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1. Introduction
Dental growth is recognized to be less influenced by environmental factors than by genetics
(Halcrow & Tayles, 2008; Saunders et al., 2000; Scheuer & Black, 2000a). However, it has
been demonstrated that dental health is partly conditioned by the differential enamel
susceptibility of environmental attack (sugars, bacterial flora, etc.) (Hillson, 1979; Johansson
et al., 1994; König & Navia, 1995; Navia, 1994). In an earlier article published in HOMO,
2010, vol. 61, p. 421-439, our results showed that there is some influence of lifestyle on dental
health of juvenile individuals (Garcin et al., 2010). Four populations belonged from rural
and urban, coastal and inland lifestyles were compared in that paper. We would like, in this
chapter, to refine these results with the evaluation of the influence of socioeconomic status
on dental health in juvenile individuals with limited dental care. The point of view is
focused on tooth development and enamel quality rather than strict caries analyses.
The influence of socioeconomic status on health is a very common topic on living
populations (e.g. Alvarez & Navia, 1989; Greksa et al., 2007; Klein and Palmer, 1941;
O'Sullivan et al., 1992; Van de Poel et al., 2007). One of the main biases to study these
populations is the difficulty to define the environmental framework of the analysis. It is
nearly the same in past populations but they have the advantage of the sample size
(especially on children). However, most studies on past and historic populations evaluating
both dental enamel hypoplasia and caries, are based on adult remains only (Barthelemy et
al., 1999; Belcastro et al., 2007; Cucina et al., 2006; Esclassan et al., 2009; Palubeckaité et al.,
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2002; Wright, 1997), while it is well accepted that juveniles, and thus their skeletons, are the
most sensitive to social and environmental conditions (Bennike et al., 2005; Humphrey &
King, 2000; Lewis, 2007; Lewis & Gowland, 2007; Pinhasi et al., 2005). That is why this new
study is focused only on juveniles. Several biases must be taken into account with this type
of analysis (e.g. Hillson, 2001), but they will be discussed later in the chapter.
We will assess the dental health of juvenile individuals. To be clear till the beginning of this
chapter, the main definitions used in this study are given below:








Enamel hypoplasia is a macroscopically observable quantitative dental defect where
enamel thickness has locally decreased on the surfaces of tooth crowns (Clarkson, 1989).
As enamel is not remodeled during one’s lifetime once it had been formed, hypoplasia
provides significant information about stress during development of the dentition
(Ubelaker, 1978).
“Dental caries may be defined as the localized destruction of tooth tissue by bacterial action”
(Gibbons and van Houte, 1975). Carious lesions lead a process which begins by the
enamel surface, and which can conduct, without any care, to the tooth loss (Hillson,
1979). Carious lesions in past populations bring information about their adaptation to
their physical and cultural environment (Erdal and Duyar, 1999).
Both dental traits suffer from the scoring techniques used to evaluate them (Hillson,
2001; Ulijaszek and Lourie, 1997), and comparisons must be careful, when the dental
evaluation differs from the samples under study. That is why we have attached a great
importance to our methods of recording and analysis.
Both dental caries and enamel hypoplasia are linked to time (Hillson, 1979; Reich et al.,
1999), but in a different way. For dental caries, it is the severity which is the marker of
time. Longer the individual will survive; more serious will be the lesion. That is why
the age-at-death estimation is important to compare the health state of the juveniles. For
dental enamel hypoplasia, the time is important for the moment of appearance of the
defect. Thus, it is directly linked to the enamel development. Age-at-death estimation
will be used in this way to define when the individuals have suffered from biological
stress. This information of time will provide other discussion topics and give different
analyses of dental development and care.

The aim of this study is to compare two contrasting populations (upper social class vs.
middle social class in a settlement in expansion), in order to understand how these
biological traits are linked to socioeconomic conditions. Bearing in mind the limitations of
such studies, such as the osteological paradox effect (Wood et al., 1992) and some
methodological biases (Hillson, 2001), special care has been taken in order to ensure the
reproducibility of the results and reliable interpretations. We also would like to discuss the
difficulty to differentiate the environmental part from the genetic part in dental
mineralization and thus in enamel susceptibility to develop caries and hypoplasias.

2. Materials under study
In anthropological studies, skeletal samples are often limited for reliable statistical
comparisons (little sample size), and thus we interpret result with many biases. It is all the
more so real when we attempt to compare individuals with different lifestyle and/or
socioeconomic status.
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In this way, the archaeological site of Mikulčice-Valy (cf. Fig. 1) offers many advantages and
the Great Moravian Empire is a specific historical period which allows studying the
transition between a rural life and a progressive urbanization.

Fig. 1. Situation of the archaeological site under study in relation to current Czech Republic
and the location of the Great Moravia in medieval Europe (box adapted from Havelkova et
al., 2011).
2.1 Historical background
Till the end of the 8th century, life in Eastern Europe is rather rural with no clear
organization and subject to the different waves of migration. Great Moravia was the first
Slavic state formation. It was accompanied with a progressive Christianization. The Great
Moravian Empire was funded by the Prince Mojmír the 1st (833-846) (Böhm et al., 1963), from
different Slavic populations of the northern Danube River. They took advantage from the
conflicts between Frankish and Avars in order to found a structured state, bringing together
different principalities (Leger, 1868). On the whole, the hierarchic organization is similar to
those in Western Europe, with a clear dependency of the peasant farmer to the aristocratic
class (Poláček, 2008). With its small territory, the Great Moravian Empire is a privileged area
to study the mutation between rural lifestyle to urbanization. Moreover, the principalities
are founded around centres of power such as Staré Město, Nitra, or Děvín (Conte, 1986).
Mikulčice-Valy was one of these power centres, bringing together the different
socioeconomic classes at that time.
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2.2 Mikulčice-Valy, how to gather different socioeconomic status in a same
archaeological site?
The archaeological site of Mikulčice-Valy is the vastest site in Czech Republic, which is
registered as national cultural heritage, and has competed for the World’s heritage centre of
Unesco since 2001 (http://whc.unesco.org). Situated at 7 km southern from the town
Hodonín, near the border of Slovakia, the power centre of Mikulčice was established at the
beginning of the 6th century and knew its height between the 9th and 10th centuries (Poláček,
2000; Třeštík, 2001).
2.2.1 The power centre organization
The power centre of Mikulčice is a large fortified settlement, discovered at the end of the 19th
century. It is constituted by remains of a palace, at least 12 churches accompanied by several
cemeteries, representing more than 2500 burials (Poláček, 2000; Poláček & Marek, 2005;
Třeštík, 2001). The remains of the palace were found at the top of some hill above the ancient
channel of the Morava River (Fig.2).
The different churches were built around the palace and the basilica (church n°3 on the
plan). Archaeological remains suggest that the highest social class (aristocratic part of the
population and churchmen) was buried in the cemeteries near these areas. Further the other
churches are, lower are the socioeconomic status of the people buried in the adjacent
cemeteries.
This organization shows that we could study different social groups in a same site
belonging to the same historical period. This is the case and an incredible chance for an
anthropological study. However, we must be cautious, because in such settlement moving
from urbanization, the limits of each burial place are often difficult to separate and cultural
data are missing to exactly differentiate each part of the population. That is why the
collections under study come from clear different part of the site in order to have different
socioeconomic classes.
2.2.2 Mikulčice “Bazilika”, burying the upper social class
The cemetery directly linked to the basilica (named “Bazilika”) is of the richest burial place
of the area. Many archaeological remains were found suggesting that the upper class was
buried here (Poláček et al., 2006). Around the Basilica (IIIrd church) were discovered 564
burials (Poláček, 2008). There are 314 adults, 221 non-adult individuals and 29 individuals
with un-estimated age (Stloukal, 1967). The sample under study comprises 217 juvenile
individuals (the last four are too poor preserved to be included in the data), ranging from
birth to adolescence. In the figures and table, this sample is named Mikulčice Bazilika and is
abbreviated “MkB”.
2.2.3 Mikulčice “Kostelisko”, the suburb of the fortifications
The second area under study is the burial place named “Kostelisko”. It takes place in the
suburb of the acropolis and is considered as the servants, craftsmen of the castle
(Velemínský, 2000; Velemínský et al., 2005). It corresponds to a lower social class than the
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individuals buried around the basilica. Once again, we must be cautious because of the
possible mixture between the parts of the population and the part of the cultural way of
thinking that we have no clues.
The second sample under study comprises 425 burials holding 235 juvenile individuals. The
skeletons, correctly preserved, present the same age-at-death range than the “Basilika”
sample. In the figures and table, this sample is named Mikulčice Kostelisko and is
abbreviated “MkK”.

