeology, University of Minho, Edificio dos Congregados, Avenida Central, 100,4710-229 Braga,

Portugal.

2 Lab2PT — Landscape, Heritage and Territory Laboratory, University of Minho.
@ orcid.org/0000-0003-0116-9433, b orcid.org/0000-0002-9641-9118, © orcid.org/0000-0002-4582-8296,

d orcid.org/0000-0002-3725-0797

* Autor correspondente/Corresponding author: luismarado@gmail.com

Antrop. Port. 2018, vol. 35: 7-31 « https://doi.org/10.14195/2182-7982_35_1
Artigo recebido: 3 de fevereiro de 2017 — Aceite: 3 de abril de 2017/ Received: February 3¢ 2017 — Accepted: April 392017



Lufs Miguel Marado, Francisco Andrade, Belisa Pereira, Luis Fontes

age (mostly up to 7 years), non-adults show
relatively high frequencies of caries (11.0%
of teeth) and cavitated caries (2.6% of teeth).
Results suggest moderate to high fermentable
carbohydrate intake. Females likely had a
different diet than males. Oral hygiene and
treatment were inexistent or scarce. Regular
use of teeth as tools was unlikely. Early
industrialization’s influence on the diet of the
rural and peripheral border town of Valenca
was incipient.

Keywords: Dental anthropology; caries;
periodontal disease; periapical inflammation;
calculus; ante-mortem tooth loss.

Introduction

Teeth are a very valuable and dura-
ble source of information on past human
populations (Hillson, 2005; Scott, 2008).
Knowledge on phenetic, development
and health status may be acquired by
adequate research considering teeth and
bones of the masticatory system (Hillson,
2005; Scott, 2008; Silva, 2012).

Pathological issues, such as caries, peri-
odontal disease or calculus, and physi-
ological processes, such as dental wear,
can be very informative on dietary and
cultural habits, as well as on hygiene prac-

duos masculinos sao mais afetados que os
femininos. O desgaste oclusal médio é de 3,5
(DP=1,1). Apesar da idade jovem (maioritaria-
mente até 7 anos), os ndo-adultos apresen-
tam frequéncias relativamente elevadas de
caries (11,0% dos dentes) e caries cavitadas
(2,6%). Os resultados sugerem consumo mo-
derado a elevado de hidratos de carbono
fermentéveis e que os individuos femininos
teriam uma dieta diferente dos masculinos.
Habitos de higiene e tratamentos orais eram
inexistentes ou raros. O uso regular dos den-
tes como ferramenta era improvavel. A in-
fluéncia da industrializagdo inicial na dieta de
Valenca foi incipiente.

Palavras-chave: Antropologia dentéria; ca-
ries; doenca periodontal; inflamacéo periapi-
cal; tartaro; perda dentéaria ante-mortem.

tices and access to treatment (Kerr, 1988;
1991; Hillson, 2005; Molnar, 2008, 2011;
Liuetal, 2010).

Valenca is a Portuguese rural setting in
the northern border with Spain, a natural
border delimited by the Minho River. Va-
lenca’s geographical position made it stra-
tegic for the defense of the Portuguese
territory, which prompted the erection of
its medieval fortress and successive im-
provements (Fontes et al, 2013). Despite
its strategic relevance, it is a peripheral
locality.

The purpose of this paper is to in-
terpret the dental and oral health status



and occlusal wear of a small 18" and 19"
centuries Valenca sample to provide pre-
liminary information on the dietary and
hygienic habits of this population.

Sample

In 2010, 30 individuals were exhumed
from the churchyard of Santa Maria dos
Anjos church, in Valenca (Minho, Portu-
gal), within the (originally) medieval for-
tress erected near Minho River, the natural
frontier with Spain. The archaeological
excavation occurred in the context of the
Projeto de Requalificacdo Urbana do Cen-
tro Historico de Valenca (Valenga's Histori-
cal Center Urban Requalification Project)
archaeological research and impact eval-
uation of which the Unit of Archaeology
of the University of Minho is responsible
for (Fontes et al, 2013).

The 30 individuals' age was deter-
mined according to common standards
for non-adult (Stloukdl and Handkova,
1978 in Ferembach et al, 1980; Schaefer
et al, 2009; AlQahtani et al, 2010) and
adult individuals (Lovejoy et al, 1985,
adapted by Buckberry and Chamberlain,
2002; Brooks and Suchey, 1990, adapted
by Hartnett, 2010a; MacLaughlin, 1990;
Iscan and Loth, 1993, adapted by Hart-
nett, 2010b; Rissech et al,, 2006, adapted
by Calce, 2012). Sexual diagnosis was
performed on adult individuals (Giles,
1964; Ferembach et al., 1980; Buikstra and
Ubelaker, 1994; Silva, 1995; Wasterlain,
2000; Bruzek, 2002). The sample is made
up of 19 adults and 11 non-adult individu-

als. Adults are seven male and seven fe-
male individuals (as well as five individuals
of undetermined sex, of which only one
preserves teeth, maxillae and mandible).
Ages at death vary between adults (eight
individuals), young adults (six individuals),
mature adults (four individuals) and older
adult (one individual). Non-adults are ten
individuals of up to 7 years at death and
one between 9 and 12 years at death.

Ceramic fragments, coins and metal
military buttons provided relative chronol-
ogy which places this necropolis between
the 18" and 19" centuries. All individuals
are presumably of low socioeconomic
status since burial in the churchyard was
likely destined to lower class individuals
(Cruz, 2011).

Methods

Data on oral pathology was collected
by scoring all Valenca individuals for sev-
eral variables: (1) the position (occlusal,
mesial, distal, lingual and buccal; the posi-
tion of gross lesions was termed ‘crown’)
and size of caries lesions (adaptation of
Hillson, 2001); (2) ante-mortem tooth loss;
(3)periapicalinflammation(DiasandTayles,
1997; Dias et al., 2007); (4) periodontal dis-
ease (Kerr, 1988); and (5) calculus (Greene
et al, 2005). Occlusal wear was also re-
corded (Molnar, 1971, adapted by Smith,
1984).

