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ABSTRACT
Study of dental pathologies is important in investigating the health and diets
of past populations. Dental pathologies of adult peoples show nutritional
and hygienic habits in adulthood, but childhood metabolic stresses can be
observed in the occurrence of linear enamel hypoplasia (LEH). Dental hard
tissue pathologies (caries, pre mortem tooth loss, abscesses, calculus, reduction of alveolar bone, molar attrition) and LEH were observed over 15 years
in individuals from Jõuga cemetery (11th–16th cc. Northeast Estonia). The aim
of the study was to trace sexual differences in diet and subsistence patterns
through an analysis of dental pathology.
Keywords: linear enamel hypoplasia; dental pathologies; Late Iron Age

INTRODUCTION
Teeth are particularly resistant to decay because of their strong structure. They
interact directly with environment, and they are susceptible to damage from
physical and biological influences not operating on other skeletal elements
[27]. In addition, teeth provide a wealth of information about, for example,
diet, oral hygiene, stress, and subsistence economy [22]. Most of the dental
diseases observed in archaeological skeletons arise as a result of the exposure of
the teeth to foodstuffs and associated material taken into the mouth [18]. The
mouth functions primarily as a food processor; the food type determines the
microorganisms present in the mouth, and the condition of the person’s teeth
reflects the composition of the food that has come into contact with those teeth
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[22]. A considerable amount of work concerning dental diseases in ancient
skeletons has focused on the investigation of ancient diets using diseases which
originate from the attacks on the teeth from the substances in the oral environment. On the other hand, dental health is an important parameter contributing
to the knowledge about the general health of people. Good teeth are a prerequisite for the individual’s physical and psychological well-being. Good dental health means that the individual can consume all types of food, while poor
health (e.g. caries or loose teeth) can be a result of monotonous, unbalanced
diet, which in its turn can lead to an impaired general state of health [3]. There
are differences between the populations in occurrences of dental pathologies
depending on the type of food and the ways of its preparation. At the same
time, intra-population differences may occur that depend on the sex or the
status. However, it is not necessarily true that poor dental health reflects poor
living conditions or vice versa. Anyway, dental pathologies – caries, pre mortem
tooth loss, abscesses, dental calculus, reduction of alveolar bone, and attrition
allow to describe the diet and subsistence patterns.
Dental caries is perhaps the most common of the dental diseases. Bacterial
breakdown of carbohydrate food residues present in the mouth produces the
acids responsible for caries cavities. Acidic by-products are not formed from
the breakdown of non-carbohydrate food residues [18, 25]. Fats, oils and meats
(including fish) are noncariogenic. Major dietary carbohydrates are starches,
found in large amounts, for example, in grain and potato. The most cariogenic
carbohydrates are those of low molecular weight, such as sugars [18]. Caries is
caused by a number of factors, and it is not possible to identify an individual
factor as the most important. The composition of the food and the individual’s
eating habits are the factors that today are considered the most important [3].
Pre mortem tooth loss. Usually one cannot detect a distinct cause of tooth
loss; however, it is certain that there have been cases of dental pathologies.
Most common causes of pre mortem tooth loss are caries, alveolar reduction,
and severe attrition [3, 5].
Chronic dental abscesses. An abscess may be defined as a collection of
pus, surrounded by denser tissue, and within a cavity of the body. In skeletons
it is possible to detect abscess cavities within the alveolus at the root apex. The
abscesses may form in association with general periodontal infection, considerable dental attrition or caries [6, 11].
Dental calculus (tartar). Dental plaque on the tooth surface consists of
microorganisms, which accumulate in the mouth. Plaque can become mineralised into dental calculus. It accumulates faster when there is sucrose in the diet