Fig. 2. Mikulčice-Valy, general plan of the site and topography (adapted from Poláček, 2008)
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2.2.4 Comparison with other data
The two first samples show contrasting socioeconomic status, whether we consider that the
populations were clear separated in the Mikulčice settlement. In order to compare the
“urban” samples with a clear different lifestyle, we chose to study a third sample coming
from a rural cemetery in the hinterland of Mikulčice.
The archaeological site of Prušánky, is situed at less than 10 km from Mikulčice. This
geographical closeness does not reflect proximity in the lifestyle. Indeed, the cemetery
associated at this site represents a rural population (Beeby et al., 1982). The location near the
power center induces clear exchanges between the two community, but the lifestyle is
different. This second site seemed to be self-sufficient (Klanica, 2006a). 676 burials
accompanied by Moravian archaeological remains were excavated (Klanica, 2006b).
The last sample under study comprises 173 juvenile individuals from newborn to late
adolescent. In the figures and table, this sample is named Prušánky and is abbreviated “Pk”.
Thus the three samples show different socioeconomic status:




MkB, the “aristocratic” and churchmen sample, representing the highest social class of
the site;
MkK, the “middle social class” (above all “craftsmen), who are poorer than the
individuals of MkB;
And Pk, the rural place, where the lifestyle contrasts with the two others.

Their teeth should reflect these life conditions and socioeconomic status. All the skeletal
remains are deposited in the Department of Anthropology of the National Museum in
Prague.

3. Methods
This study is only based on dental health and lifestyle and on the potential influence of the
socioeconomic status on caries prevalence and enamel composition. However, it has been
completed by an analysis on the same influence but on bone growth and composition.
The resulting dental sample consists of 6123 observed teeth. Table 1 gives the details for
each sample.
3.1 Recording dental health and defects
In dental stress and caries assessment it is clearly desirable to record the least subjective
stages and observations, in order to minimize the intra- and inter-observer errors
(Danforth et al., 1993), both of which are often significant. The intra- and inter-observer
error, for the protocol proposed below, has been tested and has been published in a
previous paper (Garcin et al. 2010). As the protocol is the same in this study, we do not
remind the results but we expose the features quoted and the statistical procedures
employed for comparisons.
Both dental caries and enamel hypoplasia have been recorded because they give different
information on enamel susceptibility to develop lesions. International dental charts were
used to identify the teeth (such as n° 18 to 11 for upper right permanent teeth).
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Sample
MkB
MkK
Pk
Total

Deciduous teeth
894
1103
823
2820

Permanent teeth
651
1790
862
3303

41
Total
1545
2893
1685
6123

Table 1. Tooth samples for each site
3.1.1 Dental caries
The presence of caries was scored in all tooth types that is to say on deciduous and
permanent teeth when detected macroscopically. When there was a doubt on caries
development because of the tooth preservation, the development of the lesion was tested by
a dental probe.
Four features were observed and scored for the lesions:





The number of caries per tooth;
The area & side where the lesion occurred: occlusal, buccal, lingual or interproximal
lesions.
The location of the lesion on the anatomical tooth: the root, the cement-enamel junction
(also referred as cervical region or neck), and the crown;
And finally, the severity of the lesion was quoted on a three-stages scale (fig. 3):

Stage 1: small lesion which affects only the enamel and less than 10% of the tooth
surface;

Stage 2: medium lesion which affects both enamel and dentin and spread from 10%
to 50% of the tooth surface;

Stage 3: large lesions penetrating all the dental tissues, enamel, dentin and pulp.
They take more than 50% of the tooth surface.

These simple stages are easy to define, thus the results of scoring would be less prone to
errors, because in archaeological record there are some cases of complex observations
(Hillson, 2001), even if we cannot totally avoid subjectivity in such study. This subjectivity is
all the more right when we attempt to analyze dental enamel hypoplasia.
3.1.2 Dental enamel hypoplasia
Hypoplastic defects occur in three forms: linear, pitting and plane. However, their
expression is different on deciduous and permanent dentition (Lukacs et al., 2001a; Lukacs
et al., 2001b; Ogden et al., 2007). We chose to take into consideration the enamel hypoplasia
only on the permanent teeth for the quoted features. Nevertheless, a paragraph in the results
will be devoted to the different expressions of enamel hypoplasia on deciduous teeth. The
presence of macroscopically observed enamel hypoplasia was noted in all types of
permanent teeth.
Four characteristics have been recorded:




The number of hypoplasia per tooth;
The type of hypoplasia: linear, pitting or plane;
The severity of the defect on a three-stages scale (only for linear defects) (fig. 4):
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Stage 1: the defect is macroscopically detectable, but is less than 0.1mm width;

Stage 2: the defect is obvious, but the enamel is not distorted around the line;

Stage 3: is the most severe with formation of shoving on the enamel surface;
The location of the defect is the third of the affected crown: cemento-enamel junction
third, middle third or occlusal third.

Fig. 3. Illustration of the three-stage severity scale for scoring dental caries (photos: V.
Gonzalez-Garcin)

Fig. 4. Illustration of the three-stage severity scale for scoring dental enamel hypoplasia
(photos: V. Gonzalez-Garcin)
The distance between the cement-enamel junction and the defect for the calculation of the
time of appearance of the defect (Reid & Dean, 2000), was not taken because we only made
macroscopical analysis. Charts relative to age differ according to different authors and thus
mineralization is not really taken into account. In such large studies, with this method the
stages cannot provide accurate chronological sequences (Fitzgerald & Saunders, 2005;
Hillson & Bond, 1997; Ritzman et al., 2008). However, a global chart has been made in order
to evaluate which developmental stage is the most concerned by enamel hypoplasia.
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3.2 Estimating age-at-death
In archaeological samples, the first step for anthropological studies is the age-at-death
estimation. This estimation will be useful to compare the different sites, because, dentition is
also related to age. Currently, the most reliable methods to estimate an age are those based
on dental mineralization and developmental stages (Boldsen et al., 2002; Ritz-Timme et al.,
2000; Scheuer & Black, 2000b; Schmitt, 2005). We chose to estimate age-at-death in our
sample with the method of Moorrees et al. (1963a,b), because we are working on teeth and
we wanted a uniform method and no combination of several methods. Moreover, we just
needed some different stages to compare our sites, that is why we classified the individuals
in 5 age classes (usually used in historical demography): 0, 5-9, 10-14, and 15-19 years.
A last comparison has been made using the dental mineralization sequences. This approach
use the mineralization stages of Moorrees et al. (1963a,b), as a base for determining a dental
sequence. These basic sequences (one for each individual) are in a second time grouped
following the big tooth developmental phases in order to simplify the data (many
combinations are possible). Six final groups are defined and used for comparison:








Group 1: from the beginning of deciduous crown formation to the end of the emergence
of all deciduous teeth;
Group 2: latency period of deciduous teeth. The permanent incisors and the first
permanent molars complete their crown formation.
Group 3: this group corresponds to the mixed dentition. The first deciduous teeth are
replaced by permanent incisors (most standard sequence). The first molar emerges
anatomically*. This is the first step of permanent teeth emergence.
Group 4: stability period where the roots of permanent teeth (incisors and first molars)
complete their formation. The roots of the other teeth just initialize their mineralization.
Group 5: secondary phase of tooth emergence for permanent canine, premolars and
second molars.
Group 6: completion of the permanent dentition (except third molars which were not
taken into account.

The illustration of the six resulting groups is presented in fig. 5.
3.3 Statistical procedures
The analyses were performed in three steps. First, in order in order to calculate the
frequencies of dental enamel hypoplasia, the total number of available teeth, fully erupted
and/or isolated, has been used for observation. Tooth germs in both the mandible and
maxilla were not taken into account. With the same objective, frequencies of dental caries
were calculated using only the teeth in occlusion. The usual calibrations (Erdal & Duyar,
1999; Hillson, 2001; Lukacs, 1995) adjusting the proportions of tooth type and ante mortem
tooth loss were applied.
In a second time, inter-population comparisons were conducted using the non-parametric χ²
statistical. Finally, we studied the interrelationship between caries and hypoplastic defects
The emergence is a localized phenomenon, which corresponds to the appearance of the tooth in the
mouth. We distinguish the clinical emergence where the tooth pierces the gingival tissue from the
anatomical emergence where the tooth passes over the alveolar bone.
*
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in order to evaluate the role of enamel structure on caries development. All statistical
procedures and calculations were carried out by using Statsoft® Statistica version 7.1 and
Microsoft® Office Excel 2007.

Fig. 5. Representation of the established groups from the dental mineralization sequences
(adapted from Ubelaker, 1978)

4. Results
As mentioned in our previous paper, intra- and inter-observers errors must be taken into
account, but although they have an impact on the results, those are always discussed with
these biases (Garcin et al. 2010).
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4.1 Prevalence of dental caries
Frequencies of caries in all observable teeth are presented in figure 6 & 7. The evaluated
teeth are those observable in the oral cavity and/or in occlusion. This information is
different for dental enamel hypoplasia, because tooth germs, when isolated, were also
evaluated for this second dental trait.
As often mentioned, posterior teeth are more affected than anterior teeth, which confirm the
differential susceptibility of the molars to be suffering from dental caries (Klein & Palmer,
1941; Oyamada et al., 2008; Saunders et al., 1997). But it is interesting to point out that some
individuals are attained by carious lesions on anterior deciduous teeth in both area of
Mikulčice. These lesions are often related to higher enamel susceptibility to develop dental
caries, even on permanent teeth (Li & Wang, 2002; O’Sullivan & Tinanoff, 1993).

