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�b��ra��:
At the end of the 10th century the first Swedish town Sigtuna was founded, which can be recognized as 

the beginning of urbanization in the Mälaren valley. Christianity was growing strong and the administrative 
power was probably concentrated to a few magnates gathered around a king. Though, Sigtuna played an 
important religious and political role, the time of prosperity was short and at the end of the 13th-early 14th 
century the importance of the town declined. The ambition with the present thesis has been to investigate the 
demography of the human skeletal material excavated in Sigtuna during the period 1983-1999. The skeletons 
from 528 individuals from six cemeteries dated to the end of 10th century to the early 16th century have been 
analysed. The material was subdivided into three chronological development phases synonymous with the 
establishment, the peak of prosperity and the decline of the town. Well-recognized anthropological techniques 
were applied together with a health index and chemical tests such as stable isotopes and trace elements. The 
main aims were to investigate: 1) differences in the material between contemporary inhabitants in Sigtuna, 2) 
differences in the material between the different chronological phases, 3) differences between the osteological 
results achieved from Sigtuna and results from other skeletal materials and 4) if the results can be connected 
to the indications of urbanization. The results showed that:

- Some differences between contemporary cemeteries are discernable. Variations in stable isotopes suggest 
dietary differences between the women at different cemeteries. Furthermore, differences in age- and sex 
distribution, and mean stature are discernable between some of the contemporary samples and even within a 
cemetery. The discrepancies may be related to prevailing social structures in Sigtuna.

- A decline in health through time is demonstrated. The negative trend is particularly marked for women. In 
addition demographic changes suggest an increased migration of adults to Sigtuna. The health deterioration 
may be connected to e.g. increased population density and an increased risk of infections. 

- In comparison with other materials the anthropological results, including the health index, suggests that 
the inhabitants in Sigtuna showed an urban pattern and that the quality of life, at least in the initial phase, 
was relatively good.

- The sex distribution shows a generally male dominance possibly caused by selective excavations except at 
the oldest site without an adherent church. The uneven sex distribution may, alternatively, be a result of the 
urban character of Sigtuna i.e. a Christian and political administrative centre. 

The osteological results are in line with the archaeological and historical data. It is suggested that the 
consequences of urbanization such as immigration, deterioration of health and social ranking, implied by 
several osteological parameters and the chemical analysis, acted differently through the gender lines. 
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My interest in the Middle Ages began 
when I studied archaeology in Uppsala. 
I believed that this was the first and most 
ancient era in Swedish history one could 
actually get a grip of archaeologically. 
The period of incomprehensible and 
possibly symbolic stone artefacts was over 
and new epochs approached, where an 
obvious material world would tell the story. 
How I was wrong! With more obvious 
archaeological finds in combination 
with written documents completely new 
questions needed to be answered. The 
intricacy of the debate about changes 
and boundaries of the landscape, political 
strategies, trade, manufacturing, religious 
symbolism and social behaviour was 
magnified with the multitude of the source 
material. 

One of many complex processes 
characteristic of this era is urbanization. 
The process includes changes at almost 
all levels of a society and may affect a 
population and an area permanently. 
In Scandinavia this process starts in the 
Middle Ages, which could be considered 
the time of change towards a more modern 
society. Between the end of the 10th and the 
early 16th centuries – more than 500 years 
– a united state and a new religion were 
founded in Sweden. The artefacts collected 
in medieval cultural layers, ruins of stone 

or brick buildings, together with graceful 
wall paintings in churches and a variety of 
written records, all suggest that the society 
developed with increasing speed. Little 
is known about how this development 
physically affected the population as a 
whole and as individuals in Sweden. Studies 
of earlier human transitions, for example 
between subsistence strategies, have shown 
that changes in human health may follow 
(cf. Cohen & Armelagos 1984). In general 
terms, it has been regarded a truism that the 
medieval town was a densely populated dirty 
centre where increased risk of infectious 
diseases resulted in an early death (e.g. 
Manchester 1992). It is undeniable that 
concentrated settlements, where exposure 
to parasites and bacteria from animals and 
refuse pits was the norm, placed people at 
risk of epidemics. If the water supply was 
poor and contact with other populations 
was extensive, the situation was even 
worse. However, this vivid illustration must 
perhaps be somewhat modulated. In a study 
of skeletons from more than 3500 graves, 
Caroline Arcini (1999) demonstrated 
that the health of the population of early 
Lund was relatively stable throughout the 
Middle Ages (c. AD 950 to 1500). The 
modest size of Scandinavian towns and 
their populations, together with a slow 
process of urbanization, suggest that any 
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human physical changes during the era 
were likely to be moderate. Even though 
Adam of Bremen describes the first Swedish 
town Sigtuna as a Civitatas Magna, i.e. a 
bishopric (Sawyer & Sawyer 1993: 108) or 
great town (Tesch & Vincent 2003: 10), it 
seems that this designation is more of an 
ecclesiastical administrational definition 
than one relating to population size. 

I began my doctoral studies in 1996 with 
a main focus to explore signs of physical 
changes possibly related to urbanization 
in different medieval Scandinavian human 
skeletal materials. The project was large and 
the variation between the materials made a 
more consistent analysis complex. My first 
contact with human osteological materials 
from Sigtuna was in 1998 when I analysed 
skeletons from the Fjärrvärmen excavation 
followed by individuals from the Magistern 
block. The dating of the individuals from 
c. 970 to the 16th century in addition to 
the archaeological and historical source 
materials made me realize that the town’s 
skeletal assemblages offered a great 
opportunity to investigate my questions 
regarding urbanization during this era. 
Several years later, with the finished thesis 
in my hand and with the response to 
several of my initial questions in print, I 
have become even more curious about the 
people of Sigtuna. 



Topography and climate
Sigtuna is located on the promontory 

of the north shore of Sigtunafjärden, a 
narrow bay of Lake Mälaren (59o36’N 
(lat.), 17o42 E’ (long.)) (Figure 1.1). The 
many islands and bays create an east-west 
oriented archipelago with close contact 
to the Baltic Sea in the east. An elevation 
of the land of more than five metres has 
occurred since the Viking Age (Gustafsson 
1991; Hammar 1999), suggesting a more 
maritime character of the area during the 
Middle Ages. The physical contact between 
Lake Mälaren and the Baltic Sea is thought 
to have been cut off at the end of the 13th 
century (Ambrosiani 1982: 79), with some 
water-level fluctuation into modern times 
(Nyberg 1986: 277). 

In Sigtuna most of the soil consists of 
moraine. The lake margins are composed 
of clay deposits (Douglas 1978: 6). The 
surrounding landscape is a mix, as well 
as moraine and clay, of deposits of fine 
sand, gravel and bare bedrock (mainly 
granite and sedimentary gneiss) (Hammar 
1999: 12f). Since the region belongs to the 
boreonemoral vegetation zone (National 
Board of Forestry), coniferous trees such as 
pine (Pinus) and spruce (Picea) dominate. 
Roughly the same plants grew in the area 
in the Middle Ages, although perhaps 
with a different distribution (Karlsson 
1997: 242). Analysis of pollen and plant 

1.1. The geographic location of Sigtuna. 

1. INTRODUCTION

3

macrofossils from Viking Age settlements 
at Birka (Karlsson & Robertsson 1997; 
Karlsson 1997) and Fornsigtuna (Hammar 
1999) indicate a successive clearing of 
forests for grazing and cultivation and 
changes to plant compositions that can 
be connected to domestic demands 
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(Karlsson & Robertsson 1997). Based on 
observations and reconstructions of tree 
rings in for example the south of Jämtland  
(Gunnarsson & Linderholm 2002), a 
period of warmer climate culminates about 
1000 years BP, but in the fifteenth century 
a cooler period commences (Liljegren & 
Lagerås 1993: 41; Grudd et al. 2002). 

Background - a brief survey of 
the history of Sigtuna

Sigtuna was founded between the Folk-
land of Fjädrundaland and Attundaland 
and on the border of Ärlinghundra and 
Håbo hundaren (Douglas 1978: 6). The 
choice of this location may be linked to 
a decline of the nearby royal estate of 
Signhildsberg, a precursor to Sigtuna 
(Damell 1989, 1991, 1999; Tesch 1990). 
It may also be a deliberate attempt to show 
detachment from old heathen traditions, 
and to establish a site for the new religion 
(Selinge 1989). 

Royal manifestations
A prevailing interpretation is that 

Sigtuna should be considered a religious 
and ideological opposite to Birka (cf. 
Hed Jacobsson 2003: 216). Tesch (1989) 
applies previous opinions (Andrén 1985: 
17) regarding ideological continuity and 
discontinuity to explain the process of 
establishing the Swedish state. According 
to this theory, Sigtuna should not be seen 
as a successor to Birka, where trade was 
the basis of existence. Instead, the grounds 
for its emergence should be sought in the 
unique situation in which a new religion 
and a strong royal power could be united. 
When Sigtuna was founded, Erik Segersäll 
was king and Christianity had not yet 
taken complete hold of the area. Erik’s 

son, Olov Skötkonung, became the first 
Christian king. The intensity and stability 
of his and his family’s royal power were 
manifested when Olov, as well as his son 
Anund Jakob, became the first Swedish 
kings to be depicted on coins, minted in 
Sigtuna (Lindkvist 1989b; Malmer 1989). 

The town’s population and  
the town plan

Excavations of the black earth in Sigtuna 
have revealed that the town was planned 
and had a strictly regulated structure 
already from its foundation at the end of 
the 10th century (Tesch 1990; Pettersson 
1995). Centrally placed in the town was a 
larger town yard, interpreted by Tesch as 
the place for the royal manor, possibly of 
an earlier date than the town itself (Tesch 
1990, 2001). The long, dense plots or town 
yards, ditches and wooden trackways were 
arranged close together along the main 
street, Stora gatan, running parallel to 
the shoreline. Excavations have shown 
that the plot layout, the construction and 
function of the houses within the plot, 
underwent a number of changes over time 
(Petterson B. 1990; Pettersson 1995). The 
orientation of the town plots, with the 
shorter side facing the street, the back 
towards the seashore, together with the 
lack of bridge constructions indicates that 
the main function of the town was not as 
a trading place but rather as a centre of 
administration and manifestation of royal 
power (Tesch 1989, 1996a). Within the 
town, no or few finds of agrarian character, 
such as ploughs, stables or barns, have been 
discovered (Högrell 1990; Pettersson B. 
1990). Based on the number of plots, Tesch 
(1990) estimated the population of Sigtuna 
to be 650–1400 in the mid-11th century.
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Craft and trade
Even though signs of craft are present 

during the 11th century, it is not until 
the 12th century that more extensive 
production emerged (cf. Hed Jacobsson 
2003: 217). Findings of waste from crafts 
show a vast variety of professions (Carlsson 
1989; Nordin 1990; Pettersson M. 1990; 
Ros 1990b; Lagerqvist 1990). In the 
beginning, these were probably itinerant 
craftsmen, becoming residents during the 
12th century with workshops facing onto 
the street. The town attracted various 
specialists, and artefacts suggest contacts 
with the continent and trade with for 
example Slavic areas, northern Germany, 
Denmark, England, Holland, France, 
Belgium, Germany, Byzantium and Kiev 
(Karlsson 1989; Larsson 1990; Roslund 
1990, 2001). The exchange or trade that 
took place in Sigtuna, at least initially, was 
not market-adapted in the modern sense, 
but facilitated the formation of alliances, 
development of contacts and expression 
of status – i.e. benefits were more political 
and social than economic (Lindkvist 
1989a; Roslund 1990). A mercantile 
system, in which the goal was economic 
gain, did not appear until the High Middle 
Ages in Sweden (Zachrisson 1998: 221). 
Consequently, the focus of interest later 
shifted to more accessible locations such as 
Stockholm. 

Who lived and who was buried in 
Sigtuna?

It has been argued that the early medieval 
town did not house the magnates (Tesch 
1990, 2000, 2001; Zachrisson 1998: 162f ; 
Paper IV) – these men, allied to the king, 
looked after their interests in the town 
but were probably buried at their home 

farmsteads outside the town (ibid.). As 
in Trondheim in Norway, a development 
described by the Icelandic poet Snorri 
Sturluson, the king may have given plots 
to those farmers he desired to be present 
in the town. From Sigtuna’s perspective, 
this means that the households situated in 
the royally founded town were closely tied 
to the king. It was prestigious to own or 
rent a plot. The noblemen most likely had 
farms in the surrounding countryside that 
provided extended support to the urban 
community (Tesch 1990, 2000, 20001, 
Andersson 2004). 

Christian life, the churches and 
cemeteries

No signs of pre-Christian graves have 
been documented in Sigtuna and the 
town could be regarded as Christian 
from its foundation. The conformity of 
graves can be viewed as an attempt by 
the royal authority to reduce individual 
religious practices. This together with the 
establishment of Christian institutions, 
meant that the king gained extended 
control of the inhabitants (Ros 1990a). 
With time, the religious transition spread 
from the aristocracy to the subjects 
(Hallencreutz 1991: 16). Zachrisson (1998: 
152f) argues that Christianity could be 
regarded as the driving economic force in 
early Sigtuna. The first Christians in the 
Mälaren valley were most likely buried 
beside their pagan ancestors in the family 
burial ground (Gräslund 1980: 84, 1991; 
Broberg 1991; Andersson G. 1997a, 1997b, 
2004; Andersson L. 2004). The graves of 
the oldest burial sites surrounding Sigtuna 
show Christian features in unmarked 
graves or small stone settings (or mounds). 
They contained no true burial offerings 
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except for some personal equipment, 
and the skeletal remains are placed in an 
east–west orientation. These graveyards are 
without an attached church. 

There is no conclusive archaeological 
evidence of wooden churches. However, 
the orientation of the earliest graves on at 
least two cemeteries (Church 1 and Church 
3) hints at predecessors to the later stone 
churches (Tesch 2000, 2001). During the 
period c. 1080–1200, seven stone churches 
were built in Sigtuna (Tesch 2000, 2001). 
The foundation of these churches was 
very likely a manifestation of individual 
power. Except for Church 1, located in the 
centre of the town, the rest of the churches 
were aligned with the street known today 
as Prästgatan. The early organization of 
the Christian institutions was further 
strengthened when the town was granted 
the episcopal seat in the second half of 
the 11th century and its acknowledgement 
as a diocese centre in AD 1120 (Bonnier 
1989). 

The episcopal seat in Sigtuna ceased 
around AD 1164 (Tesch 1996b). 
Furthermore, no later than a century after 
being built, some of the stone churches were 
demolished, which probably resulted from 
a religious and political reorganization in 
the town (Tesch 2001). St Laurence’s now 
became the town church, with St Olaf ’s 
and St Peter’s becoming parish churches. 
Only St Nicholas’ continued as a private 
church throughout the entire Middle 
Ages. Sigtuna nevertheless retained a 
strong religious position and in AD 1237 
a Dominican friary was erected (Redelius 
1989). St Mary’s, the church belonging 
to the friary, was one of the first brick 
buildings in the Mälaren region. During 
the 13th century, a hospital dedicated to St 

George was built in the western outskirts 
of the town. This, together with the fact 
that a royal mint remained in Sigtuna 
until the 1280s, indicates that the town 
held its position for another century (cf. 
Tesch 1996b, 2001; Paper IV). However, 
stagnation set in at the end of the 13th 
century and continued during the 14th and 
15th century. After the reformation in AD 
1527, several churches were left to decay 
and the friary was completely demolished. 
Only St Mary’s was left untouched.

Sigtuna research
The interest in medieval Sigtuna goes 

back to at least the 17th century (Gihl 
1925). The first archaeological excavations 
were organized by Hjalmar Stolpe about a 
hundred years ago, and were subsequently 
followed by others (Palme 1912; Gihl 1925; 
Tesch cf. 1998, 2001). During the 20th 
century the general history and archaeology 
of the town was sketched several times 
(e.g. Floderus 1941; Hall 1974; Douglas 
1978; Tesch 1990). In addition, Sigtuna 
has been cited in numerous articles and 
analyses dedicated to specific issues (e.g. 
Schück 1957; Bonnier 1987; Malmer 1990; 
Zachrisson 1998; Tesch, 2000; Ros 2001; 
Roslund 1997, 2001; Hed Jacobsson 2003; 
Andersson G. 2004).

Medieval burial practices 
As mentioned above, there was most 

likely an intermediate stage during the 
initial years of Christianity when people 
were buried in their homesteads rather than 
in proper churchyards. The distribution 
and location of the graves during the first 
Christian centuries were strongly linked 
to ideological principles and reflected the 
social order of the time (Andrén 2000). 
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Medieval burial practice is well documented 
and widely discussed (Redin 1976; Nilsson 
1987; 1989; 1994; Kieffer-Olsen 1990; 
1993; Daniell 1997; Binski 1996). After 
having been strictly regulated, the right 
to be buried in holy places in, or close to, 
the church was commercialized during the 
High Middle Ages (Nilsson 1987: 148). 
According to medieval Norwegian laws, 
the Borgarthings Ecclesiastical Law and 
the Eidsivathings Ecclesiastical Law, a 
social topography may be distinguished 
in the churchyard (Gejvall 1960: 121). 
These laws state that clergy, the proprietor 
of the church and other overlords were 
buried close to the church walls on the 
southeastern side, followed by a zone of 
farmers and other free men. In the outer 
zones, thralls (slaves) and possibly newly 
baptized babies were buried. Andrén (2000) 
has carried out a social analysis combining 
typology, room analysis and osteological 
documentation of a number of churchyards 
in Lund that demonstrates the validity of 
the Norwegian laws also in Sweden (i.e. 
medieval Denmark). The study shows that 
the different burial zones surrounding the 
church are discernable during the early, 
high and late medieval periods and reflect 
the prevailing social order. An important 
point is, however, that it may have been 
an ideological rather than a socioeconomic 
hierarchy that regulated the location of a 
grave, at least before the commercialization 
of burial practice (Andrén 2000).

In addition to social segregation, 
the Eidsivathings Ecclesiastical Law 
recommended that men and women 
should be separated, with men buried 
to the south and women to the north of 
the church (Gejvall 1960; Nilsson 1994: 
46). However, strict division has been 

found in only a few cemeteries and the 
tradition seems not to have been practiced 
over the entire medieval period (Kieffer-
Olsen 1993: 118; cf. Nilsson 1994: 79ff). 
In some churchyards, age also appears to 
have directed the choice of location of the 
burial. Several examples of concentrations 
of child burials have been found, often east 
of the church (Nilsson 1994: 84f). This has 
implications for anthropological analysis 
of human remains, affecting for instance 
interpretation of demographic issues.

The treatment of the dead varied greatly 
both within and between churchyards. 
The diseased could be buried in their 
ordinary clothes or a shroud, with or 
without a wooden, stone or brick coffin. 
If the diseased had not broken any law, he 
or she was placed in a supine position in 
an east-west oriented grave (Kieffer-Olsen 
1993: 122f). Some personal items could be 
buried with the diseased, though in general 
the numbers of grave goods are low. Finds 
of hazel sticks in the grave (primarily in 
Scania) appear to have some symbolic 
meaning during the early Middle Ages. 
Remains of charcoal in the grave have 
been discussed as having either religious 
or practical functions (Kieffer-Olsen 1993: 
166). Religious objects such as rosaries and 
signs of pilgrimage become more common 
in the 13th century (Kieffer-Olsen 1993: 
170ff). 

Previous osteological studies of 
Scandinavian medieval populations

The pooled human skeletal material in 
Sigtuna is in many ways unique. It is the 
oldest urban human skeletal assemblage in 
Sweden. The size of the sample is reasonably 
large and the contexts of the individuals 
convincingly well dated. The preservation 
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of the skeletons is, by anthropological 
standards, generally acceptable. The 
uniqueness of the Sigtuna assemblage is 
highlighted in relation to other previously 
analysed assemblages in Scandinavia. 

The number of analysed skeletons varies 
greatly between the different countries. 
In Norway about 5000–6000 medieval 
skeletons have been uncovered (Sellevold 
2000). One of the largest amounts of 
excavation data comes from the medieval 
cathedral of Hamar in southeastern 
Norway, uncovering c. 600 individuals 
from 13 to 14 generations (Sellevold 
2000, 2001). The total medieval skeletal 
assemblage within Denmark’s current 
borders is, according to Lynnerup 
(Retsmedicinsk Institut, University of 
Copenhagen), roughly 20 000 skeletons 
(Lynnerup, pers. comm.). Bennike (1990) 
has reviewed some the largest and most 
important Danish materials up to the 1990s. 
Among the samples, Æbelholt monastery 
and the leper hospital in Næstved are the 
best known, both because of their exciting 
contexts and because Møller-Christensen 
based his theories of bone changes linked 
to leprosy on these materials (Møller-
Christensen, 1953; 1961; 1982). Since the 
late 1980s, the approximately 520 skeletons 
from the rural parish cemetery in Tirup 
have received a great deal of attention 
(cf. Boldsen 2000). The fact that this is 
a well-dated rural population and that 
the churchyard was completely excavated 
makes the material highly interesting for 
demographic analysis. 

An attempt was made to gather 
information about as many Swedish 
medieval skeletal samples as possible 
(Table 1.1). The material registered by 
the Museum of National Antiquities has 

been surveyed and complemented by 
information from several county museums. 
The larger skeletal assemblages in Sweden 
originate from a variety of contexts and 
have most often been excavated due to 
modern exploitation. Korsbetningen, i.e. 
the remains from the men who died at the 
Battle of Visby in AD 1361, was one of the 
first large medieval skeletal assemblages to 
be properly analysed in Sweden (Ingelmark 
1939). For Swedish anthropological 
research, one of the most important 
skeletal assemblages is Westerhus, analysed 
by Gejvall (1960). The rural cemetery dated 
to the 12th-14th century (Redin 2000) was 
completely excavated, revealing a buried 
population largely consisting of young 
individuals (Gejvall 1960: 35f). Due to 
the size and preservation of the material 
together with the fact that it is a rural 
population, Westerhus has been used in 
several studies both as the chief source and 
as reference material (e.g. Swärdstedt 1966; 
Persson et al. 1984; Iregren et al. 2000; 
Alexandersen & Iregren 2000; Werdelin 
et al. 2000). Recently, the population of 
medieval Lund has been in focus (e.g. 
Persson et al. 1984; Persson & Persson 
1980; Carelli & Lenntorp 1994; Arcini 
1992, 1999). Arcini (1999) has investigated 
several different osteological parameters 
and discussed chronological changes 
in population health. The substantial 
primary material of her study consists 
of 3305 skeletons from neighbouring 
churches in the centre of the town, one 
of which has been completely excavated. 
Arcini (1999: 154) points out that some 
parameters significantly increase with 
time (e.g. frequency of caries), while others 
decrease (e.g. cases of cribra orbitalia); 
however, the general health situation for 
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Table 1.1. Swedish medieval skeletal samples. Province: Vg: Västergötland, Sm: Småland, Sthlm: 
Stockholm, Vs: Västmanland, Sö: Södermanland, Ög: Östergötland, Ång: Ångermanland, 
Gt: Gotland, Sk: Skåne, Up: Uppland, Jämt: Jämtland, Bo: Bohuslän, Ha: Halland,  
Hr:Härjedalen. (1 dating according to Redin 2000).

 

Site type date N Reference
Vivallen, Hr rural 1000-1100 22 Iregren & Isberg 1993
Björned, Ång rural 900-1200 28 Grundberg & Hårding 2003
Westerhus, Jämt rural 1100-13001 364 Gejvall 1960: 35
Leksand, Da rural 1030-1400 164 Sjøvold 1982: 166
Sigtuna, Up urban 980-1530 528 Kjellström
Helgeandsholmen, Sthlm, Up hospital 1300-1531 1339 Jacobzon & Sjögren 1982: 116
Kv Torget, Up urban 1480 1 cf. Werdelin et al. 2000 
Kv. Kroken, Up urban 1300-1400 101 Sigvallius 1989
The Battle of Good Friday, Up urban 1520 60 Kjellström 2003: 63
Tullgarn, Enköping, Up 1300 2 cf. Werdelin et al. 2000 
Enbacken, Up rural early middle 

age
22 Bäckström pers. comm.

Österlövsta, Old cemetery, Up rural 1150-1451 11 Vretemark 1992
Linköping, Ög urban 1100-1530 153 Tagesson & Westerlund 2004: 17
Vreta kloster, Ög monastery medieval 80 Backe 1990
Sverkersgården, Ög 1000-1100 26 Arcini  1996
Landeryd, Ög rural High-late 

middle ages
8 http://www.raa.se/uv/landeryd2004/

resultat.htm
Sura gamla kyrka, Vs 1000-1600 44 Bäckström 2003
Västerås, Vs monastery 1200-1500 1500 Drenzel pers. comm.
Kv. Kyrkberget, Strängnäs, Sö urban 1050 1 cf. Werdelin et al. 2000
Skänninge, Ög urban medieval 3 Vretemark 1983
Karleby, RAÄ 32, Vg rural 1000-1400 100 Vretemark 1998
St Olofsgatan, RAÄ 40, Vg urban 1000-1400 19 Vretemark 2000
Varnhems kloster, Vg monastery 1266-1288 3 Ahlström in print
Kv Rådhuset, RAÄ 68, Vg urban 1000-1100 1 Berglund 1996
Kv Neptunus, RAÄ 68, Vg urban 1050-1530 170 Vretemark pers. comm.
Skara domkyrka, RAÄ 68, Vg urban 1000-1100 30 Vretemark pers. comm.
Kv Planeten, RAÄ 68, Vg monastery 1230-1530 10 Vretemark pers. comm.
Skara Cathedral, Skara, Vg urban 1050-1075 1 cf. Werdelin et al. 2000 
Guldhem church, Vg monastery c. 1200 10 cf. Gejvall 1960: 21 
Gamleby, Nyby and St Anna, Ha 1200-1500? 245 cf. Gejvall 1960: 21
Kungahälla, Bo urban medieval 77 Tengroth & Lewin 1961
Kyrkogatan, Jönköping , Sm urban 1200-1612 99 Kjellström 2000b
Gränna, Sm rural 1100-1500? 40 Edenstig 1994
Brahekyrka, Sm rural medieval 12 Jansson 2003
Kv Båtsmannen, Sm 1300-1400 2 Gustafsson & Schütz 1998
Korsbetningen, Visby, Gt urban 1361 1085 Ingelmark 1939: 151
St Clemens church, Visby, Gt monastery 900-1200 11 cf. Gejvall 1960: 21
St Klemens church, Visby, Gt urban 1250 1 Sjøvold et al. 1974
St Mikael, Visby, Gt urban medieval 15 Sten pers. comm.
Björnlunda church, Sö rural 11th century 1 cf. Werdelin et al. 2000
Nödinge Church, Vg rural medieval 11 Vretemark 1992
Tygelsjö, Sk rural 1100-1200 162 Kieffer-Olsen 1993: 40f
Lund cathedral, Lund, Sk urban 10th-13th c. 8 cf. Gejvall 1960: 21
St Stefan , Lund, Sk urban 1050-1536 2000 Persson & Persson 1980: 151
St Mårten chuch, Lund, Sk urban 1050-1536 149 Arcini 1999: 49
St Mikael chuch, Lund, Sk urban 1050-1536 148 Arcini 1999: 49
St Andreas chuch, Lund, Sk urban 1050-1536 390 Arcini 1999: 49
Trinitatis chuch, Lund, Sk urban 1050-1100 3305 Arcini 1999: 48
St Petri , Sk 1050-1536 857 cf. Arcini 1999: 49
St Clemens, Helsingborg, Sk urban 1050-1536 551 cf. Arcini 1999: 49 
St Jörgen’s hospital, Åhus, Sk hospital medieval 20 cf. Gejvall 1960: 21
Åhus, Sk medieval 250 Lilja et al. 2001 
Fjälkinge, Sk rural 900-1050 128 cf. Arcini 1999: 49 
Löddeköpinge, Sk rural 1050-1150 1400 Persson et al. 1984: 84
St Jörgensgård, Sk hospital 1320-1520 1600 Boldsen 2001

17368
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the urban settlers remained constant. The 
Lund material and the results presented 
by Arcini are possibly the most relevant as 
comparison for the present study. 

The list of analysed Swedish materials 
shows that in Scania (Sk) alone about 
10 000 skeletons have been investigated 
osteologically. More than 7000 skeletons 
are from medieval Lund. Since this 
area belonged to Denmark as late as the 
year 1658, a large amount of Swedish 
medieval skeletons are actually Danish. 
Several reasons may explain the uneven 
geographical distribution of the skeletal 
assemblages. An important aspect is 
that Lund quickly became an urban 
centre with many churches and religious 
institutions such as monasteries, convents 
and hospitals (Andrén 1985: 121; Cinthio 
in Arcini 1999). Hence, the population of 

Lund was large by Scandinavian standards 
and Scania is in general more densely 
populated than the rest of Sweden. This, 
in combination with intense modern 
exploitation and alert archaeological 
departments, may explain the large 
skeletal assemblage in the area. North of 
Scania the Sigtuna skeletal population 
is unique. Indeed, some materials are 
larger in terms of the number of skeletons 
(Korsbetningen, Helgeandsholmen and 
Västerås monastery); however, they are not 
comprised of ordinary citizens, rather of 
specific social groups of victims, patients 
and clergy. Furthermore, the date of the 
Sigtuna material covers a period (late 
Viking Age – Middle Age) lacking other 
human skeletal populations in the Mälaren 
valley. 



In Sigtuna, between eight and ten 
churches, including churchyards and 
ecclesiastical institutions, are known 
to have existed in the Middle Ages (in 
addition to the early medieval graveyards 
without a church) (Paper IV) (Figure 2.1). 
The names of six churches are known: 
St Peter’s, St Mary’s (church belonging 
to the Dominican convent), St George’s 

(possibly belonging to a hospital), St 
Olaf ’s, St Nicholas’ and St Laurence’s. 
Archaeological excavations have revealed 
the remains of two other churches (Church 
1 and Church 2). Indirect indications of at 
least two further churchyards have been 
found in the Kållandet and Magistern 
(Church 3) blocks. Not all of these sites 
have been excavated, and in the present 

Figure 2.1 The investigated cemeteries. 1) The Nunnan block, 2) Church 1, 3) Church 2, 4) St 
Laurence’s, 5) St Olaf ’s and 6) Church 3. (Drawing by Jaques Vincent).

2. THE MAIN MATERIAL

11
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study only the graveyard and churchyards 
with excavated skeletons will be further 
discussed. The grave material examined in 
the present thesis was recovered over the 
course of 11 excavations from 1983–1999 
(Table 2.1) (Paper IV). A brief presentation 
of the analysed churchyards is given 
below: 

The Nunnan block
Of the early cemeteries without an 

attached church, this is the only one to 
have been excavated (Figure 2.2). All 
graves were oriented east-west with the 
head of the diseased towards the west. 
The burials are clustered into three 
groups, which could represent different 
populations (Tesch 1989) or family plots 
(Gräslund 1989). Furthermore, the graves 
were sparsely distributed with almost no 
intersections. Many burials showed signs 
of wooden coffins, and some had charcoal 
and grave goods (Paper IV). The burial 
ground is believed to have been in use at 
the end of the 10th and early 11th century 
(Tesch 2000; Paper V).   

Church 1  
(previously known as Biskopskyrkan)

Though the dating has been debated (Ros 
2001: 196), this church is considered by 
many scholars to be the oldest in Sigtuna 
(Bonnier 1987: 21; Tesch 2001: 7ff) 
(Figure 2.3). It has been suggested that, 
before becoming a churchyard, the site 
housed a royal manor (Tesch 2001). The 
distribution and orientation of the graves 
suggest the existence of a wooden church 
on the site, presumably in the middle of 
the 11th century. It was replaced by a stone 
church some decades later (c. 1070-1080) 
as indicated by archaeological excavations 
in 1993 and 1995 (Wikström in print). In 
1993, near the eaves of the south church 
wall, the skeleton of an archbishop or (at 
least) an abbot was discovered (O’Meadhra 
2001). Furthermore, remains of a baptismal 
font of exceptional quality have been found 
in the cemetery (Karlsson 1989). These 
factors imply a high social status of the 
church. At the end of the 13th or early 14th 
century the church was demolished.

Table 2.1. Skeletal assemblages and number of investigated skeletons. 
UV= utgrävningsverksamheten, (The Archaeological Excavations Department at The 
National Heritage Board), SMUV= Sigtuna museums utgrävningsverksamhet (The 
Archaeological Excavations Department at The Museum of Sigtuna).

Cemetery Excavated
Excavated 

graves
% graves of 

Total
Analyzed 
skeletons

The Nunnan block 1984 (UV), 1987 (SMUV) 117 19,8 113
Church 1 1983 (UV), 1991, 1993, 1995 (SMUV) 183 31,8 165
The Kållandet block 1990-1991 (SMUV) 4 0,7 4
Church 2 1990-1991 (SMUV) 95 17,2 88
St Laurence’s 1998  (SMUV) 124 21,6 118
St Olaf’s 1999 1990-1991 (SMUV) 10 1,7 9
Church 3, 
Kv. Magistern 1992, 1998 1990-1991 (SMUV) 41 7,1 31

574 100 528
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Figure 2.3. Distribution of2.3. Distribution ofDistribution of 
graves in the excavated areashe excavated areas 
(grave zones A-C) of the 
churchyard at Church 1. 

Figure 2.2. Distribution of 
graves in the excavated areashe excavated areas 
of the burial ground at the 
Nunnan block.
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Figure 2.4. Distribution of 
graves in the excavated areas 
of the churchyard at Church 
2 and in the west area of the 
Kållandet block.

