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ABSTRACT The most recognizable pathological condition of the human oral cavity is, arguably, dental
caries. Beyond a direct impact on oral health, caries presence (or absence) provides important data for
bioarchaeologists — to help reconstruct the diet of past populations and individuals. This study explores
such data in 44 samples (n=2,119 individuals, 33,444 teeth) dating between 10,000 BP and recent times
across the African sub-continent. It is, to date, the most extensive investigation of its kind in this part of
the world, entailing descriptions and quantitative comparisons of caries by period, environment, sub-

sistence strategy and sex.

Mann-Whitney U tests and factorial ANOVA results provide expected and some unexpected findings,
including: 1) a diachronic increase in caries prevalence across the sub-continent, likely related to diet
change from widespread population movement; 2) savanna peoples exhibit more caries than those from
other environmental regions; 3) subsistence strategy plays a major role in caries occurrence; and 4)
males and females do not evidence significant differences in caries frequencies, but variation does exist
in several regional groups. These findings reveal that global trends described by previous researchers
often apply, though not always —so it is prudent to consider regions independently.

Here we assess how dental caries frequencies differ

by time period, sex, environment, and subsistence
strategy among a range of populations across sub-
Saharan Africa. Severity is also briefly discussed.
Carbohydrate intake, adoption of agriculture, and
behavioral and biological differences between the
sexes and among populations all influence dental
decay, so the latter can be highly informative
(Turner, 1979; Newbrun, 1982; Larsen, 1997;
Lukacs and Largaespada, 2006; Lukacs and
Thompson, 2008). Ye,t relatively few dental pathol-
ogy studies have been conducted within this vast
region (Irish, 1993). Those that have, focus largely
on qualitative data or are small in spatiotemporal
scope (Flower, 1889; Shaw, 1931; Frencken et al.,
1986; Morris et al., 1987; Solanki et al., 1991; Sealy
et al., 1992; Mackeowen et al., 1995; Steyn et al.,
1998; Cleaton-Jones et al., 2000; Ohinata and Steyn,
2001; Pistorius et al., 2002; Steyn, 2003). The pre-
sent study is much more comprehensive, covering
the sub-continent from 10,000 years ago to present.
At this large scale, the trends observed can work to
support and/or refute those observed elsewhere in
the world. The findings are discussed in terms of
diet and other biocultural practices known to affect
dental health.
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The present study focuses on four research
questions:

1) How did dental caries frequencies change
through time? The samples were divided into Late
Stone Age, Iron Age, or Recent. Each period was
marked by a major shift in diet as new foods were
introduced.

2) Is there a significant difference in caries be-
tween the sexes? The literature indicates a global
trend for higher frequencies in females, particular-
ly with the advent of agriculture (Caselitz, 1998;
Lukacs and Largaespada, 2006; Lukacs, 2008;
Lukacs and Thompson, 2008; Ferraro and Vieira,
2010). The present results will help test whether
the trend holds in sub-Saharan Africa.

3) How do environmental differences affect the
dental caries frequencies? Such differences limit
what foods are present, so should have an influ-
ence. Samples are divided by the ecosystem from
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which they were derived: coastal, desert, savanna/
grassland, and tropical rainforest.

4) How does subsistence strategy affect the
caries rates? Sub-Saharan Africans used a range of
strategies to procure food, including hunting and
gathering, pastoralism, and agriculture. Because
diet is determined by subsistence strategy there
should be an impact. To address this likelihood
and place sub-Saharan African peoples in broader
spatiotemporal context, samples from the current
study are compared to Turner’s (1979) meta-
analysis of populations with different subsistence
strategies.

Materials and Methods

Data on caries prevalence, as well as severity in
some instances, were collected from 44 samples
(n=2,119 individuals; 33,444 teeth, Table 1)
throughout the African sub-continent by Irish dur-
ing the course of his dental morphological research
(1993, 1997). These samples date from ca. 10,000 BP
to the 20th century.