Fig. 6. Caries frequencies per tooth type in the three collections (deciduous dentition)

Fig. 7. Caries frequencies per tooth type in the three collections (permanent dentition)
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In terms of global calibrated prevalence, there is a difference between the Mikulčice areas
and Prušánky in the caries frequencies on both deciduous and permanent teeth. The
frequency of dental caries in the deciduous and permanent teeth from Prušánky was
statistically significantly lower (χ² = 4.49; p = 0.03 for permanent teeth and χ² = 9.08; p < 0.01
for deciduous teeth) than in those from the two other collections. Table 2 shows the
prevalence and the comparisons between features in the three collections.
Mikulčice Bazilika

Mikulčice Kostelisko

Prušánky

Prevalence on deciduous teeth

0.03

0.03

0.01

Prevalence on permanent teeth

0.03

0.04

0.02

Occlusal – crown

0.36

0.34

0.52

Interproximal – crown

0.24

0.15

0.11

Interproximal – crown & neck

0.25

0.19

0.11

Large caries

0.02

0.09

0.15

0.13

0.23

0.11

1

0.51

0.57

0.40

2

0.45

0.34

0.44

3

0.04

0.09

0.13

Location of the lesions

(more than 2/3 of the tooth affected)

Other locations
Severity of the lesions

Table 2. Caries prevalence and differences in caries descriptive features between the three
collections (statistically significant differences are in bold)
Concerning the lesions traits, the most common are the occlusal caries in all sites. Once
again, the site of Prušánky differs from the others. Indeed, there are less interproximal
lesions in this collection than in the others (χ² = 8.48; p < 0.03 for the crown and χ² = 8.70; p <
0.03). Furthermore, another significant difference is shown for the severity of the lesion. But
this time, the trend is reversed. Individuals of Mikulčice Bazilika have less severe lesions
(stage 3) than in the two other collections (χ² = 8.63; p < 0.03). The large caries are less
frequent in Mikulčice Bazilika individuals. Prušánky’s individual are the most affected. Is
there a relationship between the severity of the lesions, the diet, and/or the dental care? This
notion will be discussed later. Apart this last trait, we can observe that individuals from the
two areas of Mikulčice have very similar features even if their socioeconomic status differs.
The rural lifestyle seems to have more impact on dental health than socioeconomic status.
The tooth development is also very important in the comprehension of the caries
susceptibility. That is why dental enamel hypoplasia will give another type of information.
4.2 Expression of the dental enamel hypoplasia
Contrary to the caries, dental enamel hypoplasia have been observed on all permanent teeth,
even tooth germs. They will give information on crown development. Before discussing the
differences between the collections, a paragraph on hypoplasia on deciduous teeth
summarizes the encountered cases.
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4.2.1 Dental enamel hypoplasia on deciduous canines
Dental enamel hypoplasia on deciduous teeth were observed on four individuals from
Mikulčice Bazilika. Any other individual presents hypoplasia in the other collections. All the
cases correspond to what is named “localised enamel hypoplasia of human deciduous
canines” (Clarkson, 1989; Taji et al., 2000). The figure 8 shows some of the observed cases.

Fig. 8. Illustration of two localized enamel hypoplasia on deciduous lower canines
Some discussions exist on the aetiology of this sort of enamel defect (Skinner & Hung, 1989;
Sweeney et al., 1971): genotype or environment? This point will be taken back in the next part
of the chapter. All defects are localized on lower canine and are bilateral on 50% of the cases.
The two unilateral cases show less marked than the bilateral ones. These four cases give
argument for the difference of enamel susceptibility following the socioeconomic status.
4.2.2 Results on dental enamel hypoplasia on permanent teeth
We took into account only linear enamel hypoplasia (LEH), because pitting defects were
defeated (less than 2% in each collection, 0% at Mikulčice Bazilika). The comparison of LEH
global prevalences between collections show a significant difference between Mikulčice’s
areas, and Prušánky (Table 3).
Mikulčice Bazilika Mikulčice Kostelisko
0.12
Total prevalence
0.18
30.63
Frequency of individuals
10.59
affected (%)
Severity
1
0.63
0.52
2
0.32
0.47
3
0.05
0.01
Part of the affected crown (beginning from the cervical region)
Proximal third
0.21
0.29
Mesial third
0.59
0.55
Distal third
0.15
0.14
Whole height of the crown
0.04
0.02

Prušánky
0.16
17.91

0.29
0.61
0.10
0.34
0.57
0.09
0.00

Table 3. Linear enamel hypoplasia prevalence and differences in defect descriptive features
between the three collections (statistically significant differences are in bold)
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The whole prevalence (taking into account all observed teeth) is significantly lower in
Mikulčice Bazilika (χ² = 8.61; p < 0.03). If we consider the frequency of individuals affected,
the greatest frequency is at Mikulčice Kostelisko with more than 30% of individuals (χ² =
9.81; p < 0.01). If we consider the prevalence per tooth type, the results are given by the
figure 9.

Frequency of affected teeth (%)
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Fig. 9. Frequency of enamel hypoplasia per tooth type in the three collections
These graphs clearly show that there is a differential susceptibility in tooth type for
developing LEH (Goodman & Armelagos, 1985; Palubeckaité et al., 2002; Wright, 1997).
Anterior teeth (incisors & canines) are more affected by the defect than posterior teeth
(premolars & molars). On the whole, canines are the most affected. Even if differences
between sites could be shown, they are not statistically significant (number of teeth per
tooth type differs, thus graphic results are misleading). We can see that posterior teeth are
also affected, demonstrated that these individuals suffered from non specific stress during
late infancy period, that is to say during the time of formation of posterior tooth crowns.
This point is important for the next paragraph concerning the relationship between the
lesions, the defects, and the age-at-death.
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Concerning the other features, the severity of the defects are obviously the same in the two
areas of Mikulčice. The trend is inverted for Prušánky. There are more medium defects
(stage 2) than slight defects (stage 1) in this collection (χ² = 14.16; p < 0.01 & χ² = 20.15; p <
0.01). Once again, the lifestyle seems to be more expressed by dental stress than the
socioeconomic status. But what is more surprising is that this is the only feature which
differs from the others. On the whole, the three collections present the same trend in LEH
expression.
The last information given by table 3, is that the part of the affected crown does not show
any statistical difference (p > 0.05 for all statistical tests). This means that there is globally no
difference on the period when the biological stress arose. The specific study with age
estimation gives other information. Few individuals present teeth with all the crown height
affected by multiple LEH. The stress period are thus isolated and occurred seldom more
than two times during the crown formation. The next part presents when this stress took
place in the crown formation, and its relationship with age-at-death.
4.2.3 Age influence and relationship between caries lesions and hypoplastic defects
Two approaches were lead to evaluate the age influence on dental health and development:


The first one is the representation of the mean age when the stress occurred (on lower
permanent teeth). Figure 10 show these periods of stress for each collection. The data
were calculated from those of Reid and Dean (2000) and Skinner & Goodman (1992).
We also used the records on the affected third (table 3). Only the highest frequency is
mentioned in order to leave the figure readable. This figure takes into account only
the crown mineralization, thus the stress which is arisen during puberty is not
mentioned.

Fig. 10. Frequency of enamel hypoplasia per tooth type in the three collections
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It is noticeable that few stress arose during the occlusal third mineralization (light grey),
apart for the first incisor in Mikulčice Bazilika. The individuals were subjected to stress
during infancy, and especially between 2 and 6 years, and the stress concerns mainly
the mesial third of the crowns for all collections. These results can be transposed to
upper teeth. There is no statistical difference between collections for these stress periods
(p>0.05 for all statistical tests). Even if this approach is not very precise, it gives a good
mean of comparison. Here, Mikulčice Bazilika seems to be different because the stress
periods arose sooner in the mineralization stages than in the other collections. If we
compare now the prevalence of dental lesions and defects in age classes, the frequencies
are represented in figure 11.