Differences between sides of the
dentition, upper and lower teeth, and
anterior and posterior teeth were tested
using Pearson’s chi-squared (y?) test or

o)
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the Mann-Whitney U rank-sum test (for
occlusal wear only). Both statistics were
calculated with IBM SPSS Statistics (v.23).

Results
(aries

All adult individuals show at least
one caries lesion. Their permanent denti-
tion presents 47.3% teeth (n=87 of 184)
with caries lesions. Cavities are evident in
29.4% (n=54) of all permanent teeth. Up-
per teeth are significantly more affected
than lower teeth (y’=4.566; p=0.033) (Ta-
ble 1). There are no significant differences
between anterior and posterior teeth or
between the left and right dentitions (Ta-
ble 1).

Differences between female (66.7%)
and male (35.6%) individuals are highly
significant (y’=15.458; p<0.001) (Table 2).

Table 3 shows the frequencies of each
lesion type. More than 48% of all identi-
fied lesions are incipient (white/opaque
staining); cavities are mostly small or me-
dium sized.

The surfaces most affected by caries
are the interstitial spaces (mesial: 21.2%;
distal: 20.7%) (Table 4). Lingual lesions and
gross coronal caries are the rarest (lingual:
1.1%; crown: 2.7%).

The number of lesions per individual
varies between one and 28 (Figure 1).
Most individuals present either six (25.0%)
or nine (16.7%) carious lesions. The mean
is 9.7 lesions per individual. There are 15.3
permanent teeth per individual,and 7.3 of
them present at least one caries lesion per
individual.

The decidual dentition of non-adult
individuals were also scored for caries le-
sions (11.0%) and cavities (2.6%). Much
like the permanent dentition of adults,

Table 1. Caries distribution on Valenca adults'dental regions and full permanent dentition.

Dental region Affected teeth  Scored teeth % .
Upper 45 80 56.3 1’=4.566
Lower 42 104 404 p20.033
Anterior 33 79 418 x’=1687
Posterior 54 105 514 p=0.194
Left 47 9 50.0 x'=0.569
Full dentition 87 184 473 -
Full dentition 54 184 294 B

(cavities only)

Bold and underlined: p<0.05; x*=Chi-Square.



Table 2. Caries distribution on Valenca adults’ permanent dentition by sex.

Sex Affected teeth Scored teeth % e
Female 40 60 66.7 x’=15458
Male 42 118 356 p<0.oo1
Undetermined sex 5 6 833 -

Bold and underlined: p<0.05; x>=Chi-Square.

Table 3. Percentage of each type of caries lesion on Valenca adults' permanent dentition.

Type of lesion Affected Obsgrved %
surfaces lesions

Smooth white/opaque staining 26 116 224
Rough white/opaque staining 30 116 259
Small cavity 30 116 259
Medium-sized cavity 21 116 18.1
Large cavity 1 116 0.9
Gross caries 2 116 1.7
Gross caries with exposed pulp chamber 6 116 52

Table 4. Surface distribution of caries lesions on Valenga adults' permanent dentition.
Surface Affected surfaces Scored surfaces %
Occlusal 10 105 9.5
Mesial 39 184 21.2
Distal 38 184 20.7
Buccal 22 184 120
Lingual 2 184 1.1
Crown 5 184 2.7

upper teeth are significantly more often
affected by caries than their lower coun-
terparts (y’=4.120; p=0.042) (Table 5).
Again, there are no significant differences

between anterior and posterior teeth or
between left and right deciduous teeth,
despite relatively large differences in fre-
quencies.
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Number of affected individuals
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Figure 1. Number of caries lesions of the permanent dentition.

The lesions are described as either
rough white/opaque staining, the pre-
dominant type (15/19: 78.9%), or small
cavities (4/19; 21.1%). The lesion distri-
bution (Table 6) shows generally low
frequencies, topped by occlusal (5.9%)

and mesial (5.2%) surfaces and showing
absence of lesions on lingual areas and
involving the whole crown.

Most  non-adults  (55.6%) present
healthy dentitions (Figure 2), while most
affected individuals show between five

Table 5. Caries distribution on Valenca non-adults decidual dentition.

Dental region Affected teeth Scored teeth % e
Upper 12 73 164  x=4.1202
Lower 5 81 6.2 p=0.042
Anterior 7 86 81  x’=1.6673
Posterior 10 68 14.7 p=0.197
Left 12 76 15.8 ¥’=3.448
Right 5 78 6.4 p=0.063
Full dentition 17 154 11.0 -

Full dentition (cavities only) 4 154 26 -

Bold and underlined: p<0.05; x?=Chi-Square.



and seven lesions (33.3% of all individu-
als). Lesions average 2.1 per non-adult
individual. There are 17.1 decidual teeth
per individual and 1.9 of those teeth were
affected by caries (per individual).

Ante-mortem tooth loss

Tooth loss during the life of the individ-
ual removed more than one third (36.3%)

of the permanent teeth from the Valenca
adult sample (Table 7). Ante-mortem
tooth loss affected upper and lower teeth
in a statistically equivalent fashion. The
same occurred between left and right
teeth, and anterior and posterior teeth.
However, the difference between anterior
and posterior teeth is close to significance
and shows posterior teeth were loss al-
most 10% more often than anterior teeth.

Table 6. Surface distribution of caries lesions on Valenca non-adults’ decidual dentition.

Surface Affected surfaces Scored surfaces %

Occlusal 4 68 59
Mesial 8 154 52
Distal 3 154 1.9
Buccal 4 154 26
Lingual 0 154 0.0
Crown 0 154 0.0
[

55.6%
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Figure 2. Number of caries lesions of the decidual dentition per non-adult individual.
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Female (51.4%) and male (24.4%) in-
dividuals show highly significant differ-
ences in ante-mortem tooth loss (Table 8)

Periapical inflammation

Infections of the apical tissues affect-
ed 25% of adult individuals from Valenca.
Non-adult individuals do not show these
types of lesions. In total, 13.6% of all indi-
viduals (n=3; a female, a male and an un-
determined sex individual) show at least
one periapical inflammatory lesion. Peri-

apical granulomas affect 13.6% of adults,
while one individual (8.3% of adults)
shows an apical periodontal cyst (Table
9). There are no instances of periapical ab-
scesses or osteomyelitis.

