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Caries prevalence in skeletal series - Is it possible to compare?
Veronica Wesolowski

Departamento de Endemias Samuel Pessoa, Escola Nacional de Saúde Publica Sérgio Arouca-Fiocruz,
Rua Leopoldo Bulhões 1480, 21041-210 Rio de Janeiro, RJ, Brasil

Because of the relationship with subsistence, dental caries is a central issue in paleopathological research.
Usually, comparisons between caries prevalence exhibited in different skeletal series are made. Dietary variation is
the most common explanation for cavities prevalence. The aim of this paper is to verify if it is possible to compare
caries prevalence reported on papers for archaeological skeletal series.  Another goal is to determine if other
factors besides diet are implicated in dental cavity prevalence explanation. Twenty six papers about dental health
with caries prevalences published from 1999 to 2004 were analyzed for completeness. This assessment includes
carious lesion diagnosis and characteristics, age, sex and size characteristics of samples, and prevalence calcula-
tion method. The majority of the analyzed papers do not provide adequate information in the topics listed above.
Only very few implicated factors other than diet as a contributor to caries lesions development.
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Enamel mineralization makes teeth very resistant
structures. They can be preserved even in poor preserva-
tion conditions.  Since teeth are directly involving in the
alimentary process and in many other cultural processes,
especially when teeth are used as tools, they provide a
large spectrum of research possibilities concerning sub-
sistence, health, and life style in ancient human groups.

Several pionereeing investigators of Native American
groups demonstrated that the caries prevalence increased
following an increase in the amount of sugar in the diet
(Waugh 1930, 1931, Waugh & Waugh 1940).  The recogni-
tion that the diet can play a role in the development of
cavities pointed to the possibility that the diet of ancient
human groups could be inferred through the patterns
observed to the caries prevalence.

Although the study of subsistence through dental
characteristics had always been present in the bio-archeo-
logical research, the importance of this line of investiga-
tion increased during the final of the 7th decade of the XX
century.

The �New Paleopathology� brought a new perspec-
tive to the field including an epidemiological approach to
the study of the health-disease processes in the past.
Since the beginning of 1980s shifts in the subsistence
patterns and life-styles have being the focus of many re-
searches (Buikstra & Cook 1992).

During the end of the 1970s and the beginning of the
1980s the evidence connecting diet to dental cavities
prevalence increased. As a result, the idea that caries
prevalence changes when diet changes became a frequent
explanatory model. This model was supported by three
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main research lines: surveys in the caries prevalence
among many native Americans, Africans, Asians, and  Ab-
origines living under several different subsistence strate-
gies in traditional economies (hunter-gathers, incipient
horticulturalists, and agriculturalists); paleopathological
study of skeletal series recovered from well-know archeo-
logical contexts (including subsistence patterns), and
contemporaneous populations living under no traditional
subsistence systems (commercial and industrial agricul-
ture, industrial societies) (Turner 1979, Cohen & Arme-
lagos 1984).

Tese lines of research shoud that dental caries preva-
lence is more pronouced in groups with large amounts of
carbohydrates in the diet.  So, hunter-gatherers have, in
general, the lowest prevalence values and groups with a
industrial economy have the highest caries prevalence
values. Between the both extremes there are several oth-
ers subsistence systems with variable consumption of
rich carbohydrate food and variable caries prevalence
values (Turner 1979, Cohen & Armelagos 1984).

Since this early researchs, specific ranges of caries
prevalence values are being associated with specific sub-
sistence strategies and such associations are in the cen-
ter of many interpretations about diet performed during
paleopathological investigations in archeological skeletal
samples.  So the observed cavities prevalence is usually
associated with the group�s putative subsistence pattern
and compared with caries prevalence ranges and/or val-
ues previously reported for other series presenting this
same subsistence pattern.

Based upon the relationship between caries and diet,
the prevalence of caries became a marker to access shifts
in the subsistence pattern and, even without other mate-
rial evidence, the cavities prevalence are frequently used
to infer the group diet.