Figure 2.5. Distribution 
of graves in the excavated 
areas of the churchyard at 
St Laurence’s.
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The Kållandet block
Indirect evidence of the church and 

churchyard is given by the location of 
several graves (Figure 2.4). The position 
of the arms of the deceased suggests that 
the church is early medieval (Wikström 
in print). The church must have been 
demolished in the 13th century, since 
the street Prästgatan was moved north 
around the year 1300 (Tesch 2000). The 
four graves (Idnr. 91052, 91055, 91063, 
91064) from the presumed church in the 
Kållandet block are, as mentioned in Paper 
IV, combined with the graves from Church 
2 (the St Nicholas’ block).

Church 2 (the St Nicholas’ block)
Remains of what appears to be the south 

church wall and a hundred excavated 
graves reveal the location of this church and 
churchyard (Figure 2.4). Archaeological 
excavations have revealed the limits of 
the cemetery in all directions (Wikström 
2005). The archaeological context and arm 
positions suggest that the church is early 
medieval (Wikström in print). As with the 
church in the Kållandet block, this church 
must have been demolished before 1300. 

St Laurence’s
The ground plan of the granite church 

is a large single nave with a west tower 
and a straight-ended chancel (Figure 2.5). 
Today, only ruins of the west tower are 
visible above ground. The remains of the 
north church wall are covered by earth. 
The somewhat �old�� building details and 
a rune stone incorporated into the church 
wall indicate that the church was founded 
in the first half of the 12th century (Bonnier 
1987: 21). In the 14th century, the function 
of St Laurence’s was changed from a private 
to the town parish church (Tesch 2000).

St Olaf ’s
Archaeological excavations in 2001, 

2002 and 2004 have shown that St Olaf ’s, 
today visible as a ruin, was very likely 
preceded by both a wooden and a stone 
church (Wikström in print). The church 
was first mentioned in 1286 (DS II 918). 
In the 14th century it was converted from 
a private church to a parish church (Tesch 
2000) (Figure 2.6).

Church 3 (the Magistern block)
As in the Kållandet block, indications 

of the church and churchyard have been 
documented by the discovery of several 
graves (Figure 2.7). Traces of lime works 
in some of the graves suggests that a stone 
church existed on the site (Wikström in 
print).

Chronology
As shown above, knowledge about the 

churches and churchyards is limited. In 
cooperation with Anders Wikström of 
Sigtuna Museum, a relative chronology 
for the graves was developed based on a 
combination of stratigraphic analysis, grave 
fillings, grave goods and arm positions 
(Wikström in print; Paper IV). The relative 
chronology of the graves has subsequently 
been confirmed by 96 (18% of the total 
material) radio carbon-dated individuals 
(Ua17743-17750, Ua 21858-21869, Ua 

Table 2.2. The chronological distribution ofThe chronological distribution of 
the skeletal material according to the three 
burial phases.
 

Period Number of analyzed  
skeletons %

Phase 1 970– 12th century 251 47,5%
Phase 2 12th – 14th century 239 45,3%
Phase 3 14th century – reformation 38 7,2%
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Figure 2.6. Distribution 
of graves in the excavated 
areas of the churchyard at 
St Olaf ’s.

Figure 2.7. Distribution 
of graves in the excavated 
areas of the churchyard at 
Church 3.
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Figure 2.8. The 
development of the 
church topography in 
Sigtuna during the 
three burial phases as 
interpreted by Tesch 
(2001).  
(Drawing by Johan 
Westerlund from the 
original by Sten Tesch).

Phase 1

Phase 2

Phase 3
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22702-22741, Ua 23198-23237), resulting 
in the identification of three phases of 
development for burials (Table 2.2) 
(Paper V). The three phases represent 
three successive periods of development 
of the town, i.e. its establishment, its peak 
of prosperity, and its decline (Paper IV) 
(Figure 2.8).

The Sigtuna assemblages
In the introduction to her thesis, Arcini 

(1999) states that at the time of her analysis 
of the Lund assemblage no comparable 
source material was available from other 
medieval Scandinavian towns. In a way, 

even with the present skeletal assemblage 
from Sigtuna, she is still right. Even though 
about 350 archaeological excavations have 
been carried out in Sigtuna (Wikström in 
print), only minor parts of the graveyards 
have been explored. The large-scale 
investigations have mostly covered the 
settlement area, leaving many questions 
about the churches and churchyards 
unanswered. When excavations of graves 
has been carried out, only a single or a 
few percent of the total grave area (i.e. a 
low number of graves) have been surveyed 
(Paper IV). As mentioned above, the 
church has not been located in some of the 

Figure 2.9. Example of different states of 
preservation at Church 3 (the Magistern 
block) (left) and St Olaf ’s (right).  
(Photo by Anders Wikström and Helena 
Fennö Muyingo).
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churchyards. Additionally, the excavated 
parts of the churchyards along Prästgatan 
(Priest Street) may be considered to 
represent chiefly the southern part of 
the churchyards (the Kållandet block, 
Church 2, St Laurence’s and St Olaf ’s). 
Another practical problem in Sigtuna 
is the preservation of organic materials. 
The condition of leather, wood and bones 
is often poor. The preservation of the 
recovered skeletons in Sigtuna differed 
markedly between the cemeteries (Figure 
2.9), affecting analysis and interpretations. 

The proximal femur is in general a 
bone that is well preserved in skeletal 
assemblages (e.g. Kjellström 2003), and 
the frequency of survived proximal femora 
per capita can demonstrate the degree of 
preservation. The cemeteries of the Nunnan 
block and St Laurence’s represent the best-
preserved skeletal assemblages in the town 
and Church 2 and Church 3 the worst 
preserved (Table 2.3). Hence, preservation 
and fragmentation as caused by a variety 
of taphonomic agents are crucial aspects 
when dealing with skeletal remains. It 
has been shown that these factors clearly 
influence for instance sex assessment 
(Paper I). In summary, representation and 
preservation limit the spectra of questions 
when dealing with osseous material and 
the churches in general. Even though 
as discussed above medieval laws and 
previously excavated churchyards indicate 
a highly regulated burial system, it may be 
difficult to clarify in what way the system 
was practiced in a particular churchyard, 
especially if it has not been fully excavated 
and the preservation is poor, as is the case 
in Sigtuna. However, the treatment of 
the diseased in Sigtuna appears to follow 
the general rules for medieval interment 

(see Chapter 1). The graves are relatively 
homogenous with few grave goods or other 
distinguishing marks (Paper IV). 

Hed Jakobsen (2003) draws parallels 
between the early medieval towns and the 
first churchyards. She suggests that there 
are topographic and symbolic similarities 
between them and that both can be 
seen as strictly regulated areas under the 
control of a hierarchic order. If this is true, 
the possibilities of allowing the buried 
individuals in the churchyards to represent 
medieval urban society are improved. Since 
the end of the 1980s, several osteological 
analyses of Sigtuna skeletons have been 
made (Anttila 1987; Hårding 1987; Arcini 
1998; Tesch 2001); however, a complete 
investigation, uniform in handling and 
methods, has not yet been undertaken. 
Moreover, the osteological results need to 
be linked to the archaeological context in 
order that new levels of information can be 
reached. 

Main aims
After the identification of the contextual 

circumstances for the separate graves, the 
main material consists of 528 individuals 
buried between approximately AD 970 and 
the 1530s. The graves are distributed over 
six or seven cemeteries in Sigtuna. After the 
initial osteological investigation, the study 

Table 2.3. Survival index of proximal femora 
from the Sigtuna cemeteries.

 

Cemetery
Survival of 

proximal femur Side
The Nunnan block 65,5%  Left
Church 1 53,3% Right
Church 2 47,8%  Right
St Laurence’s 64,4%  Right
St Olaf’s 55,6%  Left
Church 3 25,8% Left
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aims to answer the following four questions 
in the light of physical anthropology: 
• Are there any differences between 

contemporary populations in different 
churchyards?

• Are there any differences between the 
individuals from different chronological 
phases? 

• Are there any differences between the 
osteological results achieved from the 
Sigtuna assemblage and results from 
other skeletal materials in Scandinavia 
from the same era?

• Can the results from the osteological 
investigation be linked to the signs of 
urbanization seen in the archaeological 
context and historical documents?

Due to uneven preservation and 
the small-scale investigation of some 
churchyards, it was considered important 
to attempt to answer the questions above 
using a variety of methods and sometimes 
to examine only parts of the main 
excavation material. Generally, the thesis 
concentrates on the best-preserved skeletal 
features that provide most information 
about an individual or a certain process, 
which can most adequately be connected 
to the archaeological context. The key 
ambition in the initial phase of the analysis 
was to scrutinize the demography of the 
skeletal material, essentially considering 
the distribution of sex and age groups in 
different graveyards and within different 
developmental phases. For this purpose, 
several well-recognized anthropological 
techniques were applied. It soon became 

obvious, however, that fragmentation to 
a certain extent affected the consistency 
of the work. This realization led to the 
development of a method of investigating 
the relationship between preservation and 
sex assessment (Paper I). Since the main 
material included a mass grave where the 
majority of the diseased showed signs of 
sharp force trauma, a comparative analysis 
of the fallen men from a historically 
better documented event from Uppsala 
(Paper II) became of special interest. This 
offered the possibility of investigating the 
blade wounds and lesion patterns of the 
individuals from the Sigtuna mass grave 
in greater detail. The discovery of unusual 
anomalies in the Sigtuna mass grave 
suggests that at least two of the individuals 
may be related (Paper III). To add to the 
knowledge of the development of Sigtuna, 
an attempt was made to synthesize the 
population health and quality of life 
data with the current historical and 
archaeological theories (Paper IV).  Finally, 
to investigate previous archaeological and 
historical assumptions concerning social 
structures, dietary differences between 
the sites were explored through analyses of 
stable isotopes and trace elements for some 
of the Sigtuna material (Paper V). 

The analysis of the skeletons could be 
viewed as more than merely a complement 
to other source materials regarding the 
establishment and decline of Sigtuna. TheThe 
skeletons represent individuals who actually 
lived in the town: they are its history.



Sex assessment
Sexing a complete skeleton is considered 

a relatively straightforward and reliable 
process using anthropologically well-
documented techniques (e.g. Schulter-Ellis 
et al. 1985; Meindl et al. 1985; St Hoyme 
& İşcan 1989; Novotný et al. 1993; 
Koningsberg & Hens 1998; Murial et al. 
1999; Albanese 2003). In the initial phase 
of the present study, the morphological 
sex characteristics of the pelvis and the 
skull were examined in combination 
with registration of sex-discriminating 

measurements from the femora (Paper 
I) (Table 3.1). The five attributes in the 
pelvic region, the five of the skull, and the 
femoral measurements were graded 1-3 or 
1-5 (from the most feminine to the most 
masculine). The method is presented in 
detail in Paper I. Assessments were only 
performed on individuals with a fully 
developed skeleton, where the bones of the 
pelvis were fully fused or if there were signs 
of dental attrition on the occlusal surface of 
the second molar. 

3. METHODS

Table 3.1. Sex characteristics examined in the present study (Paper I).
 

Element Character Reference
The Skull The nuchal crest Acsádi & Nemeskéri 1970;

Buikstra & Ubelaker 1994
The mastoid process Acsádi & Nemeskéri 1970; 

Buikstra & Ubelaker 1994
The supraorbital margin Acsádi & Nemeskéri 1970; 

Buikstra & Ubelaker 1994
The supra-orbital ridge/glabella Acsádi & Nemeskéri 1970; 

Buikstra & Ubelaker 1994
The mental eminence Acsádi & Nemeskéri 1970; 

Buikstra & Ubelaker 1994
The Pelvis The ventral arc Phenice 1969; Buikstra & Mielke 1985; 

Buikstra & Ubelaker 1994
The subpubic concavity Phenice 1969; Buikstra & Mielke 1985; 

Buikstra & Ubelaker 1994
The ischiopubic ramus ridge Phenice 1969; Buikstra & Mielke 1985; 

Buikstra & Ubelaker 1994
The composite arch (Arc composé) Novotný 1982; Bruzek 2002
The Sciatic notch Buikstra & Ubelaker 1994

The Femur The vertical diameter of the head Pearson & Bell 1917-18 presented 
in Krogman & İşcan 1986

The epicondylar breadth Pearson & Bell 1917-18 presented 
in Krogman & İşcan 1986

The Humerus The vertical diameter of the head Stewart 1979:101
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Estimation of age at death
Estimating age at death is one of the 

most complex processes when analysing a 
skeleton. In most cases (if only the osseous 
material is obtainable) it is possible to 
assess the biological age only, not the 
chronological age. 

Subadults
In anthropological textbooks, the age 

at death of a complete child’s skeleton 
is considered relatively easy to estimate. 
However, modern methodological studies 
highlight several limiting factors affecting 
the results, such as sex and ethnicity (e.g. 
Andersson et al. 1964; Maresh 1970; 
Ubelaker 1989b: 56; Scheuer & Black 
2000b: 11f; Saunders 2000: 152) or poor 
health (Larsen 1997: 9; Scheuer & Black 
2000b: 11) and preservation. 

Tooth development
The mineralization of teeth begins about 

four months after conception and, except 
for the third molar, continues until about 
seven years of age (Hillson 1998: 125). 
Unlike bone, the biological turnover 
of teeth is minimal and the sequence 
of development is well documented 
(Whittaker 2000: 83). Hence, the age 
at death of a child can be assessed by 
observation of dental mineralization and 
formation (Ubelaker 1989b: 55; Whittaker 
2000: 84). Furthermore, estimations based 
on dental age vary less from chronological 
age than observations of bone (Scheuer & 
Black 2000b: 13; Scheuer 2002). Teeth are 
also less sensitive to taphonomic factors 
than bone and subsequently survive 
inhumation better, making them a valuable 
information source.

In Sigtuna, the stage of formation and 

eruption for each available tooth was 
studied macroscopically and recorded 
according to Moorrees et al. (1963a, 
1963b) (see also Buikstra & Ubelaker 
1994: Figure 23). Both a separate tooth 
age and an overall dental age were then 
estimated according to Ubelaker (1989a: 
Figure 71). Ubelaker’s method is based 
on combined studies of females and males 
from different samples, but foremost from 
Native Americans (Ubelaker 1989a: 64). 
Consequently, this method is not ideal. 
Nevertheless, it has been presented in 
many osteological textbooks (Workshop of 
European Anthropologists 1980: Figure 5, 
Krogman & İşcan 1986: Figure 9.3; Bass 
1987: Figure 190; Buikstra & Ubelaker 
1994: 51) and has frequently been used 
in Scandinavian studies (Formisto 1993: 
82; Arcini 1999: 50; Ahlström 2001: 
329). Furthermore, several scholars point 
out that the Ubelaker chart �work[s] 
reasonably well�� (Hillson 1998: 146) or 
is useful for generalized age estimations 
(Saunders 1992: 17). 

An ocular comparison of the 71 
Sigtuna subadults with teeth using three 
dental aging techniques showed a good 
correspondence (Schour & Massler 1941; 
Moorrees et al. 1963a, 1963b; Smith 
1991). The children were assigned to the 
same age groups regardless of the method 
used (Fransson 2004). Even though not 
statistically confirmed, the comparison 
suggests that the subadult age groups in 
Sigtuna are consistent. Since the present 
study focuses on the distribution of age 
groups rather than a detailed growth 
analysis, Ubelaker’s method (1989a) was 
considered adequate. A similar way of 
reasoning has been applied elsewhere 
(Sellevold 2001: 44).
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Ossification
The formation and development of 

bony tissue (the osteogenesis), generally 
begins in the mesenchymal connective 
tissue with a primary centre, which 
expands and ossifies (Scheuer & Black 
2000b: 14). Many of the larger bones in 
the skeleton develop secondary centres 
of ossification (epiphyses). The secondary 
centres, most often formed after birth, 
have a growth plate, a line of cartilage, 
which separates them from the element 
with the primary centre. This cartilage 
line is reabsorbed when the bone is fully 
developed and the epiphysis fuses with the 
rest of the bone. The order of appearance 
and development of the primary centre 
and fusion of secondary centres are well 
known and documented from observations 
on dry bone and radiographic studies 
(cf. Scheuer & Black 2000a). However, 
differences due to individual factors such 
as sex or ethnicity exist (Saunders 2000: 
146; Ubelaker 1989b: 57; Brothwell 1981: 
68). Furthermore, in the last decade the 
age of fusion of some elements has been 
re-evaluated, for example the sphenoid-
occipital synchondrosis (cf. Scheuer & 
Black 2000a: 59, 2000b: 10; Scheuer 
2002: 304). 

In the Sigtuna sample, the three stages of 
union (0= open, 1= closing, 2= complete) 
for subadult bone elements were recorded 
according to Buikstra and Ubelaker (1994). 

Ubelaker insists that the phase of union, 
sex, and range of variation presented in 
the literature together with differences 
between studies must be addressed (1989b: 
57). In Sigtuna the fusion chart presented 
by Brothwell (1981: 66) was used for most 
of the skeletal elements. Using several 
different sources, Brothwell presents broad 
time spans for the timing of epiphyseal 
union in several bone elements, which take 
differences between sex and populations 
into account. However, Brothwell (ibid.) 
does not show the development of some 
elements in detail. In such cases, the work 
of Scheuer and Black (2000a) was used 
for vertebrae, clavicles, ribs, the pelvis, 
and bones of the hands and feet, Sahni et 
al. (1998) for the closure of the sphenoid-
occipital synchondrosis, and Bass (1987: 
199) for the iliac crest (Table 3.2).

Bone size
Measurements of bone size have been 

used to assess the age of foetuses and 
subadults (e.g. Anderson et al. 1964; 
Maresh 1970; Stloukal & Hanákova 1978; 
Kósa 1989). However, environmental 
and nutritional factors (Scheuer & Black, 
2000b: 13) as well as ethnic background 
(Ubelaker 1989b: 66) may affect the 
growth of bone. Furthermore, the accuracy 
of the results decreases with increasing 
age (Scheuer 2002: 304). In the present 
study, measurements of long bones without 

Table 3.2. Stages of union of the three main elements used for age estimation of the 
Sigtuna material.

Element
Open
stage 0

Closing
stage 1

Complete
stage 2 References

The sternal end of the clavicle <18 yrs 16-29 yrs >22 yrs Scheuer & Black 2000a: 251
The iliac crest on the pelvis <19 yrs 14-23 yrs >17 yrs Bass 1987: 199
The spheno-occipital synchondrosis <19 yrs 13-19 yrs >13 yrs Sahni et al. 1998
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epiphyses for children younger than about 
12 years of age were evaluated according to 
Stloukal and Hanáková (1978). Their study 
is based on an ancient Slavonic population 
(dated to the 9th century) and has been 
applied to several Scandinavian studies 
(e.g. Formisto 1993: 81; Ingvarsson-
Sundström 2003: 39).

Summary of subadult age 
assessments

Since the connection to chronological 
age varies between methods, these 
were ranked. Dental development was 
considered to be most closely related to true 
age at death, followed by epiphyseal fusion, 
bone size and finally general appearance 
(compared to skeletal age assessed by tooth 
development). Apart from individuals 
with age assessments based on dental 
development, age intervals were used. A 
mean age for the latter individuals was 
only calculated in order to assign each 
individual to an age group. In the present 
study, the term subadult is used for all 
individuals under c. 20 years of age. 

Adults
Currently there is no single method 

that shows confident assessments between 
manifestations in bone and which 
expresses a sufficiently close relationship 
to the chronological adult age at death 
(Cox 2000; Jackes 2000). In the last 20 
years, all techniques for age assessment 
of adults have been strongly criticized (cf. 
Jackes 2000). The criteria for selecting 
methods for adult age estimation in the 
Sigtuna study was that they should be 
reasonably reliable and in current use by 
other researchers (Table 3.3). Furthermore, 
a method should be non-destructive 
and applicable macroscopically (i.e. not 
requiring for example a microscope or X-
ray equipment). 

The pubic symphysis
Attempts to systematize and assess age-

related changes of the morphology of the 
pubic symphysis have been made since 
the 1920s (Todd 1920). In the present 
investigation, the Suchey-Brooks method 
was applied using a complementary cast 
series (Brooks & Suchey 1990). Despite 
the preservational and methodological 
problems (cf. Suchey & Katz 1998: 207; 

Table 3.3. Age related changes examined in the present study.
 

Element Character Reference
Subadults Teeth Formation and eruption Moorrees et al. 1963a, 1963b

Formation and eruption Ubelaker 1989a
Ossification Long bones Brothwell 1981: 66

Vertebrae, clavicles, ribs, pelvis, bones 
from the hands and feet

Scheuer and Black 2000a

The sphenoid-occipital synchondrosis Sahni et al. 1998
The iliac crest Bass 1987: 199

Measurements Long bone lengths Stloukal and Hanáková 1978
Adults The pelvis The pubic symphysis Brooks & Suchey 1990

The auricular surface Lovejoy et al. 1985b
The skull The ectocranial suture closure Meindl & Lovejoy 1985

Dental attrition Brothwell 1981
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Cox 2000: 69), the changes of the pubic 
symphysis are one of the most studied 
skeletal age indicators (Jackes 2000: 433). 
The Suchey-Brooks method has often 
been applied to a variety of large skeletal 
assemblages (e.g. Arcini 1999; Boylston et 
al. 2000; Ahlström 2001). 

The auricular surface
 Age-related changes of the articulation 

between the ilium and the sacrum have 
been recorded (Lovejoy et al. 1985b; 
Meindl & Lovejoy 1989). Criticism of this 
technique has included the large age ranges, 
problems with ankylosis, and a tendency to 
underage older individuals (Cox 2000: 71; 
Jackes 2000: 429f). However, the method 
is relatively easy to use and is currently 
employed by modern anthropologists (e.g. 
Formisto 1993: 81; Boylston et al. 2000). 
Furthermore, the fact that this part of 
the pelvis is often well preserved, which 
was also apparent in the Sigtuna sample, 
was an important reason for selecting this 
method. 

Dental attrition
After the development of the teeth is 

complete at the end of the second and early 
third decade of life, only minor changes will 
take place, mostly due to functional effects 
such as mastication and/or use as tools 
(Rösing & Kvaal 1998: 444; Whittaker 
2000: 87). Since the preservation of 
teeth in Sigtuna was good, a study of 
dental attrition for age assessment was 
considered of interest. In the current study, 
dental attrition was recorded according to 
Brothwell’s classification (1981). However, 
when tested in other studies, the method 
has provided both encouraging and 
disappointing results (Lovejoy et al. 1985a; 
Rösing & Kvaal 1998: 450f; cf. Whittaker 

2000: 88; cf. Jackes 2000: 447). Factors 
such as sex, diet, activity, jaw and tooth size 
may affect attrition and therefore attempts 
to assess the age of an individual (Jackes 
2000: 448). The attrition of the molars 
has recently been used in several studies 
(e.g. Arcini 1999; Boylston et al. 2000). It 
has been argued that if using solely dental 
attrition, estimation of age can be made to 
the nearest 15 years (Whittaker 2000: 96) 
or that the average standard error might lie 
between 14 and 20 years (Rösing & Kvaal 
1998: 460).

Cranial suture closure
The sutures (the connective tissue loosely 

joining the bones of the cranial vault) 
generally fuse with increasing age until 
they are completely obliterated. However, 
the process of fusion is irregular and in 
some individuals the sutures may remain 
open throughout life. Attempts have been 
made to classify the degree of obliteration 
both of the endo- and ectocranial sutures 
in relation to chronological age (e.g. 
Todd & Lyon 1924; McKern & Stewart 
1957; Acsadi & Nemeskeri 1970; Meindl 
& Lovejoy 1985; Cox 2000: 66). The 
method is considered to be biased for the 
sexes and the least effective technique for 
age assessment of adults, being merely a 
suggestive pointer of age (cf. Cox 2000: 67; 
Jackes 2000: 440f; Molleson & Cox 1993). 
Nevertheless, the method is still presented 
in a variety of textbooks (e.g. Krogman & 
İşcan 1986: 110; Ubelaker 1989a; Buikstra 
& Ubelaker 1994) and has been applied in 
many studies in recent years (e.g. Arcini 
1999; Boylston et al. 2000). In general, 
the preservation of the cranial bones is 
quite good in Sigtuna. On occasions when 
other criteria are unavailable, the degree 
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of suture closure may be the only way of 
assessing the age of an adult individual. In 
the present study, the degree of closure of 
ectocranial sutures and the subsequent age 
range were recorded according to Meindl 
and Lovejoy’s method (1985), as presented 
in Buikstra and Ubelaker (1994: 33f). 

Multi-factorial approaches to aging 
skeletal remains

As shown above, no single method can be 
considered to assess the exact chronological 
age of adult skeletons. Many scholars 
claim that a multi-factorial analysis can 
achieve more accurate results than using 
single traits (Acsádi & Nemeskeri 1970; 
Workshop of European Anthropologists 
1980; Lovejoy et al. 1985a; Maat 1987; 
Ubelaker 1989a; Maples 1989; İşcan 
1989; İşcan & Loth 1989; Saunders et al. 
1992; Roberts 1996; Meindl & Russel 
1998; Baccino et al. 1999). The multi-
factorial approach is defined as a method 
examining age-related changes in two or 
more skeletal regions (İşcan 1989: 326). 
It is believed that a �natural error�� (i.e. an 
appearance atypical for a certain age) of a 
certain physical region can be corrected or 
neutralized by employing multiple criteria, 
even if less reliable methods need to be used 
(İşcan 1989: 327). However, some authors 
have questioned whether the pooling of 
several poor techniques can lead to better 
results (Cox 2000: 63; Jackes 2000: 444; 
Schmitt et al. 2002). The criticism against 
a multi-factorial approach has not impeded 
its use in many recent analyses (e.g. Scott et 
al. 1998; Arcini 1999; Fiorato et al. 2000; 
Sellevold 2001; Haduch 2002; Jankauskas 
2002; Saunders et al. 2002). With few 
exceptions (Lovejoy et al. 1985a; Ascádi 
& Nemeskéri 1970 statistically elaborated 
by Sjøvold in the Workshop of European 

Anthropologists 1980) the combination 
process of each single trait and the resulting 
age assessment is seldom described in detail. 
For the Sigtuna material, the combination 
of several age assessments from different 
regions into a single interval for a skeleton 
is presented below.

Summary of adult age 
assessments

For the pelvis, an age interval was 
estimated using two age-indicating features 
combined into one age interval and if 
necessary adjusted to the fusion ages of the 
iliac crest. The lower age in the interval is 
the mean value of the younger age of the 
symphysis pubis phase and the younger age 
of the auricular surface. The upper age in 
the interval is the mean value of the older 
age of the symphysis pubis phase and the 
older age of the auricular surface. If the iliac 
crest shows signs of fusion (stage 1 = 14-23 
years), the lower age is adjusted upwards to 
14 years if necessary (Table 3.2). Similarly, 
if the iliac crest is not fully fused, the older 
age limit is adjusted downwards to 23 if it 
is higher.

For example, using the Os coxae of a 
male skeleton from St Laurence’s (Idnr. 
97024): the iliac crest is fully fused (stage 
2= > 17 years), the symphysis pubis is in 
phase II (19-34 years), and the auricular 
surface is in phase 2-3 (25-29/30-34 years). 
The lower limit of the age interval was 
calculated as follows: (19+(25+30)/2)/2= 
23.2. The upper limit of the age interval 
was calculated as: (34+(29+34)/2)/2= 
32.8. Since the lower age limit is over the 
iliac crest indication of 17 years, it is not 
adjusted. The individual is said to be in the 
age interval 23-33 years.
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For the skull, dental attrition and the 
ectocranial sutures were investigated and 
if necessary adjusted to the fusion of the 
spheno-occipital synchondrosis. The age 
interval for the skull was estimated by 
averaging age-related traits. Hence, the 
lower age is a mean value of the lower limits 
for dental attrition and ectocranial suture 
synostosis. The upper age of the interval is 
a mean value of the upper age of the dental 
age and ectocranial sutures. The lower age 
is adjusted so as not to fall below 13 years if 
the spheno-occipital synchondrosis shows 
signs of fusion (stage 1 = 13-19 years) 
(Table 3.2). The upper age is adjusted so 
as not to exceed 19 years if the spheno-
occipital synchondrosis is not fully fused.

In a complete skeleton, an age interval 
was calculated based on the symphysis 
pubis, the auricular surfaces, the ectocranial 
sutures and dental attrition. The lower and 
upper ages were adjusted as described 
above, using the iliac crest, the spheno-
occipital synchondrosis and in addition the 
sternal end of the clavicle (Table 3.2). This 
multiregional approach combining several 
traits is consistent and makes it possible to 
divide the individuals into approximate age 
groups. Even though the true chronological 
age was not established, it is believed that 
a majority of the individuals were classified 
into a correct relative age group order. The 
age groups were established and applied 

for comparisons between cemeteries and 
chronological phases in Sigtuna (Table 
3.4).

An adult mean age at death was calculated 
for the three oldest adult age groups using 
a median for each age group as previously 
presented by Sellevold (2001: 189). The age 
median for each group was: Adultus 27.0 
years, Maturus 45.5 years, and Senilis 60.0 
years. Furthermore, to explore changes 
related to birth rate, the Buikstra ratio 
(D30+/D5+) was calculated according to 
Buikstra et al. (1986) (Paper IV).

In Sigtuna the 528 individuals are 
distributed over six partly excavated 
cemeteries and, as shown in the survival 
index (Chapter 2), the remains are at times 
fragmentary. Since a skeletal sample only 
holds information about dead individuals, 
demographical aspects such as life 
expectancy and mortality rates are difficult 
to calculate even for a well-preserved 
and documented population (Wood et 
al. 2002). Due to such demographic 
limitations, no attempts were made to 
estimate life expectancy and mortality rates 
in Sigtuna. Furthermore, demographic 
estimations often presuppose that the 
population was stationary (ibid.), which in 
the case of Sigtuna is unlikely.

Several larger-scale comparisons have 
been made of the age distributions in 
different medieval Scandinavian skeletal 

Table 3.4. Applied age groups in the Sigtuna material.
 

Age group Age interval Characters used for age estimation
Infant <1 year Teeth development; fusion of secondary centers; bone size
Infans I 1-5,9 years Teeth development; fusion of secondary centers; bone size
Infans II 6-11,9 years Teeth development; fusion of secondary centers; bone size
Juvenilis 12-18/23 years Teeth development; fusion of secondary centers
Adultus 20-39 years Fusion of secondary centers; the pubic symphysis; the auricular 

surface; dental attrition
Maturus 40-59 years The pubic symphysis; the auricular surface; dental attrition
Senilis 60+ The pubic symphysis; the auricular surface; dental attrition
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materials (e.g. Benedictow 1993; Arcini 
1999; Sellevold 2001). It must be 
emphasized that a number of source-critical 
aspects may affect the interpretation of the 
age distribution of a single set of material. 
Hence, the comparisons between several 
assemblages must be treated with even 
greater caution. Differences in methods, 
preservation and archaeological contexts 
might produce results with no true link 
to the actual populations. The relations 
between materials are, nevertheless, 
interesting to investigate and may reveal 
divergent distributions as well as possible 
trends.

Mean stature and robusticity
The size and shape of an individual bone 

element are closely connected to genetic 
factors, which primarily bear the potential 
growth, though the development must 
also be related to environmental effects. 
The genetic heritage is shown differently 
in different physical regions, with the 
craniofacial shape more intimately related 
to hereditary factors than the rest of the 
skeleton (Mays 2000). Nevertheless, for 
postcranial bones, extrinsic factors such as 
age, sex, nutrition, activity and temperature 
must be considered (Krogman & İşcan 
1986; Steegman & Haseley 1988).

Since environmental factors do to 
some extent affect the living height of an 
individual, the assumption can be made 
that during less favourable conditions (such 
as inadequate nutrition, infectious diseases 
or stress) the possibilities of achieving 
the individual genetic growth potential 
is hampered and growth may be stunted 
permanently (Steckel 2004). Attained adult 
size and maximum height is particularly 

affected by growth suppressions during 
early childhood years. Nutrition seems 
to be the most important environmental 
factor. The non-nutritional factor that 
influences stature most is, according to 
Steegmann and Haseley (1988), thermal 
effects. The ability to investigate health 
changes through stature has been utilized 
in numerous studies (cf. Larsen 1997; 
Steckel 2004; Koepke & Baten 2005).

Stature
Several methods of estimating stature 

have been presented (Krogman & İşcan 
1986: 302; Ubelaker 1989a: 60). In 
addition to measuring the skeleton in 
the grave (e.g. Boldsen 1990), anatomical 
methods, using all skeletal elements 
contributing to stature and compensating 
for soft tissues, have been applied (e.g. Fully 
1956). The most widespread techniques, 
however, are based on the correlation 
between the length of the long bones and 
body height in documented populations. 
Trotter and Gleser (1952, 1958) developed 
a regression formula based on fallen men 
from World War II and the Korean War 
together with individuals from the Terry 
Collection. In anthropological research, 
Trotter and Gleser’s method has been 
recommended (Krogman & İşcan 1986) 
and has been the most widely used for 
decades. Nevertheless, it has been criticized 
for not taking complete ranges of length 
variations into consideration (Sjøvold 
1990), for methodological biases and 
inconsistencies (Boldsen 1990; Jantz 1992, 
Jantz et al. 1994), and for being based on 
inadequate material (Werdelin et al. 2000). 
Sjøvold (1990) presented two alternative 
regression formulas, based on a large 
number of skeletal samples, independent of 
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sex. The first formula (utilizing the line of 
organic correlation) is based on Caucasian 
samples and the other was calculated using 
groups of different ethnicity.

In Sigtuna, all measurements were taken 
according to Buikstra and Ubelaker (1994), 
using sliding callipers, an osteometric 
board and a mandibulometer. The length of 
the long bones was measured to the nearest 
millimetre, primarily on the left element, 
and if necessary substituted by the right. 
Stature was calculated according to Trotter 
and Gleser (1952, 1958). However, as they 
are commonly used in many Scandinavian 
studies, Sjøvold’s (1990) calculations for 
Caucasians, independent of sex, were also 
applied. All calculations were based on 
the greatest length of the long bones. To 
avoid methodological biases, comparisons 
within the Sigtuna material were only 
made between the maximum raw length 
of the femur (defined by Martin & Saller 
1957: 561; Buikstra & Ubelaker 1994: 
82). The stature estimations are only used 
for illustrative purposes. However, for 
comparisons with other materials, Sjøvold’s 
method (1990) was applied.

