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Abstract. Linear enamel hypoplasia (LEH) is transverse lines or bands on the enamel of teeth caused by developmental stress during the formation of the tooth crown. LEH has shown to be useful as a stress marker in studies of
health conditions in past populations of pigs. The chronology of LEH and the age at which animals of past populations
where afflicted by metabolic stress can be determined based on tooth formation. Tooth development in wild boar has
been determined based on radiographs of 55 mandibles with known age of death. A user-friendly diagram of tooth development in wild boar has been made for determination of the chronology of LEH in archaeological pigs. The implications of the presented tooth development for the interpretation of chronology of LEH are also discussed.
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Santrauka. Linijinė emalio hipoplazija (LEH) – tai skersines linijos arba ruožai ant dantų emalio, susiformavę veikiant stresui danties vainiko formavimosi laikotarpiu. LEH yra naudinga tiriant ankstyvųjų amžių kiaulių populiacijų
sveikatos būklę. LEH chronologija ir amžius parodo, ar gyvūnai buvo veikiami streso. Šernų dantų formavimasis buvo
analizuojamas rentgenu ištyrus 55 žinomo amžiaus apatinius žandikaulius. Reikšmingos šernų dantų formavimosi diagramos sudarytos nustatant priešistorinių ir viduramžių kiaulių LEH chronologiją. Dantų vystymosi reikšmė interpretuojant LEH chronologiją taip pat aptariama.
Raktažodžiai: linijinė emalio hipoplazija, dantų vystymasis, kiaulė, šernas, amžiaus nustatymas.
(Svärdstedt, 1966; Goodman et al., 1980). In analyses of
human skeletal remains it has at least been a standard to
record and study LEH since the 1990´s (Buikstra, Ubelaker, 1994).
Enamel hypoplasia has been described on the teeth of
dogs and sheep since the early 20th century (Mellanby,
1929; Rabkin, 1956). LEH has also occasionally been
described on animal teeth from archaeological sites, but it
is only recently been used in archaeozoological studies of
health conditions of animal populations (Baker, Brothwell, 1980; Dobney, Ervynck 2000)
LEH has shown to be useful as a stress marker in studies of pig domestication. The frequencies of LEH in recent and Mesolithic populations of wild boar are low,
while the frequency is higher in Neolithic domestic pigs.
This result shows that LEH is a useful proxy indicator of
animal husbandry and domestication (Dobney et al.,
2004).
Enamel hypoplasia can also be useful in studies of
animal husbandry in the past, since LEH can be used for
assessment of second farrowing in pigs. Based on the assumption that most enamel hypoplasia is caused by stress

Introduction. The tooth formation is a complex and
sensitive process. Metabolic stress that cause disturbance
of the tooth development can result in linear enamel hypoplasia (LEH), transverse lines or bands on the enamel.
Several different factors may cause LEH, but enamel
hypoplasia is usually associated with malnutrition, weaning and infectious diseases (Rose et al., 1985; Hillson,
1996). Since LEH is caused during tooth development it
is possible to determine at what age the LEH was formed
and when the individual was affected by stress. By analysing the chronology of LEH, the health conditions can
be studied for past populations at different ages during
development from birth to the formation of the third molar in sub adults.
LEH was described as early as 1746 on teeth of diseased children (Hillson, 1996). The relationship between
enamel hypoplasia and health in humans has been investigated in several studies since the 1940´s (Sarnat, Schour,
1941; Dobney, Goodman, 1991).
For some time LEH has been used as a stress marker
in physical anthropology and odontological studies of
skeletal remains of humans from archaeological sites
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2000). The tooth development in wild boar has recently
been studied in order to estimate age (Carter, Magnell, in
Print). The aim of this paper is to present user-friendly
diagrams of tooth development in wild boar that may be
useful for assessing the chronology of LEH in prehistoric
and medieval pig.
Materials and methods. The tooth development has
been determined based on radiographs of 55 mandibles
from wild boar and cross-breeds of wild and domestic
pigs from Poland and Sweden, with known age of death
(Table 1).

during the winter, the age of formation of LEH will differ
between animals from spring and autumn farrows. By
identifying distributions of LEH it can be assessed if pig
teeth originated from a population that had second farrows in the autumn or only in the spring (Ervynck, Dobney, 2002).
In earlier studies of the chronology of LEH in prehistoric and medieval pig populations, no other source for
tooth development other than a rather small sample (n=
18) of undernourished recent improved pig breeds has
been used (McCance et al, 1961; Dobney, Ervynck,

Table 1. Age and origin of mandibles of wild boar and hybrids between wild boar and domestic pigs used in
this study. B.R.= Breeding Reserves, F.= forests, N.P.= National Park.
Age (months)
at birth
2
3
5
6
7
9
10
12
18
21
24
25
30
36
totals

Bialowieza B.R.
hybrids
wild boar

Bialowieza F.