Frequency of affected individuals (%)

Dental caries
0,80
0,70
0,60
0,50
0,40
0,30
0,20
0,10
0,00
[0]

[1-4]

[5-9]

[10-14]

[15-19]

Age classes (years)
MkB

MkK

Pk

Linear enamel hypoplasia
Frequency of affected individuals (%)

0,90
0,80
0,70
0,60
0,50
0,40
0,30
0,20
0,10
0,00
[0]

[1-4]

[5-9]

[10-14]

[15-19]

Age classes (years)
MkB

MkK

Pk

Fig. 11. Frequency of dental caries, and linear enamel hypoplasia per age class
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When we compare the three collections by age class, it is noteworthy to remark that the
individuals of Mikulčice Bazilika differ from the others for the classes 10-14, and 15-19 years
for the caries lesions and for the class 5-9 for the LEH. Frequencies are significantly different
between sites (p < 0.05). For the dental caries, it should be an evidence of a better dental care
in higher socioeconomic status populations. For LEH, less individuals are affected during
the juvenile period, is the environment less stressing in higher socioeconomic status? These
points will be discussed in the next part.
The second approach compares the dental features according to the tooth mineralization
sequences describe in the methods. It is another mean to precise the last results, without using
age estimation but biological traits. Table 4 gives the comparison for both dental caries & LEH.
These more biological data (we avoid age-at-death estimation) confirm precedent results,
giving significant differences for the individuals of Mikulčice Bazilika in both dental caries and
LEH. Indeed, the group 5 and 6 of Mikulčice Bazilika are significantly less affected by caries
lesions than those of Mikulčice Kostelisko and Prušánky. The last graph gave a trend; here we
have a reliable result. We also notice a difference in group 4 and 5 for the LEH. The arguments
of dental care and attenuated stress for these stages of development are thus strengthened.
Group
1
2
3
4
5
6

Mikulčice Bazilika
Caries
LEH
0.00%
5.26%
7.14%
23.08%
27.27%
41.67%
20.00%
20.00%
11.11%
55.56%
0.00%
62.46%

Mikulčice Kostelisko
Caries
LEH
0.00%
8.82%
4.17%
22.73%
31.82%
57.14%
25.00%
90.90%
50.00%
78.13%
88.89%
73.68%

Prušánky
Caries
LEH
0.00%
0.00%
10.52%
21.05%
27.27%
36.36%
20.00%
80.00%
23.07%
78.57%
61.53%
61.53%

Table 4. Frequency of dental caries, and linear enamel hypoplasia per dental mineralization
group (significant differences are in bold)
To sum up, few differences between the collections are highlighted: one on global
prevalence of LEH, and two on location and severity of dental caries. However, if we
compare more biological traits, related to tooth development and enamel susceptibility,
then, some trends to discuss appear.

5. Discussion
Three main topics will be discussed in this last part. The first one deals with the assets and
the drawbacks of archaeological collections in a study of dental health. The second develops
the influence of socioeconomic status on dental mineralization. And finally, we will discuss
the differential enamel susceptibility to be affected from defects and lesions.
5.1 Archaeological collections: assets and drawbacks in the study of socioeconomic
influence on dental health
There are many studies on the influence of lifestyle and/or socioeconomic status on dental
health (Bodoriková et al., 2005; Duray, 1990; Kim & Durden, 2007; Vodanovic et al., 2005).
However, they concern both living and past populations. Moreover, the protocol of
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observation and statistical analyses differ from one to another. Thus, it is very difficult to
compare the results and to be confident in our interpretations. That is why we chose to work
only on huge archaeological samples, even if they also have some downsides. The tooth
sample size in archaeological collections are mostly important (several hundreds of teeth),
especially for medieval cemeteries. Large burials places are excavated, giving many
individuals, including juveniles. The sample size is sufficient to provide reliable statistical
results. Nevertheless, regarding the bone and teeth preservation, data are as often as not
missing, and we do not have all dentition for each individual (Duyar & Erdal, 2003; Hillson,
2001). That is why different calibrations are calculated to adjust the frequencies and to take
into account the missing data.
The second advantage of archaeological collection is that we can have homogeneous
collections, that is to say that population of a same cemetery comes from a global same
lifestyle and the admixture (thus the influence of genetic part) is less pronounced than in
living population. However, in such collection, we have the problem of age-at-death
estimation. When studies based on living populations have accurate age of the subjects
under study, in our case estimations (even with reliable methods) give at best age classes
(Albert and Greene, 1999; Cole, 2003; Heuzé & Cardoso, 2008; Lewis & Gowland, 2007). This
study uses a little the age-at-death estimation that is why we try to free from this bias using
dental mineralization stages. The obtained results and differences highlighted show that this
is a way to work to enhance the quality and reliability of our study.
The third point to discuss also deals with reliability, but on the recording methods. It has
been mentioned in the second part of this chapter that we have evaluated the intra- and
inter-observer error of our protocol for both caries lesions and enamel hypoplasia. To go
back on the terms of Ulijaszek & Lourie (1997), we must compare something comparable.
Yet, recording dental caries and enamel hypoplasia is always a little bit subjective. The data
must be as quantitative as possible and thus at least qualitative (Landis & Koch, 1977). The
results of intra- and inter-observer errors in our last study (Garcin et al., 2010), show that
even if the results are satisfactory, we cannot completely be completely free from this bias
(Berti & Mahaney, 1995; Danforth et al., 1993; Hillson, 1992).
Being aware from these main biases, we can discuss the influence of socioeconomic status
on dental health and development.
5.2 Have you spoken of a possible socioeconomic influence on dental health and
development?
Our results show that except an inferior global prevalence of LEH and less invading caries
in the higher socioeconomic status collection, there is no difference between the individuals
of Mikulčice. On the other hand, Prušánky individuals differ from the other more often,
especially on dental caries. Do these results intend that the lifestyle have more influence on
dental health than the socioeconomic status? We explained in the materials paragraph that it
is quite difficult to define a clear socioeconomic status in archaeological populations even if
they are relative homogeneous. To answer clearly this question in the big site of Mikulčice, it
should be interesting to compare all parts of the area. However, comparing the prevalence
of LEH in other mediaeval/modern groups in Europe (Coulon et al., 2008; Herold, 2008;
Šlaus et al., 2002) it is apparent that our values are relatively low, but overall features are
similar to the other studies. It is the same for the caries lesions even if the results are hardly
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comparable (Espeland et al., 1988; Rudney et al., 1983; Watt et al., 1997; Williams & Curzon,
1985). Nevertheless, our results counteract several other studies (on past and present
populations), which claim that the socioeconomic status influence the health (Goodman et
al., 1988; Hauser, 1994; Henneberg et al., 2001; Kim & Durden, 2007). Although a direct
parallel is difficult, this is a striking result. We must keep in mind the limits of such studies
and thus accept that we give only trends, especially on the relationship between the dental
development and the socioeconomic status. To our point of view, in past population, we
should take into account the global lifestyle rather than searching to define a clear
socioeconomic status. Besides we found in our last studies clear differences between rural
and urban lifestyle, what was confirmed by many studies (Betsinger, 2007; Budnik &
Liczbinska, 2006; Riva et al., 2009; Van de Poel et al., 2007; Williams & Galley, 1995). We also
must take in mind that in past population, we must deal with the “osteological paradox”
(Byers, 1994; Wood et al., 1992; Wright & Yoder, 2003). The juvenile individuals we study
are those who have not survived and who have never reached the adulthood (Saunders &
Hoppa, 1993). On the contrary, the individuals showing dental defects and lesions survived
sufficiently a long time to develop the trait we wanted to record. Thus, healthy past
populations are not necessarily those who the most suffer from biological stress and who
had the best dental care. That is why it is interesting to focus on biological traits only,
avoiding abusive interpretations. The relationship between dental development and health
seem to be a good track to go into in depth.
5.3 Dental mineralization, enamel susceptibility, and health
Until now, relatively few studies have considered the possible relationship between enamel
hypoplasia and dental caries (Khan et al., 1999; Schneider, 1986; Sweeney et al., 1969; Walker
& Hewlett, 1990). Even if tooth susceptibility is different for the two indicators, we could
imagine that enamel with defects is more sensible to bacterial attacks. This hypothesis was
examined by establishing a chart given the frequency by age class having one of the traits or
both traits under study (Table 5).
This table clearly shows that there is slight correlation between caries and hypoplasia.
Indeed, the individuals of Mikulčice Kostelisko and Prušánky can develop both traits in the
same time but it is not a sweeping statement. Only older age classes (after 5 years old) show
the possible relationship, but most of the defects and lesions appear separately. What is
striking is that the individuals having the localized hypoplasia on deciduous teeth also have
LEH on permanent teeth, and also caries lesions. This caries susceptibility seem to be related
to hypocalcified teeth (Duray, 1990), and repeated stress periods. This observation was also
made in several studies, but not only on human but also in Great Apes (Lukacs, 1999a;
Lukacs, 1999b; Lukacs, 2001; Skinner & Goodman, 1992). Moreover, most of the authors link
this observation to a low nutritional status (Norén, 1983; Skinner & Hung, 1989; Sweeney et
al., 1971; Taji et al., 2000). Even if genetics mainly lead dental development, the
environmental conditions and stress periods also influence the dental mineralization and
thus the enamel susceptibility to be affected by caries. Even if it is difficult to demonstrate,
it seems that after passing a certain threshold, the underlying aetiological factors resulting in
caries and enamel hypoplasia interact, creating a vicious cycle – physiological balance is
disturbed through pathogens and inadequate nutrition, compromising metabolism and the
immune system. This makes the afflicted individual susceptible to further infections and
ultimately even more unable to cope with additional stresses (Obertova, 2005; Obertova &
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Thurzo, 2008). This last remark corroborates our comparisons with the biological groups,
which show that juveniles are more likely to develop both traits on permanent teeth.
Even if this study raises only some trends and being aware of its limits, we do not want
misinterpret, the relation to age and indirect influence of the socioeconomic status on defects
and lesions are obvious. We must find now the methodological and theoretical framework
to prove them.