Metrics and robusticity
A femoral robusticity index was 

calculated (Bass 1987: 214) based on 
measurements from the mid-shaft femora 
(from the left side).

 
Analysis of stable isotopes and 
trace elements

A variety of surveys have proved that 
chemical analyses of human bones may 
be used to investigate ancient dietary 
patterns in relation to social hierarchies 
(e.g. Waldron 1981; Lidén & Nelson 
1994; Lidén 1995; Schutkowski 1995; 

Vuorinen et al. 1996; During 1997a; 
Schutkowski et al. 1999; Iregren et al. 
2000; Eriksson 2003). To explore factors 
connected to social structures within the 
medieval society in Sigtuna analyses of 
stable isotopes and trace element were 
performed (Paper V). The investigation 
focused on possible differences in dietary 
patterns between three Sigtuna cemeteries 
(the Nunnan block, Church 1 and St 
Laurence’s). Bone samples were collected 
from in total 80 adult individuals (Paper 
V). The method is thoroughly presented 
in Paper V. An attempt was made to 
combine stable isotopes of carbon and 
nitrogen with trace elements analysis. In 
addition, because of the discovery of some 
individuals with discoloured teeth and 
also previous suggestions of elevated lead 
values (Wallersted 1994), it was considered 
of importance to have a multi-element 
approach.   

The health index
In order to understand the everyday life 

of the people of Sigtuna, it was of interest 
to investigate the health parameters of the 
analysed individuals. Skeletal materials 
have been used previously to shed light on 
general variation in human health between 
different periods in Scandinavia (Bennike 
1985). This is thus a key topic in physical 
anthropology. Arcini (1999) and Sellevold 
(2001) present detailed discussions of 
the paleopathological status and skeletal 
changes in medieval assemblages in 
Sweden and Norway. A major difficulty 
for anthropologists, however, has been the 
process of combining the skeletal data to 
better understand the general health trend 
in a specific population. Moreover, there 
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are problems in comparing materials due 
to differences in methods and registration. 
In examining the health of the individuals 
in Sigtuna, a standardized health index 
was used (Paper IV). �The health index 
incorporates the length of life and physical 
health while living…�� (Steckel(Steckel et al. 2002a: 
62). Theoretically, the index is calculatedTheoretically, the index is calculated 
by summing the quality-adjusted life years 
of an individual. Every year of a person’s 
life is given a value from 0.0 to 1.0 (or 0% 
to 100%) according to the individual’s 
wellbeing in each particular year. The sum 
of the healthiness in all lived years expresses 
the individual’s total biological quality of 
life. 

The utilization of a health index is, of 
course, only an approximate method, 
and several anthropological problems 
need to be considered. These include: 
1) acute pathological conditions seldom 
leave traces in the skeletal remains; 2) 
the age assessment of adult individuals 
is inaccurate; 3) skeletal remains only 
show lesions from illnesses affecting the 
skeleton; and 4) cultural factors such as 
migration, birth rate, selective funeral 
practices or excavation techniques 
and preservation skew the results. An 
individual-based approach is considered 
too susceptible to external disturbances. 
Thus, when applied practically to the 
method’s pilot material, presented in The 
Western Hemisphere Database (Steckel & 
Rose 2002), the process was as follows: 
all stress-indicating data were collected for 
all individuals given an estimated age at 
death; for a set of age groups, an averaged 
health index was calculated using the sum 
of all individuals’ contributions to that age 
group, thereby averaging the stress factors; 
the health indices of the age groups were 

then multiplied by the age distribution of 
a reference population to counteract bias 
caused by several of the above-mentioned 
aspects, for example migration and selective 
burial customs.

In the present study, seven health 
variables were scored following Steckel et 
al. (2002a): 1) stature (femur length); 2) 
dental hypoplasias; 3), porotic hyperostosis; 
4) dental health (tooth loss, caries and 
dental abscesses); 5) infections (categorized 
as �tibial periostal reactions�� and �other 
skeletal infections��); 6) degenerative joint 
disease; and 7) trauma. Each variable was 
scored 0.0 to 1.0, where 1.0 indicates 
perfect health. The severity of a lesion 
was also taken into consideration. Stature 
was scored by comparison with modern 
standards, where full health (1.0) is 
equivalent to modern standard average 
length of the femur, and 0 is a stature 
shorter than the third standard deviation 
from the average. Stature, hypoplasias and 
porotic hyperostosis are considered effects 
of subadult stress, therefore affecting an 
individual’s entire life span. Dental health, 
infections, degenerative joint disease and 
trauma are assumed to affect the last ten 
years of an individual’s life. However, 
dental health and degenerative joint disease 
are not considered before the age of 18. 
Since several studies have shown that 
age estimation methods produce skewed 
results, the estimated ages of the individuals 
were corrected according to Lovejoy et al. 
(1985a). In practice, the demographic data 
from Sigtuna and indicators of stress were 
all registered and classified according to 
the system for the Western Hemisphere 
Database. The data were then processed 
using a software package developed by 
Steckel and colleagues (2002a).
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Pathological definitions
In addition to the health index, a brief 

outline is presented for some of the most 
common pathological changes recorded 
in the main material. Below are the 
characteristics and definitions of the 
skeletal changes and pathologies specified. 

Trauma
Signs of physical injury to the skeleton (i.e. 

trauma) resulting from accidents or violence 
are common in anthropological materials. 
According to Ortner (2003: 119), generally 
speaking there are four types of trauma: �1) 
fracture, 2) dislocation, 3) posttraumatic 
deformity, and 4) miscellaneous traumatic 
conditions, including those that do not 
affect the skeleton directly but can be 
inferred by the position or association of 
skeletal specimens��. The term fracture is in 
its broadest sense defined as �any traumatic 
event that results in partial or complete 
discontinuity of a bone�� (Ortner 2003: 
120) and hence includes weapon-related 
trauma. In the present study, Ortner’s 
definition of a fracture was applied and 
bone elements showing signs of healed 
trauma lesions such as a fracture callus 
or a deforming malunion were recorded. 
However, if clearly identified as blade 
wounds, the lesions were dealt with 
separately in detail and compared with 
reference materials (see below). 

Infections
Inflammation as a response to infection 

may be registered as bone resorption, 
most often in combination with new 
bone formation. The infectious agent (e.g. 
bacteria, viruses, fungi or parasites) is spread 
either indirectly via the bloodstream or 
directly from an open wound. It causes pus-
containing concavities, gradually destroys 

the bone and stimulates the formation of 
new bone on the bone surface. Later such 
tissue (woven bone) is transformed into 
mature bone (Roberts & Manchester 1997: 
126). Gradually, the pus may penetrate 
the bone from within through cloacae 
and severely destroy the bone tissue. 
The inflammatory response may affect 
the medullar channel (osteomyelitis), the 
compact bone (osteitis), the periosteum 
and outer surface of the bone (periostitis), 
or it may affect the complete bone (Resnick 
& Niwayama 1988: 2526). It should be 
emphasized that periostitis may arise 
without infection due to an inflammatory 
response to other disorders (Resnick & 
Niwayama 1988: 2526). For bone infection 
osteomyelitis is the generic term; most 
often the primary site of the infection is 
unknown, rendering subdivision difficult 
(Roberts & Manchester 1997: 126). In 
the present study, the criteria for asserting 
a non-specific infection were signs of 
subperiosteal inflammation (striae and/or 
new bone formation), or swelling and 
abnormal shape, or cloacae, or in those 
cases where the medullary channel could 
be examined, elements exhibiting sclerosis 
and abscess cavities within the bone 
interior.  

Infectious diseases such as leprosy, 
syphilis and tuberculosis, caused by 
bacterial infections, may result in specific 
skeletal changes that can help identify 
the particular disease. The diagnostic 
criteria for syphilis used in the present 
study were cranial bones with clusters of 
pits or depressed areas (i.e. caries sicca), 
scars caused by the necrotic bone tissue of 
gummas, gummatous osteitis and periostitis 
on long bones and saber shin (Aufderheide 
& Rodrigues-Martin 1998: 158ff). The 
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typical diagnostic criteria for leprosy were 
resorption of the distal phalanges in the 
hands and metatarsophalangeal joints 
in the feet and changes linked to facies 
leprosa such as necrosis of the central 
nasal and maxillary region (Aufderheide 
& Rodrigues-Martin 1998: 151f; Møller-
Christensen 1961: 13ff). A diagnosis of 
tuberculosis was made when Pott’s disease, 
i.e. spinal collapse, osteomyelitis and 
ankylosis of at least two vertebrae in the 
spine have been observed (Aufderheide &. 
Rodrigues-Martin 1998:121, Baker 1999, 
Roberts 1999). 

Changes in the joints
Osteoarthritis (OA) or degenerative joint 

disease (DJD) include all changes of the 
joints where stress damages the joint 
cartilage leaving the bone surface exposed 
to bone-to bone contact. The destruction 
may lead to polishing (eburnation), 
subchondral sclerosis and pitting of the 
bone surface. In addition, to compensate 
for the extra workload, osteophytes may 
occur at the joint margins (Aufderheide 
&. Rodrigues-Martin 1998: 96). In the 
present study, the term osteoarthritis 
(OA) was used in its widest sense for 
joint surfaces exhibiting degenerative 
changes such as eburnation, pitting or 
osteophytes. The same degenerative forces 
that destroy larger joints may affect the 
small synovial joints of the spine, in the 
present outline termed vert-OA. Extensive 
stress of the intervertebral discs resulting 
in osteophytosis (lipping) is known as 
spondylosis deformans. Intravertebral 
disc hernia (Schmorl’s nodes) arises when 
the nucleus pulposus (the disc content) 
extrudes into the vertebral body causing a 
depressed nodule. The pathological process 

most often occurs after some kind of 
trauma to the spine (Resnick & Niwayama 
1988: 1528). Possible cases of the condition 
intervertebral osteochondrosis are included 
in the same group as Schmorl’s nodes.

Inflammation of a joint, septic arthritis, 
may originate both from an indirect 
bacterial infection (the bloodstream) or 
from a direct infection (a wound). Acute 
cases may not be visible in dry bones 
(Ortner 2003: 222). As with osteomyelitis, 
both bone resorption and new bone 
formation may occur at the joint surface 
after the articular cartilage is destroyed, 
which often leads to ankylosis (Ortner 
2003: 222). When the same process affects 
the bodies of the vertebrae it is known 
as spondylitis. This term may include 
inflammatory diseases that affect the spine 
such as DISH (Diffuse Idiopatic Skeletal 
Hyperostosis) and Bechterew’s Disease 
(ankylosing spondylitis).

Spondylolysis
Complete or incomplete separation of 

the neural arch from the vertebral body 
is termed spondylolysis. The defect may 
be both bi- and unilateral and can cause 
forward slippage of the vertebral body. 
Even though spondylolysis seems to 
involve a hereditary disposition and some 
populations appear to be more exposed 
than others, the condition is most often 
referred to as a stress or fatigue fracture (cf. 
Ortner 2003: 147).

Osteochondritis dissecans
When a small portion of cartilage 

and bone is separated from the surface 
in a joint, it is termed osteochondritis 
dissecans (OD). The process, in which the 
fragment may be resorbed or reattached, 
leaves a small rounded healed lesion (a 
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bone necrosis). The pathological process 
is mainly due to chronic trauma in 
combination with circulatory disorders in a 
limb (Resnick & Niwayama 1988: 2795ff). 
Predisposition within families may occur. 
Although Resnick and Niwayama (1988: 
2812) state that osteochondritis dissecans 
may be found in all joints, the femur is 
by far the most affected, followed by the 
talus (Ortner 2003: 352; Aufderheide & 
Rodrigues-Martin 1998: 82). Aufderheide 
and Rodrigues-Martin (1998: 82) also 
mention that the size of the lesions of the 
bone necrosis may vary between 10-20 
mm. In the Sigtuna material, the term 
osteochondritis dissecans was used when 
a distinct round lesion of bone necrosis, 
lacking inflammatory changes, was 
observed on a joint surface. 

Porotic hyperostosis
Porotic hyperostosis may be seen as 

perforating lesions on the skull vault 
or orbital roof (cribra orbitalia). The 
degenerative changes occur when the 
diploë (the spongiose tissue of the skull 
vault) expands causing resorption of the 
outer table and exposing the trabeculae 
(Aufderheide & Rodrigues-Martin 1998: 
348). Both children and adults may be 
affected, though the lesions may heal 
which may influence the frequency in 
adults. Even though different diseases 
can cause porotic hyperostosis, it is most 
often linked to anaemia (Ortner 2003: 
370). Anaemia is a reduction in the 
concentration of haemoglobin in red blood 
cells or a reduction in the number of red 
blood cells in the blood. Haemoglobin is of 
importance since it helps to carry oxygen 
in the blood. Iron is needed to develop 
haemoglobin, and a large variety of factors 

may cause iron deficiency, including 
nutritional status, diarrhoeas, infections 
and parasites. In Sigtuna only cribra 
orbitalia has been identified; no signs of 
porotic hyperostosis on the cranial vault 
were observed.

Weapon-related trauma: sharp 
force trauma

Weapon wounds in relation to sex and 
age demonstrate conceptions of violence 
and manifestations of power within a 
population (Robb 1997). Even though 
artefacts such as different types of weapons 
or historical documents are indicative 
of interpersonal violence in the past, 
human remains �provide a direct source 
of evidence�� (Walker 1997). Hence, 
indications of violent events discovered 
in skeletal materials may reveal a great 
deal of information about the life of the 
community in the prevailing society. 
The discovery of a mass grave in Sigtuna 
in 1997 and the subsequent osteological 
analysis of the human remains meant that 
violent trauma became an important issue 
for the thesis.  

In the Sigtuna material signs of violent 
interactions were looked for, and several 
individuals with injuries caused by weapons 
have been found. Blunt objects such as clubs 
may cause a variety of fractures, which 
in combination with postdepositional 
fractures can be difficult to distinguish 
from accidental trauma. It cannot be 
excluded that a weapon originally caused 
some of the fractures identified in the main 
material. Since the origin of these fractures 
is unknown, they are not included in the 
weapon-related wounds in this section. A 
few of the identified fractures are puncture 



Anna Kjellström

34

marks, i.e. greater in depth than in breadth, 
suggesting some kind of sharply pointed, 
penetrating instrument such as a knife used 
for stabbing, a spear or an arrow. However, 
none of the lesions exhibited sufficient 
characteristics to identify a specific weapon 
type. Most of the recognized weapon-related 
wounds in the Sigtuna material and the 
reference material from Uppsala are linear 
lesions with smooth cut surfaces and visible 
striae, presumably made by a bladed weapon 
such as a sword, halberd, glaive or axe. In 
the present study, only individuals with this 
type of sharp force lesion are included. The 
definitions of the wounds are based on work 
by Wenham (1989), Reichs (1998), Symes et 
al. (1998) and Houck (1998); the criteria are 
listed in Paper II. 

To gather as detailed information as 
possible about patterns of sharp force 
trauma, the lesions from five individuals 
were examined in cooperation with a 
medical examiner, Christina Lundberg 
(at the time working at the National 
Board of Forensic Medicine, the Forensic 
Department in Stockholm) and a forensic 
detective, Hans Lundberg, of the Crime 
Scene Unit in Stockholm. The joint 
examination helped to rule out a number of 
questions concerning how to interpret the 
direction of blows and, to some extent, to 
identify possible weapons. In other respects, 
the same registration methods and criteria 
for sharp force trauma mentioned in Paper 
II were used for the Sigtuna sample.  

Statistical analyses
All statistical analyses were performed 

in cooperation with statistician Jonas 
Nilsson at Trial Form Support (TFS). 
Fisher’s two-sided exact test was used to was used to 
investigate: differences in sex distributiondifferences in sex distribution 
between phases; differences in sex 
distribution between sites; differences in 
age group distribution between the sexes; 
differences in age group distribution 
between sites; differences in subadult 
mortality between phases; differences in 
subadult mortality between time periods 
in the reference material; differences 
in subadult mortality between Sigtuna 
and the reference material; differences 
in subadult mortality between the three 
largest Sigtuna materials and the reference 
material; differences of the parameters of 
the health index and phases. Chi-squareChi-square 
tests were used to investigate differencesdifferences 
in age group distribution between phases 
and between sites. 

A Kolmogorov-Smirnov test was 
used to test the (normal) distribution 
of the stature data. In order to explore 
the difference in stature between the 
sexes a t-test was used. Furthermore, a 
Kruskal-Wallis test was used to examine 
differences in stature between phases, 
between sites and between grave zones. 
Differences in standard deviation in femur 
length between phases were investigated 
applying a F-test.



The sex assessment technique
The analysis in Paper I focused on 

methodological issues relating to the 
preservation of the Sigtuna skeletons. Two 
weighted methods were presented as an 
attempt to understand possible biases in 
the sex assessments due to fragmentation 
(Paper I): Total mean value A reflected a 
sex assessment where all observable scored 
sexually dimorphic traits were weighted 
together; Total mean value B took into 
account the added uncertainty caused by 
missing traits. The study demonstrates 
how fragmentation quite obviously affects 
the assessed sex distribution of skeletal 
material. This should be considered a 
cautionary note for all analyses where 
sex assessment of fragmented material 
forms a crucial component. The level of 
fragmentation or number of missing traits 
is seldom reported. While some scholars 
maintain that a skeleton should only be 
sexed by the pelvis (e.g. Bone 1993) or 
complete skeleton (e.g. Mays & Cox 2000), 
this would have meant that only a fraction 
of the Sigtuna material would have been 
sexed. The two mean values presented in 
Paper I enable consistent sex assessments 
and at the same time offer an estimation of 

methodological weaknesses of the material, 
i.e. in the case of Sigtuna the level of 
fragmentation.

 In addition, the results in Paper I 
highlighted methodological problems 
associated with sex assessments. The sex 
assessments of the skulls deviated from 
those of the morphologically scored pelves 
and the sexually dimorphic measurements 
of the femurs. The skulls of the Sigtuna 
individuals showed more feminine 
traits than the postcranial bones. One 
interpretation could be that the burials 
of women were more often disturbed and 
that only the skulls were preserved and 
recovered, i.e. selective fragmentation 
or destruction of female skeletons. This, 
however, is not the case: when studying the 
complete skeletons the same phenomenon 
was registered, with more feminine 
skulls than pelves and femora. The most 
likely interpretation is that the bias is 
methodological (or perhaps even biological) 
– i.e. the Sigtuna skulls in general show 
more feminine traits than the reference 
samples used to develop the criteria for sex 
assessments. This is an important result of 
the Sigtuna study.
 

4. RESULTS
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The sex distribution in Sigtuna 
and other Scandinavian 
materials

In Paper I, 354 individuals were sexed, 
revealing a male majority in Sigtuna. 
In total 310 of the individuals have 
an archaeological context with a firm 
connection to a chronological phase in 
Sigtuna. The somewhat ambiguous results 
obtained between different traits in the 
initial phase of the analysis (Paper I) can be 
further highlighted including another sex-
discriminating measurement, the vertical 

diameter of the humeral head (Stewart 
1979: 101) (Figure 4.1). The result showed 
a similar male predominance to that 
indicated by the femoral measurements 
and pelvic traits. In the section below, the 
categories of uncertain males and females 
(�M?�� and �F?��) used in Paper I were not 
applied. They are grouped as males and 
females respectively.

 In general, the sex distribution in Sigtuna 
shows a male predominance in all phases 
(Table 4.1-4.2) (Paper IV). No significant 
differences in sex distribution between 

Figure 4.1. Correspondence of the humerus measurements and previous recorded traits and4.1. Correspondence of the humerus measurements and previous recorded traits and 
measurements (complete skeletons, n=51).

Table 4.1. Sex distribution in the Sigtuna 
material.
 

Sigtuna M % F % ? % Total
Phase 1 89 35,5 56 22,3 106 42,2 251
Phase 2 95 39,7 46 19,2 98 41,0 239
Phase 3 15 39,5 9 23,7 14 36,8 38
Total 199 37,7 111 21,0 218 41,3 528

Table 4.2. Distribution of sexed 
individuals in the Sigtuna material 
(Paper IV).
 

 M % F % Total
Phase 1 89 61,4 56 38,6 145
Phase 2 95 67,4 46 32,6 141
Phase 3 15 62,5 9 37,5 24
Total 199 64,2 111 35,8 310
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phases were observed (Fisher’s two-sided 
exact test, P= 0.5865). The male dominance 
is observed in all cemeteries except in the 
Nunnan block, which shows an equal 
distribution between the sexes (Table 
4.3-4.4). There is a statistically significant 
difference between the Nunnan block and 
Church 1 (Fisher’s two-sided exact test, P= 
0.044), and between the Nunnan block and 
St Laurence’s (P= 0.0019) (Appendix 1). A 
significant difference in sex distribution 
was noted also between St Laurence’s and 
St Olaf ’s (P= 0.0179), though the sample 
size is small. The skeletal materials from 
Church 3 and St Olaf ’s have been excluded 
in the following discussion due to the small 
sample size.

Looking at human skeletal remains from 
a variety of medieval northern European 
contexts (i.e. rural, urban and monasteries), 
as gathered by Iregren (1992) and Sellevold 
(2001), a majority of the materials (29 
of 37) show a male dominance, both 
urban and rural. Furthermore, in the 

large amount of skeletal material from 
Lund, a male dominance was seen in all 
chronological phases (Arcini 1999, A2: 
Table 3:4).

The age estimation technique 
The multi-factorial aging method 

used in the present study for adults, in 
which the age estimation techniques 
were pooled, was an attempt to make 
consistent intramaterial comparisons, i.e. 
between the cemeteries and phases from 
the same context in Sigtuna. Differences 
between age groups can arise for a variety 
of reasons, where the taphonomic aspects 
are of great importance. It must be pointed 
out that the aim of the method presented 
above (Chapter 3) was to increase the 
consistency of the age assessment, and not 
necessarily its accuracy. The deficiencies of 
each technique remain. Because of this, the 
correctness of the age estimation cannot 
be considered to exceed the traditional 
estimates. However, the advantages are less 

Table 4.3. Sex distribution at the Sigtuna cemeteries.
 

Site M % F % ? % Total
Church 1 76 46,1 38 23,0 51 30,9 165
Church 2 22 23,9 15 16,3 55 59,8 92
The Nunnan block 36 31,9 35 31,0 42 37,2 113
St Laurence’s 58 49,2 18 15,3 42 35,6 118
Church 3 6 19,4 1 3,2 24 77,4 31
St Olaf’s 1 11,1 4 44,4 4 44,4 9
Total 199 37,7 111 21,0 218 41,3 528

Table 4.4. Distribution of sexed individuals at the 
Sigtuna cemeteries.
 

Site M % F % Total
Church 1 76 66,7 38 33,3 114
Church 2 22 59,5 15 40,5 37
The Nunnan block 36 50,7 35 49,3 71
St Laurence’s 58 76,3 18 23,7 76
Church 3 6 85,7 1 14,3 7
St Olaf’s 1 20 4 80,0 5
Total 199 64,2 111 35,8 310
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subjectivity and increased efficiency. In the 
Sigtuna material, 52 skeletons exhibited 
all traits for age estimation. Using these 
skeletons, an attempt was made to compare 
the result from each applied age estimation 
technique in order to study whether and 
how the four techniques differed in the 
assignment of skeletons to age groups. 

The results reveal a clear correspondence 
between the different techniques but 
missing traits have to be considered: in 
35% of the cases, all four of the techniques 
assigned the individual to the same age 
group; in 44% one of the four techniques 
assigned individuals to a neighbouring age 
group; and in 17% the techniques showed an 
even 2–2 split between adjacent age groups. 
In 4% of the cases, i.e. two individuals, the 
results were spread over three age groups. 
As suggested by several scholars, pooling 
several techniques may neutralize extreme 
assessments. It is reasonable to assume that 
if three or all four techniques indicate the 
same age group (as in 79% of the cases), 
the confidence in the result is greater than 
if only one method had been used (out of 
choice or necessity). Hence, fragmentation 
may also be an issue for age estimation as it 
is for sex assessment (Paper I) and deserves 
further study.

The age distribution in Sigtuna 
and other Scandinavian 
materials

In total, it was possible to age assess 445 
individuals (84.3%), and 146 (32.8%) 
of these were under 20 years of age at 
the time of death (Table 4.5) (Paper IV). 
The age distribution shows a U-shaped 
pattern, with the difference between the 
sexes generally small. Women, however, 
show a higher frequency in the young 
adult age group �Adultus�� than men, who 
have a higher frequency in the older age 
group �Maturus��. However, the observed 
difference in age group distribution (using 
three groups: Infant-Infans II, Juvenilis, 
Adultus-Senilis) is not statistically 
significant (Fisher’s two-sided exact test, 
P= 0.5528).

As shown in Paper IV, the age group 
distribution in Sigtuna is rather similar 
in different phases, with no significant 
difference (chi-square two-sided test, 
P= 0.2188). However, phase 1 shows 
comparatively fewer children below 12 
and 20 years of age and more individuals 
in the �Adultus�� group than phases 2 and 
3 (Table 4.5). Phase 2 records a higher 
proportion of individuals in the �Infant��, 

Table 4.5. Age group distribution; in the Sigtuna material; among the sexed individuals 
and the different phases (Paper IV).
 

Infant Infans I Infans II Juvenilis Adultus Maturus Senilis 20+
Total 

(N) <12 yrs <20 yrs
Sigtuna 4,2% 10,0% 3,6% 15,0% 35,4% 15,0% 1,1% 15,7% 528 17,8% 32,8%

Male 0,0% 0,0% 0,0% 13,1% 46,2% 25,6% 1,0% 14,1% 199 - -
Female 0,0% 0,0% 0,0% 16,2% 51,4% 18,9% 1,8% 11,7% 111 - -

Phase 1 3,2% 7,2% 3,6% 15,5% 42,6% 13,5% 0,8% 13,5% 251 14,0% 29,5%
Phase 2 5,4% 12,1% 3,3% 13,8% 28,5% 17,2% 1,7% 18,0% 239 20,1% 34,6%
Phase 3 2,6% 15,8% 5,3% 18,4% 31,6% 10,5% 0,0% 15,8% 38 23,7% 42,1%
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�Maturus�� and �Senilis�� groups. Phase 
3 shows the highest frequencies for the 
age groups �Infans I��, �Infans II�� and 
�Juvenilis��. Looking at individuals under 
the ages of 12 or 20, there is a clear increase 
in the proportion of young individuals 
over the three phases, (14%–20%–24% 
for children below 12 years or 30%–
35%–42% for children below 20 years 

respectively). Though, the differences in 
subadult mortality between the Sigtuna 
phases are not statistically significant 
(Appendix 2). When comparing the age 
group distribution, there are significant 
differences between the sites (chi-square 
two-sided test, P<0.0001). Church 2 stands 
out with 62% of the individuals under 20 
years of age (Table 4.6) (Figure 4.2). The 

Figure 4.2. Distribution of subadult graves at the churchyard belonging to Church 2.. Distribution of subadult graves at the churchyard belonging to Church 2.
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age distributions at Church 2 and Church 
3 are significantly different from those of 
the other sites, excluding St Olof ’s due 
to the small sample size (Appendix 3). 
Church 3 (32%) and St Laurence’s (36%) 
show a slightly higher proportion of under 
20s than the rest of the sites (22%). Even 
when excluding the anomalous Church 
2, which shows a high percentage of 
individuals under 20 (phase 1, 71% below 
20; phase 2, 59%), there is still an increase 
of subadults in Sigtuna over time when the 
entire material is analysed. The total mean 
age at death decreases over the phases due 
to the increase in the proportion of younger 
people (Paper IV). However, the adult 
mean age shows an increase from phase 1 to 
phase 2 for females (Table 4.7). Regarding 
the two oldest age groups, a comparison of 
the three largest samples (each with more 
than a hundred individuals) shows that 
more individuals were classified into the 
two oldest age groups at Church 1 than at 
the Nunnan block and St Laurence’s. 

Comparative data on age profiles 
have been compiled from 26 medieval 
Scandinavian sites, published in Sellevold 
(2001 Tables 6-11), Arcini (1999 Table 
3:2), Benedictow (1993 Table 2D) and 
Dahlbäck (1982: 126). The age groups 
for the individuals in Sigtuna were 
adjusted to conform to the published data. 
Comparisons were made with Sigtuna as a 

whole (Sigtuna total) as well as subdivided 
into phases (Sigtuna Ph. 1, Ph. 2, Ph. 3). 
Further, the three largest assemblages in 
the study, Church 1, the Nunnan block and 
St Laurence’s, were separately compared to 
the other Scandinavian assemblages. 

When the skeletal assemblages are sorted 
according to the frequency of subadults, 
the total Sigtuna excavation material shows 
a rather low proportion of subadults, i.e. 
individuals who died before 20 years of 
age (Table 4.8). Together with St Mikael’s 
4 in Lund, the rural samples exhibit the 
highest frequencies of subadults. However, 
the small amount of rural material makes 
the comparisons uncertain. The age group 
distribution in Sigtuna as a whole is largely 
similar to other urban materials except 
for the rather high number of individuals 
in the �Juvenilis�� group (teenagers). Only 
the materials from Helgeandsholmen in 
Stockholm and St Olav’s in Trondheim 
show frequencies of an equivalent level 
for �Juvenilis��. Helgeandsholmen, being 
a hospital, has a higher frequency but is 
not the most appropriate for comparisons. 
Nevertheless, a high proportion of 
teenagers (above the mean 7.9%) seems 
to be primarily an urban phenomenon 
(Sigtuna, St Andreas’s 3 and 5, St Mikael’s 
5 in Lund, St Olav’s in Trondheim, Hamar 
and Tønsberg), as suggested by Boldsen 
(1989). It is also notable that the methods 

Table 4.6. Age group distribution at the Sigtuna cemeteries. 
 

Site Infant Infans I Infans II Juvenilis Adultus Maturus Senilis 20+ Total <12 yrs <20 yrs
Church 1 1,2% 8,5% 1,2% 10,9% 35,8% 21,8% 2,4% 18,2% 165 10,9% 21,8%
The Nunnan 
Block 0,9% 5,3% 2,7% 13,3% 54,9% 11,5% 0,0% 11,5% 113 8,9% 22,2%
Church 2 14,1% 18,5% 6,5% 22,8% 10,9% 9,8% 1,1% 16,3% 92 39,1% 61,9%
Church 3 6,5% 22,6% 0,0% 3,2% 38,7% 9,7% 3,2% 16,1% 31 29,1% 32,3%
St Laurence’s 2,5% 7,6% 5,9% 20,3% 33,9% 14,4% 0,0% 15,3% 118 16% 36,3%
St Olaf’s 11,1% 0,0% 11,1% 0,0% 44,4% 11,1% 0,0% 22,2% 9 22,2% 22,2%
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for assessing age into this age category are 
relatively reliable and certain, ruling out 
bias due to methodological differences. 
Another possibly urban phenomenon 
can also be discerned in the higher 
frequencies of the �Adultus�� age group. The 
comparatively low number of individuals in 
the oldest category in the Sigtuna materials 
is noteworthy. 

The three largest sets of material in 
Sigtuna show no extreme deviations from 
the Sigtuna material as a whole or from 
the reference materials (Table 4.8). The 
Nunnan block shows a comparatively high 
proportion of individuals in the �Adultus�� 
group (57%), comparable to the highest 
reference material percentages of 50% from 
Drotten in Lund and St Peter’s in Tønsberg. 
Interestingly, the Nunnan block shows 
a significantly lower subadult mortality 
than the other reference assemblages of the 
early medieval period (Fisher’s two-sided 
exact test, P=0.014) (Appendix 4). Church 
1 shows a significantly lower subadult 
mortality than the other skeletal assemblages 
of the middle period (P<0.0001). The 
small sample size of Church 2 records a 
significantly higher subadult mortality 
compared to the early and middle periods 
(P=0.0002 and P=0.011 respectively). The 
general chronological trend is discernable 
in two of the larger samples (Church 1 and 

St Laurence’s) consisting of remains from 
several periods. 

The frequency of subadult individuals 
from the three phases in Sigtuna is without 
extremes and located in the mid-range of 
other materials (Table 4.8). However, there 
is an increase in the proportion of subadults 
over time. As shown above, this change 
was not significant. When the age groups 
were adjusted according to the reference 
materials a similar trend was observable with 
increasing subadult mortality through time. 
The three Sigtuna phases show subadult 
ratios of 28%, 34% and 42% respectively 
(deviating slightly from the results in Table 
4.5 due to differences in grouping). The 
mean proportion of subadults for each 
medieval period in the reference sample 
(Table 4.8) is also interesting. The subadult 
ratio is lowest in the early medieval period 
at 32%, but rises to 41% and 40% in the 
mid–late periods. For urban materials only, 
the trend is obvious with 31%, 36% and 
40% respectively for the three periods. 
This negative trend among the reference 
materials show a statistically significant 
difference in subadult mortality between 
the periods (Fisher’s two-sided exact test, P= 
0,000). In addition, there is no statistically 
significant difference in subadult mortality 
between the phases 1 and 3 in Sigtuna and 
the corresponding skeletal assemblages 
from the same periods (Appendix 4). 
Hence, the rising frequency of subadults in 
Sigtuna could be seen as part of a general 
trend.

Table 4.7. Age at death for adult sexed 
individuals in the burial phases.
 