The goals of this paper are: (1) to do a systematic re-
view of papers published in the last five years that foccus
on dental caries as a main subject; (2) to evaluate the
quality of the methodological information given in such
papers; (3) to discuss the validity of comparisons between
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results obtained in different research, and; (4) to estab-
lish if any other factor than diet was implicated in the
explanation of the caries causation in ancient human
groups.

MATERIAL  AND  METHODS

This bibliographic review included papers that had,
as study focus, dental caries in archeological skeletal
samples, either prehistoric or historic, and that had being
published in a five years before this review (between Janu-
ary 1999 and January 2004).

The following bibliographic databases were used to
search papers related with the subject of this revision:
Medline, Scielo, Biological Abstracts, CAB, ASFA, and
human nutrition. In order to complete the investigation, I
performed a direct search in the JSTOR database (Journal
Storage � www.jstor.org ), as well as in my personal li-
brary and in the Biological Anthropology Laboratory�s
library (IB/USP). The cited references in the recovered
papers were examined to find other papers of interest.

The language of the papers (Portuguese, French, En-
glish, Spanish, and Italian) and the mention of caries preva-
lence values in the papers were defined as inclusion
criteria.

To evaluate the quality of the methodological infor-
mation provided, five criteria were analyzed (Table I). Each
criterion could be scored as positive [+], negative [�] or
partial [p]. Considering each criterion, complete method-
ological information were scored as positive, no given
methodological information were scored as negative and
incomplete or unclear methodological information were
scored as partial. When a criterion was scored as partial,
the methodological information given in the paper was
registered. �Positive [+]� was the score considered desir-
able for all the analytical criteria. The frequency of papers
showing positive, negative, and partial answer was cal-
culated for each criterion.

A score system was created to classify the analyzed
papers regarding their methodological information qual-
ity. Positive scores received 1 point, partial scores received
0.5 points and negative scores received 0 points. The
maximum possible score for each paper was 5 points and
the minimum 0 points.

The papers were classified according to the method-
ological information provided. Five qualitative classes
were used: (i) 5 to 4,5 points- complete; (ii) 3 to 4 points �
sufficient; (iii) 2.5 � incomplete; (iv) 2  to  0.5 � very incom-
plete; (v) 0 � any methodological information was given.

After that classification, the frequency of papers in
each of these categories was calculated.

In order to evaluate the use of diet as an explanatory
mechanism to the presence of cavities and caries preva-
lence, the following information was searched for and ex-
tracted from the papers: (1) Did the author (s) explained
the calculated caries prevalence in the studied groups
using a relationship between caries and diet? (2) Did the
author (s) considered any other factor than diet as a pos-
sible factor playing a role in the cavities development
and/or used this factor to explain the observed preva-
lence even as a secondary possibility?

RESULTS

Twenty nine papers were recovered. From those, four
were excluded from the analysis due to the absence of
prevalence values (Antunes-Ferreira et al. 2000, Carnim et
al. 2000, Domett et al. 2000, Santos & Matos 2000).

Sciulli and Oberly (2002) presented two different data
sets: one adressing the whole set of possible skeletal
samples and other adressing only few selected skeletal
samples. Since the methodology used to analyze each
one of these data sets was different, the paper was ana-
lyzed as two different works and appears twice in the
Table II.

The results found in the evaluation of the method-
ological quality for each criterion are presented in the
Table II, as well the results found for the factor used to
explain the caries prevalence.

Only one paper received the maximum score consider-
ing all defined criteria, being classified as complete. Fifty
percent of the analyzed papers were scored in the 2.5 in-
terval, being classified as incomplete. One paper made a 0
score and received the �no given information� classifica-
tion. The identification of the analyzed paper and the re-
spective score is in Table II. The scores obtained for each
paper was in Table III and the percentage of papers in
each quality interval is in Fig. 1.

TABLE I
Definition of criteria used in the methodological evaluation

Criteria Characteristics

Description of  the caries prevalence Accurate description of the method used to calculate the prevalence
calculation method  (CPCM)

Description of the  caries diagnostic Accurate description of the method used to diagnose cavities (visual inspection,
methods (CDM) with or without use of dental probe, nature of  illumination used, etc.)