Periodontal disease

Gingivitis and periodontitis distribu-
tion in the septa of adult individuals are
explored inTables 10 and 11.The full sam-
ple displays merely 4.5% healthy septa.
Gingivitis affects 30.1% of all septa, while

Table 7. Ante-mortem tooth loss distribution on Valenca adults’dental regions and full perma-

nent dentition.

Dental region Affected teeth Scored tooth sockets % Ve

Upper 48 131 36.6 x=0.013
Lower 63 175 36.0 p=0.908
Anterior 37 121 306 x'=2.809
Posterior 74 185 40.0 p=0.094
Left 55 154 357 ¥’=0.042
Right 56 152 36.8 p=0.837
Full dentition 111 306 36.3 -

1’ =Chi-Square

Table 8. Ante-mortem tooth loss distribution on Valenga adults’ permanent dentition by sex.

Sex Affected teeth Scored tooth sockets % .
Female 72 140 514 x'=23.444
Male 39 160 244 p<0.001
Undetermined 0 6 0.0 3

sex

Bold and underlined: p<0.05; x? =Chi-Square



Table 9. Periapical inflammation distribution in the Valenca sample and subsamples (adults,
non-adults, males, females and individuals of undetermined sex).

Healthy Periapical  Apical peri- Periapical Osteomyelitis
Sample % (and n) granuloma odontal cyst abscess % (and n)
? % (and n) % (andn) % (and n) ?
Full 22 864(19) 13.6 3)* 45 (1)* 0.0 (0) 0.0 (0)
Adults 12750 9 250 (3)* 83 (1)* 0.0(0) 0.0 (0)
Non-adults 10 100.0 (10) 0.0(0) 0.0(0) 0.0 (0) 0.0 (0)
Female N N
adults 5 80.0 (4) 20.0 (1) 20.0 (1) 0.0 (0) 0.0 (0)
Male adults 6 833 (5 16.7 (1) 0.0 (0) 0.0(0) 0.0 (0)
Undeter-
mined sex 1 0.0 (0) 100.0 (1) 0.0 (0) 0.0 (0) 0.0 (0)
(adults)
*An adult female presents lesions of two different types.
periodontitis is present in 65.4%. All four  Calculus

adult individuals with more than 15 ob-
servable septa show >50% periodontitis.
Upper and lower teeth, like left and right
teeth, do not present significant differ-
ences. Still, the right side presents greater
frequency of periodontitis (69.4%) and
there are some differences between up-
per and lower teeth: (1) only lower teeth
show healthy septa (8.1%), (2) gingivitis
is more frequent in upper septa, and (3)
periodontitis is almost 8% higher in lower
tooth septa. Female and male individuals
show highly significant differences in peri-
odontal disease distribution. Male individ-
uals show no healthy septa (compared to
14% of females) and female individuals do
not present grade 5 (compared to 4.7% of
males). Periodontitis is shown on 51.2% of
female septa and 71% of male septa.

Calcified plaque is found in the Valenca
adults with a mean calculus index (Cl) of
0687 (Figure 3). Lower anterior teeth are
the most affected (ClI=0.862), while the
least affected are the upper anterior teeth
(C1=0469). Female individuals (Cl=0.978)
show much higher CI than males (Cl=0.540).

Occlusal wear

The mean occlusal wear score for the
adult Valenca sample is 3.5 (SD=1.1) (Ta-
ble 12). Comparing upper to lower teeth
and left to right teeth no significant differ-
ences were found in mean wear. Male and
female individuals are also very similar in
occlusal wear (Table 13), however, the an-
terior and posterior teeth are significantly
different (U=3077.5, p=0.020) (Table 12).

Dental pathology and occlusal wear in Valenga, Portugal (Modern and Contemporary Ages) — preliminary interpretations
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Table 10. Periodontal disease distribution on Valenca adults’dental regions and full permanent

dentition.

De't'tal No.ofsepta 1 2 3 4 5 ¥ df p 3to5

region

Upper 59 00 390 390 186 34 61.0
8623 4 0071

Lower 74 81 230 392 270 27 68.9

Left* 64 47 313 328 281 3.1 64.0
2832 4 0586

Right* 62 32 274 468 210 16 69.4

Full sample 133 45 301 391 233 30 - 654

*Midline septa not included; 1 — score indicating healthy septa; 2 — gingivitis; 3 to 5 — periodontitis; x> =Chi-
Square; df: degrees of freedom.

Table 11. Periodontal disease distribution on Valenca adults' permanent dentition by sex.

No. of 2
Sex septa 1 2 3 4 5 X df P 3to5
Female 43 140 349 465 47 00 512
23095 4 <0.001
Male 86 00 291 372 291 47 710
Undeter- 4 00 00 00 1000 00 . 1000
mined sex

Bold and underlined: p<0.05; x* =Chi-Square; df: degrees of freedom.

Discussion

(aries

Caries develop when carbohydrates
are fermented by plaque bacteria. These
bacteria produce organic acids during
fermentation, which cause progressive
demineralization of dental tissues (Hillson,
2005). Most decay is not visible, since it
occurs beneath the surface until cavita-
tion (Hillson, 2001; 2005).

The Medieval sample of Sdo Jodo de
Almedina (uptown Coimbra, Portugal)
shows a very high frequency of teeth with
carious lesions (93.2%) (Carvalho, 2013),

much higher than Valenca (47.3%). Each
Medieval Coimbra individual has 9.9 cari-
ous teeth, in average, which is higher than
Valenca (7.3). Cavities correspond to 42.4%
of this Coimbra sample’s teeth, still greater
than Valenca (29.4%). Upper (98.5%) and
lower teeth (96.9%) present similar caries
frequencies, while Valenca's upper teeth
are significantly more affected than lower
teeth (56.3% and 404%, respectively).
Side differences are negligible in Medieval
Coimbra (left: 96.8%; right: 98.2%) and
in Valenca (left: 50.0%; right: 44.4%). In
Medieval Coimbra, contrasting with Va-
lenca, male individuals (90.2%) presented
greater caries frequencies than females



0.001
n=5

0.001 n=5 o001
0.001

E 0.001 n=12
= n=4 0.001
w 0.001 n=6
3 o001 n=6 o) 0.001
2 0.001
8 0.000
[ =
3 0.000
2 o

0.000 el

’ 0.000

0.000 .