Phase Sex Adultus
n

Maturus
n

Senilis
n

Mean age
at death

Phase 1 M 43 23 1 33.8
 F 32 10 0 31.4
Phase 2 M 43 25 1 34.1
 F 20 10 2 34.8
Phase 3 M 6 3 0 33.1
 F 5 1 0 30.1
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Table 4.8. Age group distribution in Sigtuna  and the reference sorted according to subadult 
mortality. Period: E= Early medieval �12Period: E= Early medieval �12th century, M= Mid medieval 12th-14th century, L= 
Late medieval 14th-16th century, T= Total medieval period.
 

Material N In
fa

ns
 I
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ns
 II

Ju
ve

ni
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Su
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ul

ts
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tu
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M
at

ur
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ni
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20
+

Ur
ba

n/
Ru

ra
l

Da
tin

g

Ca
te

go
ry

Pe
rio

d

Drotten, Lund 95 4,2 5,3 7,4 16,9 49,5 21 1 11,6 U 1050-1100 Parish E
Trinitatis 1, Lund 238 6,3 4,9 6,3 17,5 38,2 16,1 3,1 24,7 U 990-1020/30 Parish E
The Nunnan block, 
Sigtuna 113 7,1 3,5 9,7 20,3 56,6 11,5 0 11,5 U 970-1100 Parish E

Church 1, Sigtuna 165 10,3 1,8 9,7 21,8 35,8 21,8 2,4 18,2 U 990-1300 Parish T

Trinitatis 2-3, Lund 826 8,4 7,1 6,4 21,9 34,1 15,3 1,4 26,8 U 1020/30-
1100 Parish E

St Clemens, 
Helsingborg 551 9,1 8,3 6,2 23,6 29,4 23,8 1,3 22 U 1050-1536 Parish T

St Olav 1984-85, 
Trondheim 156 3,8 5,1 14,7 23,6 34 23,7 0,6 17,9 U 1100-1600 Parish T

St Andreas 4, Lund 141 9,9 9,9 4,2 24 26,2 43,3 2,8 3,5 U 1100-1200 Parish M
St Andreas 3, Lund 79 7,6 8,9 10,1 26,6 22,8 44,3 1,3 5,1 U 1050-1100 Parish E
Sigtuna Phase 1 251 11,2 5,6 11,2 28 44,2 13,5 0,8 13,5 U 970-1100 Parish E
St Stefan, Lund 664 14,3 9,6 5 28,9 35,1 18,8 4,1 13,1 U 1000-1500 Parish T
St Mikael 3, Lund 35 19,9 8,6 2,8 31,3 31,4 20 2,8 14,3 U 1050-1100 Parish E
Sigtuna total 528 15,3 4,5 11,6 31,4 36,7 15,0 1,2 15,7 U 970-1530 Parish T

Trinitatis 4, Lund 595 15 9,2 7,4 31,6 30,1 9,4 3,4 25,5 U 1100-1300 Parish/
Monastery M

Hegeandsholmen, 
Stockholm 1072 9,4 6,9 15,9 32,2 13,9 16,4 13,3 24,2 U 1300-1531 Hospital* L

Hamar cathedral, 
Hamar 482 14,7 9,3 9,1 33,1 16,2 34,6 3,1 12,9 U 1150-1567 Cathedral T

St Peter, Tønsberg 678 18,6 5 9,7 33,3 50,6 14 2,1 U 1100-1550 Parish T
Sigtuna Phase 2 239 18,8 3,8 10,9 33,5 29,7 17,2 1,7 18,0 U 1100-1300 Parish M
Trinitatis, Lund 190 15,8 14,7 4,2 34,7 32,1 12,6 3,1 17,4 U 1300-1536 Parish L
St Laurence’s, 
Sigtuna 118 11,9 7,6 15,3 34,8 35,6 14,4 0 15,5 U 970-1536 Parish T

St Mårten 149 19,5 10,1 8 37,6 22,8 19,5 4,7 14,1 U 1050-1536 Parish T
Trinitatis 5, Lund 1059 21,2 13,3 5,8 40,3 23,7 11,5 3,7 20,7 U 1300-1536 Parish L

Löddeköpinge, Scania 1176 26,7 8,3 6 41 28,4 25,4 5,2 R 1000-1050-
1200 Parish E

Sigtuna Phase 3 38 21,1 2,6 18,4 42,1 31,6 10,5 0 15,8 U 1300-1500 Parish L
Kattesund, Lund 257 31,5 7,4 3,5 42,4 30 10,9 8,2 8,6 U 1050-1100 Parish E
St Mikael 5, Lund 49 24,5 14,3 8,2 47 22,4 26,5 2 2 U 1200-1536 Parish T
St Michael, Viborg 323 29,2 14,6 4,8 48,6 24,2 23,2 4,1 0 U 1100-1536 Parish T
St Andreas 5, Lund 170 21,1 19,4 8,2 48,7 16,5 26,5 4,1 4,1 U 1200-1536 Parish T
St Olav 1989, 
Trondheim 29 44,8 3,4 3,4 51,6 20,7 27,6 0 U 1350-1450 Franciscan 

Friary L

Sørbymagle and 
Kirkerup parish 623 37,8 9,1 5,8 52,7 12,2 9,9 19,9 1,3 R 1646-1688 Parish 

register L

Västerhus, Jämtland 364 50,3 7,4 4,1 61,8 19 17,9 1,4 R 1100-1300 Parish M
Fjälkinge, Scania 128 61,7 0,8 2,3 64,8 11,7 14,1 9,4 0 R 900-1050 Parish E
St Mikael 4, Lund 64 62,5 7,8 3,1 73,4 9,4 10,9 3,1 3,1 U 1100-1200 Parish M
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Mean stature and robusticity
In total, stature could be calculated for 

143 sexed individuals from Sigtuna (Tables 
4.9., 4.11). The mean stature, using the 
estimations by Trotter and Gleser (1952, 
1958), is 173.7 cm for men and 160.7 cm 
for women. Kolmogorov-Smirnov testing 
showed that the stature data had a normal 
distribution, and a subsequent t-test showed 
statistically significant differences in stature 
between males and females (P<0.0001). As 
mentioned in Paper IV, the mean stature 
of women fell between phases 1 and 2. 
The difference is statistically significant 
(Kruskal-Wallis test, P=0.0424). Only one 
femur measurement was obtainable for 
women from phase 3, rendering comparison 
impossible. It is notable that the standard 
deviation of the length measurements 
increased over time, both for men in all 
three phases and for women between 
phases 1 and 2, though the increase is not 
statistically significant (F-test) (Appendix 
5). Furthermore, the mean difference in 
femur length between the sexes increased 
from 24.5 mm in phase 1 to 43.8 mm in 
phase 2 (Table 4.10). The sexual dimorphism 
in Sigtuna was moderate compared to 18 
sets of skeletal remains analysed by Arcini 
(1999 A3:Table 4:5), where the difference 
ranged from 27.2 mm to 53 mm. In 
Sigtuna the femoral robusticity was 12.7 
for men, slightly higher than the 12.4 for 
women. No change in femoral robusticity 
was observed over time (Table 4.12). Mean 
values of femoral robusticity have also 
been calculated for 15th century males in 
England (Knüsel 2000: 104) and males 
in a 16th century soldiers’ grave in Sweden 
(Kjellström 2003; Paper II). No obvious 
difference was observed between the male 

mean in Sigtuna and the men from late 
medieval Uppsala or England (Table 4.12).  

In the present study, the differences 
in stature at the different cemeteries is 
difficult to evaluate due to small sample 
sizes (Table 4.13.-4.14). No statistically 
significant difference between the sites 
was found (Kruskall-Wallis test (males) P= 
0.1182, (females) P= 0.1411). Comparing 
only the three largest samples, the males in 
Church 1 (175.3 cm) and the females in the 
Nunnan sample (164.4 cm) are the tallest. 
At Church 1, a difference in male mean 
height was observed between different 
areas of the churchyard (Figure 2.3), grave 
zone B (located on the southern side close 
to the church) and grave zone C (located 
on the southeastern side a short distance 
from the church) (Table 4.13.-4.14). The 
results showed that the men in grave zone B 
were slightly taller (176.1 cm) than the men 
in grave zone C (174.9 cm). However, the 
difference was not statistically significant 
(Kruskal-Wallis test, P=0.3329).

Werdelin et al. (2000) investigated(2000) investigated 
stature estimations from several 
Scandinavian excavations. They applied 
calculations according to Sjøvold (1990) on 
different long bones and weighted sample 
means in earlier studies. Their data (mean 
values) were compared to the Sigtuna 
material using Sjøvold’s calculations (Table 
4.15.-4.16). In comparison, the Sigtuna 
population can be considered relatively tall. 
For males, eight out of 23 samples (though 
two of the eight comprise one individual 
only) showed a higher mean stature, both 
for urban and rural samples. Four out of 21 
female assemblages showed a higher mean 
stature than Sigtuna. When allocated into 
phases, the individuals in phases 1 and 2 
are tall in comparison with the other 
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Table 4.9. Mean femur lengths in the Sigtuna material. (Lengths in mm).
Left N Mean Min. Max. SD Right N Mean Min. Max. SD

Men Phase 1 41 464,8 416,2 491,2 19,03 34 466,0 414,5 504,3 20,4
Phase 2 43 470,4 429,9 517,2 22,15 45 467,2 426,6 513,5 22,9
Phase 3 8 457,2 424,7 492,8 23,95 8 451,1 416,3 490,5 26,2
Total 92 466,8 416,2 517,2 21,11 87 465,2 414,5 513,5 22,49

Women Phase 1 13 440,32 411,5 499,0 21,80 11 432,8 411,5 461,1 13,82
Phase 2 14 426,6 378,6 497,2 27,81 17 426,5 375,2 495,3 26,4
Phase 3 0 - - - - 1 396,8 - - -
Total 27 433,2 378,6 499,0 25,59 29 427,9 375,2 495,3 22,60

Table 4.10. Difference in femur mean lengths (sin) between men and women. (Lengths 
in mm).
 

Mean difference
(Men-Women) Men N Women N

Phase 1 24,51 464,8 41 440,3 13
Phase 2 43,84 470,4 43 426,6 14
Phase 3 - 457,2 8 - -

Table 4.11. Mean stature in the Sigtuna material according to Trotter and Gleser 
(1952, 1958) and Sjøvold (1990). (Lengths in cm).
 

N T & G
Mean Min. Max. 

Standard
Deviation

Sjøvold
Mean Min. Max. 

Standard
Deviation

Men Phase 1 47 173,8 162,1 182,5 4,83 172,7 159,4 182,6 5,47
Phase 2 51 174,2 165,3 185,5 5,07 173,2 163,0 186,0 5,75
Phase 3 10 170,8 162,1 179,9 5.78 169,3 159,4 179,6 6,55
Total 108 173,7 162,1 185,5 5,08 172,6 159,4 186,0 5,75

Women Phase 1 15 162,8 155,7 177,4 5,01 165,7 158,2 181,2 5,34
Phase 2 19 159,6 147,6 176,9 6,27 162,3 149,5 180,7 6,68
Phase 3 1 152,1 - - - 154,3 - - -
Total 35 160,8 147,6 177,4 6,00 163,5 149,5 181,2 6,39

Table 4.12. Left side femoral robusticity index in the Sigtuna material. 
 

Mean Min. Max. 
Standard
Deviation N

Men Phase 1 12,76 11,3 14,0 0,72 33
Phase 2 12,74 10,9 14,4 0,76 42
Phase 3 12,72 12,1 13,4 0,42 7
Total 12,74 10,9 14,4 0,71 82

Uppsala 12,78 11,37 14,47 0,93 31
England 12,87 - - 1,02 32
Women Phase 1 12,35 11,4 13,1 0,59 9

Phase 2 12,36 11,5 13,3 0,57 11
Phase 3 - - - - 0
Total 12,35 11,4 13,3 0,57 20
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Table 4.15. Mean stature for females in Sigtuna and other Swedish medieval materials 
(according to published data in Werdelin et al. 2000, Figure 1). Calculations according 
to Sjøvold (1990).

Material Period
Urban/

Rural Sex N
Mean, 

femur M1
Lund cathedral 1000-1200 U F 1 166,47
Sigtuna Phase 1 980-1100 U F 15 165,7
Björned, Torsåker 1100 R F 2 164,17
Nöding church High Middle Ages R F 2 163,71
St. Petri chapel, Leksand 1600 R F 11 163,62
Sigtuna total 980-1530 U F 35 163,5
Trinitatis church, Lund D3 1050-1100 U F 12 162,8
Leksand church, Leksand 1030-1400 R F 35 162,45
Sigtuna Phase 2 1100-1300 U F 19 162,3
Westerhus, Frösö parish 1050-1350 R F 72 161,66
Trinitatis church, Lund K3 1050-1100 U F 22 161,5
Trinitatis church, Lund T 1300-1530 U F 16 161,2
Trinitatis church, Lund T2-3 1020/30-1100 U F 76 160,9
Trinitatis church, Lund T4 1100-1300 U F 83 160,4
Trinitatis church, Lund T5 1300-1530 U F 124 160,4
Fjälkinge 900-1050 R F 20 159,9
Trinitatis church, Lund 1 990-1020/30 U F 30 159,6
St. Andreas church, Lund 1050-1100 U F 55 159,1
Helgeandsholmen, Stockholm 1300-1530 U F 112 157,71
Kv. Kroken, Uppsala 1050-1350 U F 16 157,45
Löddeköpinge 1050-1150 R F 129 156,35
St. Klemens chuch ruin, Visby 1250 U F 1 155,05
Sigtuna Phase 3 1300-1530 U F 1 154,3
St. Klemens chuch ruin, Visby 900-1200 U F 3 153,89

Table 4.13. Mean femur lengths at Sigtuna cemeteries. For men, data also for grave 
zones B and C at Church 1. (Lengths in mm).

Site
Left

 N Mean Min. Max. SD
Right 

N Mean Min. Max. SD
Men Church 1 39 473,5 429,9 517,2 20,70 37 472,32 426,56 513,5 21,72

The Nunnan block 19 463,8 416,2 491,2 21,92 13 465,30 430,05 504,24 24,23
St Laurence’s 26 458,9 418,5 494,9 19,58 27 456,08 414,52 494,85 19,01
Church 2 4 463,3 432,3 480,9 21,56 6 465,28 432,23 494,94 24,00
Church 3 3 476,6 468,2 492,8 13,95 4 461,15 416,28 490,54 31,62
St Olaf’s 1 447,6 - - - - - - - -
Church 1, zone B 15 476,4 458,1 489,2 9,16 11 479,42 460,8 498,66 11,82
Church 1, zone C 24 471,8 429,9 517,2 25,47 26 469,31 426,56 513,5 24,32

Women Church 1 13 425,4 378,6 497,2 28,13 15 426,13 375,2 495,3 27,54
The Nunnan block 6 448,9 433,9 499,0 24,98 4 435,62 429,33 440,22 5,16
St Laurence’s 7 436,7 411,5 460,0 17,08 6 433,25 411,51 461,09 19,11
Church 2 1 416,0 - - - 3 425,64 415,94 434,71 9,40
Church 3 - - - - - - - - - -
St Olaf’s - - - - - 1 396,8 - - -
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Table 4.16. Mean stature for males in Sigtuna and other Swedish medieval materials 
(according to published data in Werdelin et al. 2000, Figure 1). Calculations 
according to Sjøvold (1990). 

Material period
Urban/

Rural Sex N
Mean, 

 femur M1
Kv. Torget, Uppsala 1480 U M 1 180,01
Skara cathedral, Skara 1050-1075 U M 1 178,44
Lund cathedral 1000-1200 U M 6 174,84
Trinitatis church, Lund D3 1050-1100 U M 11 174,6
Trinitatis church, Lund T 1300-1530 U M 28 173,8
Trinitatis church, Lund 1 990-1020/30 U M 48 173,6
Sigtuna Phase 2 1100-1300 U M 51 173,2
Westerhus, Frösö parish 1050-1350 R M 62 173,03
Sigtuna Phase 1 980-1100 U M 47 172,7
Leksand church, Leksand 1030-1400 R M 11 172,68
Sigtuna total 980-1530 U M 108 172,6
Trinitatis church, Lund K3 1050-1100 U M 50 172,5
Björned, Torsåker 1100 R M 13 172,47
Trinitatis church, Lund T5 1300-1530 U M 161 172,2
Trinitatis church, Lund T2-3 1020/30-1100 U M 91 171,5
Kv. Kroken, Uppsala 1300-1500 U M 19 171,33
Trinitatis church, Lund T4 1100-1300 U M 110 171,2
St. Andreas church, Lund 1050-1100 U M 55 170,9
Fjälkinge 900-1050 R M 22 170,3
Helgeandsholmen, Stockholm 1300-1530 U M 176 169,88
St. Klemens chuch ruin, Visby 900-1200 U M 7 169,63
St. Petri chapel, Leksand 1600 R M 15 169,55
Sigtuna Phase 3 1300-1530 U M 10 169,3
Tullgatan, Enköping 1300 U M 2 168,64
Löddeköpinge 1050-1150 R M 180 168,18
Kv. Gambrinus, Sm 1370-1600 U M 4 167,88

Table 4.14. Mean stature at the Sigtuna cemeteries. For men, data also for grave zones 
B and C at Church 1. (Lengths in cm).

Site N
T & G
Mean Min. Max. SD

Sjøvold
 Mean Min. Max. SD

Men Church 1 43 175,3 165,3 185,5 4,73 174,4 163,0 186,0 5,37
The Nunnan block 23 173,5 162,1 182,5 5,52 172,3 159,4 182,6 6,26
St Laurence’s 31 172,1 162,6 180,3 4,53 170,7 160,0 180,1 5,13
Church 2 6 173,5 165,8 180,4 5,43 172,4 163,7 180,1 6,16
Church 3 4 172,6 162,1 179,9 4,00 171,4 159,4 179,6 8,48
St Olaf’s 1 169,4 - - - 167,7 - - -
Church 1, Grave zone B 15 176,1 171,8 179,0 2,13 175,3 170,4 178,6 2,41
Church 1, Grave zone C 28 174,9 165,3 185,5 5,66 173,9 163,0 185,9 6,41

Women Church 1 17 159,5 147,6 176,9 6,57 162,2 149,5 180,7 6,99
The Nunnan block 7 164,4 161,2 177,4 5,81 167,4 164,0 181,2 6,19
St Laurence’s 7 162,0 155,8 167,7 4,22 164,8 158,2 170,9 4,49
Church 2 3 159,2 156,8 161,5 2,31 161,9 159,4 164,3 2,46
Church 3 - - - - - - - - -
St Olaf’s 1 152,1 - - - 154,3 - - -
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assemblages, while individuals in phase 3 
are short, though the sample includes one 
female only. In Sigtuna, Church 1 showed 
the tallest males (174.4 cm) while among 
females the Nunnan block (167.4 cm) 
records the highest mean values (Table 
4.14). In fact, for females, Nunnan has 
a higher mean value than all the other 
assemblages.

In their work, Werdelin et al. (2000, 
Figure 3) subdivided the materials into two 
periods: �High Middle Ages�� (1000-1350) 
and �Late Middle Ages�� (1350-1520). 
Dividing the Sigtuna material similarly 
(phase 1 and 2 compared to phase 3) 
shows that the Sigtuna individuals were in 
general considerably taller than those from 
the other assemblages in the �High Middle 
Ages��, though below the mean of the other 
materials in the �Late Middle Ages�� (Table 
4.17). 

Analysis of stable isotopes and 
trace elements 

The chemical analyses of human bone 
showed that the dietary patterns could be 
associated to a social structure in Sigtuna. 
Differences were observed between 
cemeteries, between the sexes from the 
same cemetery as well as between the same 
sex from different cemeteries. 

The stable isotopes

In all 80 radio carbon-dated individuals 
from three cemeteries (the Nunnan block, 
Church 1 and St Laurencs’s) were included 
in the chemical analyses of stable isotopes 
and trace elements (Paper V). The δ13C 
values indicated an intake of mainly 
terrestrial proteins in Sigtuna, even though 
minor differences were observed between 
the sites. The δ15N values, however, differed 
markedly between the Nunnan block 
and the other two sites signifying more 
vegetable items in the diet at the Nunnan 
block (Paper V). Interestingly, distinct 
differences in δ15N values were noted 
between the women from the Nunnan 
block and the contemporary Church 
1 (Figure 4.3. and 4.4.). Significant 
differences in δ15N values between the sexes 
at each site were only observed at Church 
1, phase 2. 

The trace elements
In accordance with the results of the δ15N 

values, the individuals from the Nunnan 
block exhibited significantly higher mean 
Sr and median Ba values than the those 
from Church 1 and St Laurence’s (Paper 
V). Moreover, differences between the 
sexes in Log (Sr/Ca) ratio, median Ba 
values and Log (Ba/Ca) ratio were observed 
at the block Nunnan. The values at this site 
also show significantly lower median values 
for Zn than the other sites. However, 

Table 4.17. Mean stature in Sigtuna and other Swedish high and late 
Middle Ages materials (according to published data in Werdelin et al. 
2000, Figure 3). Calculations according to Sjøvold (1990). 
 

Mean Stature Sigtuna Reference materials
Women, High middle ages 163,8 (n 34) 158,3 (n 210)
Women, Late middle ages 154,3 (n 1) 157,7 (n 128)
Men, High middle ages 173,0 (n 98) 169,7 (n 272)
Men, Late middle ages 169,3 (n 10) 170,1 (n 196)
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Figure 4.4. Distribution of δ15N versus δ13C for women at the Nunnan cemetery, 
Church 1 and St Laurence’s (Paper V). 

Figure 4.3. Distribution of4.3. Distribution of δ15N versus δ13C for men at the Nunnan cemetery, 
Church 1 and St Laurence’s (Paper V).
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the significance of the Zn values may be 
questioned (cf. Paper V). 

The discovery of several individuals with 
discoloured teeth (both maxillary and 
mandibullary teeth) at Church 1 and a 
report of high lead values from one of these 
individuals in a previous study (Wallersted 
1994) made an analysis of toxic elements 
of some interest. In the studied sample, 
six individuals, five from Church 1 
including one with discoloured teeth and 
one from St Laurence’s, showed elevated 
values of Pb exceeding the limit at which 
symptoms of exposure tend to show (>50 
ppm) (Aufderheide 1989). The remaining 
three individuals with discoloured teeth 
included in the study exhibited greater 
values (24,4-41,4 ppm) than the general 
mean. However, the soil mean values 
were higher than in bones at all sites and 
foremost at Church 1 (Paper V). Therefore, 
post depositional alterations could not be 
ruled out. 
The health index 

In Paper IV, an attempt was made to use 
a standardized health index for the Sigtuna 
population (Table 4.18). The intention was 
to facilitate health comparisons between 
different phases, cemeteries and the sexes. 
However, the small phase 3 sample size 
made comparison with the other two 
phases difficult. The results, both when 
investigating the single variables and 
the health index, showed that a general 
deterioration of quality of life occurred 
from phase 1 to phase 2 (Table 4.18). 
Examining each single parameter of the 
health index presented in Paper IV, no 
individual change proved to be statistically 
significant, with the exception of weapon-
related trauma (Fisher’s two-sided exact 
test, P=0.0135) (Appendix 6). The 
statistical data are limited by small sample 
size, further favouring analysis of several 
parameters (such as the health index) to 
discern trends.

Parameters of childhood health such 
as enamel hypoplasias, stature and cribra 
orbitalia indicate that the quality of life, 
at least for girls, deteriorated over time in 
Sigtuna. Signs of enamel hypoplasia on 
deciduous teeth, which develop prenatally, 
demonstrate that pregnant women suffered 
from stress to a degree that affected their 
developing fetuses. The children may have 

Table 4.18. Summary of results from the health index (Paper IV).
 

The Health index variables Comment:
1 Stature Mean stature for women declined
2 Linear enamel hypoplasia Increase with time, especially for girls
3 Porotic hyperostosis (Cribra orb.) Increase with time, especially for boys
4 Dental health: Caries No chronological change

                      AM-Tooth loss Increase with time
5 Infections Increase with time, especially for women
6 DJD In general higher proportions with time, sex differences
7 Trauma No changes except for weapon related trauma



Anna Kjellström

50

suffered from a variety of factors, but it is 
possible that a poor start in life affected 
their health, eventually contributing to 
an early death before the appearance 
of their permanent teeth. However, no 
clear change in the incidence of enamel 
hypoplasia was observed in deciduous teeth 
between phases 1 and 2, which implies 
that factors affecting pregnant women 
probably occurred frequently though did 
not increase. A more marked increase over 
time of enamel hypoplasia was observed 
in permanent teeth. The lesions were 
unevenly distributed between the sexes, 
demonstrating that older children, again 
especially girls, were more exposed to 
factors leading to such dental lesions. The 
exposed position of girls is most probably 
also revealed in the decreasing mean 
stature for women from phase 1 to phase 2. 
For men, a general increase through time 
of cribra orbitalia is observed. However, the 
mean stature for men increased over time 
(Paper IV). 

The state of adult health in Sigtuna is 
expressed by the signs of infection, dental 
health, DJD and trauma. The difference 
between the sexes, with generally lower 
health scores for females, seems to have 
continued throughout life (Paper IV). In 
phase 1 men show periosteal infection of 
the tibia, while in phase 2 women display 
a substantial increase of these skeletal 
changes. Dental health is, during both 
phases, worse for women than for men. 
On the other hand, men show higher 
frequencies of DJD and trauma in different 
skeletal elements. Possibly the most obvious 
difference between the sexes is in weapon-
related lesions where, if the mass grave is 
excluded, only men are affected. 

Table 4.19. Distribution of skeletal changes in the Sigtuna material. The young 
individuals (�20 years) are excluded from the division into sexes and burial phases. 
(P= burial phase), *Including weapon related lesions.
 

<20
N %

>20
N %

F
N %

M
N %

?
N %

P1
N %

P2
N %

P3
N %

Individuals 168 100 360 100 93 100 174 100 93 100 179 100 159 100 22 100
Trauma* 4 2,4 65 18,1 14 15,1 45 25,9 6 6,5 31 17,3 30 18,9 4 18,2
Weapon related inj. 3 1,8 17 4,7 4 4,3 10 5,7 3 3,2 12 6,7 4 2,5 1 4,5
Cribra orbitalia 12 7,1 14 3,9 5 5,4 8 4,6 1 1,1 3 1,7 10 6,3 1 4,5
Spondylolysis 4 2,4 15 4,2 8 8,6 7 4,0 0 0,0 9 5,0 4 2,5 2 9,1
Non-specific inf. 6 3,6 20 5,6 6 6,5 13 7,5 1 1,1 9 5,0 7 4,4 4 18,2
Osteoarthritis 1 0,6 57 15,8 14 15,1 38 21,8 5 5,4 28 15,6 26 16,4 3 13,6
Vert-OA 1 0,6 33 9,2 10 10,8 22 12,6 1 1,1 21 11,7 11 6,9 1 4,5
Arthritis 5 3,0 16 4,4 2 2,2 12 6,9 2 2,2 7 3,9 9 5,7 0 0,0
Spondylosis def. 2 1,2 51 14,2 12 12,9 37 21,3 2 2,2 24 13,4 26 16,4 1 4,5
Schmorl’s nodes 14 8,3 93 25,8 18 19,4 66 37,9 9 9,7 45 25,1 45 28,3 3 13,6
Spondylitis 0 0,0 12 3,3 3 3,2 7 4,0 2 2,2 5 2,8 7 4,4 0 0,0
Osteochondritis dis. 3 1,8 14 3,9 5 5,4 8 4,6 1 1,1 9 5,0 5 3,1 0 0,0
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Figure 4.5. Example of a postcranial fracture 
of the left humerus from an elderly woman 
(Idnr. 93010). A cloaca is visible on the 
medial side. (Photo by Anna Kjellström). 

Pathological status of the 
Sigtuna inhabitants

As has been shown by the health index, 
the wellbeing of the Sigtuna population 
could vary greatly. Several of the individuals 
exhibit pathological skeletal changes not 
included in the variables of the health index. 
Hence, a brief outline of the most common 
pathological changes recorded in the main 
material will illustrate the physical stresses 
to which the individuals were exposed. 

The distribution and relative frequency 
of some important skeletal changes and the 
number of affected individuals are presented 
in Table 4.19. As has been shown in Paper 
I, the degree of preservation strongly affects 
the analysis of the material, particularly 
the identification of sex assessable traits on 
the most fragile elements. This most likely 
also affects the possibilities to identify 
pathological skeletal changes. In the table, 
frequencies were calculated relative to 
the number of examined individuals; the 
frequencies thus represent the minimum 
number of affected individuals. In this 
respect, the preservation of each individual 
has not been accounted for, but this is not 
believed to be critical to the comparison. 
The results show that subadults in general 
exhibited lower frequencies of skeletal 
changes (excluding cribra orbitalia) than 
adults. Women have somewhat higher 
frequencies of cribra orbitalia, spondylolysis 
and osteochondritis dissecans than men 
(Table 4.19). Men, however, exhibit a higher 
incidence of joint disorders (osteoarthritis, 
arthritis and spondylosis deformans) and 
a considerably higher incidence of trauma 
and Schmorl’s nodes than women. As seen 
in Table 4.19, spondylolysis affected 15 adult 
individuals, of whom 11 were observed on 

the arch of L5 and the remaining four on 
L4. All but one case were bilateral.

Table 4.20 shows a relative frequency of 
pathological traits for each element from 
adult individuals based on the MNI of 
that element. For some specific elements, 
however, a calculation was carried out only 
if at least 75% of the element was observable 
or, in the case of the different units of the 
spine, if at least the bodies of four cervical, 
six thoracic or three lumbar vertebrae were 
identified as intact (approximated MNI). 
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For the crania, the most trauma-
affected bone in Sigtuna was the frontal 
bone; postcranially the ribs were the most 
affected (Table 4.20) (Figure 4.5). The tibia 
and fibula display the highest frequency of 
non-specific infections. Such conditions 
involving the same bone elements are 
common in skeletal material, possibly due to 
their exposed location in the body (Larsen 
1997: 85). Osteochondritis dissecans was 

mainly identified in the distal joint of the 
humerus and osteoarthitis in bones of the 
wrist (Figure 4.6). The cervical vertebrae 
exhibited the highest relative frequency 
of vertebral osteoarthritis. The lumbar 
vertebrae showed slightly higher incidence 
of osteophytes, i.e. spondylosis deformans 
than the thoracic region. In Sigtuna, 
arthritis seems to be mostly found in bones 
of the hip and foot. 

Table 4.20. Frequency of affected elements from adults. Weapon related lesions are 
included in the category Trauma.
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Element N % N % N % N % N % N % N % N % N %
Frontal (MNI 144) 13 9,0 8 5,6 - - - - - - - - - - - - - -
L.Parietal (aMNI 153) 9 5,9 7 4,6 - - - - - - - - - - - - - -
L.Temporal (aMNI 151) 4 2,6 4 2,6 - - - - - - - - - - - - - -
Occipital (MNI 179) 4 2,2 3 1,7 - - - - - - - - - - - - - -
Mandible (aMNI 128) 4 3,1 4 3,1 - - 1 0,8 1 0,8 - - - - - - - -
Cervical vert.  (aMNI 127) 8 6,3 8 6,3 - - - - - - 24 18,9 17 13,4 - - 6 4,7
Thoracic vert. (aMNI 126) 3 2,4 - - - - - - - - 18 14,3 27 21,4 - - 7 5,6
Lumbar vert. (aMNI 141) 4 2,8 1 0,7 - - - - - - 8 5,7 33 23,4 - - 2 1,4
Sternum (manub.) (aMNI 101) - - - - - - - - - - - - - - - - - -
Sacrum (aMNI 112 ) - - - - - - - - - - - - - - - - - -
R.Os coxa; ischii (MNI 172) - - - - - - 2 1,2 6 3,5 - - - - 2 1,2 - -
L.Ribs: nr 1 (MNI 128) 17 13,3 - - - - - - 9 7,0 - - - - - - - -
R.Clavicle (MNI 96) 6 6,3 1 1,0 - - - - 6 6,3 - - - - - - - -
R.Scapula; cav. glen. (MNI 144)(MNI 144) 1 0,7 1 0,7 - - 2 1,4 10 6,9 - - - - - - - -
R.Humerus (MNI 156) 6 3,8 4 2,6 - - 7 4,5 4 2,6 - - - - - - - -
R.Radius (MNI 141) 7 5,0 2 1,4 1 0,7 - - 5 3,5 - - - - - - - -
L.Ulna (MNI 155) 7 4,5 - - 2 1,3 - - 4 2,6 - - - - - - - -
R.Femur (MNI 195) 3 1,5 2 1,0 4 2,1 - - 5 2,6 - - - - - - - -
L.Tibia (MNI 176) 5 2,8 - - 15 8,5 - - 2 1,1 - - - - - - - -
L.Fibula (MNI 144) 4 2,8 - - 12 8,3 - - 1 0,7 - - - - - - - -
L.Patella (MNI 121) - - - - - - - - 6 5,0 - - - - - - - -
L.Carpal bones (MNI 133) 1 0,8 1 0,8 - - - - 10 7,5 - - - - - - - -
L.Metacarpals (MNI 157) 3 1,9 1 0,6 1 0,6 - - 10 6,4 - - - - 1 0,6 - -
Phalanges (manus) 2 - 1 - - - - - 10 - - - - - 3 - - -
R.Tarsal bones (MNI 165) - - - - - - 3 1,9 6 3,9 - - - - 2 1,3 - -
L.Metatarsals (MNI 141) - - - - 1 0,7 - - 6 4,3 - - - - 2 1,4 - -
Phalanges (pedis) - - - - - - - - 7 - - - - - 9 - - -
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Figure 4.6. Example of osteoarthritis or degenerative joint disease (DJD) of the right hip of 
an adult man (Idnr. 95037). The joint surface of the acetabulum shows marginal lipping, 
porosity and spots of eburnation. 