6. Conclusion
The goal of the present research was to obtain information about the influence of the
socioeconomic status on dental health and development by determining the prevalence and
characteristics of enamel hypoplasia and caries in two Great Moravian populations at
Mikulčice and Prušánky.
Collection
/ Age
group

CAR0 / LEH0
n
Frequency

CAR1 / LEH1
n
Frequency

0
1-4
5-9
10-14
15-19
ND
Total

41
83
24
12
6
10
176

0.85
0.83
0.70
0.66
1.00
0.91
0.81

0
0
1
1
0
0
2

0
1-4
5-9
10-14
15-19
ND
Total

36
63
15
8
2
31
155

1.00
0.82
0.28
0.38
0.22
0.25
0.66

0
3
20
8
3
1
35

0
1-4
5-9
10-14
15-19
ND
Total

48
59
11
2
0
16
136

1.00
0.91
0.36
0.20
0.00
1.00
0.79

0
0
6
5
0
0
11

CAR1 / LEH0
n
Frequency

Mikulčice Bazilika
0.00
1
0.00
9
0.03
8
0.06
2
0.00
0
0.00
0
0.01
20
Mikulčice Kostelisko
0.00
0
0.04
1
0.37
1
0.38
2
0.33
1
0.25
1
0.15
6
Prušánky
0.00
0
0.00
2
0.19
1
0.50
2
0.00
1
0.00
0
0.06
6

CAR0 / LEH1 Total
n
Frequency

0.02
0.09
0.24
0.11
0.00
0.00
0.09

6
8
1
3
0
1
19

0.13
0.08
0.03
0.17
0.00
0.09
0.09

48
100
34
18
6
11
217

0.00
0.01
0.02
0.10
0.11
0.25
0.03

0
10
18
3
3
1
35

0.00
0.13
0.33
0.14
0.33
0.25
0.15

36
77
54
21
9
4
231

0.00
0.03
0.03
0.20
0.50
0.00
0.03

0
4
14
1
1
0
36

0.00
0.06
0.44
0.10
0.50
0.00
0.12

48
65
32
10
2
16
173

CAR 0: absence of caries; CAR 1: presence of caries; LEH 0: absence of hypoplasia; LEH 1: presence of
linear hypoplasia; ND: non defined age-at-death.

Table 5. Prevalence of caries against LEH per age group in the three collections (the highest
frequencies are in bold)

www.intechopen.com

Socioeconomic Influence on Caries Susceptibility in Juvenile Individuals
with Limited Dental Care: Example from an Early Middle Age Population …

55

Dental analysis revealed a slightly influence of socioeconomic status on dental health. In
addition, considering the observed prevalence of the hypoplastic lesions and caries in the
analysed skeletal samples, a pattern emerged suggestive of probable influence of lifestyle
and high importance of studying biological traits rather than using age-at-death estimation.
Two main prospects are highlighted from this research: the need of analyzing the whole
sample of Mikulčice-Valy in order to compare other socioeconomic status in big dental
samples, and integrated new methods in population studies to avoid abusive interpretations
and more reliable comparisons. The large sample size of juveniles and preservation of the
skeletal material make the early medieval Great Moravian populations at Mikulčice and
Prušanky unique in their ability to demonstrate the distribution of two dental indicators,
dental caries and enamel hypoplasia. We are convinced that the study of non-adult skeletal
and dental remains is one of the best mean to increase our knowledge of the environmental
and genetic parts in the human development, and certainly one of the most challenging and
exciting area of research in Physical Anthropology and Bioarchaeology.

7. Acknowledgment
We thank M. Bessou, and M. Jantač for their assistance with various phases of this study,
especially for the radiographs used in dental age estimation. We also thank the Horní
Počernice warehouse team and the National Museum of Prague for its welcome at each
mission. Statistical analysis for the software of age-at-death estimation was carried out by V.
Honkimaki (ESRF, Grenoble), and without him, the new approach would never have been
developed. Thanks also go to P. Sellier, and L. Poláček for their discussions on historical
background, and on dental defect scoring. We are also grateful to Mrs. Batby for reading
and commenting on the manuscript. Special thanks to my husband for his help with the
images processing. To all of these people and institutions we are immensely grateful.

8. References
Albert, A. & Greene, D. (1999). Bilateral Asymetry in Skeletal Growth and Maturation as an
Indicator of Environmental Stress. American Journal of Physical Anthropology,
Vol.110, No.3, (November 1999), pp. 341-349, ISSN 1096-8644
Alvarez, J. & Navia, J. (1989). Nutritional status, tooth eruption, and dental caries: A review.
American Journal of Clinical Nutrition, Vol.49, No.3, (March 1989), pp. 417-426, ISSN
0002-9165
Barthelemy, I.; Telmont, N.; Crubézy, E. & Rouge, D. (1999). Etude de la pathologie
stomatologique et maxillo-faciale dans une population médiévale (Xe - XII e siècles)
du sud-ouest de la France. Revue de Stomatologie et de Chirurgie Maxillo-Faciale,
Vol.100, No.3, (June 1999), pp. 133-139, ISSN 0035-1768
Beeby, S.; Buckton, D. & Klanica Z. (1982). Great Moravia: The Archaeology of Ninth-Century
Czechoslovakia, British Museum Publications, ISBN 978-071-4105-20-8, Londres,
United Kingdom
Belcastro, G.; Rastelli, E.; Mariotti, V.; Consiglio, C.; Facchini, F. & Bonfiglioli, B. (2007).
Continuity or Discontinuity of the Life-Style in the Central Italy During the Roman
Imperial Age-Early Middle Ages Transition: Diet, Health, and Behavior. American

www.intechopen.com

56

Contemporary Approach to Dental Caries

Journal of Physical Anthropology, Vol.132, No.3, (March 2007), pp. 381-394, ISSN
1096-8644
Bennike, P.; Lewis, M.E.; Schutkowski, H. & Valentin, F. (2005). Comparison of Child
Morbidity in Two Contrasting Medieval Cemeteries From Denmark. American
Journal of Physical Anthropology, Vol. 128, No.4, (December 2005), pp. 734-746, ISSN
1096-8644
Berti, P. & Mahaney, M. (1995). Conservative Scoring and Exclusion of the Phenomenon of
Interest in Linear Enamel Hypoplasia Studies. American Journal of Human Biology,
Vol.7, No.3, (May 1995), pp. 313-320, ISSN 1520-6300
Betsinger, T. (2007). The Biological Consequences of Urbanization in Medieval Poland, The Ohio
State University, Ph.D Thesis Dissertation, Colombus, USA
Bodorikova, S.; Thurzo, M. & Drozdova, E. (2005). Kazivost’ zubov adolescentov a
dospelých zo staroslovanského pohrebiska Pohansko –“Pohřebiště okolo kostela”
pri Breclavi, Česka republika. Acta Rer. Natur. Mus. Nat. Slov., Vol.51, pp. 88–101
Böhm, J.; Havránek, B.; Kolejka, J.; & Poulík, J. (1963). La Grande-Moravie: tradition millénaire
de l'État et de la civilisation, Éditions de l'Académie Tchécoslovaque des Sciences,
ISBN 702-691-0968-81-3, Prague, Czech Republic
Boldsen, J.; Milner, G.; Konigsberg, L. & Wood, J. (2002). Transition analysis: a new method
for estimating age from skeletons, In: Paleodemography. Age distributions from skeletal
samples, R.D. Hoppa & J.W. Vaupel (Eds.), 73-106, Cambridge University Press,
ISBN 978-052-1800-63-1, Cambridge, United Kingdom
Budnik, A. & Liczbinska, G. (2006). Urban and Rural Differences in Mortality and Causes of
Death in Historical Poland. American Journal of Physical Anthropology, Vol.129, No.2,
(February 2006), pp. 294-304, ISSN 1096-8644
Byers, S.N. (1994). On stress and stature in the "Osteological Paradox". Current Anthropology,
Vol.35, No.3, (June 1994), pp. 282-284, ISSN 0011-3204
Clarkson, J. (1989). Review of terminology, classifications, and indices of developmental
defects of enamel. Advances in Dental Research, Vol.3, No.2, (September 1989), pp.
104-109, ISSN 0022-0345
Cole, T.J. (2003). The secular trend in human physical growth: a biological view. Economics
and Human Biology, Vol.1, No.2, (June 2003), pp. 161-168, ISSN 1570-677X
Conte, F. (1986). Les Slaves : aux origines des civilisations d'Europe centrale et orientale : VIe-XIIIe
siècles, Albin Michel, ISBN 978-222-6026-06-4, Paris, France
Coulon, A.; Grimoud, A.M.; Sevin, A. & Paya, D. (2008). Palaeo-epidemiological study of
linear enamel hypoplasia in an urban medieval population (4th to 16th century)
from the south-west of France: the Toulouse collection of “Saint Michel”. Bulletins
et Mémoires de la Société d'Anthropolologie de Paris, Vol.20, No.3-4, (juillet 2008), pp.
223, ISSN 0037-8984
Cucina, A.; Vargiu, R.; Mancinelli, D.; Ricci, R.; Santandrea, E.; Catalano, P. & Coppa, A.
(2006). The Necropolis of Vallerano (Rome, 2nd-3rd Century AD): An
Anthropological Perspective on the Ancient Romans in the Suburbium. International
Journal of Osteoarchaeology, Vol.16, No.2, (March-April 2006), pp.104-117, ISSN 10991212
Danforth, M.; Shuler Herndon, K. & Propst, K. (1993). A Preliminary Study of Patterns of
Replication in Scoring Linear Enamel Hypoplasias. International Journal of
Osteoarchaeology, Vol.3, No.2, (June 1993), pp. 297-302, ISSN 1099-1212

www.intechopen.com

Socioeconomic Influence on Caries Susceptibility in Juvenile Individuals
with Limited Dental Care: Example from an Early Middle Age Population …