P & & & & X o @
2 )
& & & & & S & 5
- o s o <« - o
& i S N & &
« & & & & <
,3(‘ ,bQ & & Ly
¢ o & ¢ X
N 9 R o

Figure 3. Calculus index distribution on Valenca adults' permanent dentition (by dental region,
by sex, and full sample score).

Table 12. Occlusal wear scores on Valenga adults'dental regions and full permanent dentition.

Dental No.of Minimum Maximum Mean Standard
region teeth score score score  deviation P
Upper 74 1 6 35 1.1

34985 0.385
Lower 102 1 6 34 1.1
Anterior 78 2 6 3.6 0.9

3077.5 0.020
Posterior 98 1 6 33 1.2
Left 90 1 6 34 1.1 3853.0 0.959
Right 86 1 6 35 1.1
Full denti- i 6 35 11 -
tion

U: Mann-Whitney U rank-sum test; Bold and underlined: p<0.05.

Table 13. Occlusal wear scores on Valenca adults' dental regions and full permanent dentition.

No.of Minimum Maximum Mean Standard
Sex A, p

teeth score score score deviation
Female 54 1 6 34 1.1

31160 0955

Male 116 1 6 34 1.0
Undeter- 6 3 5 47 038 -
mined sex

U: Mann-Whitney U rank-sum test.
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(87.2%). When individual counts are con-
sidered, the medieval sample presents
less affected individuals (91.3%) (Carvalho,
2013) than Valenca (100%).

A contemporary identified sample
from Coimbra presents higher frequen-
cies of teeth affected by carious lesions
(62.0%) (Wasterlain, 2006; Wasterlain et al,
2009) than Valenga. On average, 11.5 teeth
per Contemporary Coimbra individual
were affected by caries. However, when
considering cavities only, Valenca presents
higher frequency of caries (29.4%) than
Coimbra (27.9%), underlining differences
in the proportion of incipient lesions (Va-
lenca: 48.3%; Coimbra: 55.0%). Upper teeth
(67.9%) present higher frequencies than
lower teeth (56.5%), like Valenca's. Male and
female individuals show significantly differ-
ent frequencies of teeth affected by caries
and, much like Valenca, females present
more carious teeth (females: 64.2%; males:
60.1%). Differences in proportion are, how-
ever, much greater in Valenca (females:
66.7%; males: 35.6%). When considering
individual counts, frequencies are similar
between Contemporary Coimbra (99.4%)
(Wasterlain, 2006) and Valenca (100%).

Caries distribution is not directly com-
parable between the samples from Va-
lenca and Coimbra. In the present study,
Hillson's (2001) method was simplified, so
each surface (occlusal, mesial, distal, lin-
gual, and buccal) was only scored once,
without differentiation between enamel
contact areas and root surface areas, for
example. Still, general comparisons will
be attempted.

Medieval Coimbra shows relatively
high caries frequencies on all surfaces. Oc-
clusal surface (71.2%), occlusal pits (67.1%)
and occlusal attrition facets (52.6%) present
much higher caries frequency than the oc-
clusal surface on Valenca individuals (9.5%).
Mesial (51.4%) and distal (54.8%) contact
areas along with mesial (23.19%) and distal
(22.4%) root surfaces do not present such
high frequencies relative to other sur-
faces as Valenca's mesial (21.2%) and distal
(20.7%) surfaces, which were the most af-
fected surfaces in this rural context. Lingual
smooth enamel (58.3%) and root (26.5%)
surfaces show very high absolute and
relative frequencies in Medieval Coimbra,
when compared to present results (1.1%).
Medieval Coimbra’s buccal smooth enam-
el (62.5%) and root (30.6%) surfaces again
show much higher absolute frequencies,
yet relative to other surfaces, Valenca also
presents high frequencies (12.0%).

Contemporary Coimbra presents more
similar caries frequency distribution to Va-
lenca. Occlusal surface (22.9%), occlusal
pits (17.8%) and occlusal attrition facets
(16.0%) are still higher than the present
sample, yet much lower than Medieval
Coimbra. Mesial and distal contact areas
(32.9%), and mesial and distal root surfac-
es (6.0%), assume higher relative frequen-
cies when compared with other surfaces,
more akin the mesial and distal surfaces
of Valenca. Lingual smooth enamel (3.3%)
and root (2.8%) surfaces present reduced
frequencies, paralleling Valenca. Buccal
smooth enamel (9.7%) and root (8.8%)
surfaces of Contemporary Coimbra have



lower frequencies than occlusal surfaces,
pits and attrition facets, unlike Valenca,
which presents the opposite relative fre-
quencies.

The frequencies and their pattern of
distribution are more similar in the com-
parison between Contemporary Coimbra
and Valenca. Medieval Coimbra shows
higher frequencies and greater concen-
tration of caries on occlusal surfaces, pits
and attrition facets. On the other hand,
upper teeth are more affected in Valenca
and Contemporary Coimbra. This is likely
due to the impact of the physiological
cleansing effect of saliva, which is more
effective on lower teeth, more involved in
saliva (Wasterlain, 2006).

Valenca (18"-19" centuries) is chron-
ologically intermediate to these Medieval
(121-16" centuries) and Contemporary
(19"—early 20" centuries) samples, de-
spite a slight overlap with Contemporary
Coimbra.

Carbohydrates are a major factor in
caries development, and were tradition-
ally found in fruit, honey (Carvalho, 2013)
and corn (Wasterlain, 2006) before the
introduction of pure sugar in most diets
(Maller and Hussein, 2017). Despite the
importance of diet, the gradual decrease
in the frequencies of cavities in the present
comparison is probably related to various
factors such as age structure, socioeco-
nomic status, economic environment, and
possibly methodological issues.