Specific pathological conditions
Among the individuals in Table 4.19, 

possible cases of specific diseases may be 
included. A late middle-aged woman (Idnr. 
93004) with a fractured thoracic vertebra 
(T7) and secondary ankylosis probably 
suffered from osteoporosis. The vertebrae 
were very light, indicating loss of mineral 
and trabeculae. In addition, the woman 
had fractured the right neck of the femur, 
which had resulted in a pseudoarthrosis.  

In the group of individuals with 
spondylitis, i.e. vertebral inflammatory 
reactions, one individual (Idnr. 91203) 
displays bone changes equivalent to 
that of DISH (Diffuse Idiopathic Skeletal 
Hyperostosis). The middle-aged man shows 

ankylosis in the thoracic region (T7-T12) 
of the spine with anterior longitudinal 
bone formation on the bodies similar 
to the �candle wax look�� typical of the 
disease (Aufderheide & Rodrigues 1998: 
97f; Ortner 2003: 559). The diagnostic 
criteria for DISH are fusion of more than 
four vertebrae by anterior bony bridges 
while spearing of the intervertebral disk 
space together with enthesopathies on 
at least two other bones. However, even 
though the skeletal changes fulfil several 
of the diagnostic criteria for DISH, the 
new bone formation is located on the left 
side of the vertebrae, which is atypical. 
Another diagnosis may therefore have to be 
considered.
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Figure 4.7. Detail of an elderly man with 
ankylosing spondylitis showing a “bamboo 
spine” (T8-L1) (Idnr. 93003). In addition 
the man exhibited bilateral smooth ankylosis 
of the sacroiliac joints. (Photo by Anna 
Kjellström).

One case of possible Bechterew’s Disease 
(ankylosing spondylitis) was found in the 
skeleton of an elderly man (Idnr. 93003). 
Ten vertebrae (T8-L5) were fused into a 
�bamboo spine�� in addition to rib ankylosis 
of at least four ribs on both sides (Figure 
4.7). Furthermore, bilateral bony ankylosis 
of the sacroiliaca joints was observed. 
All changes fulfil the diagnostic criteria 
for Bechterew’s Disease (Aufderheide & 
Rodrigues 1998: 102f).

In the group of individuals with 
spondylitis, one is believed to have suffered 
from tuberculosis. The young woman 
was in her early twenties (Idnr. 93019) 
and shows signs of Pott’s disease. Even 
though the spine was complete, the skeletal 
preservation is poor and several vertebral 
bodies are damaged. It is evident that 
the bodies of T11 and T12 are fused and 
that the body of T11 is almost completely 
resorbed while T12 is collapsed, causing 
kyphosis. The destroyed bodies of T12 and 
L1 display cloacae within. The vertebral 
arches show no destruction. The visceral 
surfaces of at least five ribs from either 
side show periosteal reactions. In sum, 
the skeletal changes are similar to those 
described for spinal tuberculosis (Baker 
1999; Ortner 2003: 230f). The skeleton of 
another individual (Idnr. 93010), a middle-
aged woman, showed a larger piece (58.6 x 
48.7 x 3.0 mm) of calcified tissue on the left 
side and a smaller piece (16.0 x 10.3 x 2.0 
mm) on the right side of the rib cage (Figure 
4.8). The flat irregular pieces resemble 
the pleural plaques described in previous 
studies and interpreted as calcified pleura 
due to pulmonary tuberculosis (Møller-
Christensen 1982: 177; Baud & Kramer 
1991: 87; Zinas 1991:199; Pálfi et al. 1999: 
405; Roberts 1999: 314, Spigelman & 

Donoghue 1999: 356, Haas et al. 2000: 
298; Sellevold 2001: 146; Nuorala 2004). 
The woman exhibited no other bone 
changes typical for tuberculosis.

An unsexed teenager showing severe 
destructive changes to the feet (Idnr. 
95034) is included among the individuals 
with non-specific infections. In an 
earlier analysis, it was suggested that this 
individual suffered from leprosy (Arcini 
1998). The distal parts of the diaphysis of 
the fibula and tibia from both sides exhibit 
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Figure 4.8. Calcified tissue discovered in the thorax of an adult woman (Idnr. 93010) 
indicating tuberculosis. (Photo by Anna Kjellström). 

symmetrical swelling and subperiosteal 
new bone formation. Both the unfused 
distal tibial epiphyses exhibit resorption 
below the surface of the metaphyses. 
Tarsal bones from both sides show severe 
destructive remodelling and resorption. 
Several of the metatarsal bones are more 
or less completely resorbed in the proximal 
end of the bones (Figure 4.9). The distal 
parts of all the identified metatarsals (n 6) 
show normal metaphyses and at least three 
proximal phalanges are without obvious 
morphological alterations. However, the 
proximal phalanges of the first metatarsal 
(Mt I) display ankylosis, resorption and 
atrophy. One of the proximal phalanges 
in the hands displays a number of minor 
pathological restorative changes. The 
metatarsophalangeal joints in the feet 

and the distal phalanges in the hands, 
the joints typically affected by leprosy, 
seem to be without major inflammatory 
changes. As the skull is missing, signs of 
facies leprosa could not be investigated. 
Hence, an alternative diagnosis may have 
to be considered. Another skeleton (Idnr. 
90032), an adult man, with skeletal changes 
possibly due to leprosy, shows periostitis of 
both tibia and inflammatory changes such 
as swelling and new bone formation of the 
metatarsals on both sides. Since no changes 
are seen in the joints of the metatarsals, the 
diagnosis is not clear. 

Three cases of osteoma, i.e. benign bone 
tumours, were recorded (Idnr. 99014, 
90051, 97036). All were located on the 
frontal bone with diameters between 3.7 
and 23.4 mm. These round button-like 
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tumours are relatively common in 
archaeological assemblages (Steinbock 
1976: 325, Ortner & Putschar 1981: 378). 
In addition, six individuals of various ages 
showed irregular bony outgrowths (Idnr. 
91203, 90028, 90099, 95035, 84037, 
84037, 84001). Some of the outgrowths 
are located in the metaphyseal region 
indicating osteochondroma. These are also 
benign bone tumours most often occurring 
before the third decade of life (Aufderheide 
& Rodrigues 1998: 381). However a few 
are located in the margin or near a joint, 
suggesting that they are myositis ossificans 
(calcified tendinous or muscle attachment 
after acute or chronic trauma). Three adult 
individuals display one or several osteolytic 
lesions on one or several elements, which 

may be primarily due to malignant bone 
tumours (e.g. osteolytic osteosaracoma) 
or cancer metastasis from other organs 
(Idnr. 84024, 90070, 90100). However, 
a more precise investigation is needed to 
properly identify the anamnesis of these 
individuals.

Two adult males (Idnr. 95056, 
92006) have been identified as showing 
sacralization, i.e. partial or complete 
fusion of the last lumbar vertebra with 
the sacrum. This is a relatively common 
developmental anomaly (Aufderheide & 
Rodriguez-Martin 1998: 66). In the feet 
of an adult man (Idnr. 83014), a case 
of calcaneonavicular tarsal coalition was 
observed, where the calcaneus is fused 
to the navicular bone. This condition 

Figure 4.9. Severe skeletal changes of the bone elements from the left foot of a teenager (Idnr. 
95034) possibly caused by leprosy. Note, the resorption of the proximal ends of some of the 
metatarsals. (Photo by Anna Kjellström).
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may be acquired secondary to trauma; 
however, in most cases it is congenital 
(Resnick & Niwayama 1988: 3563). In 
the feet of another man (Idnr. 91139), the 
intermediate and lateral cuneiform bones 
are congenitally fused (Figure 4.10). A 
similar developmental anomaly is observed 
in one further individual (Idnr. 90039), 
whose the arch of vertebrae T3 and T4 
is fused with no signs of degenerative 
changes.

In Paper III, a case of os cuneiforme 
mediale bipartum is presented (Figure 4.11). 
The anomaly was found in the feet of an 
adult male (Idnr.  97024), who was buried 
in a mass grave in St Laurence’s churchyard 
with at least 18 other individuals of varying 
age and both sexes. In the same grave, 
another man (Idnr. 97028) displayed 

Figure 4.10. The congenitally fused 
intermediate and lateral cuneiform bones 
of an adult man (Idnr. 91139). (Photo by 
Anna Kjellström).

Figure 4.11. Medial view of os cuneiforme mediale bipartum from the right and left side 
(Idnr. 97024). (Photo by Anna Kjellström).
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divided proximal articular surfaces on 
both medial cuneiform bones. With the 
developmental origin of this anomaly in 
mind together with the suggestion that it 
has a hereditary tendency (Anderson 1988), 
it is suggested that the two individuals are 
genetically related (a possible kinship). 
After the publication of Paper III, two 
further cases of divided proximal articular 
surfaces (Idnr. 91161, 91039) were 
identified. Thus, of a total of 167 (126 
adults only) left and 152 (126) right medial 
cuneiform bones examined, at most 1.3% 
display the anomaly. According to previous 
studies, the trait may be observed in 6.6-
7% of skeletons (Barclay 1932; Harman & 
Mordet; Holtby quoted by Barlow, 1942). 
Considering the rarity of the anomaly in 
Sigtuna, the occurrence of two cases in the 
mass grave may strengthen the hypothesis 
that the two men were relatives. 

Table 4.21. Individuals exhibiting sharp force lesions in Sigtuna. Two crania (A171 and A156) 
lacking a firm archaeological context are included. *healed linear wound.
 

Cemetery Idnr. Sex Age Phase Skull Vert cerv. Postcranial.
Church 1 (A171) sep. Man Adultus - yes
Church 1 (A156) sep. Man Adultus - yes*
Church 1 83002 Man Maturus 2 yes yes -
Church 1 90074 Man Adultus 2 yes - -
Church 1 90059 Man Maturus 2 yes - -
Church 1 93017 Man Adultus 2 yes yes yes
The Nunnan block 84003 Man Adultus 1 yes - -
St Laurence’s 97049 Man Adultus 1 yes* - -
St Laurence’s 97105 Man Adultus 1 - yes yes

St Laurence’s: mass. 97004 Woman Adultus 1 yes - yes
St Laurence’s: mass. 97007 Man Adultus 1 yes - -
St Laurence’s: mass. 97009 Woman Maturus 1 - - yes
St Laurence’s: mass. 97010 Man Adultus 1 - yes yes
St Laurence’s: mass. 97011 Man Maturus 1 yes yes -
St Laurence’s: mass. 97015 Man Adultus 1 yes yes yes
St Laurence’s: mass. 97016 Woman Adultus 1 yes - -
St Laurence’s: mass. 97021 Man Maturus 1 - yes yes
St Laurence’s: mass. 97022 Man Adultus 1 - - yes
St Laurence’s: mass. 97025 - Infans II 1 - - yes
St Laurence’s: mass. 97002 Man Adult 1 yes - -

Description of the victims 
showing blade wounds

In the total Sigtuna material, 5% (n= 18) 
of the adult individuals (n= 360) show sharp 
force lesions. If the mass grave is excluded, 
approximately 2% display blade wounds. 
The frequency of affected adult individuals 
at St Laurence’s is 17.3% or 2.7%, depending 
on whether the mass grave is included. The 
material from Church 1 records 3.1% blade 
wounds and the Nunnan material 1.1%. 

Blade wounds were found on bones 
both with and without firm archaeological 
documentation (Table 4.21). Eleven of the 
20 individuals showing sharp force lesions 
originate from a mass grave recovered at St 
Laurence’s cemetery (Kjellström 2000a; 
Paper III). Seven individuals derive from 
single graves from three cemeteries: Church 
1, the Nunnan block and St Laurence’s. 
Two single crania from the cemetery of 
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(Kjellström 2000a). However, the dating 
of the grave to an earlier period, before 
the foundation of the church, suggests that 
this interpretation must be reconsidered. 
The area may, however, have functioned as 
a cemetery already during this period and 
was most likely Christian, as suggested by 
the orientation of the skeletons. One dating 
obtained in the study of dietary patterns 
(Paper V) resulted in a corresponding age 
for one of the burials (Ua 23225, AD 890-
1040, 95,4%). The mass grave was probably 
well known to the later population, since it 
was not disturbed by more recent burials or 
the foundations of the church wall. In fact, 
later graves seem to have been reverently 
placed at the sides of the mass grave. It is 
possible that the event that led to the death 
of those buried in the grave was well known 
to the medieval population in Sigtuna. It is 

Church 1 without an ID number, i.e. 
phase unknown, are included in the study. 
Hence, the total sample consists of 20 
individuals or 5.5% of the adults.

The Sigtuna mass grave
The excavation of St Laurence’s 

churchyard took place in winter 1997-98. 
The previously mentioned mass grave (4 
x 2.5 x 0.3 metres) was discovered at the 
southeastern corner of the church wall 
(Figure 4.12). According to the result of 
radiocarbon dating, the age of the remains 
are approximately 1115± 29 BP (Ua17743-
Ua17747), which calibrates to 880-1000 
AD at 95.4% probability (Bronk Ramsey 
2002). In the initial phase when the mass 
grave was discovered and excavated, the 
preliminary interpretation was that it 
belonged to St Laurence’s churchyard 

Figure 4.12. The Sigtuna mass grave at the churchyard of St Laurence’s.  
(Drawing by Johan Westerlund). 
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also possible that the grave was marked 
above ground.

After resolving a number of contextual 
problems subsequent to the preliminary 
study (Kjellström 2000a), 19 individuals 
were identified in the mass grave. The 
minimum number of individuals was 
based on estimations of left proximal 
femora. The results show that in all five 
women, 13 men and one child were buried 
together, with ages varying from 7 to 60 
years. The skeletons were in general well 
preserved except for the skulls, which were 
without exception crushed post-mortem. 
Most of the skeletal elements were well 
articulated. No severe pathological changes 
were registered. At least 11 (57.9%) of the 
19 individuals display sharp force lesions 
caused by a bladed weapon, with a majority 
of the blade wounds concentrated to the 
throat and neck. 

The single individuals in graves and 
the separate crania exhibiting signs of 
sharp force trauma

The seven skeletons and the two separate 
crania exhibiting signs of sharp force 
trauma are all adult men. Three of the 
men with preserved left femora had a mean 
height of 171.6 cm, which is somewhat 
shorter than men generally in phases 1 and 
2. The men were all found within the limits 
of the cemeteries in a supine position. 
There is no clear pattern in the location of 
the graves within the cemeteries. Perhaps 
the most interesting male individual was 
recovered from St Laurence’s churchyard 
(Idnr. 97105): remains of what is believed 
to be an iron chain were found around his 
ankles (Figure 4.13). 

The reference material: the Battle of 
Good Friday

During the widening of a road in late 
spring 2001, human remains were discovered 
approximately 150 metres from the castle in 
Uppsala (Paper II). Radiocarbon analysis of 
the bones dated the remains to 355 ± 50 BP 
(Ua 17998), which calibrates to AD 1440-
1650 at 95% probability (Syse 2003). The 
osseous material was believed to derive from 
those killed at the Battle of Good Friday 
in 1520. The historical records describe 
the battle between Swedish peasant forces 

Figure 4.13. A man in the grave 105 (Idnr. 
97105) with iron rings around his feet from 
the churchyard of St Laurence’s.  
(Drawing by Johan Westerlund and photo by 
Kerstin Fogelberg)
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and Danish mercenaries as a cold, snowy 
encounter with a terrible ending where 
possibly more than 4000 men were killed. 
Until the discovery in 2001, the location of 
the buried victims has been unknown. 

The excavated area was only 8 m2, 
revealing two larger pits, four complete 
skeletons and commingled bones. Groups of 
articulated elements were found in the pits 
suggesting depositions of complete limbs, 
more or less defleshed. The interpretation 
is supported by historical records of the 
time stating that the fallen men were left to 
dogs and ravens (Kjersgaard & Hvidtfeldt 
1963). The results of the osteological 
analysis showed that at least 60 men, 
the majority of whom were between 20 
and 30 years of age, were buried in the 
excavated area. The mean stature of the 
men was 174.5 cm (Trotter & Gleser 1952, 
1958). Signs of sharp force lesions were 
identified primarily on cranial bones. Of 
the crania, 60% exhibited blade wounds 
with the average of 2.7 wounds per affected 
cranium. Postcranially, only eleven signs of 
sharp force trauma were observed (Paper 
II). The results of the overall osteological 
analysis revealed that the victims were 
most likely Swedes meeting their enemies 
in a non-conventional battle situation, 
e.g. during flight. The trauma pattern 
further suggested that the men wore poor 
protective gear and that their enemies used 
a standardized weapon technique. The 
material offers an interesting comparison 
with the mass grave in Sigtuna.

Comparisons of sharp force 
trauma in the three different 
contexts

The demographics and relative frequency 
of blade wounds from the three different 
contexts were compared. The demographic 
composition of the Sigtuna mass grave, 
with men, women and children, obviously 
differs from that of the single individuals 
discovered in the same town and from the 
grave pits of the Battle of Good Friday. 
The individuals found in the single graves 
and in the Uppsala warrior grave were all 
relatively young though adult men, which 
is in line with descriptions of skeletons with 
sharp force lesion in other Scandinavian 
skeletal assemblages (Gejvall 1960; Persson 
& Persson 1980; During 1997b; Arcini 
1999: 138; Bennike 1998).

The crania
In the mass grave in Sigtuna and among 

the single individuals, blade wounds were 
registered on 70% and 100% of the crania 
respectively (Table 4.22) (Figure 4.14). 
Of the crania from the Battle of Good 
Friday, 60% were affected. The high 
frequency suggests that, in both Sigtuna 
and Uppsala, the skull was the primary 
target using bladed weapons. The average 
number of wounds per affected cranium 
ranges between 1.7 in the mass grave to 
2.7 in Uppsala, reflecting the great level 
of violence to which both typical warriors 
and those buried in the mass grave were 
subjected. 
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Table 4.22. Distribution of sharp force trauma in Sigtuna and the Uppsala material. 
*In total 92 if commingled mandibles are included; **commingled bones.
 

The Sigtuna
 mass grave Single individuals

The Battle of
 Good Friday

The Crania MNI=10 MNI=9 MNI=52

No. of blade wounds 12 on 7 crania 18 on 9 crania 85* on 31 crania 

Affected crania of observed total 70% 100% 60%

Average no. of wounds per 
affected crania 1,7 2 2,7

Side distribution: Left 42% 72% 48%
                           Right 25% 22% 43%
                           Parasagittaly 33% 6% 9%

Location:  
Frontal wounds (left:right) 3:4 7:2 7:17
Lateral wounds (left:right) 4:2 4:2 24:15
Dorsal wounds (left:right) 2:1 3:0 13:8

Most affected element right occipital (n=2) the mandible (n=3) left parietal (n=20)

Most affected element in relation 
to complete observed elements: right parietal (40%) frontal (75%)

The mandible and 
right parietal (40%)

Orientation: Vertical blows 33% 44% 34%
                   Oblique blows (V-H)) 42% 17% 29%
                    Horizontal blows 25% 39% 37%

Direction:    Above 75% 100% 65%
                   Below 25% 0% 12%

                   Perpendicular 0% 0% 23%

Penetrating 72% 83% 59%
Superficial 28% 17% 41%

The Postcranial elements MNI=19 MNI=7 MNI=60**

No. of blade wounds 27 on 8 individuals 10 on 3 individuals 11 (MNI=60)**

Affected individuals 42% 43% 18%**

Average no. of wounds 
per affected individuals 3,4 3,3 -

Individuals affected in 
the neck region 4 3 -

Individuals affected in 
the upper body region 4 1 -

Individuals affected in 
the lower body region 3 0 -

Individuals with antemortem 
weapon related trauma - 2 individuals 2 crania
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Appearance
All registered perimortem wounds are 

V-shaped linear lesions with smooth cut 
surfaces and, in many cases, visible striae 
(Figure 4.15). The blade wounds follow the 
criteria outlined by Wenham (1989) and 
Reichs (1998). 

Side distribution
In all three materials, left side wounds 

predominate (Table 4.22). This is more 
pronounced among the single individuals, 
suggesting that their wounds were received 
in face-to-face combat (cf. Paper II). Both 
the demography of the Sigtuna mass grave 
and the interpretation of the Battle of Good 
Friday material indicate that the fallen were 
victims of a less orderly fight, which may 
explain the mixed side distribution.

Figure 4.14. Distribution of perimortem sharp force lesions on the crania of the individuals in 
Sigtuna and Uppsala (the Battle of Good Friday). (Modified from Buikstra and Ubelaker 1994 
attachment 6a 8b).

The Sigtuna mass grave Single individuals The Battle of Good Friday

Table 4.23. Distribution of cranial blade wounds in Sigtuna.
 

The Mass grave  Single graves and separate skulls

No. of elements
observed

No. of
affected 

elements
 n         %

No. of elements
observed

No. of
affected 

elements
n          %

Frontal 7 4 57 8 6 75
Mandible 9 1 11,1 6 3 50
Left Parietal 10 3 30 8 5 62,5
Right Parietal 10 4 40 8 3 37,5
Left Temporal 10 1 10 8 4 50
Occipital 10 3 30 8 3 37,5
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Figure 4.15. A plastic cast showing a detail 
of the striae from a blade wound on the left 
side of the occipital bone of an adult man 
(Idnr. 97015). (Photo by Hans Lundberg).

Location
When the location of wounds is 

subdivided by view distribution, it is 
noticed that the difference between side 
distribution is primarily in the frontal 
wounds (Table 4.22): the single individuals 
received blows to the back to a lesser 
extent. Again, this implies that the single 
individuals were wounded in regular face-
to-face combat.

Affected elements
It is clear that preservation affects the 

number of observable wounds, since in all 
three contexts the most affected element 
differs according to whether the number 
of affected elements is counted or whether 
it is determined in relation to preservation 
(Tables 4.22 and 4.23, Paper II).

Orientation
In Uppsala, the majority of left-side 

wounds were vertical, while right-side 
wounds were predominantly horizontal 
(Table 4.22). The small sample size of the 
Sigtuna excavation makes it impossible to 
further categorize the orientation by side 
or view.

Direction
The majority of the wounds were 

directed from above (Table 4.22). Due to 
the natural handling of the bladed weapon 
such as a sword, this is the preferred 
direction when attacking an opponent 
below or on the same level (Hellsten 
1943). The absence of perpendicular cuts 
or cuts directed from below among the 
single individuals is interesting. The mixed 
directions in the mass graves suggest a more 
chaotic situation where both perpetrator 
and victim are positioned in an irregular 
manner, probably both on horseback and 
on the ground.

Superficial/penetrating
The majority of cuts are penetrating 

(Table 4.22). In Uppsala, the proportion 
of superficial cuts is higher, surely related 
to the higher number of wounds per 
individual in general. Furthermore, the 
high frequency of penetrating trauma 
shows the formidable power and energy of 
the weapons used.
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The Postcranial bones
The Sigtuna materials show a higher 

frequency of postcranial wounds than 
Uppsala (Table 4.22). In particular, 
the neck seems to be a preferred region 
of attack. Although all materials show 
sharp force trauma to the neck, there is a 
difference in the nature of the wounds. In 
the Sigtuna mass grave, individuals show 
a repeated, almost hacking trauma to the 
neck, where two individuals exhibit at 
least four separate blows to the neck region 
(Figure 4.16). The single grave individuals, 
on the other hand, display single blows to 
the neck. In the Uppsala material, the one 
observed case of neck trauma shows no 
other battle wounds: this, together with 
the nature of the trauma, suggests that the 
victim was decapitated, possibly formally 
executed, rather than felled in battle (Paper 
II). In the Sigtuna mass grave, two of the 
individuals show postcranial blade wounds 
which, as they are to the lower forearm, 

may be interpreted as defence wounds. 
The youngest victim, an approximately 
seven year old child, received a blow to the 
back, slashing through the lower part of 
the spine (L3 and L4) and the left hipbone. 
In the other two materials nothing similar 
is found. Among the single graves no blade 
wounds were identified below the waist. 
The chained man (Idnr. 97105) from 
St Laurence’s mentioned earlier showed 
several fearsome blows to the upper body, 
though none were fully to the back. In the 
Uppsala material, although the proportion 
of affected individuals cannot be estimated, 
most of the identified postcranial wounds 
were on the ventral side of the tibia. Except 
for one wound on the dorsal side of the 
same bone, the blows severed parts of bone 
making it difficult to analyse in what way 
the blows were directed.

Figure 4.16. Distribution of perimortem sharp force lesions on the postcranial skeletons of 
the men in Sigtuna and Uppsala (the Battle of Good Friday). (Modified from Buikstra and 
Ubelaker 1994 attachment 3a-3b). 

The Sigtuna mass grave Single individuals The Battle of Good Friday
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Antemortem trauma
In both the Uppsala material and among 

the single Sigtuna individuals antemortem 
weapon-related trauma were identified. 
In the latter sample, two crania (A156, 
Idnr. 97049) exhibit linear wounds (47-
48 mm) with rounded fracture ends as a 
result of healing on the parietal and the 
frontal bone. In both cases the location 
and orientation resemble the perimortem 

wounds. In the Sigtuna mass grave, 
no signs of antemortem trauma were 
identified on any of the 19 individuals. The 
presence of antemortem trauma may imply 
experience of earlier combat among the 
examined individuals, underlining that the 
individuals in the mass grave in Sigtuna 
most likely did not usually take up arms.



Incorporating multiple sources, this 
study has investigated possible changes 
and developments of the inhabitants 
of Sigtuna from c. 970 to the early 16th 
century. The archaeological and historical 
records show that the Early Middle Ages 
was a dynamic period in Sigtuna. As 
early as the 10th century, the organization 
and planned layout of Sigtuna indicates a 
population not only prepared for political 
and economic changes (Hyenstrand 1996: 
146f), but also one willing to accept 
completely different ways of living. It is 
clear that the acceptance of these changes is 
strictly linked to Sigtuna and not a general 
phenomenon in the region. Archaeological 
investigations at the contemporary village 
of Valsta in the parish of Norrsunda, 
approximately 11 kilometres from Sigtuna, 
have shown that for example older 
burial traditions prevailed into the final 
decades of the 11th century (Andersson G. 
1997a, 1997b, 2004). Comparing burial 
customs in early Sigtuna with those at 
Valsta cemetery, Andersson (1997) even 
maintains that an agrarian and an urban 
�mortuary idiom�� may be discerned, 
the urban mortuary idiom being more 
uniform than the agrarian. These thoughts 
underline the difference between Sigtuna 
and its hinterland and further highlight 
the urban character of the town from its 
foundation. 

It has been stated that within a society 
�progress could be measured through 
the increase in the numbers and power 
of the human population�� (cf. Cohen 
1989: 3). This implies that the golden era 
of Sigtuna lasted for only 300, possibly 
400 years. Cohen (1989: 21f), discussing 
the development of civilization, points 
out four ways of economic adjustments 
for a growing population, of which three 
are of immediate interest for Sigtuna. An 
increase in population size demands: 1) 
larger supplies of a variety of resources 
through exploitation of new territories; 2) 
alternatively, more intense exploitation of 
old territories; or 3) attempts to �even out 
natural fluctuations in the daily, seasonal 
or annual availability of food��, e.g. better 
knowledge of how to store food. In addition 
to economic adjustments, a growing 
community most likely also undergoes 
social and political changes. Cohen (1989: 
23f) mentions changes of community 
rules and the tendency to organize and 
systematize the population according to 
kinship, descent, age, sex or groups related 
to activity. Hence, in an urban setting, the 
inhabitants would be treated according to 
defined categories. Informal behaviours 
are to a higher degree replaced by a formal 
system establishing access to resources and 
rights to specific services. In summary, 
the first citizens of Sigtuna (temporary or 

5. DISCUSSION

67



Anna Kjellström

68

permanent) faced transitions at almost all 
levels of the society. 

Humans, their culture and environment 
are closely interlinked in an ecosystem, and 
�if one part of the ecosystem changes then 
stress and disease may occur�� (Roberts & 
Cox 2003: 2). In this respect, it is most 
likely that the quality of life changed for 
those living in a town. However, no clear-
cut answer can point out the direction 
of this change. The transition can be 
discussed in relation to several issues that 
have frequently reoccurred throughout 
the investigations of the human skeletal 
remains in Sigtuna. Probable issues can be 
migration, health among different groups, 
gender-related issues and social hierarchies. 
Initially, to facilitate interpretations of the 
data, an evaluation of the results and the 
anthropological techniques in relation to 
existing osteological research is presented. 

Who were they?
Sex assessments and sex distribution in 
Sigtuna

The equal distribution of the sexes in 
the early cemetery of the Nunnan block 
is interesting. The burials are concentrated 
in three groups, without any observable 
burial ground borders and without any 
connection to a church. The remaing 
burials are located in churchyards, i.e. in 
most cases connected to a church building. 
A majority of the excavations are located 
south of the church in question. Only at 
Church 1 has an area northwest of the 
church been explored in addition to the 
southern vicinity. This raises the question 
whether the skewed sex distribution is 
attributable to cultural or religious burial 
practices relating to gender. Because of 

selective excavations, the Nunnan block 
could be considered to show the true sex 
distribution, and extended examinations 
in areas of the other churchyards would be 
required. On the other hand, the difference 
in burial practices observed between the 
older Nunnan site and the remaining sites 
of Sigtuna might also reflect a true change 
over time and the biased sex distribution 
an actual demographic difference. As 
mentioned in Chapter 4, a vast majority 
of analysed medieval skeletal assemblages 
show a male bias (Iregren 1992; Sellevold 
2001; Arcini 1999). Historical sources 
suggest the opposite, namely that women 
were in the majority in urban settings 
(Odén 1987), but this is not confirmed by 
the osteological data. If in Sigtuna we are 
observing a true sex bias, what could be 
the reason? The Nunnan block may reflect 
the initial stage of Sigtuna’s development, 
i.e. the population that founded Sigtuna. 
With time, Sigtuna’s character changed 
as it developed into an administrative and 
religious centre, where several churches 
were built. The necessity of a presence near 
the royal court and the prestigious churches 
could lead to a male dominance among the 
inhabitants. Many of the men may have 
had a more temporary and migratory 
presence in the town, for example as 
tradesmen, craftsmen and clerics, whereas 
the women and children were more 
permanent inhabitants. This could be one 

explanation for the 
sex distribution in 
Sigtuna, though 
not for the 
churchyards in the 
reference materials 
(Chapter 4). 
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Sellevold (2001: 184) mentions that the 
�sex ratio may be used as a discrimination 
factor in determining the character 
of the population using the church 
yard��. The statement is most likely true 
when analysing materials linked to sex-
differentiating situations (such as war) 
or institutions (monastery or convent). 
Iregren (1992) emphasizes that the three 
excavations with the most pronounced 
sex distribution (Helgeandsholmen in 
Stockholm, the Æbelholt monastery in 
Denmark and a friary in Åland) are not 
normal populations, rather cemeteries 
connected to hospitals or friaries. The 
general unequal sex distribution, with a 
majority of men in many medieval skeletal 
materials, raises several questions, however. 
Where are the women buried? Studies may 
differ in sex assessment techniques, and 
detailed explanations are seldom presented. 
When interpreting the results, it should 
be stressed that it is rarely mentioned how 
fragmentation of examined skeletons is 
treated in connection with sex assessment. 
In this study, it is suggested that poor 
preservation, i.e. fewer assessable traits 
pointing to sex, lead to a more masculine 
outcome. Jackes (2000) maintains that 
poor methods for age assessment lead to 
a shortage of older individuals, i.e. the 
system fails to point out the elderly. It 
is also established that women become 
morphologically more masculine with age 
(Meindl et al. 1985; Walker 1995). Hence 
it is possible that older women are to a 
certain degree mistaken for men. 

Age estimations
In a strict sense, ageing is a continuous, 

straightforward and irreversible process 
with a well-known end. Nevertheless, this 

process is much more complex than merely 
adding time to the chronological age. At 
a general level, age or maturity can play 
an important role for the social order and 
can be the determining factor in whether 
an individual is regarded as human at 
all. In some societies, due to high infant 
mortality, a newborn baby is not considered 
a human being for the first years of life 
(Scrimshaw 1984: 441; Scheper-Hughes 
1992: 297). The anthropologist Scheper-
Hughes maintains that throughout history, 
childbirth has often put both mother and 
infant at risk and that a high rate of child 
mortality could be regarded as a �fairly 
standard feature of human reproduction�� 
(1992: 273). A person experiences several 
important phases associated with age 
or maturity. With each year or phase of 
maturity, new sets of expectations are 
placed on an individual. Hence, the age 
distribution in Sigtuna may reveal new 
clues in the development of the town.