The location and severity are recorded for each
of the carious lesions present. Caries are ranked on
a scale of 1 to 4, with 1 being a small pit that does
not penetrate the enamel and 4 being pulp perfora-
tion (Buikstra and Ubelaker, 1994). Location is des-
ignated as mesial, distal, buccal, occlusal, lingual
or a combination in the event of large or multiple
lesions. Sex was determined as M, M?, ?, F, F? by
the second author using standard methods (e.g.,
Buikstra and Ubelaker, 1994). Only adults (i.e., 218
years of age) were included in the analyses.

Lukacs’ (1992, 1996) caries index was calculat-
ed to adjust for antemortem tooth loss (AMTL):

(AMTL) (% teeth with severe caries) + (teeth with caries)

(teeth present) + (AMTL)

This method takes into account the number of
teeth present with pulp exposure (severity level 4)
due to dental caries. The present study compares
the percentage of teeth with carious lesions; there-
fore, results could be skewed if AMTL were not
accounted for, since many teeth are removed due
to toothache resulting from serious carious lesions
or abscesses (Lukacs, 1996).

The caries data were compared using three
common statistics. First, Mann-Whitney U tests
were used to compare the percent of teeth with
carious lesions for the four major categories of in-
dependent variables (i.e., period, sex, environment,
subsistence). Second, factorial ANOVA accounted
for significant differences among subsistence strat-
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egy, environment, time period, between- sex, or
any combination of these four on the dependent
variable (percentage of teeth with caries per indi-
vidual). The null hypothesis of consistency was
tested, followed by a series of post hoc tests (i.e.,
Tukey) to identify significance between all combi-
nations of the independent variables. Lastly, the
Spearman’s Rho correlation coefficient was used to
simply determine any relationship between attri-
tion and caries. Higher levels of wear should corre-
late with fewer caries because normal attrition
wears away the tooth surface before caries can
form (Brothwell, 1963; Scott and Turner, 1988; Hill-
son, 1996; Caselitz, 1998).

Results

The Mann-Whitney U (Table 2) and Tukey (Table
3) test results show a statistically significant differ-
ence (p<0.05) for each pair of time periods. The
factorial ANOVA found time period to be a signifi-
cant factor for caries counts with a value of 0.005
(Table 4)

Mann-Whitney U (see Table 2), Tukey (see
Table 3) and factorial ANOVA (see Table 4) tests
show no statistically significant values for caries
frequency differences between the sexes. However,
the bar graph (Figure 2) does display a general
trend of females with more carious lesions —at
least for the Late Stone Age (LSA) and Iron Age
samples. In the Recent samples males and females
have equal percentages; the only significant differ-
ence is among pastoralists (not shown).

ANOVA (see Table 4) results show that envi-
ronment has a significant impact on caries for the
LSA (0.000), Recent (0.009), and Combined groups
(0.004). The Mann Whitney U (see Table 2) results
reveal no significant difference among environ-
ments in terms of caries counts for the Iron Age
samples, but some differences do exist for LSA and
Recent samples. Tukey (see Table 3) results show
significant difference only among the LSA samples.
Figure 2 illustrates the different counts of affected
individuals for each environment category. Not all
environmental categories are represented by time
period; as such, some effect on results may occur
and these should be interpreted with caution.

Factorial ANOVA (see Table 4) results suggest
that subsistence contributes to caries counts for the
Recent samples (0.060) and all periods combined
(0.000). Outcomes from the Mann-Whitney U (see
Table 2) and Tukey (see Table 3) tests show a dif-
ference between hunter/ gatherers and pastoralists
among the LSA samples (0.043) and hunter/
gatherers and agriculturalists when all periods are
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Table 1. Summary of samples including the current country the sample was collected from, the environment, time period, and subsistence
strategy category the sample was found to best fit with, and the number of individuals from each sample.