Kampinos N.P.

Scania, Sweden

1
4
1
1
2
4

1

1
1
5
5
1
1
1
1
25

2
1

16
2

2
1

8

1

2

4

16

totals
1
4
1
2
2
4
1
1
23
8
1
4
1
1
1
55

lowieza forest; hybrids between wild boar and domestic
pigs, and wild boar from enclosures in breeding reserves
of the Mammal Research Institute near Bialowieza.
The Swedish sample is from the collections of the
Department of Historical Osteology, Lund University and
comprises mandibles of farmed wild boar held in enclosures in Scania.
Tooth development was studied by taking radiographs of the mandibular molariform teeth with x-ray
equipment for intra-oral radiography (Figure 2). Radiographs were taken of the right mandible with the exception of a few specimens with damaged crypts where the
left side was examined instead. Kodak insight dental film
(5 x 7 cm) was taped against the lingual side and the x-ray
source was placed at 20 cm distance from the buccal side
of the mandible.
In order to make it possible to study the complete molar row, usually three overlapping radiographs were taken
on each mandible. The exposure varied between 0,16-0,62
s depending on the age of the mandible at standardized
settings of power at 63kV and amperage of 8 mA.
Diagrams of tooth chronology in humans worked as
models for the figures showing the tooth development in
wild boar (Schour, Massler, 1941; Ubelaker, 1987).

Figure 1. Linear enamel hypoplasia (arrows) on a
third molar of domestic pig from Iron Age site Uppåkra, Southern Sweden
The Polish samples come from collections at the
Mammal Research Institute in Bialowieza and originate
from three populations; free-ranging wild boar tagged as
newborn piglets from Kampinos National Park and Bia44
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crown is complete at 12-18 months, while the distal
crown is complete at 18-24 months.
The analysis of the radiographs shows that the formation of the tooth crown in wild boar is not a slow, continuous process. The formation from first evidence of
mineralization to completion of large parts of the crown
takes place within a few months, while the completion of
the crown seems to be a more gradual development over a
relatively longer period (figure 3 and figure 4). This is
expected since the tooth formation in humans and red
deer follows a similar pattern (Chapman, Brown, 1991;
Hillson, 1996).
No significant statistical differences in tooth development between males or females and between wild boar
and hybrids were observed in this sample (Table 2).
The second and third molars in normal feed recent improved breeds develop a few months earlier than in wild
boar, while M1 seems to be formed at the same ages (Table 3). This corresponds to tooth eruption ages. The differences in eruption of M1 are small between wild boar
and domestic pig, but eruption of M2, the premolars and
especially M3 is generally later in wild boar (Bull, Payne,
1982). The tooth development of M2 and M3 in undernourished recent pigs is a few months delayed in comparison with tooth formation in wild boar (Table 3).
Discussion. The tooth development in wild boar described in this study indicates relatively small variation in
tooth formation between males and females and between
wild boar and hybrids. However, certain ages are only
represented by a few mandibles; only two mandibles at
the age of 8-10 months, no specimens between 13-17
months and only one mandible between 19-23 months.
This means the stages of tooth development are uncertain
in these age intervals and a larger sample would have
made it possible to present a more detailed description.
For example, in this study it is only possible to show that
the crown formation of the anterior cusp of the third molar is completed somewhere between 12-18 months.

The tooth development in boars and sows and in wild
boar and hybrids have been analysed based on tooth developmental scores in order to study eventual sexual or
populations differences in tooth development. The tooth
formation of the molariform dentition has been described
in eight stages from formation of crypt, to completion of
root, corresponding to different scores. The tooth developmental score of a mandible is assessed by the sum of
the scores of the permanent molars (Carter, Magnell, in
print).

Figure 2. Radiograph of crown formation of a M2
from a wild boar aged 7 months
Results. The tooth development of the permanent
mandibular molariform dentition in wild boar is described
in Figures 3 and 4. The formation of the first molar (M1)
starts at birth and the formation of the crown is complete
at 2-5 months. The first evidence of mineralization of the
second molars (M2) is at 2-5 months and the crown formation is complete at 7-9 months. The third molar (M3) is
first visible on radiographs at 7-9 months and the mesial