Analogies with developing or ageing 
processes require assumptions that the 
physical processes affecting humans in 
earlier civilizations were similar to those 
of today. This assumption is reinforced 
by observations of subadult growth in 
archaeological skeletal assemblages, which 
imply a comparable development pattern 
in prehistoric materials as well as today (cf. 
Larsen 1997:9; Saunders 1992). However, 
skeletal age assessment could be considered 
more an art than an exact science (Maples 
1989: 323). Most scholars agree that the 
age of a single skeleton can be convincingly 
assessed for individuals younger than c. 30 
years. Up to the end of the third decade of a 
person’s life, age assessment is mainly based 
on biological developmental factors, which 
by and large run parallel to chronological 
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age. The developmental linear progression 
seen in young individuals cannot, however, 
be observed for the degenerative processes 
used for age estimations of the skeletons 
of older individuals (Cox 2000: 64). 
Furthermore, one of the most complex 
problems of different ageing techniques, 
leading to extensive criticism, is that the 
methods are biased and that the same 
method applied to different materials results 
in the same age distribution as the material 
used to develop the technique (Bocquet-
Appel & Masset 1982, 1985). In addition, 
osteological methods have a tendency to 
underestimate the age of individuals older 
than 40-50 years (Whittaker 2000: 84; 
Scheuer 2002: 302). According to Cox 
(2000: 63), the assumption that a low 
mean age persisted in earlier societies does 
not only exist because of doubtful methods 
but also because of prejudices regarding the 
hardships of earlier times. Nevertheless, in 
spite of the criticism, researchers agree 
that the skeleton changes with age. This 
makes it at least possible to use age-related 
traits as indicators of change during adult 
life (Jackes 2000: 455). As shown in 
Chapter 4, the correspondence between 
the different age estimation techniques 
for adults in Sigtuna is relatively good, 
even if the specific assessed age may be 
questioned. Rather than an absolute age 
determination, the distribution in Sigtuna 
should be considered as a ranking order of 
age. Furthermore, a straightforward and 
consistent way of pooling the results from 
the Sigtuna investigation into age groups 
has been presented and described. When 
investigating large skeletal assemblages, 
analytical tools are needed to handle 
the information in an appropriate and 
consistent manner. Anthropologists 

are well aware of the fact that adult age 
assessments may differ from the actual 
chronological age of an individual. This 
is indeed a serious problem. However, if 
one remains aware of this and treats age 
assessments with caution, this does not 
need to affect all anthropological research. 
Establishing the exact age of one individual 
is less interesting than assigning him or her 
to a particular age group. It is questionable 
whether the approximate age groups can 
be used in more specific demographic 
estimations. Trustworthy demographic 
data require more sophisticated calculations 
and should be based on reliable age 
determinations (Milner et al. 2000). 

The age distribution in Sigtuna
In general, skeletal samples most often 

record high numbers of children (though 
few infants) and young adults and a small 
number of older individuals (Chamberlain 
2000). The results from Sigtuna could be 
affected by a variety of factors causing bias 
in the age group representation. Saunders 
(2000: 136) has grouped the three most 
commonly cited reasons for the lack of 
small children: 1) cultural factors (i.e. 
infants were buried elsewhere), 2) biological 
factors (i.e. small bones decompose more 
easily), and 3) incomplete archaeological 
surveys. Gue and colleagues (1997) show 
that in archaeological cemetery samples in 
general the proportion of children under 
one year is commonly c. 5-6%, while it 
is approximately 25% in a pre-vaccination 
population if burial records are consulted. 
They argue that the preservation of frail 
infant skeletons makes them more exposed 
to taphonomic factors. Apart from the 
lack of small children, the low number of 
elderly individuals has also been debated. 
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Even though some scholars consider the 
low mean age calculated from medieval 
skeletal materials to be close to the truth 
(Benedictow 1993: 77f), others claim that 
older individuals are not identified in bone 
assemblages (e.g. Arcini 1999: 66: Jackes 
2000: 418). When studying historically 
well-documented material, Saunders et 
al. (2002) suggested that the fragmented 
bones classified as indeterminably 
aged adults could, to a large extent, be 
remains of the fragile skeletons of older 
individuals. 

In the Sigtuna material, the problems 
relating to adult age assessment as well 
as the three possible causes of bias in age 
distribution cited by Saunders (2000) may 
be present. Since none of the churchyards 
has been fully excavated, signs of 
culturally controlled burial practises are 
difficult to identify. The significantly 
higher frequency of young individuals at 
Church 2 (71% below 20 years in phase 1 
and 59% in phase 2) may, however, have 
cultural explanations. Concentrations of 
child burials have been noted in other 
medieval churchyards (Nilsson 1994: 
84f). The other two possible reasons 
noted by Saunders (poor preservation 
and incomplete excavation) most likely 
affected all the studied materials. As 
already discussed, the Nunnan block, 
without connection to a church and with 
an equal sex distribution, probably shows 
the best representation of the population. 

Why is the number of children low at the 
Nunnan block, the oldest site in Sigtuna? 
According to the survival index in Chapter 
2, the preservation is better than at the 
other sites. If the low proportion of infants 
in the Nunnan block is to be regarded as an 
indication of low fertility, could the reason 

be associated with the intriguing differences 
in subadult mortality between the phases? 
Such a hypothesis would suggest that, in 
the initial period, young entrepreneurs 
arrived at the site and founded Sigtuna, 
and that complete families were established 
in the town somewhat later. This theory 
could also explain the high proportion 
of young adults during the first phase. In 
Paper IV, a birth rate index was used to 
examine the difference in fertility between 
the phases. The results showed that the 
fertility decreased from phase 1 to phase 
2. This seems paradoxical regarding the 
general increase of individuals below 20 
and the decreasing mean age between the 
phases. Immigration of adults to Sigtuna 
could explain the seemingly contradicting 
trends. An influx of adults would lead to 
a proportional increase of adults versus 
children, while still allowing for greater 
numbers of children to be born. The 
demand for a variety of craftsmen during 
phase 2, when most of the stone churches 
and institutions were established, may 
explain the immigration of adults.

The two hypotheses mentioned 
above of an early development phase 
consisting largely of young adults and a 
later period characterized by migration 
have been presented for other materials 
in Scandinavia. A similar age group 
distribution as in Sigtuna, with a low 
proportion of infants in the oldest material, 
was observed in early Lund, with Arcini 
(1999: 63) suggesting that that this could be 
interpreted as a pioneering phase. Boldsen 
(1984, 1989) noticed a surplus of young 
adults in the urban material from Lille Sct. 
Mikkelsgade compared to among others 
rural Löddeköping, and suggested that 
immigration was the most likely reason. 
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Furthermore, Boldsen maintains that the 
higher proportion of young adults in Lille 
Sct. Mikkelsgade is linked to the urban 
character of the site. The immigration was, 
according to Boldsen (1989), necessary for 
the existence of the towns. Could the high 
frequencies of young adults in Sigtuna be 
a sign of increasing migration to urban 
settlements? Alternatively, urban life 
could to an increasing degree have affected 
the health of the inhabitants negatively, 
causing an increase in death among young 
individuals.

Distribution of bone robusticity and 
stature in Sigtuna

The robusticity index indicates a person’s 
physique, allowing interesting comparisons 
between individuals of the same height 
showing different dimensions (Knüsel 
2000: 104). Since the robusticity of the 
femur is affected by sex, health status 
and activity, i.e. foremost demands linked 
to locomotion, comparisons with other 
materials may be interesting (cf. Larsen 
1997: 221). The negligible difference in 
robusticity between sexes and phases or 
between men in different assemblages 
(Sigtuna–Uppsala–England) (Table 4.12) 
indicates, as suggested in Paper II, only 
minor variations in physique between 
people during the pre-industrial era. 

The Sigtuna population was in 
general taller than many contemporary 
populations. Over time, stature decreased 
while at the same time showing a greater 
variation. The general decline in stature 
for women (especially between phases 1 
and 2) may be linked to a general decline 
in quality of life for women as shown in 
Paper IV, and not connected to site-specific 
factors such as status. 

with fluctuations in living standards 
during a period of supposed socioeconomic 
improvement (Sandberg & Steckel 1987; 
Steckel 2004). Steckel (2004) points to 
urbanization and by that increased exposure 
to pathogens as one of several important 
reasons for the declining height in northern 
Europe. In anthropological research, 
temporal trends in stature, possibly due to 
diet transitions from foraging to farming 
in ranked societies, have been shown 
(Allison 1984; Angel 1984; Cook 1984). 
In Britain studies of bone measurements 
have indicated that stature has by and large 
�remained relatively constant from the iron 
age to post-medieval times�� (cf. Boylston et 
al. 2000: 54). 

In Scandinavia, several comparative 
investigations of human stature have been 
carried out based on medieval skeletal 
samples (Sellevold et al. 1984; Cinthio & 
Boldsen 1984; Bennike 1985; Werdelin 
1985; Boldsen 1990, 1995; Sellevold 
1993; Arcini 1999; Werdelin et al. 2000; 
Sellevold 2001). Bennike (1985) showed 
that there is considerable variation in mean 
stature among Danish populations from 
the Mesolithic period to the industrial era. 
However, like the British study mentioned 
above (cf. Boylston et al. 2000: 54), 
Bennike also points out that there were 
long periods, from the late Neolithic to the 

Due to extra- 
ordinary documen-
tation in muster 
rolls, the stature of 
Swedish men from as 
early as 1760 is well 
known. Economic 
historians have 
associated variations 
in the mean stature 
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Viking Age, where stature remained more 
or less stable. Nevertheless, Sellevold and 
colleagues (1984) demonstrate fluctuations 
in mean stature when examining Danish 
Iron Age materials exclusively. Social 
differences in status indicating differences 
in diet and health interpreted from 
grave goods were also reflected in femur 
lengths. This investigation concluded that 
individuals with many high status objects 
were taller compared to individuals with 
none or a few objects (Sellevold et al. 1984: 
227). 

With a lack of grave goods, the study 
of the relationship between differently 
ranked individuals and stature is not as 
straightforward after the introduction of 
Christianity. Some medieval laws, however, 
recommended interment according to sex 
and social status, making interpretations 
still possible (Nilsson 1989; Capter 2). In the 
rural cemetery of Löddeköpinge in Scania, 
some short men were buried north of the 
church and a few tall women to the south, 
suggesting the rank of these individuals 
(Cinthio & Boldsen 1984).  Gejvall (1960: 
52) mentions that individuals with a mean 
stature above average in the Westerhus 
material were buried in high ranked places 
such as in or close to the church. Werdelin 
(1985), however, points out that this 
bias is true only for women and possibly 
due to kinship and marriage patterns. It 
has been suggested that, in periods with 
elevated social ranking, a higher degree 
of sexual dimorphism in stature may be a 
due to different access to food (Zakrzewski 
2003). Zakrzewski  (2003) proposes that 
greater sexual variation can be seen in 
more socially ranked groups than in more 
egalitarian populations. Larsen (1997: 19) 
suggests that the reason for this could be 

�that the burden of stress may be on the 
males in ranked societies, at least as it is 
exhibited in attained height��. Men tend to 
be more biologically sensitive than women 
to socioeconomic changes and nutritional 
stress (Zakrzewski 2003; Werdelin 1985). 
Hence, societies with poor surpluses and 
which are nutritionally deprived will 
demonstrate less sexual dimorphism. 
Conversely, a higher degree of dimorphism 
will reflect a population with a good 
nutritional status (cf. Werdelin et al. 2000). 
Considerable sexual dimorphism has been 
shown in and between Scandinavian 
samples (Werdelin 1985; Sellevold 1993; 
Werdelin et al. 2000). Werdelin and 
colleagues (2000) reject that this deviation 
might be due to differences in nutritional 
status. They highlight that the sample 
variance in stature is greater among women 
than men, contrary to what would be 
expected. Arcini (1999: 74) shows that the 
sexual dimorphism in Lund was greatest 
in its earliest phase. She suggests that, 
even though no significant chronological 
differences could be seen among men and 
women in Lund, the population in the 
early urban environment was nutritionally 
better off than later citizens. In addition, 
she demonstrates a taller male mean stature 
in Lund than in surrounding rural settings 
and advocates that, at least in the early 
phase, the urban population enjoyed a 
nutritional surplus. Questions concerning 
differences between medieval rural and 
contemporary urban materials have been 
addressed by Boldsen (1990). He has 
studied regional differences between rural 
and urban samples from Jutland and Scania 
(i.e. medieval Denmark) based on the 
maximum length of the femur. In general, 
the stature value in rural materials seemed 
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to be shorter than in urban samples, which 
could be caused by a lack of migration 
among the rural populations causing 
inbreeding and low heterozygosity (Boldsen 
1990). However, the hypothesis may only 
be valid for men, since it has been pointed 
out that some of the results presented by 
Boldsen are actually conflicting (Werdelin 
et al. 2000: 302). Werdelin and colleagues 
(2000) question Boldsen’s theory and 
suggest that immigration of high status 
individuals from the western parts of 
Denmark caused the marked differences 
in stature between the population in 
Lund and in surrounding areas of Scania. 
By applying measurements from Danish 
medieval male skeletons and information 
about stature in written historical sources, 
Boldsen (1995) demonstrates an increased 
mean stature with time and links the 
increase to the positive changes in living 
conditions that followed the transition 
from a preindustrial rural environment 
to an industrial urban society (Boldsen 
1995). In the medieval Norwegian sample 
of Hamar, Sellevold (2001: 170) shows 
that an astonishing 21.8% of the men were 
more than 180 cm tall and that the men in 
general were taller than all men in several 
comparative samples. Her interpretation is 
that the Hamar assemblage contains men 
raised under favourable conditions and 
likely from �upper social groups�� (Sellevold 
2001: 172). However, in relation to the 

and colleagues (2000). Several Swedish 
skeletal samples were studied, covering 
the period between c. 900 and 1700. The 
authors divided the materials into four 
geographical groups and discovered that in 
east central Sweden those from the High 
Middle Age Sigtuna sample (the Nunnan 
block) were significantly taller than 
those from Late Medieval Uppsala and 
Stockholm. Based on these data, Werdelin 
et al. (2000) propose that administrative 
centres, which to a higher degree 
attracted high-ranking individuals with 
better nutritional status, would contain 
individuals who are generally taller than 
those of other regions. This hypothesis 
may still be valid for �High Middle Age�� 
Sigtuna (Table 4.17).

 Migration
Signs of migration are a crucial aspect 

affecting osteological data analyses. The 
urban character of Sigtuna must have 
attracted people from the surrounding 
regions. As mentioned above, possible signs 
of urban immigration have been observed 
at other urban sites (Boldsen 1984, 1989; 
Arcini 1999). Overall, the subadult 
population increases with time, especially in 
urban areas. The demographics of Sigtuna 
in general agree with this. As shown in 
Sigtuna’s oldest sample, the Nunnan block, 
an equal sex distribution with few children 
and many young adults can be observed. 

men, the ratio of tall women was 
low.

The result presented by Arcini 
(1999) – that no significant 
chronological changes in stature 
can be seen in Lund – was 
confirmed for the whole country 
(i.e. modern Sweden) by Werdelin 

Over time there is an 
increase in the ratio of 
men to women and the 
frequency of infants and 
older adults. Even though 
this sex distribution 
may be explained by 
partial excavation, the 
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presence of children and adults have 
reveal interesting data about changes in 
the composition of the inhabitants. With 
time, there are indications that the birth 
rate decreases while the number of infants 
increases, most likely a sign of immigration 
(Paper IV). It is, however, difficult to tell 
whether this is entirely due to migration or 
whether worsening health (of which there 
are signs in Sigtuna) is partly a factor.

In Sigtuna, an increased sexual 
dimorphism of stature between phases 1 
and 2 was observed. However, the degree 
of sexual dimorphism is low, though not 
remarkably so, in relation to the other 
skeletal assemblages. It is debatable 
whether the increasing sexual dimorphism 
is due to an improved nutritional status 
of the population, as has previously been 
suggested. Rather, the Sigtuna material 
shows a high among sample variance in 
stature for women. A similar variance 
has been recorded in the other materials 
and has been taken as evidence against 
the hypothesis of higher female stature 
stability in relation to nutritional health 
(Werdelin et al. 2000). Furthermore, 
though not significant, the variation in 
stature increases over time for both men 
and women. Could, in fact, these two 
parameters be an indication of increased 
heterozygosity in towns caused by 
migration? Artefacts such as (possibly) 
Slavic temple rings and inscriptions on 
rune stones (U395) recovered in Sigtuna 
indicate the presence of women of a distant 
origin (Paper IV). These factors imply that 
at least some women were not brought up 
in Sigtuna. This is an important piece of 
information implying that the data, from 
the childhood years of some individuals at 

least, are not representative for the urban 
population as a whole. 

The quality of life in the urban 
Sigtuna
Living conditions

As mentioned in Chapter 1, even though 
the form and function of the houses in the 
town plots changed over time, the size of 
the plots remains almost the same. The 
various types of houses identified suggest 
that with time (from the 10th to the early 

13th century) 
living conditions 
improved, for 
instance with a 
transition from 
earth to wooden 
floors (Petterson 
B. 1990, 1995). 

However, the level of sanitation in Sigtuna 
is uncertain. Wicker hurdles were used to 
keep manure and other refuse away from 
the walls of the houses. (The practice of 
regularly spreading manure to the fields 
occurs already in the Iron Age (cf. Myrdal 
1985: 57; 1999: 64)). Still, the smoky, 
cramped houses were damp and cold in 
the autumn and winter. Considering finds 
of ancient dung, seeds of forage plants 
and animal bones with gnaw marks, it is 
also obvious that animals such as dogs, 
cats, pigs, sheep, goats and chickens lived 
close by. Though no clear archaeological 
indications of such activities have been 
discovered in Sigtuna, it has been suggested 
that households stabled their livestock 
in the town over the winter (Högrell 
1990), allowing some animals to roam 
freely. Finds of bones from the black rat 
and house mouse in the Sigtuna cultural 
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layers (Hårding manuscript) suggest that 
rodents, and with them most certainly lice 
lived in close contact with people, possibly 
causing diseases. Parasitic head lice appear 
to have been regarded as an everyday 
inconvenience, although there does seem 
to have been some awareness of the link 
to inadequate hygiene (Myrdal 1999:114f; 
KL 1966: 154). Furthermore, even though 
proper latrines are known to have existed 
in some Scandinavian urban settings 
already in the 11-12th century (Broberg 
& Hasselmo 2001; Beronius Jörpeland & 
Bäck 2001), no signs of such constructions 
have been found in Sigtuna (Wikström, 
pers. comm.).

The health situation
Some aspects of the health index have 

been criticized, since the identification and 
interpretation of some skeletal changes may 
be more complex than acknowledged by the 
index (Buckley 2003). Moreover, causative 
agents such as genetic factors are rarely 
discussed and some (metabolic) diseases 
are not mentioned at all (Buckley 2003). In 
Paper IV, problems regarding the exclusion 
of non-skeletal diseases, varied etiology and 
preservation were noted. Furthermore, a 
significant drawback of the age-adjustment 
technique is that the health index fails to 
take into account changes in mean length 
of life, since the reference population is 
used to normalize the age distribution. 
The advantages of the health index are that 
the effects of migration, changes in birth 
rate, selective burial customs or excavations 
and preservation are reduced, making it 
possible to compare health indices from 
different sites. This is important since 
many of these limiting aspects are present 
in the Sigtuna material. In Paper IV it 

is also suggested that a multi-attribute 
method is an improved way of reflecting 
overall health. Most importantly, and as 
mentioned in Paper IV, the health index 
is considered a tool for comparative studies 
of health between populations. A classical 
theory in anthropology is the osteological 
paradox (Wood et al. 1992): according 
to one aspect of the paradox, individuals 
that are physically weak may die before 
developing skeletal lesions, while physically 
strong individuals survive and show signs 
of disease in spite of better health. Hence, 
lesions can actually be a sign of good health. 
As discussed in Paper IV, the problems of 
the osteological paradox (Wood et al. 1992) 
have not been solved and, strictly speaking, 
either of the statements – �the quality of 
health improved over time, especially for 
women and children�� or �the quality of 
health worsened over time, especially for 
women and children�� – could be true. 
Studies of skeletal materials with a well-
documented history have, however, shown 
that latter alternative in many cases is more 
likely (e.g. Larsen 2000:179ff). SteckelSteckel et 
al. (2002a) point out that a lesion in a way(2002a) point out that a lesion in a way 
always indicates poor life quality. In the 
health index a lower severity of a lesion, 
combined with a higher number of life 
years, contributes to a higher health index 
in the case of a strong individual.

When the health index was applied in 
Paper IV, the negative trend observed in the 
separate health parameters was confirmed. 
The brief review of skeletal pathologies not 
included in the index further supports the 
results from the Sigtuna health index. A 
summary of observations is provided in 
Table 5.1. Higher frequencies in phase 
1 compared to phase 2 are observed in 
weapon-related trauma, spondylolysis, 
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vertebral osteoarthritis and osteochondritis 
dissecans. As mentioned earlier, a high 
incidence of violent trauma in the mass 
grave affects the total number of lesions 
from weapons in phase 1. Furthermore, 
predisposition both to spondylolysis and 
osteochondritis dissecans may be genetic, 
i.e. they may not be stress-related to the 
same degree as other variables. A variety 
of cultural factors such as immigration, 
seasonal living and Christian cults 
may have altered the composition of 
the population, making comparisons 
between the inhabitants of Sigtuna in 
phase 1 and 2 complex. However, several 
studies have shown that even the earliest 
stages of urbanization may lead to a 
hazardous environment for inhabitants, 
primarily with increasing risks of first and 
foremost infections (cf. Bassett 1992; cf. 
Steckel & Rose 2002: 578; Bolsen 1989; 
Lynnerup et al. 2000; Roberts & Cox 
2003: 122ff and 176ff; Seckel 2004). In 
Sigtuna, archaeological evidence such as 
the construction of stone churches and 
increasing waste layers from professional 
crafts indicates that the urban character 

increases over time (Paper IV). It is 
believed that these changes in combination 
with a growing population (as suggested 
by the demographic results in Paper IV) 
amplified and intensified the stress-related 
factors. Taking both the osteological data 
and the osteological results from Paper 
IV into account, it is stated that there is a 
difference in the quality of life, most likely 
negative, between individuals buried in 
phases 1 and 2.

Childhood health
In Sigtuna both cribra orbitalia and 

enamel hypoplasias increased in number 
over time, and girls at least did not 
attain their maximum growth potential. 
The higher proportion of stress-related 
changes might be linked to a wide variety 
of factors of urban character, such as a 
higher population density, increased risk 
of exposure to parasites or polluted water 
supplies. These factors could also be the 
reasons for the amplified numbers of 
subadults in general in the later phases. 

The reason for the somewhat ambiguous 
results of childhood health in Paper IV 

Table 5.1. Frequency of pathologies and trauma for adults in the 
Sigtuna burial phases. Data in Table 4.19. *Including weapon-related 
trauma.

 

Phase 1 Phase 2 Phase 3
Cribra orbitalia 1,7 6,3 4,5
Spondylitis 2,8 4,4 0
Arthritis 3,9 5,7 0
Spondylosis deformans 13,4 16,4 4,5
Schmorls 25,1 28,3 13,6
Trauma* 17,3 18,9 18,2
Osteoarhtritis 15,6 16,4 13,6
Non-specific infections 5 4,4 18,2
Osteochondritis dissecans 5 3,1 0
Vert.-OA 11,7 6,9 4,5
Spondylolysis 5 2,5 9,1
Weapon related injuries 6,7 2,5 4,5
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(such as higher proportions of cribra 
orbitalia but an increased mean stature 
for men) may be that different factors were 
operating or, alternatively, that there was a 
difference between the sexes in the timing 
of the stress agents. Furthermore, the 
severity of a condition may be differently 
expressed. It is assumed that infections 
primarily lead to acute situations. Given 
the absence of infectious lesions among 
the Sigtuna children, it may be suggested 
that they died before showing any skeletal 
changes. Thus, it may be assumed that the 
health parameters signifying childhood 
health (stature, LEH and cribra orbitalia) 
are due to more benign or chronic factors. 
Compared to subadults, the adults displays 
higher frequencies of almost all skeletal 
changes except for cribra orbitalia. 

In Table 5.2 the relative frequency of 
cribra orbitalia has been compiled. In 
order to facilitate comparison, the Sigtuna 
frequencies have been modified to reflect 
the number of examined eye pits (Table 
5.2). In the urban samples of Lund and 
Sigtuna, there are higher frequencies of 
cribra orbitalia among adolescents than 
among adults. This could indicate either 
that the lesions remodulated and healed 
to a certain extent as the individuals 

Iregren (2000) observed, however, that 
adults in the 20-40 years age range had a 
higher frequency (22%) of cribra orbitalia 
than individuals in the 40-60 year age 
group (18%). In her opinion, cribra 
orbitalia can be viewed as a disadvantage 
for a young individual, making survival 
into old age more unlikely. 

Westerhus and Tirup are both rural 
cemeteries but differ strongly in the 
incidence of cribra orbitalia among women 
(Table 5.2). This suggests that the factors 
contributing to cribra orbitalia must have 
differed more markedly between the sexes 
in Westerhus than in Tirup. 

 According to Arcini, there is a decrease 
in the incidence of cribra orbitalia in Lund 
from the 10th to the 16th centuries (1999: 
117). She also points out that in Lund, as 

Table 5.2. Frequency of cribra orbitalia in adult individuals in Sigtuna and other 
Scandinavian medieval sites (according to published data). *Adults=20-39 years.
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Westerhus 143 21,0 56 16,1 69 26,1 268 21,3 Alexandersen & Iregren 2000
Tirup - - 37 16 38 13 - - Iregren 1995 tab 3
Lund* 414 43,0 527 18 470 20,4 1710 24,3 Arcini 1999 A:tab 7:2a, 7;2b
Hamar - - - - - - 193 8,8 Sellevold 2001: 144
Sigtuna 62 24 84 9,5 42 11,9 188 13,3

became older or that 
many of the stressed 
young individuals 
died before reaching 
adult age. In the 
Westerhus material, 
adult women showed 
somewhat higher 
frequencies of cribra 
orbitalia compared to 
men and subadults. 
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well as in medieval Næstved, lepers showed 
the highest frequency of the condition 
(cf. Arcini 1999: 130). Considering that 
leper hospitals were founded later, it may 
to a certain degree explain the decreasing 
occurrence in Lund. The low prevalence of 
cribra orbitalia among the many high status 
individuals of Hamar, where no lepers 
have been documented, is noteworthy. In 
a comparison of adults, Sigtuna in fact 
exhibits the lowest frequency of cribra 
orbitalia. However, the cathedral cemetery 
of Hamar has the lowest frequency of 
cribra orbitalia if the frequency for all age 
groups is considered. 

The distribution of enamel hypoplasia 
at Westerhus similar to that of cribra 
orbitalia, with more affected individuals 
in the younger age category 20-40 years 
(59%) and a lower frequency (35%) in 
the 40-60 age group (Iregren 2000). Like 
cribra orbitalia, enamel hypoplasia seems 
to affect life expectancy. In Sigtuna no 
such tendencies are seen. In the 20-40 age 
group, at most 8.6% (n= 8) showed signs of 
orbital pitting; in the 40-60 years category 
the figure was 12.5%  (n=6). Enamel 
hypoplasia is registered in 26.1% (n= 31) 
of the young adults and 26.7% (n= 12) 
of the older adults. In Sigtuna the enamel 
hypoplasia of individuals in the 20-40 age 
group is more similar to urban Lund than 
rural Westerhus (Table 5.3).

A comparison of child health in Sigtuna 
with other materials shows that the 
frequency of cribra orbitalia and enamel 
hypoplasia in Sigtuna is relatively low and 
that stature is high, at least in older phases. 
The rather moderate incidence of cribra 
orbitalia and enamel hypoplasia in Sigtuna 
can be interpreted in at least two ways: A) 
compared to other medieval populations, 
the population lived a healthier life, at 
least during their childhood, with a low 
prevalence of factors leading to cribra 
orbitalia B) compared to other populations, 
the Sigtuna population suffered from poor 
health to a greater degree, at least during 
their childhood, with high child mortality 
leading to a misleadingly low number of 
adults suffering from the condition 

The lack of skeletal infectious changes 
in children from Sigtuna has a parallel in 
Lund (Arcini 1999). It is suggested that 
the situation is most likely similar as in 
the other sites, indicating that the children 
died before developing the skeletal changes. 
Regarding weaning, an visual investigation 
of child teeth shows that attrition is seen 
on the occlusal surface as early as one and a 
half years of age. In Westerhus, with some 
exceptions, most children seem to have been 
breastfed until two years of age (Iregren et 
al. 2000). Clearly, other health parameters 
need to be evaluated and compared in more 
detail. For example, as pointed out above, 

Table 5.3. The relative frequency of linear enamel hypoplasia in the age category 20-40 
years of age in Sigtuna and in Lund and Westerhus (according to published data).

 

900-1100 1100-1300 1300-1536 Total

Site

No. 
observed 

individuals Affected

No. 
observed 

individuals Affected

No. 
observed 

individuals Affected
Westerhus - - - - - - 59%
Lund 359 15% 136 23,5% 226 26,1% 20,1%
Sigtuna 96 15,6% 49 30,6% 10 10,0% 20,0 %
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the mean stature implies, at least in the 
initial phase, that the Sigtuna population 
was comparatively healthy. With the 
present data in mind it is suggested that 
the parameters are indicative of a rather 
healthy environment (alternative A), 
implying that the years during childhood 
were relatively comfortable in the early 
Sigtuna in comparison to e.g. some of the 
rural sites used as comparison.

Adult health
The health and paleopathological status 

of Sigtuna, though deteriorating over time, 
seems in large to be in line with other 
Scandinavian skeletal assemblages. Signs 
of non-specific and specific infectious 
diseases appear in general to have been 
as common in Sigtuna as in other urban 
materials. When the age distribution is 
compared at different sites, however, it 
becomes clear that an unusually high 
proportion of young adults (Juvenilis and 
Adultus), and few individuals in the oldest 
age groups, were found in Sigtuna. As 
suggested by Boldsen (1989), the reason for 
high mortality among the (under normal 
circumstances) strongest age groups could 
be exposure to new pathogens in the 
town, suggesting that these individuals 
did not grow up in Sigtuna. This theory 
is paralleled by the supposed settlement 
of young entrepreneurs in the initial phase 
and the later migration mentioned above.  

The distribution of the adult skeletal 
changes in relation to elements in Table 
4.20 is largely the same as in other skeletal 
assemblages, for example the Westerhus, 
Lund and Hamar (Gejvall 1960; Arcini 
1999; Sellevold 2001). An interpretation 
of this similarity could be a close 
correspondence in the way of life between 

different medieval populations in general 
and/or that there is a typical pattern for 
bone changes relating to biomechanics and 
pathology.

The possible identification of specific 
diseases, such as leprosy and tuberculosis, 
demonstrates some of the risks of life in 
an early medieval town. Since skeletal 
involvement is seen in only 3-7% of the 
diagnosed cases of tuberculosis (Steinbock 
1976: 175; Resnick & Niwayama 
1988: 2661), the discovery of at least two 
infected individuals suggests that the 
disease could have been a threat to the 
society and could have occurred regularly. 
The urban character of Sigtuna with densely 
populated streets must have placed people 
at greater risk than at earlier times or in the 
smaller rural settlements of the region. In 
other large Scandinavian materials with an 
urban character, such as Hamar Cathedral 
cemetery and Trinitatis in Lund, two and 
one affected individuals respectively have 
been reported (Sellevold 2001: 146; Arcini 
1999: 132). The case from Lund, dated to 
1050-1100, is considered to be the oldest 
example of tuberculosis in Sweden (Arcini 
1999: 132). In Sigtuna, the young woman 
(Idnr. 93019) with suspected tuberculosis 
in phase 1 has been radiocarbon dated to 
AD 890-1050 (Ua-22725, 94%) and hence 
is older. It is interesting that no individuals 
with tuberculosis have been documented 
in the large rural samples from Westerhus 

and Tirup. The 
disease has on 
the other hand 
been identified 
in other rural 
Danish medieval 
assemblages
(Bennike 1985: 184).
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Furthermore, the number of Danish cases 
seems to increase with time, possibly due 
to increased population density (Bennike 
1985: 184).

The earliest find of leprosy is from 
southwestern Sweden and is dated to the 
late Iron Age (cf. Arcini 1999: 130). The 
43 identified lepers in early medieval Lund 
are all dated somewhat later, namely to the 
earliest period prior to AD 1100 (Arcini 
1999: 118). The reason why so many lepers 
in Lund were found in ordinary cemeteries 
is apparently that they lived prior to the 
foundation of specific leper hospitals, 
which appear later (Arcini 1999: 130). 
Another concrete detail in Lund is that 

the lepers were buried in the outskirts of 
the cemeteries, which raises questions 
concerning the stigmatization of persons 
of importance. In Sigtuna, the young 
individual (Idnr. 95034) with suspected 
leprosy dated to phase 1 was buried next to 
the wall of the cemetery, i.e. almost as far as 
possible from the church. This strengthens 
the hypothesis of a stratified society in 
Sigtuna where poor or socially undesirable 
individuals were buried in the periphery of 
the churchyard (Figure 5.1).

As indicated by the woman (Idnr. 
93004) suffering from osteoporosis, 
skeletal changes, presumably associated 
with advanced age, affected people in 

Figure 5.1. The location of the man (Idnr. 95034) with presumed leprosy at Church 1.5.1. The location of the man (Idnr. 95034) with presumed leprosy at Church 1.
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medieval society. On the basis of medieval 
skeletal samples, it has been shown that 
the bone mineral content among women 
during this period was at least equal to 
that of today (Ekenman et al. 1993). The 
prevalence of osteoporosis in Sigtuna is 
difficult to estimate. As demonstrated 
in an earlier section, the population was 
relatively young, with apparently few older 
individuals, implying that the disease was 
not a major health problem. In the Hamar 
cemetery, 25 skeletons (7.8% of adults) 
were diagnosed with osteoporosis (Sellevold 
2001: 145), which is symptomatic as it has 
been shown that the Hamar assemblage 
contained a high frequency of old adults 
(Sellevold 2001: 186). The frequency of 
osteoarthritis also appears to be higher in 
Hamar, which again may be explained by 
differences in age distribution among the 
examined individuals. 

Signs of violence in medieval 
Scandinavia

In Sigtuna sharp force trauma was found 
in two different contexts. These were 
compared to remains from a historically 
documented battle in Uppsala. The 
demography and the trauma patterns in the 
three different samples reveal three diverse 

situations. The victims in the Sigtuna mass 
grave are not ordinary warriors and their 
blade wounds suggest that their aggressors 
attacked in a frenzy not even sparing young 
children. The intriguing distribution 
of blade wounds in Uppsala with high 
frequencies of blows against the back of the 
skulls and an almost equal side distribution 
implies that the men there were not in 
face-to-face combat even though they 
were most likely Swedish soldiers (Paper 
II). However, the men in the single 
Sigtuna graves and the separate crania 
display a more homogenous character both 
demographically and in the pattern of blade 
wounds. The side distribution suggests that 
they had experienced direct face-to-face 
combat. The appearance of antemortem 
trauma indicates that, at least for two of the 
men, this was not the first fight with bladed 
weapons. These observations may illustrate 
the life in Sigtuna where disease was not 
the only threat to the wellbeing of the 
inhabitants. Violent interactions occurred 
– sometimes with a deadly outcome.