Code Full Name Country Environment Time Period Subsistence n
ADR Adrar Bous Niger Savanna Late Stone Age pastoralism 10
CHA Chad Chad Savanna Recent pastoralism 31
CON Congo Congo Tropical Rain Forest Recent agriculture 34
DBI Republic of the Congo Congo Tropical Rain Forest Iron Age agriculture 20
DCB Lower Congo Congo Tropical Rain Forest Recent agriculture 27
DCH Upper Congo Congo Tropical Rain Forest Recent agriculture 24
Democratic Republic of Congo  Democratic Republic of
DCR and Ruanda the Congo Tropical Rain Forest Recent agriculture 72
ETH Ethiopia Ethiopia Savanna Recent agriculture 40
FVR Fernand Vaz River Fernand Vaz Tropical Rain Forest Iron Age agriculture 50
GAB Gabon Gabon Tropical Rain Forest Recent agriculture 39
Tropical Rain Forest/
GHA Ghana Ghana Savanna Recent agriculture 48
HAY Haya Tanzania Savanna Recent agriculture 51
Tropical Rain Forest/
IBO Ibo Nigeria Savanna Recent agriculture 54
KEN Kenya Kenya and Tanzania Savanna Recent agriculture 96
KHE Holocene Early Kenya Kenya * Late Stone Age hunter/ gatherers 80
KHOI  Khoikhoi South Africa Desert Recent pastoralism 56
KKU Kikuyu Kenya Savanna Recent agriculture 60
Rumuniti in Vaso Narok Va-
KHL lley Kenya * Late Stone Age * 69
MAT Matjes River Cave South Africa Coast Late Stone Age hunter/ gatherers 51
NDB Ndebele Savanna Recent pastoralism 38
NGO Ngorongoro Tanzania Savanna Late Stone Age * 26
NGU South Africa South Africa Savanna Recent agriculture 35
Tropical Rain Forest/
NIC Nigeria/Cameroon Nigeria and Cameroon Savanna Recent agriculture 54
NLT Nilotic Kenya and Tanzania Savanna Recent pastoralism 24
Congo, Gabon, and Bot-
PYG Pygmy swana Tropical Rain Forest Recent hunter/ gatherers 34
Botswana and South Afri-
SAN San ca Desert Recent hunter/ gatherers 52
Tropical Rain Forest/
SEN Senegambia Senegal and Gambia Savanna Recent agriculture 42
SHO South Africa South Africa * Recent hunter/ gatherers 85
SML Shum Laka Cameroon Savanna Late Stone Age hunter/ gatherers 10
SOM Somalia Somalia Desert Recent pastoralists 77
agriculture and
SOT Sotho South Africa Savanna Recent pastoralism 66
SPH South Africa South Africa * Iron Age hunter/ gatherers 70
SWZ Swazi South Africa * Recent agriculture 58
TAN Tanzania and Zanzibar Tanzania Savanna Recent agriculture 45
TEI Taita Kenya Savanna Recent agricutlure 51
Tropical Rain Forest/
TOD Togo and Dahomey Togo and Benin Savanna Recent hunter/ gatherers 26
Botswana and South Afri-
TSW Tswana ca Desert Recent hunter/ gatherers 63
TUK Tukulor Senegambia Savanna Recent agriculture 40
Democratic Republic of
UPB Upembea Valley the Congo Tropical Rain Forest Iron Age agriculture 56
VEN Venda South Africa Savanna Recent agriculture 51
WOL Wolmarnstad South Africa Grassland Recent agricutlure 26
XOs Xosa South Africa Savanna Recent agriculture 66
Tropical Rain Forest/
YOR Yoruba Yoruba Savanna Recent agriculture 28
ZUL Zulu South Africa Savanna Recent pastoralism 66
* information not available
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Table 2.Results of Mann-Whitney U tests