70 | J. Limbo

[22]. Calculus develops most commonly on the teeth nearest to the salivary
glands and appears to be a common finding on archaeological teeth [11, 22].
Reduction of alveolar bone. The main cause of reduction in the marginal
alveolar bone is periodontal disease [5]. Periodontal disease is an infection
not only of alveolar bone but also of the soft tissues of the mouth. It starts
as an inflammation of the gingivae, which may become chronic and finally
periodontitis (inflammation of bone) may occur [11]. Resorption of bone and
exposure of tooth roots develop [22]. A current suggestion is that a part of the
cases of alveolar reduction only reflects the body’s compensatory mechanism
for extreme attrition [22].
Dental attrition. Dental attrition comes with ageing of the person and is
not a dental disease. But severe attrition can predispose to other dental pathological conditions, e.g. caries and abscesses. A major factor affecting dental
attrition is the processing of food. Attrition differences between groups also
show differences in food consistency and nutritional habits [5]. Cultural factors
also play an important role in dental attrition; however, they especially affect
anterior teeth, and these factors can be eliminated to a certain degree if only
molar attrition is compared.
The above stated dental pathologies enable the description of the dietary
habits and lifestyle of adult individuals since about the 15th year of age. But
the episodes of childhood metabolic stresses of the same individuals may be
described using the developmental defects of enamel called dental enamel
hypoplasia.
Dental hypoplasia is any disturbance in tooth formation associated with
macroscopic defects in the surface of enamel [21]. Furrow-type defects are
most common and are often referred to as linear enamel hypoplasia (LEH)
[10]. LEH is defined as horizontal lines of decreased enamel thickness on the
external surface of the tooth crown. They are due to the disturbance of enamel
formation during tooth crown formation in childhood. Such disturbances are
caused by factors that affect the activity of ameloblasts so that the formation of
dental enamel stops. After the child survives the stress, the normal formation
of dental enamel continues, leaving a thinner line of enamel on the surface of
the tooth. Such disturbances mainly result from systematic metabolic stress
episodes caused by malnutrition or infectious diseases [8].
In Estonia, more detailed studies of dental pathologies have been made on
Pada (12th–13th cc), Tääksi (14th –18th) and Pärnu St. John’s Church (17th –18th)
population [1, 2, 15, 16]. In all the three series, the frequencies of dental pathologies were very high, and there were no sexual differences in the occurrences
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of pathologies. The study of the bone material of Rebala Lastekangrud – stonechest graves from Bronze Age – showed very low occurrence of caries [12].
Data from Scandinavia and the Baltics were used for comparison.
In the current study, the most usual dental pathologies were examined
among the Jõuga population from Northeast Estonia, 11th–16th cc. Sexual differences were found in the occurrence of these pathologies.
The differences in pathologic cases between men and women might suggest
the variation of nutrition of the men compared to the women; the differences of
hypoplasia frequencies may hint that boys and girls had different living conditions when young.
The aim was also to compare the results with the Pada (12th–13th cc.) population. Pada cemetery is only 40 km away from Jõuga and was used at the same
time as Jõuga cemetery. But if in Jõuga there were sand barrows, then in Pada
there were underground pit graves.
It has been established that the women in Pada group had a smaller number of childhood metabolic stress occurrences than the men, and the dental
pathologies spoke of a slight variance in their nutrition.

MATERIAL AND METHODS
Jõuga cemetery is situated in Northeast Estonia near the river of Rannapungerja, which flows into Lake Peipsi. Jõuga (11th–16th cc.) is the biggest
Votic Grave cemetery in Estonia and consists of 260 sand barrows and several
large graves of the so-called zhalnik type [14]. Jõuga cemetery was excavated
by several archaeologists – O. Saadre in 1938, E. Ariste in 1949, H. Moora in
1950 and P. Ligi in 1980–1989. G. Sarap has made a detailed analysis of the
dental discrete features of Jõuga skeletons [23]. She found that the inhabitants of Jõuga were of Northern Gracile odontological type like the Northeast
Estonians today.
Statistically reliable sex determination can be made only in adult individuals,
and therefore, the observations were made on individuals older than 15 years.
There were 140 observable skulls (61 females and 79 males). A total of 1819
teeth were studied (779 in females and 1040 in males). All individuals were
divided into five age groups. The age distribution showed that females had died
at a younger age than males (Fig. 1).
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Figure 1. Age distribution of males and females in Jõuga cemetery