Description of the caries lesions Accurate description of the lesions morphology, anatomic location site, affected
characteristics (CLC) teeth and definition of characteristics to considerate a lesion as cavitie

Samples characteristics (SC) Sexual and age composition for effectively analyzed samples

Specification of sample size (SZ) Specification of size for the sample and/or sub-sample effectively used in caries
observation
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Among the five criteria defined as indicators of qual-
ity of methodological information, only the CPCM (de-
scription for caries prevalence calculation method) had a
good performance and 73.08% of the papers showed clear
and complete information about the method used to cal-
culate the cavities prevalence.  The other 11.54% showed
partial (incomplete) information.

The worst result among all criteria was found in the
description for caries diagnostic methods (CDM). In this
criterion, 88.46% of analyzed papers received a negative
evaluation. Although not showing a negative evaluation
as the CDM, the SZ criterion (specification of sample size)
had a poor performance and only 57.69% of the papers
have given this information (Table  II, Fig. 2).

All but three papers used diet as the main factor ex-
plaining the caries prevalence found (23 papers). The three
remaining papers did not consider any explanation for the
observed cavities prevalence, because this was not one
of their goals.

Only nine papers, from the 23 which used diet as the
main explanatory factor for the observed caries preva-
lence,   implicated any other factor as potential element
involved in the carious lesions development.

DISCUSSION

Valid comparison can only be performed if the factors
involved in the comparison are equivalent. This implies
that, to be possible to compare caries prevalence, this
prevalence needs to be calculated from equivalent samples
and using equivalent methodological procedures.

The archaeological skeletal series had as an intrinsic
characteristic to be non random funerary samples from
the original population. Many factors were present dur-
ing their constitution and these factors could not be com-
pletely recovered by the archeologists. Being an intrinsic
characteristic of the archaeological funerary sample, this
non random feature could not be efficiently avoided and
as a direct result, the archaeological skeletal sample is
very distinctive from the regular population samples used
in epidemiological research. The archaeological skeletal
sample does not have all the required characteristics
needed to make prevalence comparisons following the
epidemiological and statistical parameters (Waldron 1994).

Usually, there is a large variability in the sex and age
composition as well in the sample size (number of all skel-
etons which could be analyzed) among different archeo-
logical skeleton series.

Fig. 1: graphic showing the frequencies of papers in each qualitative
category.

Fig. 2: frequency of papers concerning the received evaluation type
(positive, negative or partial) for criterion. CPCM: caries preva-
lence calculation method; CDM: caries diagnostic method; CLC:
caries lesions characteristics; SC: samples characteristics; SZ: samples
size.

TABLE III
Scores and qualitative classification

 Qualitative
Analyzed paper Score  classification

Nelson et al. (1999) 2 Very incomplete
Ubelaker & Ripley (1999) 1 Very incomplete
Silva (2000) 1,5 Very incomplete
Carvalho et al. (2000) 3,5 Sufficient
Lopes et al. (2000) 2,5 Incomplete
Rodrigues et al. (2000) 1 Very incomplete
Ubelaker (2000) 1,5 Very incomplete
Cunha & Cardoso (2001) 2,5 Incomplete
Cunha & Umbelino (2001) 1,5 Very incomplete
Indriarti & Buikstra (2001) 5 Complete
Storey et al. (2002) 1 Very incomplete
Ubelaker & Newson (2002) 2,5 Inconplete
Morfin et al. (2002) 1 Very incomplete
Neves & Wesolowski (2002) 3 Sufficient
Larsen et al. (2002) 2,5 Inconplete
Sciulli & Oberly (2002) 3 0 No information
Sciulli & Oberly (2002) 3 2 Very incomplete
Higgins et al. (2002) 3 Sufficient
Sledzik & Sandberg (2002) 2,5 Inconplete
Davidson et al. (2002) 2,5 Inconplete
Stodder et al. (2002) 1 Very incomplete
Walker & Tornton (2002) 1 Very incomplete
Johansson & Owsley (2002) 2,5 Inconplete
Pechenkina et al. (2002) 4,5 Complete
Cunha & Umbelino (2003) 1,5 Very incomplete
Cunha et al. (2003) 1,5 Very incomplete
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The most common situation is that the sample size
and the sex and age composition for the whole recovered
sample was not the same that the sample size and sex and
age composition in the sample effectively used in the
paleopathological research. The sample sizes and sex and
age composition usually change for each paleopathologi-
cal aspect analyzed.  These changes are, mainly, due to
the differential preservation affecting the skeleton and
could impose restrictions to make valid comparisons be-
tween samples.