Significance*
Variable Groups LSA Iron Age Recent Combined
Time Period  LSA & Iron Age n/a n/a n/a 0.003
LSA & Recent n/a n/a n/a <0.001
Iron Age & Recent n/a n/a n/a <0.001
Sex Male & Female 0.113 0.113 0.564 0.803
Environment Desert & Savanna 0.942 n/a 0.016 0.625
Desert & Rainforest 0.127 n/a 0.84 0.771
Desert & Coastal 0.397 n/a n/a 0.206
Savanna & Rainforest <0.001 0.226 0.007 0.842
Savanna & Coastal 0.018 n/a n/a 0.131
Rainforest & Coastal 0.031 n/a n/a 0.162
Subsistence = Hunting/Gathering & Pastoralism 0.043 n/a 0.546 <0.001
Hunting/Gathering & Agriculture n/a n/a 0.975 <0.001
Pastoralism & Agriculture n/a 0.51 0.134 0.654
*significant at p<0.050
Table 3.Tukey results
Significance*
Variable Groups LSA Iron Age Recent Combined
Time Period LSA & Iron Age n/a n/a n/a 0.057
LSA & Recent n/a n/a n/a <0.001
Iron Age & Recent n/a n/a n/a 0.041
Sex Male & Female 0.295 0.415 0.327 0.5
Environment Desert & Savanna 0.965 n/a 0.156 0.941
Desert & Rainforest <0.001 n/a 0.538 0.583
Desert & Coastal 0.607 n/a n/a 0.639
Savanna & Rainforest <0.001 n/a 0.682 0.679
Savanna & Coastal 0.255 n/a n/a 0.424
Rainforest & Coastal <0.001 n/a n/a 0.243
Subsistence Hunting/Gathering & Pastoralism n/a n/a 0.323 0.002
Hunting/Gathering & Agriculture n/a n/a 0.752 <0.001
Pastoralism & Agriculture n/a n/a 0.236 0.125
*significant at p<0.050
; 60% - - T
E H Savanna
Table 4. Factorial ANOVA results E 40% + Rainforest
é . ® Coastal
Variable LSA Iron Re- Combined E 20%
Age cent £ .
Time Period n/a n/a n/a 0.349 g
Sex 0.082 0.675 0.708 0.836 o 0% | I §
Environment <0.001  0.609  0.009 0.004 e e
Subsistence n/a 0.789 0.069 0.037 Time period

*significant at p<0.050
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Figure 2. Percent of individuals affected by caries for

each environment category in LSA, Iron Age, and Re-
cent sub-Saharan African samples. See text for details.
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combined (0.000). There is no significant difference
in caries number between pastoralists and agricul-
turalists for any time period. Figure 3 visually rep-
resents the differences between subsistence strate-

gies by time period.

Lastly, the correlation between wear and caries
prevalence was calculated using Spearman’s Cor-
relation Coefficient. The correlation of 0.012 indi-
cates a very weak, yet positive relationship. An
insignificant p-value of 0.400 was calculated.

Discussion

®m Hunting/gathering
m Pastoralism

Agriculure

Percent of individuals with caries
8
2
=

Recent
n=1489

LSA
n=302

Iron Age

=172

Time period

Figure 3. Percent of individuals affected by caries
for each subsistence strategy in LSA, Iron Age, and
Recent sub-Saharan African samples. See text for
details.

1) Did caries frequencies change through time?
Results show a definite increase in caries rate
through time. Many new crops were introduced
through time that may have had an impact. Asian
sugarcane and bananas appeared as early as the
Iron Age and via the Portuguese in the 17th centu-
ry (Frencken et al., 1989; Irish and Turner, 1997).
Sugarcane has a negative impact on health not only
because of high sucrose levels but because of the
manner in which it is eaten, which causes severe
crown wear (Dreizen and Spies, 1952; Frencken et
al., 1989; Irish and Turner, 1997). Bananas and
plantains, both a significant crop in central and
eastern Africa (Ehret, 2002), are moderately cario-
genic due to their sticky and sugary structure
(Mundorff-Shrestha et al., 1994; Aurore et al.,
2008).

Several cariogenic crops from the Americas
were also introduced, including maize and cassava
(Larsen et al., 1991; Hillson, 1996; Ehret, 2002);
most did not become widespread until the 18th
century, which may account for the rise in caries
between the Iron Age and Recent samples (Ehret,
2002). Overall, these soft, often sticky high carbo-
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hydrate foods are much more cariogenic than the
traditional African diet (Hillson, 2008).

2) Is the rate of caries higher among females than males?
All tests suggest that an individual’s sex did not
significantly contribute to the caries frequencies;
that said, an examination of the bar chart (Figure 1)
reveals a general trend for higher frequencies in
females. A common explanation for the disparity is
that females collect, prepare and consume more
cariogenic foods than do males (Mulder, 1992).
Others potential causative factors include genetic
and hormone differences; all are said to be accentu-
ated in agriculturalist groups (Lukacs and Lar-
gaespada, 2006; Lukacs, 2008), though this is not
evident in the present African samples — for rea-
sons we are continuing to investigate.