Figure. 2. Caries-affected individuals in various groups.
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From dental hard tissue pathologies, the occurrences of caries, pre mortem
tooth loss, abscesses, dental calculus, reduction of alveolar bone, degree of
attrition of molars and occurrence of LEH were registered separately in females
and males.
Dental caries. Occurrence of caries was registered in all observable teeth.
Only those cavities that could be seen with the naked eye without the use of
microscope or radiology were included [5]. The frequency of caries-affected
individuals was calculated.
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Pre mortem tooth loss was registered when the alveolus of the tooth was
closed.
Dental abscesses on the tips of the roots were registered. Only those
abscesses that could be seen with the naked eye were included.
Dental calculus. The presence of calculus was registered in all teeth and the
frequency of affected individuals was found.
Reduction of alveolar bone in the region of molars was registered according to Brothwell [6: 150]. An individual was considered to have a reduction of
alveolar bone if the reduction degree was medium or considerable.
Attrition of molars was registered according to the criteria described by
Bennike [5], with 6 degrees of attrition. Usually dental attrition is used for
determining the age; this time, however, the purpose was to compare the attrition of the teeth in male and female individuals and to find possible variations
in nutrition. As the number of older males in the group was bigger than the
number of older females, dental attrition was registered in the adultus group
were the distribution between men and women was equal.
Linear enamel hypoplasia (LEH) was registered for all permanent teeth.
The frequency of affected individuals was found. To avoid differences due to
bad preservation of the teeth, only the frequency of LEH in lower canines was
used to compare males and females. Statistically significant differences between
men and women were found using the t-test. The statistical package SPSS was
used for data processing.

RESULTS AND DISCUSSION
The occurrence of several dental diseases in archaeological skeleton series is
known to increase with age [3, 5, 15]. As women had died at earlier ages than
men, the occurrence of pathologies in females might be underestimated.
Dental caries. 69.2% of observed women and 73.8% of observed men had
caries (Table 1). This rate is very high, only the modern so-called civilized
human populations have a higher percentage of caries – more than 90% may
be infected. Generally, the percentage of caries has increased step-by-step with
time [4, 6, 7]; in Jõuga group, however, the percentage of caries is much higher
than in Late Middle Age skeleton series in Estonia [2, 1]. Similar percentage of
caries was established for the Pada skeleton series, the latter being also located
in Northeast Estonia and dating from the same period.
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Table 1. Occurrences of dental pathologies in males and females.

N

n

%

N

n

%

Differences between
males and females
t-test; value of p

Caries

61

45

73.8

52

36

69.2

0.59

Pre mortem tooth loss

70

39

55.7

58

29

50

0.52

Abscesses

61

9

14.6

51

9

17.6

0.68

Calculus

29

22

75.8

27

16

59.3

0.19

Reduction of alveolar bone

70

32

45.7

56

22

39.3

0.69

Males

Females

The women of Jõuga were somewhat less infected by caries than the men. The
difference was statistically insignificant (Table 1). Supposedly, the men and the
women had very similar dietary habits, eating mainly food rich in starches.
This cariogenic food consisted, for example, of food made from flour. Dried
berries and honey are also high in sugar. It is probable that they ate comparatively little meat and fish.
The later skeleton series of Tääksi village burial ground from the 14th–
th
18 cc and the burial ground of Pärnu St John’s Church from the 17th–18th
cc showed less caries, but again, there were no differences between men and
women. At the same time, in Lund (Sweden), men were more infected by caries
than women from the 10th to the 16th century [3]. The study conducted in the
present-day United States among various ethnic groups showed that women
had caries more often than men. These differences have been explained by
behavioural habits rather than physiological differences [17, 26].
Caries was mostly found in the tooth neck (Table 2). In modern Western
populations, caries is most frequent in occlusal fissures and interstitial contact
areas and reaches its maximum incidence in early adult life [19].
Table 2. Occurrence and location of caries in men’s and women’s teeth.
Observed
teeth