Differences in the age structures of
the samples may have an impact. For
example, the Contemporary Coimbra

sample is controlled for age and sex distri-
bution (Wasterlain, 2006). However, since
life expectancy increased during the pe-
riod covered by these samples (Valério,
2001), in all likelihood the average age of
the samples increased with time. Greater
average age would likely be related to
an increase in cavity frequency, so age
structure is unlikely to have played a part
in the found cavity frequency decrease,
except if a consequent increase in AMTL
caused carious teeth to be removed from
analysis (e.g., Wols and Baker, 2004). Even
ifignoring the possible influence of AMTL,
age structure could still have had impli-
cations on the reported data, since the
inclusion of all caries (including incipient
lesions) shows Contemporary Coimbra
presents intermediate frequencies when
compared to Valenca and Medieval Coim-
bra. Different caries frequency patterns
could also be related to methodological
differences (Hillson's 2001 method was
adapted for the present study by scoring
caries on only five clinical surfaces when
the origin of the lesions was detected).
The Contemporary Coimbra identified
sample (Wasterlain, 2006) and the Valenca
sample are presumably of low socioeco-
nomic status, while Medieval Coimbra is
mostly composed of middle class indi-
viduals (Carvalho, 2013). Socioeconomic
distinctions impact access to certain
foodstuffs, as does the difference in eco-
nomic setting (rural vs. urban) of Valenca
and Coimbra. However, the consideration
of these factors (chronology, age struc-
ture, social status, and economic environ-
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ment) shows only one consistent pattern:
cavities decrease over time, suggesting
progressive changes in dietary habits be-
tween the samples and across time.

Caries data from deciduous teeth
originate from very young individuals
(only one individual is older than 7 years
at death, at 9-12 years). Still, almost half of
them are affected by caries, and a third are
affected by five to six lesions. Despite the
relative rarity of cavities (2.6% of decidu-
ous teeth; 21.1% of lesions), the frequency
of caries is high for young non-adult indi-
viduals, which informs on caries’ suscepti-
bility in the sample.

During periods of economic transi-
tion, changes may not be linear; access
to diverse sources of food and different
economic environments can affect di-
etary change. Chinese hunter-gatherers
(2.5% cavities) and early agriculturalists
(6.8% to 8.0% cavities) exemplify how the
transition to agricultural economies in-
creased cariogenic cavity frequencies due
to greater access to carbohydrates (Liu et
al, 2010). On the other hand, the small dif-
ferences between hunter-gatherer (6.4%
cavities) and early agricultural (6.7% cavi-
ties) samples from the Levant underline
how this transition can also be unevent-
ful if early agriculturalists still partially de-
pend on hunting and gathering or if the
carbohydrates introduced in the diet are
less cariogenic (Eshed et al, 2006). This
Levantine example parallels the uneven
transition of processed foods during in-
dustrialization, which could have affected
Valenca and Coimbra differently.

A recent meta-analysis (Maller and
Hussein, 2017) focused on caries and the
transition between pre- and post-18"
century Europe suggested that the im-
pact of this transition on caries (and other
oral health indicators) was minor. Part of
the justification to this conclusion is the
slower rate of change in rural settings,
which promotes continuity in nutritional,
social and medical factors despite indus-
trialization (MUller and Hussein, 2017).

In light of this, differences between
Medieval and Contemporary Coimbra
samples (both from the same urban con-
text) are likely explained by differences
in diet that were directly brought about
by industrialization. These dietary dis-
crepancies could partly be explained by
socioeconomic differences, yet are most
likely due to a more generalized access to
simple carbohydrates of the more recent
sample. The intermediate frequencies
found for Valenca's cavity lesions and the
lowest frequencies of overall caries are
possibly related to its rural setting and,
to a lesser extent, to its chronological in-
termediacy. Access to processed sugars
and higher levels of fermentable carbo-
hydrates (along with presumably higher
life expectancy) raised the frequencies of
cavities and of affected individuals (Liu et
al, 2010); yet, the introduction and gen-
eralization of the consumption of such
foodstuffs was moderated by Valenga's
more marginal, rural setting and low so-
cioeconomic status.

Mdaller and Hussein (2017) also found
that female individuals do not consistent-



ly show greater caries frequencies (Mdiller
and Hussein, 2017), which could be re-
lated to the etiology of such differences.
Instead of hormonal factors, sexual dif-
ferences in caries frequencies may be re-
lated to the sociocultural differentiation of
the sexes. Valenca, a rural sample, shows
greater caries difference between the
sexes than the Coimbra urban samples.
This result could thus be related to dietary
differences between the sexes, possibly
related to their different social status.

Ante-mortem tooth loss

Ante-mortem tooth loss is caused by
trauma, dental pathology (caries, peri-
odontal disease, periapical inflammation)
or severe dental wear (Wasterlain, 2006).
Given the known occlusal wear of the
Valenca sample, of a moderate level (3.5),
this factor is unlikely to have played an
important part on AMTL. Unlike occlusal
wear, caries are frequently identified in Va-
lenca permanent teeth. The distribution
of both caries and AMTL in the dentition
and between male and female individuals
is relatively similar (the major difference
is in upper and lower teeth, which are
significantly different for caries and not
AMTL). Caries could therefore have been
a relevant AMTL cause.

Medieval Coimbra lost 20.7% of teeth
ante-mortem, less than Valenca (36.3%).
Upper teeth (35.1%) show higher tooth
loss than lower teeth (20.4%), unlike Va-
lenca, where the dental arches display

similar ante-mortem tooth loss (AMTL)
frequency (upper: 36.6%; lower: 36.0%).
Anterior teeth (between 4.0% and 15.3%)
were lost in lower frequencies than pos-
terior teeth (between 14.8% and 49.0%),
which is similar in Valenca (anterior AMTL:
30.6%; posterior AMTL: 40.0%), despite
higher anterior AMTL. Left (21.6%) and
right (20.9%) Medieval Coimbra teeth
were lost in similar proportion, like Valen-
ca’s (left: 35.7%; right: 36.8%). Female indi-
viduals (26.7%) lost more teeth than males
(18.0%); the same pattern was verified in
Valenca (females: 51.4%; males: 24.4%),
despite the much greater proportion of
AMTL in Valenca female individuals. Indi-
viduals of undetermined sex lost much
more teeth ante-mortem in Medieval
Coimbra (36.3%) (Carvalho, 2013) than Va-
lenca (0.0%).