Signs of violent interactions are observed 
in most medieval materials. In the cemetery 
at Hamar, at least ten men, approximately 
3.1% of all adult individuals, display 
some form of cranial lesions related to a 
traumatic injury caused by among other 
things bladed weapons (Sellevold 2001: 
124). In Westerhus, lesions interpreted as 
possibly caused by weapons are recorded 
on 16 (11.5%) adult individuals, all of 
them male. Four of the lesions (2.9%) have 
been identified as blade wounds (Gejvall 
1960: Table 14) (Table 5.4). Arcini (1999) 
identified traumatic injuries on the crania 
of 1.9% of adult individuals from some 
cemeteries in Lund, and approximately 
0.6% show sharp force lesions (Arcini 

Table 5.4. Sharp force trauma for adult 
in Sigtuna and in Lund and Westerhus 
(according to published data in Arcini 1999; 
Persson & Persson 1981; Gejvall 1960).  
*excluding the mass grave.

 

Site Affected Reference
Sigtuna 5,5/2,6%*
Lund 0,6% Arcini 1999
St Stefan 7,3% Persson & Persson 1980
Westerhus 2,9% Gejvall 1960
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1999: 138). From St Stefan’s in Lund, 36 
crania (7.3%) of 488 adults showed signs 
of sharp force injuries (Persson & Persson 
1980: Table 1-2). In Sigtuna, when the 
mass grave is excluded, the frequency of 
sharp force trauma is similar to that of 
Westerhus. 

Studies have shown that societies have 
existed where aggressive behaviour was 
considered normal and with both sexes as 
perpetrators (Burbank 1990). Indeed, with 
the rather common occurrence of weapon-
related lesions in the medieval samples in 
mind, lethal interpersonal violence seems 
to have been a reality, not only in Sigtuna 
but also in the medieval society as a whole 
(Halsall 2003: 3). However, in all the 
medieval reference samples the typical 
victims are adult men as in the single 
graves in Sigtuna, the Uppsala material 
and other known warrior or soldier graves 
(Ingelmark 1939; Chunha & Silva 1997; 
Bennike 1998; Scott et al. 1998; Fiorato 
et al. 2000). The same general connection 
between violence and men is often seen 
in anthropological studies from a variety 
of periods and locations (cf. Martin 
1997; Wilkinson 1997; Robb 1997). The 
discovery of women or children with 
weapon-related wounds must be considered 
relatively uncommon, even though such 
remains have also been documented (e.g. 
Willey 1990). Is this to be taken as an 
indication of a low incidence of violence 
against medieval women and children in 
general? Probably not. As indicated by 
medieval laws, committing murder was 
illegal, but wife beating may not have been 
uncommon (Myrdal & Bäärnheilm 1994: 
30). The domestic violence was probably 
non-lethal, resulting in injuries that healed 
without diagnostic weapon characteristics. 

The women and children in the Sigtuna 
mass grave represent an incident that 
even by medieval standards must be 
seen as unusually brutal. Since spousal 
abuse can be ruled out, a raid or ambush 
against an ordinary farm could explain the 
demographic composition in the Sigtuna 
mass grave as well as the probability that 
at least two men were relatives (Kjellström 
2000a; Paper III). 

Another common feature in both the 
main and reference materials with sharp 
force trauma is the high incidence of cranial 
lesions. Postcranial weapon-related trauma 
may, in archaeological contexts, be more 
exposed to poor preservation. Considering 
the study of the Battle of Good Friday, 
this cannot be the only explanation for 
the uneven distribution of cranial versus 
postcranial wounds. Mounted antagonists 
or poor quality of headgear, as suggested by 
Novak (2000), may clarify high frequencies 
of cranial wounds as a specific event but not 
as a reoccurring lesion pattern. It is more 
likely that the head, and to a certain degree 
the neck, was the primary target, which is 
similar to the situation in a recent society 
(cf. Walker 1997). The different pattern of 
blade wounds found among the men from 
the Battle of Visby, where the lower legs 
were the most affected regions, seems to be 
an exception to the rule (Inglemark 1939). 

The identification of blade wounds to the 
neck, as documented in four individuals in 
the Sigtuna mass grave, may raise questions 
concerning punishment and executions. 
Although it may have been practiced, few 
medieval Swedish documents mention 
torture (KL 1974: 519). Different types 
of physical abuse, such as mutilation, as 
punishment for a variety of offences did 
occur, however (KL 1972: 283). Particularly 
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for men, one of the most common execution 
techniques in Scandinavia was beheading. 
Both axes and swords are documented 
from these situations. In Lund, discoveries 
of unconsecrated graves, i.e. graves outside 
the walls of the churchyard, with men in 
unorthodox positions or showing signs 
of decapitation and mutilation have 
been interpreted as punitive sanctions 
against criminals (Carelli 1992, 2000). In 
Skänninge in the province of Östergötland, 
skeletons of three, most likely executed 
men were found buried in unconsecrated 
ground (Vretemark 1983). The reason 
why the men in Lund and Skänninge 
were decapitated is not known, but it is 
believed to be connected to counterfeiting 
or crimes against the Church (Vretemark 
1983; Carelli 1992, 2000). In Sigtuna 
no graves have been found under similar 
circumstances. The previously mentioned 
chained man (Idnr. 97105) at St Laurence’s 
is, however, of interest. Nevertheless, the 
chains should perhaps rather be linked 
to beliefs about preventing the dead from 
�walking�� than as a sign of criminal 
activities committed by the buried man.   

With the above discussion in mind, the 
general characteristics of the fallen men in 
single graves in Sigtuna as well as in the 
medieval reference materials suggest that 
most carried weapons. The grave location, 
inside the walls or within the restricted 
areas of the cemeteries, and the supine 
position of the men suggest that they were, 

Gender-related spheres and 
activity-related changes

The workload in the (most often self-
supplied) household was hard for both men 
and women. Though women in a general 
sense were considered ideologically inferior 
to men, they played a significant part in 
the household economy (Le Goff 1990:
286). Traditionally, medieval society has 
been regarded as divided into a female and 
a male sphere (Sawyer 1992: 98), where 
women were associated with the home or 
duties close to the farm (KL 1964: 566f). 
Men were more closely tied to duties 
surrounding the farm, to seafaring, or to 
trade and travelling in general, mining 
and forestry (Myrdal & Bäärnhielm 1994: 
42). However, medieval miracle stories 
and folklore material show that labour 
and family power could be almost equally 
distributed between a man and a woman 
(ibid.). Since medieval women could be 
occupied in many varied duties, it is implied 
that she could also influence the production 
of the farm (Sawyer 1992: 6). In addition, 
even though the rune stones, church walls 
and grave inscriptions illustrate primarily a 
strongly male-governed society, examples 
of female pilgrims and church builders 
exist. They show that independent women 
with strong social positions and economic 
resources were a reality. The transition 
to Christianity may have changed the 
position of the sexes, though it has been 
debated whether this change was purely 

if not greatly respected, at 
least allowed to be buried 
on sacred ground. The lesion 
patterns suggest that they 
met their enemies in face-to-
face combat.

positive for women (Sawyer 
1992: 40f; Ohlander & 
Strömberg 1997: 17f). 
With the urban character 
of Sigtuna in mind, the 
situation in the town and 
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the surrounding countryside may have 
differed. The urban character of the town 
in combination with the prevailing political 
and mercantile forces may have influenced 
the (biological) sex distribution in Sigtuna. 
Thus, the investigation of possible changes 
in the sex distribution in connection with 
the historical development of the region is 
considered of great importance. 

Gender has been defined as �the social 
construction of difference between men 
and women�� (Gilchrist 1997: 2). The 
nature of this division is closely tied to, and 
defined by, the time and society in which 
it operates. Compared to other disciplines, 
the gender perspective in archaeology has 
developed slowly (Gilchrist 1997: 3; Olsen 
1997: 246; cf. Tarlow 2001). This also seems 
to be true also for physical anthropology, 
possibly because the quantitative and 
empirical factor of biological sex has been 
more obvious and widely acknowledged. 
Unfortunately, the assessment of biological 
sex has possibly been an end in itself in 
anthropological research, through there 
are some exceptions (Iregren 1995). In 
archaeological studies it is important to 
acknowledge the biological sex without 
neglecting the social dimensions (Stig 
Sørensen 2000: 57). Gilchrist (1997: 4) 
points out that in order to discern a gender 
structure based on sex, a strict division 
of for example labour or status has to be 
present. Historical records imply that such 
a division actually existed in medieval 
society. Several indications in the Sigtuna 
material suggest that biological sex was 
a structuring factor of the society. Many 
health parameters such as signs of infection, 
dental health, DJD and trauma, suggest a 
difference in quality of life between the 
sexes, evidently throughout life (Paper IV). 

Furthermore, changes through time seem 
to have occurred. For example, men only 
show tibial periostal infection in phase 1, 
while women record a substantial increase 
of these skeletal changes in phase 2. Dental 
health is, during both phases, worse for 
women than for men. Men, on the other 
hand, show higher frequencies of DJD and 
trauma in some bone elements. The lack of 
a clear DJD or trauma pattern from phase 
1 to phase 2 is challenging and difficult 
to interpret. The changes, both positive 
and negative, of DJD and trauma possibly 
imply minor workload alterations over time 
for both sexes.

Even if the deterioration in health over 
time seems more clear for women, it may 
be questioned whether women in general 
suffered from poorer health than men. 
Excluding the temporal trend, the varied 
frequencies for different health parameters 
are relatively even between the sexes (Paper 
IV). Men exhibit a higher incidence of joint 
disorders, Schmorl’s nodes and trauma 
(Table 4.19). However, these parameters 
are more connected to activity than 
diseases and illness. Identifying specific 
activity patterns by occupational stress 
markers or other activity-related skeletal 
changes is complex (cf. Larsen 1997: 
161ff). Looking at the occurrence of DJD 
(Paper IV) and other joint changes (Tables 
4.19), it is possible to identify a difference 
between men and women, suggesting that 
the workload differed between the sexes, 
though probably more in the character 
of the work than its amount. Schmorl’s 
nodes may develop from frequent axial 
compression forces through the spine 
already in adolescence (Resnick & 
Niwayama 1988: 1528). Unusually high 
frequencies of Schmorl’s nodes have been 
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found among 15th century English soldiers 
(Coughlan & Holst 2000: 68), implying 
that these skeletal changes of the vertebrae 
could be connected to activities most often 
associated with men, such as horseback 
riding.

The most obvious difference between 
the sexes is seen in weapon-related lesions 
where, if the mass grave is excluded, only 
men are affected (Paper IV). In addition, 
for the general trauma distribution between 
the sexes in Sigtuna, the relative frequency 
(Table 4.19) shows a male predominance. 
In Sweden (Gejvall 1960 Table 14; cf. 
Arcini 1999 Table  8:3) as well as in other 
geographical regions and periods (Larsen 
1997: 117f), a male dominance of trauma 
seems to be the most prevalent. It has been 
suggested (Robb 1997) that men lived 
a physically more active life outside the 
household, making them more exposed 
to accidents and violence. The observed 
differences between the men and women 
in Sigtuna have revealed a distinction 
between a male and a female lifestyle in 
the town. 

The dental health indicates possible 
differences in the dietary pattern between 
the sexes (Paper IV). This suggestion 
was supported by the bone chemical 
analysis, which showed some differences 
between men and women in both phase 
1 and phase 2. In phase 1, in the Nunnan 
block, women exhibited a higher intake of 
vegetable-based food than men. In phase 
2, a more pronounced difference in stable 
nitrogen isotopes was observed between 

the sexes among the remains from Church 
1. The difference between the sexes was 
most likely not only dietary but strongly 
connected to social structures in Sigtuna. 
At Church 1, women showed high and 
rather restricted values while men exhibited 
substantial variation with lower nitrogen 
values (Paper V). The homogeneous diet, 
with a high input of fish, could imply that 
the women in Sigtuna were more stationary 
then the males. 

In Paper V the lead values of the 
studied individuals were tested. All of the 
at least six individuals with blue-black 
discolorations of their teeth belonged to the 
churchyard of Church 1. The individuals 
were buried in the grave zone A northwest 
of the church (Figure 2.3.) along with at 
least nine individuals with stainless teeth. 
Except for one man from phase 2, five of 
the individuals were adult women buried 
during phase 1. However, due to high 
levels of lead in the soil and the possibility 
of diagenetic alterations, the possible 
relationship between the stained teeth and 
exposure to lead could not be confirmed 
(Paper V). Still, the rather homogenous 
group of individuals with discolored teeth 
concentrated to one churchyard and one 
grave zone, and from foremost one phase 
and of one sex, is interesting. Should the 
discoloring be associated with some kind 
of activity as has been done previously 
(Wallerstedt 1994)? With or without a 
clear connection to high bone lead values it 
offers a platform for discussions of women’s 
roles and activities in early Sigtuna.
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Signs of social hierarchies 
The possible differences between social 

strata within Sigtuna are difficult to 
discuss. It is hard to recognize marked 
difference between the cemeteries and to 
identify socially stratified areas within 
the cemeteries where the grave gifts are 
few. In contrast, in Lund and Hamar 
identification of grave areas of different 
social status was possible (Arcini 1999; 
Sellevold 2001). Indications in Sigtuna 
include the graveyard at Church 1, which 
according to the health index (Paper IV, 
Table 24) housed the healthiest citizens 
of Sigtuna, at least in phase 1; constituted 
of in general tall (the tallest men) and 
old individuals (highest frequency of 
individuals in the age group �Maturus�� and 
��Senilis��). The observations are intriguing, 
since the church has been linked to the 
royal court (Ros 2001: 196; Tesch 2001). 
Within the churchyard of Church 1, there 
is a difference between grave zone B (close 
to the church) and grave zone C (further 
away from the church). The individuals in 
grave zone B has a higher stature, which is 
in line with several other studies showing 
that individuals close to the church are of a 
higher social status (Gejvall 1960; Cinthio 
& Boldsen 1984; Boldsen 1989). However, 
the sample size is small and the indications 
not statistically significant. On an 
individual level the two best examples that 
might represent social differences, are the 

accordance with lepers found in Lund 
(Figure 5.1). 

Differences in social status is possibly 
also reflected in the food habits as 
indicated by stable isotopes and trace 
elements (Paper V). Food is not merely 
a way to satisfy hunger and need for 
nutrition but also a way to manifest power 
(Isaksson 2000), celebrate religious cults 
or, as pointed out by Viklund (1998: 17), 
a way to express cultural identity (see also 
Stig Sørensen 2000: 104). In his study of 
food culture of the elite in early medieval 
(AD 500-1000) Svealand, Isaksson (2000: 
19) mentions that the differences in diet 
between social classes described in Norse 
literature may be mainly quantitative. This 
suggests that the same food was served to 
everybody irrespective of rank but of varied 
quality, quantity and prepared in varying 
manners. Furthermore, even within social 
strata, subgroups may show discernable 
differences between the sexes or between 
age groups (Hansson 1997: 18). In Sigtuna, 
as noted above, differences in dietary 
habits between men and women were 
observed in the Nunnan block in phase 
1 and at Church 1 in phase 2. The most 
interesting result in Paper V is, however, 
the significant difference, especially for 
women, between the Nunnan block and 
Church 1 in the earliest phase. The results 
from the Nunnan block, showing a higher 
proportion of vegetable-based food, is not 

discovery of a bishop/
abbot, in grave zone B 
of Church 1, and 
an individual with 
possibly leper-like 
changes found farther 
away, beneath the 
churchyard wall, in 

only in agreement with 
contemporary rural 
findings (Iregren et al. 
2000), but seems also to 
be a continuing of the 
Viking age conditions 
in the lake Mälaren 
area (Isaksson 2000). 
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When comparing the Nunnan block to 
Church 1, the effect of urbanization seems 
to be that a social difference emerges, 
manifested as a dietary difference between 
the buried groups. Already in the initial 
phase of urbanization in Sigtuna qualitative 
differences seem to have occurred. The fact 
that there is such an obvious difference 
between the female groups of the two sites 
in this phase shows that status is a more 
important part of the social structure than 
sex or possibly, if quoting Stig Sørensen 
(2000: 117), �less divided along gender 
lines��. In phase 2, a more marked dietary 
difference between sexes seems to have 

developed. This indicates a further division 
of the social hierarchies into sub-groups 
within the high-status environment 
although migration must be taken under 
consideration. The increasing social 
adjustments and allocation of subgroups 
seems to be in line with the general 
tendency of the time in Scandinavia to 
create a royally controlled and centralized 
hierarchical system. It has been suggested 
that it was during this period the earlier 
kin–based society declined leaving room 
for the formation of a state (Broberg1990: 
124; cf. Schmidt Sabo 1997).



To summarize, the investigation of six 
cemeteries resulted in the identification 
of 528 individuals allocated to three 
developmental phases spanning the period 
from approximately AD 970 to the 1530s. 
The focus of the thesis has been to explore 
whether the transition from a rural to an 
urban way of living may be exposed in the 
light of physical anthropology.

Were there any differences between the 
contemporary populations at different 
churchyards? 

Even if the question must be approached 
with caution the answer is yes. The 
osteological data revealed significant 
differences in sex and age distribution 
between some of the sites. Selective 
excavations cannot be ruled out as an 
explanation. However, cultural factors 
connected to the development of the 
town may have caused the biased sex 
distribution. Further, the chemical analysis 
of the bones showed differences in dietary 
patterns between sites, at least for women, 
much likely due to differences in social 
ranking.

Were there any differences between 
individuals from different 
chronological phases? 

Yes. Indications of an increasing adult 
immigration suggest that the population 
gradually grew. The increase of residents, 
and by that an influx of several negative 
health parameters, seem to have put people 
at risk, which can explain the deterioration 
of health. Even though the demographic 
alterations in Sigtuna are modest in 
statistical terms, the populations follow 
the general trend revealed in other skeletal 
materials with an increasing subadult 
mortality with time. 

Were there any differences between 
the osteological results achieved 
from Sigtuna and results from other 
skeletal materials from the same era in 
Scandinavia? 

The general appearance of the Sigtuna 
assemblage has parallels in many other 
contemporary skeletal assemblages. Few 
discovered infants and truly old individuals; 
a male bias; signs of commonly identified 
skeletal changes as well as specific diseases 
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- all these are observed in Sigtuna. The 
rather high frequency of juveniles and 
young adults seen in the town is probably a 
general urban phenomenon. However, due 
to amalgamation of different parameters 
such as subadult mortality, stature 
estimations and signs of poor health (cribra 
orbitalia and linear enamel hypoplasia), it 
is suggested that the Sigtuna inhabitants, 
at least initially, exhibited a comparatively 
healthy life. Though, it seems as this 
apparent positive divergence deteriorated 
with time.

Can the results from the osteological 
investigation be connected to the 
indications of urbanization seen in 
the archaeological context and in the 
historical documents? 

The interaction between biology and 
culture is observed through the osteological 
signs of adult immigration simultaneous 
with the construction of institutions and 
other archaeological remains representing 
increased prosperity in Sigtuna during 
the 11-12th centuries. Furthermore, signs 
of social ranking as well discrepancies 
according to sex are generally in 
accordance with contemporary historical 
records. It is known that the function known that the function 
of the churches in Sigtuna changed with 
time, e.g. St Laurence’s becoming the 
town parish church. Though, this has not 
been possible to support osteologically. 
The presence of foetuses (Church 2), slain 
men (the Nunnan block, Church 1 and 
St Laurence’s), a possibly leprous teenager 
(Church 1) and a shackled man (St 
Laurence’s) express however, a mutual and 
rather liberal view on who could be given a 
Christian burial.

In addition to the main aims the 
investigation has resulted in cautionary 
observations regarding sex and age 
assessments of fragmentary remains. 
Furthermore, though the usage of the 
health index is not without flaws, it has 
provided a consistent way of investigating 
changes in health, which is promising for 
future research.

I have strived to identify the changes 
undergone by the inhabitants of Sigtuna 
in connection with urbanization. In 
support of these broad syntheses, the 
osseous material from the town graves has 
been used. As source material the skeletal 
remains are, as has been shown, limited in 
many ways. As cited earlier, according to the 
osteological paradox a lesion may be a sign 
of poor health as well as a sign of physical 
strength, and several of the conclusions of 
the issues discussed above may similarly 
have a counterargument. Nevertheless, in a 
holistic process the results show more than 
the separate parts taken together, which, 
in my view, make my conclusions about 
biased sex distributions, immigration and 
deteriorating health highly possible.

Both the archaeological and historical 
context and in addition the several 
osteological parameters entail a more 
detailed understanding of the socio-political 
and economic fluctuations of the town. 
Although the urban character is established 
already from the start, the links between 
Sigtuna and its hinterland are significant. 
In essence, the urban farmer of Sigtuna was 
in close contact with a supporting network 
of local or foreign producers of a variety 
of resources in the surrounding area or 
abroad. In return, the town functioned 
as an administrative, religious and with 
time possibly economic centre, serving 
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both permanent and temporary citizens. 
The results from the osteological analysis 
suggest that young women and men with 
a healthy childhood settled in Sigtuna. 
Over time the physical quality of life 
among the inhabitants deteriorated while 
immigration caused an increase in the size 
of the population. Health may, however, 
be defined as �a state of complete physical, 
mental and social wellbeing and not 

merely the absence of disease or infirmity�� 
(World Health Organization). Very little 
can be said about how the inhabitants 
experienced the changes of the town, 
since the osteological analysis only reveals 
information about their physical state. If 
the signs of immigration are correct, it 
appears that in spite of increased health 
risks, Sigtuna attracted and seduced people 
for years before the golden era was over.
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Abbreviations
DS= Svenskt Diplomatorium
KL= Kulturhistoriskt medeltidslexikon
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Appendix 1. Statistical tests of difference of the sex distribution at different sites (Fisher’s two-
sided exact test).
 

Church 2 Church 3
The Nunnan 

block
St 

Laurence’s St Olaf’s
Church 1 (P= 0.4345) (P= 0.4266) (P= 0.0440) (P= 0.1939) (P= 0.0518)
Church 2 - (P= 0.3930) (P= 0.4218) (P= 0.0793) (P= 0.1580)
Church 3 - - (P= 0.1158) (P= 1.0000) (P= 0.0720)
The Nunnan block - - - (P= 0.0019) (P= 0.3589)
St Laurence’s - - - - (P= 0.0179)

Appendix 2. Statistical tests of difference in subadult mortality in Sigtuna and among the other 
skeletal assemblages in relation to the phases or periods (Fisher’s two-sided exact test).
 

Phases 1-2
Early - Mid. medieval

Phases 2-3
Mid. - Late medieval

Phases 1-2-3
Early - Mid.- Late 

medieval
Sigtuna (P= 0.203) (P= 0.359) (P= 0.134)
Other skeletal assemblages (P= 0.000) (P= 0.025) (P= 0.000)

Appendix 3. Statistical test of difference in age group distribution at different sites (Fisher’s two-
sided exact test).
 

Church 2 Church 3 The Nunnan 
block 

St Laurence’s St Olaf’s

Church 1 (P= 4.533x10-10) (P= 0.0243) (P= 0.7480) (P= 0.0221) (P= 0.4626)6)
Church 2 - (P= 0.0056) (P= 5.814x10-9) (P= 2.05x10-4) (P= 0.0643)
Church 3 - - (P= 0.0019) (P= 0.0253) (P= 1.0000)
The Nunnan Block - - - (P= 0.0595) (P= 0.2160)
St Laurence’s - - - - (P= 0.3665)
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Appendix 4. Statistical test of difference in subadult mortality at different sites and phases 
related to other skeletal materials from the same period (Fisher’s two-sided exact test).
 

Early Middle Late
Church 1 (P= 0.1705) (P= 1.565x10-6) -
Church 2 (P= 2.552x10-4) (P= 0.0087) -
Church 3 (P= 0.8290) - (P= 1.0000)= 1.0000)
The Nunnan Block (P= 0.0115) - -
St Laurence’s (P= 0.7858) (P= 0.6070) (P=0.3842)
St Olaf’s - - (P= 0.4975)
Sigtuna phase 1 (P= 0.075) - -
Sigtuna phase 2 - (P= 0.059) -
Sigtuna phase 3 - - (P= 1.000)

Appendix 5. Statistical test of difference in standard deviation of femoral length for each sex in 
relation to the phases (F-test).
 

Phases 1-2 Phases 1-3 Phases 2-3
Males (P= 0.63006) (P= 0.79768) (P= 0.73906)
Females  (P= 0.79997) - -

Appendix 6. Statistical test of difference in frequencies for single parameters of the health index 
in relation to the phases (Fisher’s two-sided exact).
 

Phases 1-2-3 Phases 1-2
LEH (P= 0.2555) (P= 0.126)
Caries (P= 0.0682) (P= 1.0000)
AM-loss (P= 0.464) (P= 1.0000)
Cribra orbitalia (P= 0.4189) (P= 0.232)
TPR (P= 0.3109) (P= 0.439)
DJD Shoulder (P= 0.7161) (P= 1.000)
DJD Hipp/Knee (P= 0.8219) (P= 0.5544)
DJD Cervical (P= 0.7803) (P= 1.000)
DJD Thoracicae (P= 0.3444) (P= 0.531)
DJD Lumbar (P= 0.4449) (P= 0.247)
Trauma Arm (P= 0.7864)
Leg (P= 0.8143)
Cranium (P= 0.6167)
Trauma Weapon (P= 0.0135)

 



CATALOGUE

Idnr: Unique ID
���e: One of six sites: Church 1, Church 

2, Church 3, the Nunnan block, 
St Laurence’s & St Olaf ’s

P�a�e: 1, 2 or 3 
�ex:  F=Female, M=Male, ?=Adult of 

undetermined sex
��e �r�up: Infant, Infans I, Infans II, Juvenilis, 

Adultus, Maturus, Senilis and Adult
Femur: The length of the left femur in 

millimeters, if the value is in 
parentheses, the right femur 

LEH: Linear enamel hypoplasia

0=bone/tooth present 
and healthy 
1=bone/tooth present 
and affected

Car�e�: Caries
�M L���: Ante mortem tooth loss

Cr�bra: Cribra orbitalia
TPR: Tibial periostal reactions
DJD: Degenerative joint disease in 

Shoulder, Hip/knee joint and 
Cervical/Thoracic/Lumbar vertebra 
respectively.

Trauma: Trauma observed in the Arm, Hand, 
Leg or Cranial elements.

Trauma Weap�n: Weapon-related trauma observed.
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INHABITANTS OF A SACRED TOWNSCAPE 
An Archaeological and Osteological Analysis 
of Skeletal Remains From Late Viking Age 
and Medieval Sigtuna, Sweden 

By Anna Kjellström1, Sten Tesch2, Anders Wikström3 

INTRODUCTION
Sigtuna is situated at a branch of the Lake 

Mälaren in eastern central Sweden, about 
35 km north of Birka and 35 km south of 
Gamla Uppsala (Old Uppsala). The town 
stretches along the south shore of a rocky 
and wooded strip of land, between two 
passages leading up to Uppsala (Figure 1). 
Sigtuna is the oldest - still existing - town in 
Sweden, founded about 980 more than two 
hundred years before the real expansion of 
towns, the medieval urbanization, took 
place. Primarily, Sigtuna was not a trading 
town, but a stronghold created by the king 
Erik Segersäll in his quest for power in the 
Lake Mälaren region. A mint, the first in 
Sweden, was set up in Sigtuna about 995 by 
his son king Olof Eriksson �Skötkonung��. 
Extensive archaeological excavations 
in the block Trädgårdsmästaren (1988-
1990) showed that the town was founded 
according to a predetermined plan, and 
that the king most likely played a crucial 
part in the foundation (Tesch 1990, 1996, 
2001b). Generally speaking and excluding 
functional analogies, Sigtuna succeeded the 

Figure 1. Map showing the location of 
present day Sigtuna.
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Viking Age proto-town Birka and preceded 
the 13th century town Stockholm. The 
foundation of the town was an important 
step in the development of the �Swedish 
realm��. The urbanization of Sigtuna was 
immediate and made the town comparable 
to other contemporary larger settlements 
in Western Europe. No traces of stables or 
barns have been found in the town layers, 
signifying the urban character. From the 
10th century and over the next 300 years 
it was the leading Swedish town and the 
largest and most densely populated city in 
eastern Scandinavia. Artifacts recovered 
from the town emphasize the importance 
of the urban settlement, not only through 
their exotic origin and exclusivity but also 
through the new ideas that some of the 
objects represent.
   The town was also, almost from the 
beginning, a central place for the Christian 
Church. A diocese was established in 
Sigtuna about 1060 by the archbishop 
of Bremen. As many as six or seven stone 
churches were erected before the middle 
of the 12th century. They are some of the 
oldest stone churches in Sweden. In 1237 
a Dominican Friary was founded and the 
Dominican church St Mary’s is one of 
the oldest brick-buildings from medieval 
Sweden. The Sigtuna bishopric ceased 
by the middle of the 12th century, but a 
deanery remained. 
   In the 14th century, after Stockholm 
had emerged as the new ćapital´ of the 
region, Sigtuna became a mere shadow of 
its former self. The population dwindled, 
plots amalgamated with fewer houses. It 
is, however, unclear in what way Sigtuna 
was affected by the climatic changes and 
the plague, which ravaged large parts of 

Europe and Scandinavia during the mid 
14th century. 

   The main focus of this study is to 
highlight the general living conditions 
in Sigtuna through time. Based on 
the grave material, the joint results of 
the archaeological and osteological 
investigations are combined to answer 
the question of who lived and who 
were buried in Sigtuna. Secondarily, 
comparisons between the broad temporal 
phases are made to investigate trends in 
health and social structure. In theory the 
economic and cultural development of 
Sigtuna affected the living conditions of 
the inhabitants, which may be reflected 
in the recovered osteological material. 
Thirdly, the socio-economical aspects of 
the biological and archaeological data 
are discussed with an attempt to use a 
standardized health index. This paper 
deals with archaeological material from 
excavations made on 11 different occasions 
from 1983 to 1999 (nine rescue and two 
research excavations). The total number 
of graves is 574 distributed between six 
churchyards and burial grounds. The 
total number of examined skeletons (n = 
528) is less than the number of excavated 
graves due to the fact that some recorded 
skeletons were left in the ground or were in 
total decay.

THE INHABITANTS OF A 
CHRISTIAN TOWNSCAPE - THE 
PREVAILING THEORY

The question about who lived and 
who were buried in Sigtuna during the 
Late Viking Age and the Middle Ages is 
complex. The simple answer, i.e. that they 
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were town-dwellers is not satisfying. The 
period from the foundation of Sigtuna 
to the end of the middle Ages is long. It 
covers more than 500 years - the Catholic 
period - from the time of missionary to 
the Reformation. During this time major 
social, economic and cultural changes took 
place in the society. For instance the 11th 
century Sigtuna was not the same town as 
in the 13th century, which is the time when 
the real urbanization took place in Sweden 
and Sigtuna became a town among other 
towns. Church organization and burial 
practices also developed and changed, 
making it necessary to discuss whom the 
persons buried in Sigtuna really were. 

   Tesch (2000, 2001a) has suggested a 
four-phase chronology for the development 
of the church topography in Sigtuna. 
Petterson (1995) has presented a separate 
three-phase development for the profane 
buildings1. However, the chronology of 
these two development systems does not 
coincide. The division of four development 
stages for the church topography is not 
obvious in the grave material. Using 
morphological criteria such as stratigraphic 
analysis, signs of mortar (i.e. indicate the 
presence of a stone church) and the arm 
position of the buried, an allocation of 
the graves into three burial phases were 
made. Furthermore, the three phases are 
chronologically established and verified 
through carbon dating (Kjellström et al., 
manuscript). 