57

Duray, S.M. (1990). Deciduous Enamel Defects and Caries Susceptibility in a Prehistoric
Ohio Population. American Journal of Physical Anthropology, Vol.81, No.1, (January
1990), pp. 27-34, ISSN 1096-8644
Duyar, I. & Erdal, Y.S. (2003). A new approach for calibrating dental caries frequency of
skeletal remains. Homo, Vol.54, No.1, (January 2003), pp. 57-70, ISSN 0018-442X
Erdal, Y.S. & Duyar, I. (1999). Brief Communication: A New Correction Procedure for
Calibrating Dental Caries Frequency. American Journal of Physical Anthropology, Vol.
108, No.2, (June 1999), pp. 237-240, ISSN 1096-8644
Esclassan, R.; Grimoud, A.M.; Ruas, M.P.; Donat, R.; Sevin, A.; Astie, F.; Lucas, S. &
Crubézy, E. (2009). Dental caries, tooth wear and diet in an adult medieval (12-14th
century) population from mediterranean France. Archives of Oral Biology, Vol.54,
No.3, (March 2009), pp. 287-297, ISSN 0003-9969
Espeland, M.A.; Murphy, W.C. & Leverett, D.H. (1988). Assessing diagnostic reliability and
estimating incidence rates associated with a strictly progressive disease: Dental
caries. Statistics in Medicine, Vol.7, No.3, (March 1988), pp. 403–416, ISSN 1097-0258
Fitzgerald, C.M. & Saunders, S.R. (2005). Test of Histological Methods of Determining
Chronology of Accentuated Striae in Deciduous Teeth. American Journal of Physical
Anthropology, Vol.127, No.3, (July 2005), pp. 277-290, ISSN 1096-8644
Garcin, V.; Velemínský, P.; Trefný, P.; Alduc-Le Bagousse, A.; Lefebvre, A. & Bruzek, J.
(2010). Dental health and lifestyle in four early mediaeval juvenile populations:
Comparisons between urban and rural individuals, and between coastal and inland
settlements. Homo, Vol.61, No.6, (December 2010), pp. 421-439, ISSN 0018-442X
Gibbons, R.J. & van Houte, J. (1975). Dental Caries. Annual Revue of Medicine, Vol.26, No.2,
(February 1975), pp. 121-136, ISSN 0066-4219
Goodman, A.H. & Armelagos, G.J. (1985). Factors Affecting the Distribution of Enamel
Hypoplasias Within the Human Permanent Dentition. American Journal of Physical
Anthropology, Vol.68, No.4, (December 1985), pp. 479-493, ISSN 1096-8644
Goodman, A.H.; Pelto, G.H. & Allen, L.H. (1988). Socioeconomic and nutritional status
correlates of enamel developmental defects in mild-to moderately malnourished
Mexican children. American Journal of Physical Anthropology, Vol.75, No.2, (February
1988), pp. 215, ISSN 1096-8644
Greksa, L.P.; Rie, N.; Islam, A.R.; Maki, U. & Omori, K. (2007). Growth and Health Status of
Street Children in Dhaka, Bangladesh. American Journal of Human Biology, Vol.19,
No.1, (January-February 2007), pp.51-60, ISSN 1520-6300
Halcrow, S.E. & Tayles, N. (2008). The Bioarchaeological Investigation of Childhood and
Social Age: Problems and Prospects. Journal of Archaeological Method and Theory,
Vol.15, No.2, (June 2008), pp. 190-215, ISSN 1573-7764
Hauser, R.M. (1994). Measuring Socioeconomic Status in Studies of Child Development.
Child Development, Vol.65, No.6, (December 1994), pp.1541-1545, ISSN 1467-8624
Havelkova, P.; Villote, S.; Velemínský, P.; Poláček, L. & Dobisikova, M. (2011).
Enthesopathies and Activity Patterns in the Early Medieval Greater Moravian
Population (9.-10. century AD): Evidence of Division of Labour. International Journal
of Osteoarchaeology, Vol.21, No.4, (July-August 2011), pp. 487-504, ISSN 1099-1212
Henneberg, M.; Brush, G. & Harrison, G.A. (2001). Growth of Specific Muscle Strength
Between 6 and 18 Years in Contrasting Socioeconomic Conditions. American Journal
of Physical Anthropology, Vol.115, No.1, (May 2001), pp. 62-70, ISSN 1096-8644

www.intechopen.com

58

Contemporary Approach to Dental Caries

Herold, M. (2008). Sex differences in mortality in lower Austria and Vienna in the early medieval
period: an investigation and evaluation of possible contributing factors. Ph.D. Thesis
dissertation, University of Vienna, Vienna, Austria
Heuzé, Y. & Cardoso, H.F.V. (2008). Testing the Quality of Nonadult Bayesian Dental Age
Assessment Methods to Juvenile Skeletal Remains: The Lisbon Collection Children
and Secular Trend Effects. American Journal of Physical Anthropology, Vol.135, No.3,
(March 2008), pp. 275-283, ISSN 1096-8644
Hillson, S. (1979). Diet and dental disease. World Archaeology, Vol.11, No.2, (March 1979), pp.
147-162, ISSN 1470-1375
Hillson, S. (1992). Impression and replica methods for studying hypoplasia and perikymata
on human tooth crown surfaces from archaeological sites. International Journal of
Osteoarchaeology, Vol.2, No.1, (March 1992), pp. 65–78, ISSN 1099-1212
Hillson, S. (2001). Recording Dental Caries in Archaeological Human Remains. International
Journal of Osteoarchaeology, Vol.11, No.4, (July-August 2001), pp. 249-289, ISSN 10991212
Hillson, S. & Bond, S. (1997). Relationship of Enamel Hypoplasia to the Pattern of Tooth
Crown Growth: A Discussion. American Journal of Physical Anthropology, Vol.104,
No.1, (September 1997), pp. 89-103, ISSN 1096-8644
Humphrey, L.T. & King, T. (2000). Childhood stress: A lifetime legacy. Anthropologie, Vol. 38,
No.1, (January-July 2002), pp. 33-49, ISNN 0323–1119
Johansson, I.; Larsson, B.; Nordlund, A. & Ericson, T. (1994). Diet and dental caries. American
Journal of Clinical Nutrition, Vol.59, No.4, (April 1994), pp. 788S, ISSN 1938-3207
Khan, F.; Young, W.G.; Shahabi, S. & Daley, T.J. (1999). Dental cervical lesions associated
with occlusal erosion and attrition. Australian Dental Journal, Vol.44, No.3,
(September 1999), pp. 176-186, ISSN 1834-7819
Kim, J. & Durden, E. (2007). Socioeconomic status and age trajectories of health. Social
Science & Medicine, Vol.65, No.12, (December 2007), pp. 2489-2502, ISSN 0277-9536
Klanica, Z. (2006a). Nechvalin, Prusanky. Vier slawische Nekropolen. Teil I., Archäologisches
Institut Der Akademie der Wissenschaften der Tschechischen Republik, ISBN 8086023-75-3, Brno, Czech Republic
Klanica, Z. (2006b.) Nechvalin, Prusanky. Vier slawische Nekropolen. Teil II., Archäologisches
Institut Der Akademie der Wissenschaften der Tschechischen Republik, ISBN 8086023-75-3, Brno, Czech Republic
Klein, H. & Palmer, C.E. (1941). Studies on Dental Caries. XII. Comparisons of the Caries
Susceptibility of the Various Morphological Types of Permanent Teeth. Journal of
Dental Research, Vol.20, No.3, (June 1941), pp. 203-216, ISSN 1544-0591
König, K.G. & Navia, J.M. (1995). Nutritional role of sugars in oral health. American Journal of
Clinical Nutrition, Vol.62, No.1, (July 1995), pp. 275S-283S, ISSN 1938-3207
Landis, J.R. & Koch, G.G. (1977). The Measurment of Observer Agreement for Categorical
Data. Biometrics, Vol.33, No2, (June 1977), pp. 159-174, ISSN 1541-0420
Leger, L. (1868). Cyrille et Méthode: étude historique sur la conversion des slaves au christianisme.
A. Franck, Paris, France.
Lewis, M.E. (2007). The Bioarchaeology of Children. Perspectives from Biological and Forensic
Anthropology. Cambridge University Press, ISBN 052-1836-02-6, Cambridge, United
Kingdom

www.intechopen.com

Socioeconomic Influence on Caries Susceptibility in Juvenile Individuals
with Limited Dental Care: Example from an Early Middle Age Population …