Contemporary Coimbra shows a level
of AMTL (37.5%) very similar to Valenca.
Also, like Valenca, AMTL frequencies are
similar for upper (38.6%) and lower (36.5%)
teeth, and for left (37.8%) and right (37.2%)
teeth. Loss of posterior teeth is also higher
than anterior AMTL. Women (40.8%) loss
teeth more frequently than men (34.3%)
in both samples, Contemporary Coimbra
(Wasterlain, 2006) and Valenca.

The differences between the sexes
are again (see “Caries” subsection in the
Discussion section) more pronounced in
Valenca than any of the Coimbra samples.
AMTL, if related to caries, could deepen
the differences between female and
male individuals’ caries frequencies. This
hypothesis underlines the importance of

N
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the dietary differences between males
and females in Valenca.

In general, AMTL is high in Valenca,
which can be related to both high car-
ies prevalence and periodontal disease
(Wasterlain, 2006). AMTL can also be re-
lated to the use of teeth as tools in low
cariogenic diets (Liu et al, 2010); this ex-
planation is unlikely applicable to Valenca.

Prehistoric Levant provides an ex-
ample of low caries level (less than 7%
cavities) coupled with low AMTL (3.7% in
hunter-gatherers to 4.5% in agricultural-
ists) (Eshed et al, 2006). US civil war vet-
erans (who died in the early 20" century)
show high cavity frequency (24.4%) co-oc-
curring with high AMTL (57.2%) (Wols and
Baker, 2004). In the Croatian Adriatic coast,
the change from Late Antiquity to the
Early Medieval period (with a presumed
increase on carbohydrate intake) shows a
rising trend in both cariogenic cavities and
AMTL (Slaus et al, 2011). Frequencies of
AMTL increase between Medieval Coim-
bra and Valencga, then again between Va-
lenca and Contemporary Coimbra. This
pattern is the opposite from the cavity
pattern found for caries, which could be
related to a slower progression of caries
lesions (eventually leading to AMTL) in
Medieval Coimbra, possibly related to a
consumption of less cariogenic foodstuffs
(fermentable carbohydrates). This differ-
ence could also be justified by the higher
socioeconomic status, with the presumed
consequence of betterimmune response,
of Medieval Coimbra individuals.

Periapical inflammation

Dental pulp can infect through ex-
posure, due to trauma, severe dental
wear and caries (Dias and Tayles, 1997;
Wasterlain, 2006). Pulp infection always
propagates towards the root apex, if it
cannot be fought by the immune system
(Dias and Tayles, 1997). The apical region,
surrounding the root apex, will react in a
variable inflammatory fashion (Dias and
Tayles, 1997).

Medieval Coimbra (Sdo Jodo de Al-
medina) presents alveolar inflammatory
reaction in 31.4% of the sample (Carvalho,
2013). Despite of the low frequency of
periapical inflammation on the full sam-
ple (13.6%), 25% of Valenca adults show
evidence for this pathology (absent in
non-adults). The medieval sample shows
healing lesions on 5.6% of the sample (all
male individuals), while Valenca shows
only active lesions. Male (46.1%) indi-
viduals were more affected than female
individuals (31.3%); in Valenca, females
(20.09%) show a slightly higher, yet similar
periapical inflammation frequency than
males (16.7%). Individuals of unidentified
sex show the lowest frequency (16.6%) in
Medieval Coimbra, while Valenga's only in-
dividual whose sex could not be estimat-
ed presents alveolar bone inflammation.

Contemporary Coimbra has evidence
of periapical inflammation on 553% of
the sample, a much higher frequency
than Valenca (Wasterlain, 2006). Periapi-
cal granulomas or apical periodontal cysts
correspond to 23.3% of the sample, which



is similar to Valenca. The difference in the
frequencies found between the samples is
related to the presence of healing lesions
(10.7%) and periapical abscesses (3.5%)
in the Contemporary sample, but also to
individuals affected by combined lesions
(17.8%), which were reported separately.
Male (56.0%) and female (54.7%) individu-
als show similar frequencies, like in Valenca.
Differences between Valenca (with
low frequency of periapical inflamma-
tion) and the Coimbra samples could be
related to issues of taphonomy or method.
Mandibular and maxillary bones were of-
ten lost, and, when recovered, they mostly
conserved all teeth in their alveoli or pre-
sented ante-mortem loss (post-mortem
tooth loss was just 4.2%). As noted by
Wasterlain (2006), macroscopic scoring of
periapical inflammation is prone to under-
reporting. Since the scorer isinexperienced,
that problem could be more evident.
Despite taphonomic issues with alveo-
lar bone and the faults of macroscopic le-
sion scoring, the difference in periapical in-
flalmation frequencies between Valenca
and Contemporary Coimbra is possibly ex-
plained by caries frequencies, which can be
mediated by occlusal wear. Caries are one
of the main factors resulting in periapical
inflammation (Wasterlain, 2006; Carvalho,
2013). For example, prehistoric Levantine
samples with low caries frequencies (less
than 7% cavities) show only around 1.5%
periapical inflammation per tooth (Eshed
et al, 2006). On the other side, US civil war
veterans show both high cavity frequency
(24.4%) and high periapical inflammation

(28.0%) (Wols and Baker, 2004). Mean oc-
clusal wear shows a clear difference be-
tween Valenca (3.5) and Contemporary
Coimbra (2.6), which can potentially affect
the progression of occlusal caries. Occlusal
caries are lower in Valenca (9.5%) com-
pared to Contemporary Coimbra (surface:
22.9%, pits: 17.8%, attrition facets: 16.0%).
The combination of these factors could
have kept Valenca’s individuals from com-
plications related to pulp infection.

The slightly higher periapical inflam-
mation frequency in the sample from
Medieval Coimbra may be due to the
much higher occlusal caries frequencies
(surface: 71.2%, pits: 67.1%, attrition facets:
52.6%), which effect was weakened by
moderate mean occlusal wear (3.9) and
by the higher socioeconomic status of
this middle class urban sample (grant-
ing these individuals better access to ad-
equate nutrition and healthcare, possibly
leading to a more effective immune reac-
tion to infections).