Teeth with caries

Caries primarily
on neck

Caries primarily
on crown

N

n

%

n

%

n

%

Men

821

85

10.3

63

74.1

12

14.1

Women

622

62

10.0

41

66.1

9

14.5

In the Middle Ages and earlier populations, caries is mainly found at the buccal
side of the tooth neck, and the percentage of findings increases with age. Caries can develop on the tooth neck only if the latter has been exposed due to
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alveolar bone reduction, which, in its turn, is caused by infectious processes
in the gums and dental attrition. Both of these pathologies increase with the
age. Highly abrasive food that wears dental surfaces and prevents caries on the
occlusive surface is the cause of most cases of caries developing on the tooth
neck.
There were no differences between the Jõuga men and women, so one may
deduce that the composition and processing methods (abrasiveness and the
percentage of starches) of food were similar for both men and women.
Pre mortem tooth loss. The occurrence of tooth loss before death was also
similar in men and women (♂=55.7%; ♀=50.0%). The rate of occurrence is
extremely high; more than half of the grown individuals had either removed
teeth or teeth that had fallen out due to far-developed dental pathologies. It is
probable that caries was the reason of tooth loss in Jõuga group because caries
was very frequent in Jõuga individuals, while they had comparatively rare cases
of alveolar bone reduction, which is the second important cause of pre mortem tooth loss. Similar high occurrence of pre mortem tooth loss was noticed
in 12th–13th cc Northeast Pada population and 14th–15th cc Lund population
(Sweden) [3, 15]. These populations did not have specific differences between
men and women either.
Abscesses. The occurrence of abscesses was low, and although women had
somewhat more abscesses than men (♂=14.6%; ♀=17.6%), the difference was
statistically insignificant. Abscess frequencies vary considerably in different
populations, and the pathology is more genetically predisposed than other
dental pathologies. As abscesses develop in response to other severe dental
pathologies, mainly caries and periodontosis, one may say that neither men nor
women had severe, far-developed dental pathologies. Maybe one of the reasons
for infrequent pathologies was the short lifespan, as only three individuals in
the group were older than 55 years.
Calculus. Men had calculus more often than women (♂=75.8%; ♀=59.3%),
but the difference was statistically insignificant. The occurrence of calculus is
correlated with the amount of carbohydrates in the food and with the amount
of food that sticks to the teeth. If the food is more processed and richer in carbohydrates, it causes more calculus. The composition of saliva and oral hygiene
also play an important role here. As the general percentage of occurrence of
caries and its distribution on various locations of teeth did not vary in men
and women, one can say that the chemical and physical characteristics of food
were the same both for men and women. Maybe the preparation of food dif-

76 | J. Limbo

fered somewhat between men and women. On the other hand, the variance of
calculus may be considered incidental, being caused by too small sample size.
There were fewer findings of calculus among the Pada series from the same
period where men had calculus more frequently than women. Among the later
skeletal series (Tääksi village burial ground from the 14th–18th cc and Pärnu St
John’s Church burial ground from the 17th–18th cc), calculus was significantly
more frequent and occurred more often in men than in women [2, 1].
Reduction of alveolar bone. Men had reduction of alveolar bone more
often than women (♂=45.7%; ♀=39.3%), and the difference was statistically
insignificant. The main reason of degenerative changes of alveolar bone is periodontal disease, and periodontal disease often develops when calculus accumulates between the tooth and the soft tissue. Besides alveolar bone degeneration,
teeth roots are also exposed in association with dental attrition, so older individuals have reduction much more often. In Jõuga group, calculus was more
frequent in men. The number of older men was significantly higher than of
women. This may also contribute to alveolar bone reduction being more prevalent in men. In Pada group, the men had also higher occurrence of reduction.
The Estonian skeleton series of later periods showed more frequent alveolar
bone reduction in women [1].
Dental attrition. Attrition of molars in the adultus age class was slightly
higher in males, except for lower second molars. The differences were statistically insignificant (Table 3). Dental attrition is the natural result of masticatory
stress upon dentition, and it usually occurs on the biting or occlusal surfaces of
the teeth during grinding of the crowns of the teeth against each other. Attrition is not a dental disease but can predispose to other dental pathologies, e.g.
caries and abscesses. The major factor affecting dental attrition is the processing of foods [10]. The more processed the food is before eating, the less it wears
the teeth. At the same time, dental attrition is useful in some sense, as it clears
the dental surfaces of food particles. In Danish medieval and Viking period
samples, males had a somewhat higher degree of attrition as well. It was the
same in Pada. In Jõuga series, there was no significant difference in molar attrition between men and women. As men and women were also equal in the cases
of primary tooth neck caries, one can propose that there were no differences
in the physical characteristics of the food (primarily in processing) between
men and women.
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Table 3. Degree of attrition of molars in males and females.
upperM1