3) Are there environmental differences in the caries fre-
quencies?

Observing patterns is difficult because not all envi-
ronmental groups are present by time period. In
the Iron Age and Recent periods, caries are more
prevalent among those on the savanna. Many of
them would have relied on grain foods or pastoral-
ism, i.e., the latter peoples often trade with agricul-
turalists for grains made into sticky porridge
(Forde and Jones, 1950; Skinner, 1973). The natural-
ly high cariogenicity of corn and wheat (Dodds,
1960; Okazaki et al., 2013) combined with the
sticky nature of the grain porridge potentially con-
tributes to higher instances of caries in savanna
dwellers.

A high caries percentage (23%) occurs in
coastal LSA samples. Coastal peoples generally
have fewer caries because of grit and fluoride from
marine foods (Walker and Erlandson, 1986). Sealy
et al. (1992) report similar results with the Oak-
hurst sample from the Southern Cape. Contradicto-
ry to their results with other coast dwellers, where
only 2.6% of teeth exhibit caries, 17.7% of teeth
from Oakhurst are affected, despite a diet rich in
marine resources; the authors state that the expla-
nation for the high rate is the lack of fluoride in
local ground water.

4) Does subsistence strategy affect dental health?

The results obtained by factorial ANOVA suggests
that subsistence strategy is a contributing factor to
caries counts when all time periods are combined.
No clear pattern is evident in the bar chart (Figure
3), perhaps because not all strategies are present by
period. However, the high rate for Recent pastoral-
ists is interesting. As noted, pastoralists eat grains
plus milk and other animal byproducts (Forde and
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Jones, 1950; Skinner, 1973). As well, many Recent
pastoralists are actually agro-pastoralists (Krige
and Krige, 1954; Skinner, 1973; Zeleza, 1997). Grain
porridge combined with maize apparently had a
negative impact on dental health (Larsen et al.,
1991; Scherer et al., 2007). Cassava would also be a
starch source (Ehret, 2002) that prevents carbohy-
drates being cleaned away to give bacteria more
time to feed (Lingstrom et al., 1989, Larsen, 1997;
Hillson, 2008).

A comparable caries percentage is evident in
the Recent hunter/ gatherers and agriculturalists.
Perhaps this similarity is related to the fact that
modern hunter-gatherers, like the San, are not lim-
ited to this lifestyle as they once were. After the
arrival of Europeans, many Khoisan worked on
farms, where they ate crop- rather than wild foods
(Reader, 1997; July, 1998). Modern pygmies also
often rely on agriculturalists for trade (Afolayan,
2000). The increase in domesticated foods appar-
ently caused both groups to have caries rates like
those of agriculturalists.

Relative to Turner’s (1979) analysis of different
economies, the sub-Saharan results are comple-
mentary. He reports 0.0-5.3% for hunter/gatherers;
the sub-Saharan LSA samples fall within this range
(2%), but not for recent hunter-gatherers (8%).
Most of Turner’s samples are from early archaeo-
logical sites, so were generally not influenced by an
agricultural diet. Recent hunter-gatherers fall with-
in Turner’s range for mixed economies (0.4-10.3%),
which is likely a more adequate descriptive catego-
ry. Sub-Saharan pastoralists (5-7%) fall within the
mixed economy category, and the agriculturalists
(4.0-7%) fit Turner’s agriculturalist category (2.3-
26.9%).

Finally, caries severity was only recorded in
469 of the total 2119 dentitions; thus, on that basis
the Spearman’s Rho value of 0.012, though posi-
tive, is only very weakly correlated, i.e., essentially
random. These results suggest here that while of
interest individually, such data may be less useful
in a broader study.

Conclusions

Statistically significant differences in dental caries
frequencies have been observed between time peri-
ods, environmental groups, and subsistence strate-
gies among 44 sub-Saharan African samples. The
introduction of new foods through time, regional
specializations, and food collecting strategies have
been found to potentially affect dental decay. The
results from the current study imply that cultural
differences can have major implications for dental

Dental Anthropology

health.
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