Periodontal disease

Periodontal disease is the organism’s
inflammatory reaction to the accumula-
tion of bacterial plaque around the gingi-
vae. This accumulation is due to lack of hy-
giene and dental treatment (Hillson, 2005).
When the inflammatory reaction is of low
scale, mainly confined to soft tissues and
with minor impact on the alveolar bone,
it is called gingivitis (Kerr, 1991; Hillson,
2005). Lesion progression is caused by
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hypersensitivity and disproportional im-
mune reaction and affects the conjunctive
tissues holding teeth on the alveolar bone,
or periodontium (Hillson, 2005).

The sample from Medieval Coimbra is
more affected by gingivitis (32.1%) than
the Valenca sample (30.1%); yet the for-
mer sample presents more healthy septa
(8.4%) and less periodontitis (59.5%) than
Valenca (healthy septa: 4.5%; periodonti-
tis:65.4%). Medieval Coimbra's lower septa
(60.1%) present higher frequencies of per-
jodontitis than upper septa (58.6%), the
same relationship found in Valenca septa
(upper: 61.0%; lower: 68.9%). Medieval
Coimbra presents more comparable fre-
quencies, however. Gingivitis is higher on
upper septa (upper: 32.4%; lower: 31.9%)
in Medieval Coimbra; the pattern is, again,
the same as Valenca (upper: 39.0%; lower:
23.0%), despite the much closer frequen-
cies in the medieval sample. Left septa
(53.4%) show lower frequencies of peri-
odontitis than right septa (59.4%), a re-
sult similar in pattern and proportion to
Valenca's (left: 64.0%; right: 69.4%). Again,
the pattern for gingivitis reverses the
one for periodontitis. Male septa (gingi-
vitis: 32.6%; periodontitis: 63.6%) show
higher frequency of periodontal disease
(through a much higher periodontitis
frequency) than female septa (gingivi-
tis: 33.2%; periodontitis: 48.7%), which is
similar to Valenca males (gingivitis: 29.1%;
periodontitis: 71.0%) and females (gingi-
vitis: 34.9%; periodontitis: 51.2%). Septa
of undetermined sex individuals from
Medieval Coimbra show very high levels

of periodontitis (gingivitis: 26.8%; perio-
dontitis: 71.8%) (Carvalho, 2013), like Valen-
¢a's (gingivitis: 0.0%; periodontitis: 100%).

Periodontal disease in Contemporary
Coimbra septa was more frequently char-
acterized as gingivitis (60.1%) than peri-
odontitis (14.2%), while 25.7% of septa are
healthy.Theseresultsarein substantialcon-
trast to Valenga’s. In Contemporary Coim-
bra, upper (gingivitis: 62.9%; periodontitis:
14.4%) and lower (gingivitis: 57.4%; peri-
odontitis: 14.0%) septa present relatively
close impact of periodontal disease, de-
spite the higher frequency of gingivitis
on upper septa. This differs from Valenca,
where periodontitis is more evident on
lower septa. Periodontal disease is similar
on the left and right septa of Contempo-
rary Coimbra individuals, which is com-
parable to Valenga. Females (gingivitis:
58.9%); periodontitis: 13.6%) present lower
levels of periodontal disease than males
(gingivitis: 61.1%; periodontitis: 14.7%) on
this Contemporary sample (Wasterlain,
2006), which pattern is similar to Valenca’s,
despite the differences in proportion (Va-
lenca males’ periodontal disease is signifi-
cantly higher than females).

The relative similarity between Me-
dieval Coimbra (an urban middle class
sample) and Valenca (a 18"-19" century
rural lower class sample) is likely related to
generally low oral hygiene and poor (or
inexistent) dental treatments. Valenca also
presents higher AMTL, which removed
(potentially diseased) septa from the anal-
ysis. So, it is possible that Valenga's peri-
odontal disease status was poorer than



Medieval Coimbra’s. Still, these results
suggest neither sample had ample access
to oral hygiene or dental medicine.

Contemporary Coimbra results are
very different to Valenca's. Valenca shows
much higher periodontitis, as well as much
less healthy septa and gingivitis (soft tissue
inflammation). Coupled with resembling
frequencies of AMTL, these results sug-
gest dental hygiene and care were very
uncommon in a rural and peripheral com-
munity (1819 century Valenca) when
compared to Coimbra (late 19"—early 20"
century) urban sample or Medieval Scotts
(Kerr, 1991), which display a similar pattern
to Contemporary Coimbra’s. The difference
between Valenca and Medieval Scotland
could be related to hostimmune response,
since the Scottish are also expected to
have had poor oral hygiene and little ac-
cess to dental treatment (Kerr, 1991).

Valenca shows significant difference
in periodontal disease distribution be-
tween the sexes. AMTL affected female
individuals to a significantly higher de-
gree. Tooth loss may be related to how
male individuals (who lost fewer teeth
ante-mortem) present higher periodontal
disease frequencies.

Calculus

Dental calculus forms from the miner-
alization of bacterial plaque and mineral
materials in the mouth (Lieverse, 1999).
The accumulation of dental plaque is part-
ly related to hygiene habits, since plaque
mineralization is diminished by cleaning

one’s teeth (Hillson, 2005). Plaque miner-
alization is related to the presence of calci-
um phosphate in saliva. The resulting cal-
culus is of uncertain etiology, although its
prevalence can be related to food texture
(Hillson, 2005) since soft, processed foods
do not promote its mechanical removal.
Calculus has also been linked to carbohy-
drate consumption and lack of protein in
the diet (Greene et al,, 2005), despite the
etiological complexity of plague minerali-
zation demanding cautious dietary inter-
pretations (Lieverse, 1999).

When comparing Valenca to two
Predynastic Egyptian samples (Hierakon-
polis and Nagada) and a Meroitic Nubian
sample (Semna South), Valenga’s results
are more similar to the latter. The most
pressing distinction lies in the compari-
son between male and female individu-
als, given that Semna South presents lit-
tle difference between the sexes, with a
generally higher male calculus index (Cl)
(Greene et al,, 2005), while Valenca dis-
plays higher female Cl.