upperM2

upperM3

lowerM1

lowerM2

lowerM3

t

1.02

0.74

0.9

2.48

–0.03

0.52

p

0.31

0.47

0.37

0.31

0.97

0.6

average

3.7

2.8

1.9

3.85

2.9

2.2

STD

0.64

0.68

0.61

0.72

0.7

0.75

average

3.5

2.65

1.7

3.4

2.9

2.1

STD

0.73

0.77

0.62

0.5

0.8

0.85

Males

Females

Linear enamel hypoplasia (LEH). The average expression of hypoplasia was
74.1% of the individuals (♂=68.9%, ♀=80%). In order to avoid mistakes in
comparing the childhood stress levels of men and women due to the different
existing teeth, the existence of hypoplasia was compared only on lower canines,
the canines being the most hypoplastic. The sex-related differences in LEH
prevalence were very small (Table 4).
Table 4. Linear enamel hypoplasia (LEH) in men and women.
Males

Females

N

n

%

N

n

%

Differences between
males and females,
t-test; value of p

LEH in all teeth

45

31

68.9

40

32

80.0

0.25

LEH in lower canines

28

20

71.4

25

19

76.0

0.71

In modern populations, the incidence of hypoplasia usually remains under 20
percent [13], but in historical skeleton series, LEH occurs more often. In early
modern samples in Europe, the frequencies of hypoplasia reach 100% [20]. The
skeleton series studies in Pärnu, Estonia, from the 17th–18th cc indicated 88%
hypoplasia with no sex-related differences. Among Pada (Northeast Estonia
12.–13. cc) skeletons, the LEH percentage was 77.8, while women suffered from
it considerably less frequently than men. Differences between men and women
in occurrences of LEH may be a consequence of genetic difference (males are
more sensitive to stress than females) or a consequence of cultural differences,
boys or girls are better protected culturally from stress [9, 20, 24]. LEH was
slightly more frequent in women; however, the difference is too small and suggests that boys and girls were raised in similar living conditions.
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CONCLUSIONS
In Jõuga group, both men and women showed high frequency rate of all dental
pathologies. The factors contributing to the high rate of dental illnesses were
probably poor dental hygiene, food consisting extensively of carbohydrates
(e.g., cereals), microorganisms present in the oral cavity causing pathologies
and perhaps also individual inclination for infections.
Although the frequency of all dental pathologies evidenced was slightly
higher among men, there were no statistically significant sex-related differences. The age progressive factor of dental pathologies is suggested as the reason
for the more frequent occurrence of dental pathologies in men over women.
According to the frequency of dental pathologies in men versus women, the
dietary habits of adult individuals (the composition, preparation and consumption of food) can be deduced to be similar in men and women. The hypoplasia
caused by childhood metabolic stress was more frequent in Jõuga women than
in men, although the variance was of no statistical significance. As men are
more sensitive to stress, one can presume that the boys of Jõuga population
experienced less stress than the girls. In the Pada skeleton series from the same
period, there was no sex-related dietary difference between adult men and
women on the basis of dental pathologies, but there were more LEH occurrences among men than among women. Thus, the living conditions of the boys
and girls of these two populations, dating from the same period and being in
close locations but being culturally different, could have varied.
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