59

Lewis, M.E. & Gowland, R.L. (2007). Brief and Precarious Lives: Infant Mortality in
Contrasting Sites from Medieval and Post-Medieval England (AD 850-1859).
American Journal of Physical Anthropology, Vol.134, No.1, (September 2007), pp. 117129, ISSN 1096-8644
Li, Y. & Wang, W. (2002). Predicting Caries in PermanentTeeth from Caries in Primary
Teeth: An Eight-year Cohort Study. Journal of Dental Research, Vol.81, No.8, (August
2002), pp. 561-566, ISSN 1544-0591
Lukacs, J.R. (1995). The 'Caries Correction Factor': a New Method of Calibrating Dental
Caries Rates to Compensate for Antemortem Loss of Teeth. International Journal of
Osteoarchaeology, Vol.5, No.2, (June 1995), pp.151-156, ISSN 1099-1212
Lukacs, J.R. (1999a). Enamel Hypoplasia in Deciduous Teeth of Great Apes: Do Differences
in Defect Prevalence Imply Differential Levels of Physiological Stress? American
Journal of Physical Anthropology, Vol.110, No.3, (November 1999), pp.351-363, ISSN
1096-8644
Lukacs, J.R. (1999b). Interproximal Contact Hypoplasia in Primary Teeth: A New Enamel
Defect With Anthropological and Clinical Relevance. American Journal of Human
Biology, Vol.11, No.6, (November-December 1999), pp. 718-734, ISSN 1520-6300
Lukacs, J.R. (2001). Enamel Hypoplasia in the Deciduous Teeth of Great Apes: Variation in
Prevalence and Timing of Defects. American Journal of Physical Anthropology,
Vol.116, No.3, (November 2001), pp. 199-208, ISSN 1096-8644
Lukacs, J.R.; Nelson, G.C. & Walimbe, S.R. (2001a). Enamel Hypoplasia and Childhood
Stress in Prehistory: New Data from India and Southwest Asia. Journal of
Archaeological Science, Vol.28, No.11, (November 2001), pp. 1159-1169, ISSN 03054403
Lukacs, J.R.; Walimbe, S.R. & Floyd, B. (2001b). Epidemiology of Enamel Hypoplasia in
Deciduous Teeth: Explaining Variation in Prevalence in Western India. American
Journal of Human Biology, Vol.13, No.6, (November-December 2001), pp. 788-807,
ISSN 1520-6300
Moorrees, C.F.A.; Fanning, E.A. & Hunt, E.E. (1963a). Age Variation of Formation Stages for
Ten Permanent Teeth. Journal of Dental Research, Vol.42, No.6, (November 1963),
pp.1490-1502, ISSN 1544-0591
Moorrees, C.F.A.; Fanning, E.A. & Hunt, E.E. (1963b). Formation and Resorption of three
Deciduous Teeth in Children. American Journal of Physical Anthropology, Vol.21,
No.2, (June 1963), pp. 205-213, ISSN 1096-8644
Navia, J.M. (1994). Carbohydrates and dental health. American Journal of Clinical Nutrition,
Vol.59, No.3, (March 1994), pp.719S-727S, ISSN 1938-3207
Norén, J.G. (1983). Enamel structure in deciduous teeth from low-birth-weight infants. Acta
Odontologica Scandinavica, Vol.41, No.6, (January 1983), pp. 355-362, ISSN 1502-3850
O'Sullivan, D.M. & Tinanoff, N. (1993). Maxillary Anterior Caries Associated with Increased
Caries Risk in Other Primary Teeth. Journal of Dental Research, Vol.72, No.12,
(December 1993), pp. 1577-1580, ISSN 1544-0591
O'Sullivan, E.A.; Williams, S.A. & Curzon, M.E. (1992). Dental Caries in Relation to
Nutritional Stress in Early English Child Populations. Pediatric Dentistry, Vol.14,
No.1, (January-February), pp. 26-29, ISSN 0164-1263
Obertová, Z. (2005). Environmental stress in the Early Mediaeval Slavic population at Borovce
(Slovakia). Homo, Vol.55, No.3, (February 2005), pp. 283-291, ISSN 0018-442X

www.intechopen.com

60

Contemporary Approach to Dental Caries

Obertová, Z. & Thurzo, M. (2008). Relationship between Cribra Orbitalia and Enamel
Hypoplasia in the Early Medieval Slavic Population at Borovce, Slovakia.
International Journal of Osteoarchaeology, Vol.18, No.3, (May-June 2008), pp. 280-292,
ISSN 1099-1212
Ogden, A.R.; Pinhasi, R. & White, W.J. (2007). Gross Enamel Hypoplasia in Molars From
Subadults in a 16th-18th Century London Graveyard. American Journal of Physical
Anthropology, Vol.133, No.3, (July 2007), pp. 957-966, ISSN 1096-8644
Oyamada, J.; Igawa, K.; Kitagawa, Y.; Manabe, Y.; Kato, K.; Matsushita, T. & Rokutanda, A.
(2008). Pathology of deciduous teeth in the samurai and commoner children of
early modern Japan. Anthropological Science, Vol.116, No.1, (January 2008), pp. 9-15,
ISSN 1348-8570
Palubeckaité, Z.; Jankauskas, R. & Boldsen, J.L. (2002). Enamel Hypoplasia in Danish and
Lithuanian Late Medieval / Early Modern Samples: A Possible Reflection of Child
Morbidity and Mortality Patterns. International Journal of Osteoarchaeology, Vol.12,
No.3, (May-June 2002), pp. 189-201, ISSN 1099-1212
Pinhasi, R.; Teschler-Nicola, M.; Knaus, A. & Shaw, P. (2005). Cross-Population Analysis of
the Growth of Long Bones and the Os Coxae of Three Early Medieval Austrian
Populations. American Journal of Human Biology, Vol.17, No.4, (July-August 2005),
pp. 470-488, ISSN 1520-6300
Poláček, L. (2000). Tereni vyzkum v Mikulcicich (Mikulcice - pruvodce, svazek 1), AU AV CR,
ISBN 80-86023-26-5, Brno, Czech Republic
Poláček, L. (2008). Great Moravia, the Power Centre at Mikulcice and the Issue of the Socioeconomic Stucture. In: Studien zum Burgwall von Mikulcice VIII, P. Velemínský & L.
Poláček, (Eds.), 11-44, Archäologisches Institut Der Akademie der Wissenschaften
der Tschechischen Republik, ISBN 978-80-86023-74-8, Brno, Czech Republic
Poláček, L. & Marek, O. (2005). Grundlager der Topographie des Burgwalls von Mikulčice.
Die Grabungsflächen 1954-1992. In: Studien zum Burgwall von Mikulčice VII, L.
Poláček, (Ed.), 9-358, Archäologisches Institut Der Akademie der Wissenschaften
der Tschechischen Republik, ISBN 808-6023-57-5, Brno, Czech Republic
Poláček, L.; Mazuch, M. & Baxa, P. (2006). Mikulčice-Kopčany. Stav a perspektivy výzkumu.
Archeologické rozhledy, Vol.58, No.4, (October 2006), pp. 623-642, ISSN 0323-1267
Reich, E.; Lussi, A. & Newbrun, E. (1999). Caries-risk assessment. International Dental Journal,
Vol.49, No.1, (February 1999), pp.15-26, ISSN 0020–6539
Reid, D.J. & Dean, M.C. (2000). Brief Communication: The Timing of Linear Hypoplasias on
Human Anterior Teeth. American Journal of Physical Anthropology, Vol.113, No.1,
(September 2000), pp.135-139, ISSN 1096-8644
Ritz-Timme, S.; Cattaneo, C.; Collins, M.J.; Waite, E.R.; Schütz, H.W.; Kaatsch, H-J. &
Borrman, H.I.M. (2000). Ages estimation: The state of the art in relation to the
specific demands of forensic practise. International Journal of Legal Medecine, Vol.113,
No.3, (May 2000), pp. 129-136, ISSN 1437-1596
Ritzman, T.B.; Baker, B.J. & Schwartz, G.T. (2008). A Fine Line: A Comparison of Methods
for Estimating Ages of Linear Enamel Hypoplasia Formation. American Journal of
Physical Anthropology, Vol.135, No.3, (March 2008), pp. 348-361, ISSN 1096-8644
Riva, M.; Curtis, S.; Gauvin, L. & Fagg, J. (2009). Unravelling the extent of inequalities in
health accross urban and rural areas: Evidence from a national sample in England.
Social Science & Medicine, Vol.68, No.4, (February 2009), pp. 654-663, ISSN 0277-9536

www.intechopen.com

Socioeconomic Influence on Caries Susceptibility in Juvenile Individuals
with Limited Dental Care: Example from an Early Middle Age Population …