As a supplementary issue, the diagnostic of caries in
skeletons is different from the clinical diagnostic per-
formed in modern patients. It is not possible to make a
reliable differential diagnostic on hypocalcification spots
in skeletal remains; so many initial caries could not be
diagnosed. Taphonomic changes are other possible con-
fusing factors that could produce caries-like lesions.

The characteristics of the archeological skeletal re-
mains, combined with the characteristics of the paleo-
pathological diagnosis, makes it very difficult to assure
the comparability of the results found in different skeletal
series in different research and/or for different research
workers.

Only prevalence values calculated in the same way,
over lesions diagnosed using the same diagnostic crite-
rion and performed for the samples with similar composi-
tion (size, sex, age) could be compared in a significant
way.

It is evident through this review, that the complete
and clear methodological criteria and material description
in dental caries paleopathological research are not being
recognized as a central issue for researchers.

The given methodological information in the majority
of the analyzed papers is not sufficient to make clear cen-
tral issues like:

How exactly the analyzed sample differs from the whole
skeletal sample recovered from the archeological site?
What is the composition of the analyzed sample for sex
and age? What are the diagnostic criteria? Which are the
distribution characteristics of the cavities according to
affected teeth and affected individuals? What is the ac-
curacy of the diagnosis (minimum lesion size consid-
ered, cleanness of the analized material, use of magnifica-
tion instrument).

This review strongly points to the fact that the most
frequent in the paleopathology literature, at least in the
last five years, are papers that lack fundamental method-
ological information and comparisons made without any
guarantee that the compared prevalence are equivalent
comparable elements. The consequence is that none of
the comparisons made using this data could be really
meaningful to understand the dynamics of dental caries
in the past.

The current concept of caries assumes that it is a mul-
tifactor infection disease with an etiological bacterial agent
and involves many others elements, such as, diet, sus-
ceptibility, dental hygiene, etc. However in the papers
reviewed here the diet is considered as the main factor
implicated in the dental caries development.  At the same
time all analyzed papers used the diet to explain the caries
prevalence they found, only a few tried to demonstrate

the role of other factors in the cavities development.  Al-
ways that other element without diet was considered as
playing a cariogenic role it was view as having a minor
importance.

Several lines of evidence were used to connect caries
to diet and to explain the observed caries prevalence us-
ing diet characteristics. These included clinical trials and
also comparisons of caries prevalence verified between
contemporaneous Native Americans, African, and Aus-
tralian Aborigines, all living under traditional economies
systems In addition study of dental caries prevalence in
ancient human groups (pre-historic or historic) with well
know economic systems were used.

The results found in this review suggest a need for
more published analises, with particular attention to de-
tails of methods and methodological descriptions This
will improve the present knowledge in the relationship
between diet and dental caries in ancient human groups.

The results found in this review point to the fact that
to investigate how other factors than diet affect the cari-
ogenic process is not a concern in the majority of stidues.

The standardization of methods to study dental caries
in skeletal samples, the explicit description of analytical
procedures used and the explicit and accurate character-
ization of the samples (or of the reasons for the non pub-
lication of this data) need be a concern in the future re-
search.

It is fundamental to improve research that caries are
studied as a multifactor infection disease and that the role
played for others factors than diet in the development of
this disease are investigated.
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