Calculus formation is not exclusively
linked with a single causal factor, such as
diet (Lieverse, 1999). However, Valenca
presents generally higher Cl results than
the Egyptian samples that had greater ac-
cess to protein. Semna South, presenting
similar overall Cl to Valenca, had restricted
access to protein. This pattern suggests
Valenca individuals (mainly females)
could have had limited access to protein
and does not deny previous findings that
suggest these individuals relied mostly on
carbohydrates.

Dental pathology and occlusal wear in Valenga, Portugal (Modern and Contemporary Ages) — preliminary interpretations



Lufs Miguel Marado, Francisco Andrade, Belisa Pereira, Luis Fontes

Calculus distribution in the denti-
tion of Valenca individuals underlines the
role of saliva, since upper posterior teeth
and lower anterior teeth, nearer salivary
glands (Lieverse, 1999), show the great-
est amount of calculus buildup in their
respective dental arches. Saliva promotes
calculus formation (Lieverse, 1999; Hillson,
2005), so lower teeth may show greater
calculus indexes due to the greater accu-
mulation of saliva around them.

Occlusal wear

Teeth wear since the moment they
erupt into the mouth, through contact
with other materials (e.g,, other teeth, food,
abrasives in the diet), and through diverse
processes (e.g, attrition, abrasion and ero-
sion) that can be resumed as “dental wear”,
since these processes are complementary
and difficult to distinguish (Soames and
Southam, 2005). Wear can be related with
diet, age and/or the non-masticatory use
of teeth (Wasterlain, 2006).

Carvalho (2013) found a mean occlusal
wear score of 3.9 for the Medieval Coim-
bra sample of Sdo Jodo de Almedina,
higherthanValenca's (3.5;SD=1.1). Neither
Medieval Coimbra (upper=3.9; lower=3.9)
nor Valenga (upper=3.5; lower=3.4) show
different wear scores for upper and lower
dentitions. The same pattern is found in
Medieval Coimbra (left=3.8; right=3.9)
and Valenca (left=34; right=3.5) for both
sides of the dentition. Sdo Jodo de Al-
medina males (4.0) showed higher mean
wear than female individuals (3.3), unlike

Valenca (female=3.4; male=3.4). Individu-
als of undetermined sex (4.4) show similar
results to Valenca (4.7).

Contemporary Coimbra presents a
mean occlusal wear score of 2.6 (SD=1.2).
In the comparison between upper and
lower teeth, in Contemporary Coimbra
the results were reported by tooth; in-
cisors, first and second molars showed
higher mean wear score in the mandible
(for men, the opposite was found for ca-
nines and premolars) (Wasterlain, 2006).
Anterior teeth, like Valenca's (anterior=3.6;
posterior=3.3), showed significantly high-
er mean wear score than posterior teeth.,
The left side of the dentition showed
slightly higher mean wear than the right.
Females show significantly less occlusal
wear than males in Contemporary Coim-
bra (Wasterlain, 2006).

Dental wear diminishes in the men-
tioned samples according to their chronol-
ogy: the oldest sample (Medieval Coim-
bra) presents the highest mean wear, while
the most recent sample (Contemporary
Coimbra) shows the lowest. Valenca is in-
termediate, despite a still moderate mean
wear score, which corroborates previous
comments regarding dietary similarity to
medieval times. Still, the small difference
between Medieval Coimbra and Valenca
is possibly due to Valenga's access to some
processed foods. Chinese Neolithic and
Bronze/lron Age hunter-gatherers and
early agriculturalists without access to
processed foods show mean wear scores
similar to Medieval Coimbra and Valenca
(3.5t04.0) (Liu et al, 2010).



Valenca's low occlusal caries frequen-
cy is probably related to the moderate
occlusal wear score, which testifies to
the (at least partial) obliteration of the
cusp and fissure system. Differences in
wear level between anterior and poste-
rior teeth could be related to the use of
the dentition as a third hand, bruxism or
predominance of vegetables in the diet
(Wasterlain, 2006). The latter hypothesis is
more likely, due to sample context, lack of
specific wear patterns indicating cultural
use of the dentition, and low likelihood of
widespread bruxism in the sample.

Lack of differences between the sexes
may be interpreted as contradicting differ-
ences in diet between the sexes. Still, either
different diets can be similarly abrasive, or
higher male masticatory force can com-
pensate for slight differences in abrasion.

Conclusions

A small sample of 18" and 19" cen-
tury individuals from Valenca (northern
border of Portugal) was studied to pre-
liminarily interpret the oral health status
of this rural population. Caries frequency
is lower than other Portuguese samples,
which is likely related to the sample’s pre-
sumed low socioeconomic status and to
the reduced access of rural peripheral re-
gions to processed foodstuffs in the early
Industrial period. However, cavities and
AMTL have high frequencies; this is likely
related to the progressively greater access
to processed food and increasing mean

age at death. This finding is corroborated
by the relatively high frequency of caries
in young individual's decidual teeth.

Women have higher caries and AMTL
frequencies than males, which could be
related to dietary (and social) differences
between the sexes. Nearly equal wear
scores suggest these dietary differences
between the sexes did not pertain to the
abrasiveness of the foods available and
consumed by either sex.

Occlusal caries present low frequen-
cies, despite high overall caries presence.
This could be mediated by occlusal wear,
which is moderate in Valenca. This wear
score is related to the relatively abrasive
diet, more similar to medieval than In-
dustrial processed foods. The relatively
low frequency of periapical inflamma-
tion could also be related to this samples
mean occlusal wear causing reduced oc-

’

clusal caries presence.

Periodontal disease and calculus high
levels also provide insight on oral care,
suggesting that the Valenca sample, of
peripheral rural origin, had very poor oral
hygiene and very scarce access to dental
treatment. Alongside relatively high caries
frequencies, calculus accumulation sup-
ports a high carbohydrate diet. Moderate
occlusal wear and high calculus indexes
suggest that general and/or continued
non-masticatory use of teeth was unlikely
in this small sample from Valenca.
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