61

Rudney, J.D.; Katz, R.V. & Brand, J.W. (1983). Interobserver reliability of methods for
paleopathological diagnosis of dental caries. American Journal of Physical
Anthropology, Vol.62, No.2, (June 1983), pp. 243–248, ISSN 1096-8644
Saunders, S.R.; De Vito, C. & Katzenberg, M.A. (1997). Dental Caries in Nineteenth Century
Upper Canada. American Journal of Physical Anthropology, Vol.104, No.1, (September
1997), pp. 71-87, ISSN 1096-8644
Saunders, S.R. & Hoppa, R.D. (1993). Growth Deficit in Survivors and Non-Survivors:
Biological Mortality Bias in Subadult Skeletal Samples. Yearbook of Physical
Anthropology, Vol.36, No. Supplement 17, pp.127-151, ISSN 1096-8644
Saunders, S.R.; Hoppa, R.D.; Macchiarelli, R. & Bondioli, L. (2000). Investigating variability
in human dental development in the past. Anthropologie, Vol.38, No.1, (January-July
2002), pp. 101-107, ISNN 0323–1119
Scheuer, L. & Black, S. (2000a). Development and ageing of the juvenile skeleton, In: Human
osteology in archaeology and forensic medicine, M. Cox & S. Mays, (Eds.), 9-21,
Greenwich Medical Media, ISBN 978-184-1100-46-3, London, United Kingdom
Scheuer, L. & Black, S. (2000b). Developmental Juvenile Osteology. Elsevier Academic Press,
ISBN 0-12-624000-0, London, United Kingdom
Schmitt, A. (2005). Une nouvelle méthode pour estimer l’âge au décès des adultes à partir de
la surface sacro-pelvienne iliaque, Bulletins et Mémoires de la Société d'Anthropologie
de Paris, Vol.17, No.1-2, (January-July 2005), pp. 89-101, ISSN 0037-8984
Schneider, K.N. (1986). Dental Caries, Enamel Composition, and Subsistence Among
Prehistoric Amerindians of Ohio. American Journal of Physical Anthropology, Vol.71,
No.1, (September 1986), pp. 95-102, ISSN 1096-8644
Skinner, M.F. & Goodman, A.H. (1992). Anthropological Uses of Developmental Defects of
Enamel, In: Skeletal Biology of Past Peoples: Reasearch Methods, S.R. Saunders & M.A.
Katzenberg, (Eds.), 153-174, Wiley-Liss, ISBN 978-047-1561-38-5, New York, United
States
Skinner, M.F. & Hung, J.T.W. (1989). Social and Biological Correlates of Localized Enamel
Hypoplasia of the Human Deciduous Canine Tooth. American Journal of Physical
Anthropology, Vol.79, No.2, (June 1989), pp. 159-175, ISSN 1096-8644
Šlaus, M.; Kollmann, D.; Novak, S.A. & Novak, M. (2002). Temporal trends in demographic
profiles and stress levels in medieval (6th–13th centuries) population samples from
continental Croatia. Croatian Medical Journal, Vol.43, No.5, (October 2002), pp. 598–
605, ISSN 1332-8166
Stloukal, M. (1967). Druhé pohřebiště na hradišti „Valy“ u Mikulčic. Památky archeologické,
Vol.58, No.1, (January 1967), pp. 272-319, ISSN 0031-0506
Sweeney, E.A.; Cabrera, J.; Urrutia, J. & Mata, L. (1969). Factors Associated with Linear
Hypoplasia of Human Deciduous Incisors. Journal of Dental Research, Vol.48, No.6,
(November 1969), pp. 1275-1279, ISSN 1544-0591
Sweeney, E.A.; Saffir, A.J. & De Leon, R. (1971). Linear hypoplasia of deciduous incisor teeth
in malnourished children. American Journal of Clinical Nutrition, Vol.24, No.1,
(January 1971), pp. 29-31, ISSN 0002-9165
Taji, S.; Hughes, T.; Rogers, J. & Townsend, G. (2000). Localised enamel hypoplasia of
human deciduous canines: genotype or environment? Australian Dental Journal,
Vol.45, No.2, (June 2000), pp. 83-90, ISSN 1834-7819

www.intechopen.com

62

Contemporary Approach to Dental Caries

Třeštík, D. (2001). Vznik Velké Moravy. Moravané, Cechové a Stredni Evropa v Letech 791-871,
Nakladatelstvi Lidové Noviny, ISBN 807-1066-46-X, Prague, Czech Republic
Ubelaker, D.H. (1978). Human Skeletal Remains: Excavation, Analysis and Interpretation,
Smithsonian Institute Press, ISBN 978-020-2362-39-7, Washington, United States
Ulijaszek, S.J. & Lourie, J.A. (1997). Anthropometry in Health Assessment: The Importance
of Measurement Error. Collegium Anthropologicum, Vol.21, No.2, (July 1997), pp.
429-438, ISSN 0350-6134
Van de Poel, E.; O'Donnell, O. & Van Doorslaer, E. (2007). Are urban children really
healthier ? Evidence from 47 developing countries. Social Science & Medicine, Vol.65,
No.10, (November 2007), pp. 1986-2003, ISSN 0277-9536
Velemínský, P. (2000). Mikulčice-Kostelisko. Nekteré kostni projevy nespecifické zateze a moznosti
stanoveni pokrevne pribuzenskych vztahu na zaklade morfologické podobnosti. Ph.D.
Thesis Dissertation, Charles University, Prague, Czech Republic
Velemínský, P.; Likovský, J.; Trefný, P.; Dobisíková, M.; Velemínská, J.; Poláček, L. &
Hanáková, H. (2005) Großmährisches Gräberfeld auf „Kostelisko“ im Suburbium
des Mikulčicer Burgwalls. Demographie, Spuren nicht spezifischer Belastung
physiologischen und physischen Charakters auf Skeletten, Gesundheitszustand, In:
Studien zum Burgwall von Mikulčice, Band VI, L. Poláček, (Ed.), 539-633,
Archäologisches Institut Der Akademie der Wissenschaften der Tschechischen
Republik, ISBN 808-6023-31-1, Brno, Czech Republic
Vodanović, M.; Brkić, H.; Šlaus, M. & Demo, Z. (2005). The frequency and distribution of
caries in the mediaeval population of Bijelo Brdo in Croatia (10th-11th century).
Archives of Oral Biology, Vol.50, No.7, (July 2005), pp. 669-680, ISSN 0003-9969
Walker, P.L. & Hewlett, B.S. (1990). Dental Health Diet and Social Status among Central
African Foragers and Farmers. American Anthropologist, Vol.92, No.2, (June 1990),
pp. 383-398, ISSN 1548-1433
Watt, M.E.; Lunt, D.A. & Gilmour, W.H. (1997). Caries prevalence in the deciduous dentition
of a mediaeval population from the southwest of Scotland. Archives of Oral Biology,
Vol.42, No.12, (December 1997), pp. 811–820, ISSN 0003-9969
Williams, S.A. & Curzon, M.E.J. (1985). Dental caries in a Scottish medieval child
population. Caries Research, Vol.19, No. 2, (March 1985), pp. 162, ISSN 0008-6568
Williams, N. & Galley, C. (1995). Urban-rural Differentials in Infant Mortality in Victorian
England. Population Studies, Vol.49, No.3, (September 1995), pp. 401-420, ISSN 14774747
Wood, J.W.; Milner, G.R.; Harpending, H.C. & Weiss, K.M. (1992). The Osteological
Paradox. Problems of Inferring Prehistoric Health from Skeletal Samples. Current
Anthropology, Vol.33, No.4, (August-October 1992), pp. 343-370, ISSN 0011-3204
Wright, L.E. (1997). Intertooth Patterns of Hypoplasia Expression: Implications for
Childhood Health in the Classic Maya Collapse. American Journal of Physical
Anthropology, Vol.102, No.2, (February 1997), pp.233-247, ISSN 1096-8644
Wright, L.E. & Yoder, C.J. (2003). Recent progess in bioarchaeology: Approaches to the
osteological paradox. Journal of Archaeological Research, Vol.11, No.1, (March 2003),
pp. 43-70, ISSN 1573-7756
Internet site of the World Heritage Center of Unesco: http://whc.unesco.org

www.intechopen.com

Contemporary Approach to Dental Caries
Edited by Dr. Ming-Yu Li

ISBN 978-953-51-0305-9
Hard cover, 488 pages
Publisher InTech
Published online 14, March, 2012
Published in print edition March, 2012
With an update of the recent progress in etiology, pathogenesis, diagnosis, and treatment of caries, it may be
said that the final defeat of dental caries is becoming possible soon. Based on the research in this area in
recent decades, "Contemporary Approach to Dental Caries" contained the caries in general, the diagnosis of
caries, caries control and prevention, the medical treatment of caries, dental caries in children and others such
as secondary caries. This book provides the reader with a guide of progress on the study of dental caries. The
book will appeal to dental students, educators, hygienists, therapists and dentists who wish to update their
knowledge. It will make you feel reading is profitable and useful for your practice.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Virginie Gonzalez-Garcin, Gaëlle Soulard, Petr Velemínský, Petra Stránská and Jaroslav Bruzek (2012).
Socioeconomic Influence on Caries Susceptibility in Juvenile Individuals with Limited Dental Care: Example
from an Early Middle Age Population (Great Moravia, 9th-10th Centuries A.D., Czech Republic), Contemporary
Approach to Dental Caries, Dr. Ming-Yu Li (Ed.), ISBN: 978-953-51-0305-9, InTech, Available from:
http://www.intechopen.com/books/contemporary-approach-to-dental-caries/socioeconomic-influence-oncaries-susceptibility-in-juvenile-individuals-with-limited-dental-care-ex

InTech Europe

InTech China

University Campus STeP Ri

Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A

No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia
Phone: +385 (51) 770 447

Phone: +86-21-62489820

Fax: +385 (51) 686 166

Fax: +86-21-62489821

www.intechopen.com

© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