Table 2. Comparison of tooth development scores between males and females respectively wild boar and hybrids between wild and domestic pigs. Tooth developmental scores according to Carter and Magnell (in print)

wild boar
hybrids
males
females

mean
25,3
26,2
25,2
26,3

12 months
min-max
21-30
24-27
21-30
24-27

It is proposed that tooth development can be used not
only for ageing teeth and LEH of archaeological wild
boar, but also of domestic pigs. It could be argued
whether modern wild boar is a reliable reference for domestic pigs or not. However, no differences in the tooth
development of wild boar and hybrids could be noticed.
Therefore it is suggested that tooth development in presented in this study is most likely a more reliable reference to primitive prehistoric and medieval pigs than tooth

n
18
5
16
6

mean
36,3
35,6
36
35,8

18 months
min-max
35-37
33-37
35-37
33-37

n
3
5
4
4

formation in recent improved breeds of domestic pigs. In
most past pig populations cross-breeding with wild boar
was fairly common (Lasota-Moskalewska et al, 1987;
Albarella et al, in print). Secondly, in traditional pig husbandry the animals were often free-ranging and their environment and feeding were probably more similar to wild
boar than recent pig keeping in farms.
The fast formation of the upper two thirds of the
crowns of the molars within three months has implica45
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other hand, the lower third of the crowns of the molars are
formed over a longer period and LEH 1-3 mm apart could
be caused at different periods of stress, several months
apart.

tions for interpreting LEH. Even though the LEH is
measured and recorded with detailed precision at 0,05
mm and the height of different enamel hypoplasia on the
upper parts of the crown varies between 7 mm, the different LEH are actually formed within a few months. On the

Table 3. Tooth development in wild boar compared with normal and undernourished domestic pig (McCance
et al, 1961). Age in months
Tooth formation
Wild boar
Normal
M1
M2
M3
P2
P3
P4

In utero?
2-5
7-12
8-12
6-7
5-7

In utero
1-2
3-4
3-4
1-2
1-2

UndernouWild boar
rished
In utero
2-5
3
7-9
10-11
12-18
3
10-12
3
7-12
3
10-12

Crown formation complete
Normal
2-3
6-7
12-13
9-10
7-8
7-8

The frequency distribution of LEH heights on the anterior cusps of second molars shows in different samples
of recent wild boar, Medieval and Neolithic pigs, a clear
peak at between 2,5-3,5 mm from the CEJ (cementoenamel junction) (Dobney et al, 2004). This distance corresponds well to a part of the crown that seems to be
formed during a relatively longer period between 5-9

UndernouWild boar
rished
2-3
6-7
10-11
12-18
>15
38-48
>15
18-21
13-14
18-21
13-14
12-18

Root formation
complete
UndernouNormal
rished
7-8
13-14
12-13
>15
>13
>15
12-13
>15
12-13
>15
12-13
>15

months (Figure 3). This indicates the probability that pigs
exposed to stress causing LEH at this height of the crown
are higher than on LEH heights above 3,5 mm. The high
frequency of LEH at 2,5-3,5 mm from the CEJ may be a
consequence of tooth development rather than that the
pigs are more frequently affected by stress during the
formation of the cervical parts of the crown.

Figure 3. Tooth development of the permanent mandibular molariform dentition in wild boar based on radiographs of 55 mandibles
The use of undernourished recent improved pig breeds
as a reference for tooth development gives partly different
interpretations of the chronology of LEH in comparison
with the results presented in this study.
However, the tooth formation of M1 seems to be simi-

lar in wild boar and undernourished domestic pigs.
The crown of the second molar appears to be completed two months earlier in wild boar than in undernourished domestic pigs. This has some implications of the
interpretation of the high frequency of LEH on the lower
46
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of the anterior cusps of the third molar are completed at
18 months of age and not at the assumed 21-24 months
(Dobney, Ervynck, 2000). However, the conclusion that
most of LEH on the third molars are formed during winter
(assuming farrows in spring) seems in agreement with the
tooth development presented in this study, despite most of
the LEH being formed at 9-12 months of age and not by
21-22 months.

third of the second molar in pigs from different archaeological samples, which are assumed to be formed during
early winter (Ervynck, Dobney, 2002). Based on the tooth
development, presented in this study, this peak in LEH
occurs during the autumn, alternatively the farrows of
prehistoric pigs were later than assumed. However, as
mentioned, the effects of tooth development could also
explain the high frequency of LEH on the cervical parts
on the second molar. This study shows that the formation

Figure 4. Tooth development in permanent mandibular molars in wild boar based on radiographs of 55 mandibles
Conclusions. The tooth development and results presented in this paper raises some problems with analysis
and interpretation of LEH in pigs, such as, the implications of the uneven rate of crown formation and different
ages for formation of the crowns. The purpose of this paper is not to criticize earlier studies of LEH in pigs, but
rather to advocate the importance of analysis of LEH for
understanding pig keeping in the past. This has been
achieved by presenting diagrams of tooth development in
wild boar that may be useful for the assessment of chronology of LEH in future studies.
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