BURIAL PHASE 1 
(C. 980-12TH CENTURY) 

The grave material and the finds from 
the settlement area makes Sigtuna stand 
out as a fully Christian town from the 

time of its foundation. The graves reflect 
the fact that the main purpose behind the 
foundation was to establish a powerful 
political stronghold in the Lake Mälaren 
region for a new kind of kingdom based 
on Christianity. About twenty Christian 
cemeteries (sw. gravgård)2 lay in a wide 
half-circle behind the settlement. Graves 
from three of these burial grounds (the 
Nunnan block) is included in the material 
examined in this paper. One prevailing 
opinion is that there were no wooden 
churches in the early town, before the 
middle of the 11th century, and that there 
were no in the countryside either. It was 
not necessary to have a special sacred 
building when celebrating Christian mass. 
Of importance was to have a sacred altar, 
with a reliquary inside, to put a chalice and 
a paten on (Stolt 2001). Finds of sepulchral 
stones used in small portable altars as cover 
for the reliquary suggest that mass was 
celebrated in the hall building situated in 
the far end of each town yard. The use of 
the hall as a room for Christian ceremonies 
was a transformation of the pagan use of 
the chieftain’s hall as a central place for the 
cult (Tesch 2000, 2001a, 2005).
   In the early town there were all together 
about 140 plots on both sides of a main 
street. A larger plot in the centre of 
the settlement has been interpreted as 
the kingś  yard (Tesch 1996). The plot 
boundaries laid out in the beginning of 
this phase at large remained unchanged 
through the centuries but the house 
arrangements within the plots differed. In 
a short initial phase at the end of the 10th 
century there were only one or two houses, 
foremost hall buildings, in a row with close 
contact to the main street (Petterson 1995). 
In the beginning of the 11th century the 



Anna Kjellström, Sten Tesch & Anders Wikström

4

arrangement changed and each plot now 
contained four to five houses, each with 
different functions. 
   Who were the people living in these town 
yards and who were the persons buried in 
the early town? On the whole, did it exist 
any proper townspeople in our meaning 
or compared with what we know about 
citizens in Late Medieval towns? Was it 
the king and his retinue that were buried 
in Sigtuna? Alternatively, was it rural 
Christian inhabitants? Different sources 
indicate that foreigners, especially from 
Slavic areas, were living in and visiting 
Sigtuna. Some of these people may also 
have been buried in Sigtuna.
   In the early kingdoms in Scandinavia, 
the kings used rich gifts to bind petty 
kings and local chieftains to the new 
cause. Gold bracelets and other gold 
objects were gifts of great symbolic value. 
Another important gift was a plot in the 
town, which was given to those men who 
supported the development of a kingdom 
based on Christianity. According to a runic 
inscription on a rib bone from the Sigtuna 
excavations, the King was very generous 
(with food and everything) and therefore 
very well respected. For the new Christian 
elite it was of great prestige to own or rent 
a plot in the town, but to live there and to 
be buried in the town may have been quite 
another matter. It is suggested that the 
magnates lived on their hereditary manor 
farm in the countryside and were buried 
on the Viking Age pagan grave field among 
the spirits of their ancestors. At this time 
the grave fields were transformed into a 
Christian burial ground (Tesch 2000). 
In Uppland this syncretistic use of pagan 
grave fields seems to continue until the 
middle of the 12th century (Andersson 

2004). The use of syncretism in this phase 
is illustrated by the fact that an apparently 
Christian person could be buried beside a 
pagan grave and by the mixture of �grave 
language��. An excellent illustration of 
how an old grave field was consecrated to 
Christian burial ground has been excavated 
in Valsta about 11 kilometres southeast of 
Sigtuna (Andersson 2004, 39ff).
   Not even the king stayed permanently 
in the town. The king and his retinue 
were constantly on the move between the 
demesnes of the Crown. While away the 
King and the owners of the town yards 
had a bryte (Sw.) or a housecarl (Sw.) with 
their families and thralls taking care of 
the town yard. Craftsmen were producing 
fine jewellery and combs, gifts used when 
establishing good relations with other 
noblemen (Tesch 1990). The more or 
less unfree craftsmen who were active in 
the town yards have been called �urban 
tenants�� (Andrén 1985, 85). In the first half 
of this phase crafts was on very small scale, 
household craft only. There were, however, 
also solitary specialized workshops, for 
instance the mint where fine jewellery, glass 
beads, and objects of morse ivory (walrus 
tusks) were produced. In the second half of 
the phase bronze-casting occurred on most 
town yards. The purpose of this production 
was probably not only practical but also 
made for prestigious reasons.
   Of special interest is the absence of stables 
and barns on the town yards in Sigtuna. 
This is in contrast to what we know about 
Swedish towns founded in the 13th century, 
where these buildings together with thick 
layers of manure are present. The absence 
of stables and barns in Sigtuna indicates 
close economic and social links with 
the hinterland, which means that the 
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manor farm in the countryside must have 
provided the people living in the town 
yard with food. This also suggests that the 
countryside farm provided the people that 
the owner needed for the town yard work. 
These people did not necessarily work all 
their life on the town yard.
   Who then, were the people buried on 
the oldest burial grounds in Sigtuna until 
the middle of the 11th century? It was most 
likely not any royal persons or any of the 
town yard owners. The manor farm in the 
countryside was their main affiliation and 
they were buried where their ancestors 
always had been buried on the grave field 
nearby the farm or village. The people 
who were buried in the town did not 
need to belong to any family community; 
e.g. craftsmen, thralls, foreigners, priests. 
According to Christian faith, everyone, 
poor as well as rich, should and had the 
right to be buried in sacred ground. An 
interesting unanswered question is why 
there are so many burial grounds and what 
kind of people each demarcated burial 
ground represents. Gräslund (1989, 39) 
has suggested that they reflect family- and 
lineage groups. Another suggestion is that 
the burial grounds signify different town-
blocks or different districts from were the 
town yard owners had their roots.
   During the second half of phase 1, 
when Sigtuna had become a bishop’s seat, 
there are some indirect proofs of wooden 
churches in the town. Probably the first 
one to be constructed was Church 1. 
After a few decades it was replaced by a 
stone church. Bonnier (1989, 11) thinks 
the supposed wooden cathedral ought to 
have had considerable proportions, since 
it should have had room for the Christian 
population in the missionary diocese. 

A related theory is emanating from the 
inscription on a runic stone found in front 
of the high altar in St Peter’s in Sigtuna. 
The stone is made of sandstone and has 
probably been used as a grave-slab. It is 
dated to the last quarter of the 11th century 
or to about the beginning of the 12th 
century. The inscription is fragmentary 
because the edges have been cut away; 
�Sven…carved the stone…who brought 
her to Sigtuna��. The usual interpretation 
is that Sven brought the remains of his 
wife to Sigtuna to be buried on a Christian 
churchyard. This is meant to reflect a time 
in the missionary period when there were 
few churches, especially in the countryside 
(Snœdal Brink 1983). The interpretation 
could be right, but there are also several 
documented examples where Christian 
village people continued to be buried at 
nearby Viking Age burial grounds until the 
middle of the 12th century. At this time the 
earliest Romanesque churches were built in 
the countryside. In addition, Christianity 
at this early stage was a private matter and 
therefore mainly embraced the upper level 
of the society, the magnate families and 
the farmers that erected rune stones. The 
establishment of parishes was still far away, 
which means that there was no immediate 
need for large churches. 
Of special interest when discussing the 
inhabitants of Sigtuna, in both burial 
phases 1 and 2, is the importance of 
the eastern contacts. Dynastic ties and 
political alliances between the Swedish 
kingdoms and KievRus and west-Slavonic 
principalities is well testified. Swedish 
kings married the daughters of Slavic 
princes and vice versa. Indeed, many 
rune stones tell of journeys eastwards to 
both Gårdarike (KievRus) and Miklagård 
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(Constantinople). The most persuasive 
reasons for seeking fortune eastwards 
were based on the acquirement of gold 
and other riches either through trade or 
through service in the Kievan prince’s 
bodyguard or through service in the 
Eastern Roman Empire. The old Icelandic 
sagas mention Sigtuna in connection to 
journeys to Gårdarike. It is thus likely that 
a large part of the journeys eastwards from 
mid-Sweden departed from, and returned 
to, Sigtuna. Hence, it is not strange that 
Sigtuna is the site in Scandinavia where 
most finds from 11th and 12th century 
Rus and Byzantium have been excavated. 
The intense interaction with KievRus left 
a distinct mark on the cultural pattern 
in Sigtuna. How should these finds be 
interpreted? Were they just souvenirs or 
gifts brought home or do they indicate 
Slavic immigrants?  Imported late Slavonic 
vessels from KievRus came through the 
harbour area. Slavic potters also worked in 
Sigtuna and native potters made hybrids in 
Slavic style (Roslund 2001; Tesch 2004). 
Among the most interesting of these finds 
is a large number of Volhynian spindle 
whirls. They are made of a reddish slate 
from a quarry 10 km or so north-west of 
Kiev. Only a few spindle whirls of this 
type have been found in other parts of 
Scandinavia. One possible interpretation 
is that the exotic objects express the very 
real presence of Slavic women in Sigtuna 
(Tesch 2004). Temple rings, found both in 
the settlement area and in graves, can be 
interpreted in the same way. Slavic Women 
and women from some of the Baltic tribes 
used two temple rings as head adornment 
with their outfits. 

BURIAL PHASE 2 
(C. 12TH-14TH CENTURY)
The kingś  power position in the lake 
Mälaren region had varying success during 
the 12th century. The elite was composed of 
magnate families loosely affiliated through 
marriage alliances and family ties. The 
church organization was weak and the 
members of the elite exploited it. A strong 
ambition to express power is demonstrated 
by the construction of all the Romanesque 
stone churches in Sigtuna and the 
hinterland. Constructing a stone church 
was a large capital investment. For those 
who stood behind the churches it was both 
a Christian and a worldly manifestation. 
   As mentioned above the first stone church 
to be constructed was Church 1 c. 1080. 
During the 12th century all the other 
churches were constructed along a new 
street, parallel and north to the main street, 
and in the same area as the line of burial 
grounds. The church-topography reflects 
an intention to create a sacred ceremonial 
townscape for ecclesiastical processions. 
It also reflects the idea of the holy and 
heavenly city. All churches played a part 
in a lithurgic drama where each church 
had its specific function and ceremonial 
meaning.
   Throughout the 12th century Sigtuna still 
was the only town in the eastern part of 
Sweden. Each town plot contained four or 
five houses in a row, but a more specialized 
handicraft than previously started to 
appear (Petterson 1995). The workshop 
close to the main street on each town yard 
was replaced during phase 2 by two small 
workshops, side-by-side. These workshops 
are more like sheds. Here bronze casting, 
black-smithing and especially comb-
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making were carried out in large scale by 
professional craftsmen leaving thick layers 
of waste, especially a large amount of elk 
antler chippings (Petterson 1995). Probably 
these craftsmen still were some kind of 
urban tenants. The regular location of the 
Sigtuna churches, with 35 to 50 meters 
between each churchyard, alongside a new 
stone paved street and the cathedral placed 
in the absolute centre of the town was 
not only a manifestation of power. It was 
also the result of a quite conscious plan to 
create a sacred townscape where both God 
and King were honored. The town which 
originally had been planned for the need to 
express royal power did now get a Christian 
signification (Tesch 2000, 2001a).
   However, who were the people buried 
inside the stone churches and on the 
churchyards? It seems likely that the 
powerful families who constructed the 
churches also were buried inside or at the 
south wall of the church. In the Early 
Middle Ages only kings and bishops were 
allowed to be buried inside a church, but 
the patrons could be buried in the tower-
room. Though, it is uncertain if these 
rules were followed. After some time the 
town example spread to the hinterland and 
stone churches were constructed by other 
powerful families, 4-5 miles from Sigtuna 
which may have been the extension of the 
Sigtuna diocese. The anonymous graves 
can not help us to decide who the people 
buried in the phase 2 were. Are they the 
same kind of people we have suggested 
for phase 1? The answer could be both 
yes and no. It still was people with some 
affiliation to the town yard households that 
was buried in the town. In addition, by 
now there was also a good deal of prestige 
connected with being buried in one of the 

Sigtuna churchyards, at the kingś  church, 
or at the bishopś  church and so on. The 
people from the countryside buried in 
Sigtuna was probably related or bound 
up with the families that stood behind the 
stone churches. Most probably the phase 2 
graves are more mixed considering both 
the origin of the persons and their social 
position. The construction of at least six 
stone church also meant that there were 
a lot of specialists in town for a good deal 
of phase 2; master-builders organizing the 
work, stone masons, carpenters and other 
craftsmen. Furthermore all these churches 
meant a lot of priests engaged by the 
church-owners to hold masses for family 
members who had died. Most likely some 
of these people, e.g. craftsmen and priests, 
also passed away in Sigtuna and got buried 
on some of the churchyards.
   In the beginning of the 13th century 
Sigtuna was still a flourishing town with 
a strong religious and social position 
demonstrated in the foundation of a 
Dominican friary, a St George’s hospital 
and a royal mint. Different factors suggest 
that Sigtuna continued to have a strong 
position for yet another decade (Tesch 
2001a), but the town changed. As a 
consequence of the 4th Lateran Council 
in Rome 1215 the parish organization 
was strengthened during the course of the 
13th century. Some of the private churches 
were converted into parish churches. St 
Laurence ś became the parish church for 
the towns people, while St Peter’s and 
St Olaf ’s became parish churches for the 
surrounding countryside. St Nicholaś , 
later known as the �Old Russian church��, 
remained private until the Reformation 
(Bonnier 1989). The other churches were 
torn down. This means that the graves 
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in the later part of phase 2 and also in 
phase 3 from St Laurence’s, irrespective 
of phase and church, are the only graves 
we clearly can determine as belonging to 
town-residents. Whether they were citizens 
or not is a harder question to answer. The 
graves from the western part of St Olaf ’s 
churchyard can on the other hand have 
been countryside residents.

BURIAL PHASE 3 
(C. 14TH CENTURY – 
 THE REFORMATION) 
During this phase Sigtuna became a town 
in its �true�� sense and like many towns 
in the Baltic Sea Area it was dominated 
by the Hanseatic League. However, 
the town experienced a decline, and 
stagnation, which seems to have started 
during the end of the 13th century. In the 
14th century, concurrently with a general 
population decrease in Europe caused by 
several plagues and climatic deteriorations, 
Sigtuna declined in population size and 
the town lost its former status as an urban 
centre. Also the town yards changed. The 
small workshop sheds facing the street were 
now replaced by a rather large two-storey 
building with a shop on the first floor and 
storage and living room on the second. The 
plot boundaries also changed. Several town 
plots were joined together and became 
wider, similar to the current town plan. 
After the Swedish Reformation in A.D. 
1527 several churches were abandoned and 
left to decay and the friary was completely 
torn down, except for St Mary’s, which 
became the church of the town parish. 
   Phase 3 differs from the earlier phases 
by the fact that we now have access to 

some written sources. In spite of the 
written sources we know less of this period 
due to the fact that the archaeological 
material is very sparse. The main focus at 
archaeological excavations in Sigtuna has 
been on the timeframe 970-1300, mostly 
because very little archaeological remains 
exist from later periods and also because 
antiquarian authorities have focused on the 
earlier periods.
   Some of the written sources mention 
certain people living in the town3. For 
instance, it is known that people belonging 
to the higher nobility still owned town 
yards in Sigtuna, which means that at least 
some of the original ownership pattern 
still was existing (Schück 1926, 426). 
The Romanesque stone churches were no 
longer of great interest for the families 
that had stood behind the construction 
of the churches. The focus was now on 
the Dominican Friars and their huge 
brick-building project. Large donations 
were given to the Dominicans in exchange 
for a burial spot in the church or in the 
churchyard. For instance, two archbishops 
and several magnates are buried inside the 
church. 
   Individuals with varied professions 
are mentioned. A �prefectus�� Pavo the 
kingś  bailiff is mentioned 1274. He was 
also one of the burghers. In a testament 
from 1298 two witnesses, two �domini�� 
(i.e. members of the city council) are 
mentioned; Johannes Saxi and Godica 
scalli (the bald) both of them Germans. 
By further mentioning of German domini 
we can draw the conclusion that German 
burghers dominated the city council in 
Sigtuna about 1300. 
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CHURCHES AND BURIALS 
–PRESENTATION OF 
THE ARCHAEOLOGICAL GRAVE 
MATERIAL
There were among eight to ten churches 
in Sigtuna during the middle ages (Figure 
2), (the first time mentioned in written 
records in parenthesis); St Peter’s (S:
t Per, 1220), St Mary’s (Mariakyrkan, 
the Dominican friars church, 1237), St 
George’s (S:t Göran, hospital, 1278), 
St Olaf ’s (S:t Olof 1286), St Nicholaus 
(1304) and St Laurence’s (S:t Lars, 1311). 
From archaeological excavations we know 
of at least two additional churches, Church 
1 in the block St Gertrud and Urmakaren 
and Church 2 in the block St Nicolaus. 

Furthermore, Churchyards have been 
discovered in the blocks Magistern and 
Kållandet but the associated churches have 
not yet been located. 
   In spite of the fact that archaeological 
excavations have been carried out in 
Sigtuna since the late 19th century our 
knowledge about the sacred townscape 
are in some cases still sparse (until now 
about 350 archaeological excavations 
have been carried out). The dating of and 
function of the churches are still discussed 
(Tesch 2000, 2001a; Wikström 2005). 
One reason for the ongoing debate is that 
few archaeological excavations have been 
carried out in the churches. On the other 
hand, more excavations have been carried 

Figure 2. The burial ground and churchyards mentioned in the present paper. 
1) The Nunnan block, 2) Church, 1 3) Church 2, 4) St Laurence’s, 5) St Olaf ’s, 6) Church 3. 
The map shows the present day plot boundaries.
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out on the churchyards and until now over 
500 graves have been examined. However, 
as shown in Table 1 the distribution of 
excavated graves is markedly unequal 
among the churchyards. The churchyard 
in the Kållandet block only consists of 
four graves and is therefore combined with 
Church 2. An approximate calculation of 
the total area of all the churchyards gives 
a number between 25 000 and 35 000 m². 
Based on archaeological results there were 
between 1,1 and 1,3 burials per square 
meter, indicating that 25 000 to 45 000 
people may have been buried in Sigtuna 
approximately from 980 - 1530. This 
number can be compared with the total 
number of excavated graves from the eleven 
excavations, 574 graves; which is only 1 or 
2 percent.

THE GRAVE- AND 
CHURCHYARDS 
IN SIGTUNA
The Nunnan block
The excavation results from the Nunnan 
block are the best known example of how 

burial grounds looked like. The graves are 
widespread almost without any overlapping 
graves. So far no delimitation of a burial 
ground has been found, but at least three 
different groupings can be discerned 
(Figure 3). The size of a single burial 
ground is about 800 to 900 m². Some of 
the graves have been dated from coins, 
from the late 10th century until the middle 
of the 11th century.

Church 1
Excavations show that the stone church 
was constructed already in the latter half 
of the 11th century, which makes it one 
of the oldest in the Mälaren area (Tesch 
2001a, 9ff). A wooden church, probably 
constructed in the middle of the 11th 
century, preceded the stone church. The 
results also show that the stone church was 
torn down around late 13th century or in 
the beginning of the 14th century. The early 
destruction of the church may explain the 
lack of written medieval records naming 
or describing it. The stone church is 28 
meters long and 12,4 meters wide with 
an apse. In the western part there was 
probably a crypt. The delimitation of 

Table 1. Skeletal assemblages and number of investigated skeletons. UV = utgrävningsverksamheten, 
(The Archaeological Excavations Department at The National Heritage Board), SMUV = Sigtuna 
museums utgrävningsverksamhet (The Archaeological Excavations Department at The Museum of 
Sigtuna).

 

Site Excavated
No. of 

excavated graves

No. of 
analyzed 
skeletons

The Nunnan block 1984 (UV), 1987 (SMUV) 117 (19,8%) 113
Church 1 1983 (UV), 1991, 1993, 1995 

(SMUV)
183 (31,8%) 165

The Kållandet block 1990-1991 (SMUV) 4 (0,7) 4
Church 2 1990-1991 (SMUV) 95 (17,2%) 88
St Laurence’s 1998  (SMUV) 124 (21,6%) 118
St Olaf’s 1999 1990-1991 (SMUV) 10 (1,7%) 9
Church 3, Kv. Magistern 1992, 1998 1990-1991 (SMUV) 41 (7,1%) 31
Total 574 (100%) 528
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the churchyard is unusual in shape and 
surrounds an approximately 2000 m² large 
area (Figure 4). The excavated graves come 
from the south (1993 and 1995), southeast 
(Urmakaren 1991) and northwest (1983) 
part of the churchyard close to the church.

Church 2
In the St Nicholas block in Prästgatan 
about a hundred graves where excavated in 

1991-92. Fragments of what are considered 
to be the remains of the ground wall to the 
southern wall of the nave were discovered. 
The grave material suggests early medieval 
graves at both a stone church and an older 
wooden church. There are also indications 
of even earlier graves from a burial ground. 
The results suggest that the stone church 
was torn down already during the late 13th 
century. The stone church was probably 

Figure 3. The distribution of graves in the burial ground at the Nunnan block.
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constructed in the late 11th century or in 
the beginning of the 12th century. The 
delimitation of the churchyard has been 
established (Wikström 2005, 10f). The size 
of the churchyard can hereby be calculated 
to approximately 2200 m². The excavated 
trench probably stretches from west to 
east south of the church. The presence of a 
church in the Kållandet block is indicated 
by a churchyard. Four graves where found 
at the excavation of Prästgatan in 1991-92. 
The arm positions in the graves indicate 

that the churchyard is from the early 
Middle Ages.

St Laurence’s
Today only the western tower is visible 
above ground, however, a part of the 
northern wall of the nave is indicated as 
a raised mound above ground level. The 
plan of the stone church shows a western 
tower, a nave and a straight apse. A rune 
stone with preserved paintings have been 
found in the masonry, which suggests that 

4. Grave zones (A-C) and distribution of graves at the churchyard of Church 1.
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the church was constructed in the early 
12th century (Bonnier 1987, 21) although 
this date has been questioned (Redin 
1997, 598; Tesch 2000, 22). The excavated 
graves come from the southeastern and 
southern part of the churchyard near the 
church. The delimitation and size of the 
churchyard is difficult to establish, but is 
probably around 6000 m², and thereby one 
of the largest in Sigtuna.

St Olaf ’s
St Olaf ’s has been excavated in 2001, 2002 
and 2004. The results showed that the 
area in an initial stage (c. 980-1050) was 
a burial ground, but a wooden church was 
probably constructed later (c. 1050-1075). 
The wooden church was later replaced by 
stone churches (Stone church I founded 
about 1075, Stone church II founded in 
early 12th century to the reformation). The 
excavated graves are located in the south-
western part of the churchyard. The size of 
the churchyard has been estimated to 4500 
– 5000 m².

Church 3
In the Magistern block, excavated in 1992 
and 1998, the presence of both a wooden 
church and a stone church is suggested 
by graves with and without mortar in the 
filling (Wikström and Kjellström 2005). 
The positions of the arms indicate that 
churchyards have been used both in a 
short period in the early middle Ages and 
later on in high- and late middle Ages. 
The excavated graves are located south 

of the possible churches. The size of the 
churchyards is approximated to 4000 m² 
or less.

THE GRAVE MATERIAL - 
STRATIGRAPHIC ANALYSIS
Even though the Sigtuna graves were 
excavated according to traditional methods 
the principle of single context was used 
during the stratigraphic analysis of the grave 
material (Harris 1997, 66 Fig. 24). Hence, 
the total grave material was uniformly 
handled. Due to some limitations of 
documentation the grave cut, skeleton 
and the fill of the grave were treated as one 
context and labeled according to the grave 
identification number during field work. 
The stratigraphical relation between graves 
could in many cases be established through 
disruptions of older graves by younger 
graves. The stratigraphic analysis resulted 
in a grave matrix for each excavated site, 
which facilitated the grouping of the graves 
into three chronological phases (Wikström 
2005). The three main criteria considered 
for the allocation were: 1) the stratigraphic 
analysis, 2) signs of mortar (i.e. indicate 
the presence of a stone church) and 3) the 
arm position of the buried (Redin 1976; 
Kieffer-Olsen 1993). The grave distribution 
for each phase is presented in Table 2. Since 
three of the four churchyards no longer 
were in use in phase three, there is a strong 
overrepresentation of graves from phases 1 
and 2.

Table 2. The distribution of the grave material into phases (for eight graves the phase was not 
possible to establish).
 

Phase Period No. of excavated graves %
Phase 1 970– 12th century 273 47%
Phase 2 12th century – 14th century 248 43%
Phase 3 14th century – reformation 45 8%
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PHASES AND DATING
Since the grouping of the grave material 
in phases is based on criteria that can 
be considered relative to each other, it is 
difficult to specify a chronological span 
for each phase. The stone churches were 
not constructed at the exact same time 
and the dating of some of the churches is 
vague. The time differences are, however, 
short, and general comparisons between 
the different grave materials should not be 
affected. Since the year 2000 96 skeletons 
(18% of the total material) have been 
carbon dated (Ua17743-17750, Ua21858-
21869, Ua22702-22741, Ua23198-23237). 
The results were used to verify the phases 
and in four cases rearrange the graves from 
one phase to another. 

BURIAL PRACTICES
The knowledge about the medieval 
burial practice is well recognized both 
archaeologically and historically (e.g. 
Nilsson 1987, 1989, 1994; Kieffer-Olsen 
1993; Chintio 2002). According to written 
records there were normative regulations 
connected to social rank determining the 
spatial distribution of the buried (Andrén 
2000). However, since the churchyards in 
Sigtuna only have been partially explored 
these regulations can only be presumed. 
Compared to other grave materials, e.g. 
Lund, the archaeological grave material 
from Sigtuna is rather sparse. In general 
this is due to poor preserving conditions. 
Very little organic materials are preserved. 
Distinctions between different types of 
wooden coffins are difficult to make. 
Though, the Christian burial practices in 
general were homogenous. However, there 

are some features that can be compared 
between the different churchyards and 
burial grounds; first, the form and material 
of the grave, second, the presence of charcoal 
and third, the grave goods. These features 
can be used to study differences in burial 
practices and possible social stratifications 
both between the churchyards and within 
the churchyards.

Grave types
A total of 240 (42%) graves had traces of a 
wooden coffin, either through the presence 
of iron nails or wooden remains (mostly 
only heavily decomposed wooden fibers). 
The frequency among the phases is equal, 
but differs between the cemeteries (Tables 
3 and 4). Only one brick coffin has been 
discovered, at Church 2 in phase 2. No 
other types of coffins have positively been 
identified. Finds of burial stones i.e. stones 
or brick stones placed close to or around 
the buried person (Kieffer-Olsen 1993, 
143f), have been found in 28 graves with 
an equal distribution between the phases. 
If the stones have been placed in an ordered 
position the most common location was 
around the head, followed by both feet and 
head. 

Charcoal in graves
Charcoal in the grave have been used as 
an indication of some symbolic meaning 
connected to cleansing of the soul and high 
social status (Kieffer-Olsen 1993, 166). 
Of all excavated graves 28 (4,9%) had 
charcoal at the bottom of the grave and, 
except for two graves, all belonged to phase 
1. Notable is that the majority (18 graves) 
comes from the burial ground in the 
Nunnan block and the rest were discovered 
at four churches (five graves from Church 
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3, four graves from the Kållandet block, 
one grave from Church 2 and one grave 
from St Laurence’s). 

Grave goods
Objects were recovered from 77 graves 
(13%) (Table 3). The distribution of graves 
with objects or grave goods is rather even 
between the phases and between the 
churchyards and burial grounds. However, 
notable objects, clearly belonging to the 
buried, are jewelry of Slavic types. One 
individual at Church 2 (phase 2) had two 
temple rings and a bracelet, both made 
of bronze. Another temple ring in bronze 
has been found in a grave at St Laurence’s 
(phase 2), and a temple ring in silver has 
been found in a grave at Church 3 (phase 
1). Slavic influences are also seen in a grave 
at Church 2 where a stone circle surrounded 
the diseased, which are considered to 
be a Slavic type of burial practice (Juri 

Leseman, pers. comm.). Other examples of 
grave goods are beads, silver coins, knives, 
needles, and whetstones and a comb.
   In summary, the Sigtuna graves reflect 
an urban Christian burial system where 
few graves distinguish themselves and 
poor preservation affects the graves and the 
general archaeological context.

THE OSTEOLOGICAL ANALYSIS
In the present study all Sigtuna skeletons 
(n = 528) were examined and documented 
in the same consistent manner, irrespective 
of earlier osteological analyses of some 
of the samples. Each skeletal element 
was dry brushed except for details such 
as pathological changes or teeth, which 
were rinsed in water. The skeletal gross 
morphology was examined and registered.

Table 3. Distribution of coffins, charcoal and grave goods among excavated graves.
 

Phase Wood coffin Burial stones Brick coffin Charcoal Grave Goods
Phase 1 119 (43%) 14 (5%) - 26 (10%) 42 (15%)
Phase 2 104 (42%) 11 (4%) 1 (0,4%) 2 (0,8%) 31 (13%)
Phase 3 17 (40%) 3 (6%) - 0 4 (9%)
Total 240 (42%) 28 (5%) 1 (0,1%) 28 (4,9%) 77 (13%)

Table 4. Distribution of wood coffins at different sites and phases for the individuals in the 
present paper. Only osteologically analysed individuals are included. For the phases, the total 
frequency of coffins at each cemetery is presented. Grey areas denote inactive periods.
 

Site
Analysed 

burials
Coffins 

 n
Coffins 

% 
Phase 1 

%  
Phase 2 

% 
Phase 3

%
The  Nunnan block 113 66 58.4 58.4 - -
Church 1 165 74 44.8 31.0 47.8 -
Church 2 92 34 37.0 29.2 39.7 -
St Laurence’s 118 27 22.9 19.7 25.7 27.2

St Olaf’s 9 9 100.0 - - 100.0
Church 3 31 19 61.3 70.8 - 28.6
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ANTHROPOLOGICAL METHODS
For age assessments several methods 
were applied. For young individuals 
epiphyseal fusion was registered according 
to Brothwell (1981) and Scheuer and 
Black (2000). Dental development was 
documented after Ubelaker (1989) and long 
bone length without epiphyses according 
to Stloukal and Hanáková (1978). Adult 
age assessment on the pelvis was based on 
works by Brooks and Suchey (1990) and 
Meindl and Lovejoy (1989). In addition, 
ectocranial suture closure was noted on 
the crania (Meindl and Lovejoy 1985) and 
dental attrition was registered according 
to Brothwell (1981). All individuals were 
divided into age groups (Infant = >0,9 
year), Infans I = 1-5 year, Infans II = 6-12 
years, Juvenilis = 13-18/23 years, Adultus = 
20-39 years, Maturus = 40-59 years, Senilis 
= 60+, Adult = 20+).
   Mean age at death was estimated to 
facilitate both intra- and later inter material 
comparisons based on assessed skeletal age 
of all individuals from each chronological 
phase or the entire sample. To make 
estimates of birthrate the Buikstra ratio, 
i.e. deaths ages 30 years and over divided 
by deaths ages 5 years and over (d30+/d5+), 
were calculated (Buikstra et al. 1986; 
McCaa 2002).  According to Buikstra and 
colleagues (1986) changes in the D30/
D5 measure indicate birthrate changes, 
which is of interest in the present study. 
An increased number of births result in 
a decrease in the proportion of d30+/d5+. 
In the present study the term subadults 
denotes all individuals below 15 years of 
age.
   Sex assessments were only performed on 
adult individuals (i.e. with fully developed 
pelvis or signs of dental attrition on the 

second molar). The assessments of sex were 
based on morphological features on the 
pelvis and skull (Buikstra and Ubelaker 
1994; Bruzek 2002; Kjellström 2004). In 
addition, sex discriminating measurements 
of the femora (the bicondylar width and 
vertical diameter of the head) and humeri 
(vertical diameter of head) were used 
(after Pearson 1917-19 and Stewart 1979 
presented in Bass 1987). A detailed analysis 
of the sex assessments in Sigtuna has been 
presented previously (Kjellström 2004).
   Stature estimations on long bones 
were calculated from left side femora 
(substituted by the right side when needed) 
using regression formulas presented by 
Trotter and Gleser (1952, 1958) and 
Sjøvold (1990).

OSTEOLOGICAL HEALTH AND A 
STANDARDIZED HEALTH INDEX
To recognize possible differences in 
human health between cemeteries of 
different chronological phases and between 
cemeteries from the same time period 
various health indicators were examined. In 
the present study the definition of skeletal 
stress by Goodman and Martin (2002, 12) 
as �a measurable physiological disruption 
or perturbation that has consequence for 
individuals and populations�� is used. In 
order to facilitate comparisons between 
temporal periods an attempt was made 
to apply a health index with seven pooled 
osteological health indicators. A health 
index has previously been used in the 
analysis of the quality of life of more than 
12.500 individuals from 218 archaeological 
sites (later combined to 65) in North, 
Central and South America dated between 
4000 BC and the early 20th century (Steckel 
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and Rose 2002; Steckel et al. 2002b). In 
the project, called the Western Hemisphere 
project, seven indicators demonstrating 
fluctuations in the quality of life were used. 
These indicators were: 1) degenerative 
joint disease (DJD), 2) trauma, 3) dental 
health (caries, antemortem tooth loss and 
abcesses), 4) stature, 5) anemia (porotic 
hyperostosis and cribra orbitalia), 6) enamel 
hypoplasias, and 7) skeletal infection. The 
seven indicators reflect different aspects 
of the quality of life of both subadults 
and adults (for a review see Larsen 1997; 
Goodman and Martin 2002). All of the 
variables in different combinations, have 
been applied in other anthropological 
studies in order to investigate the health 
status of skeletal populations (e.g. Cohen 
and Armelagos 1984; Arcini 1999; 
Sellevold 2001; Haduch 2002; Jankauskas 
2002). However, inconsistencies of 
methods, small sample size or even 
contradictory results have sometimes made 
interpretations difficult. The advantage 
with a standardized health index is that 
it is a multiattribute system. The index 
takes into consideration the quality of 
health of the individuals subdivided into 
six age groups whose influence on the 
total health index are adjusted according 
to the age distribution to a reference 
population (Model West level 4 life table) 
(cf. Steckel and Rose 2002a, 68). Hence 
in addition to individual variables of 
skeletal health, a single measurement of 
the general health status is presented which 
according to Steckel and Rose (2002a) may 
be interpreted as a measurement of the 
quality of life. Applying the health index 
on the Sigtuna skeletal material offers a 
possibility to compare the quality of life 
during three chronological phases as well 

as between individuals from the different 
churchyards.

   The demographic data and indicators 
of stress were all registered and classified 
according to the system from the Western 
hemisphere database presented by Steckel 
and colleagues (2002a). The data was 
processed using the FORTRAN software 
that Steckel and colleagues developed and 
made available for us. A summary health 
index was presented for, the entire Sigtuna 
population, each chronological phase, the 
separate cemeteries and also divided by 
sex.

THE OSTEOLOGICAL RESULTS

THE DEMOGRAPHY
Sex and age

A total of 310 individuals (59%) exhibited 
at least one sex discriminating trait (Table 
5) (Kjellström 2004). There is in general 
a strong male predominance in Sigtuna 
(64,2% men versus 35,8% women) and the 
sex distribution is similar in all phases. The 
highest frequency of women was, however, 
observed in the oldest phase of the town.

   A total of 445 individuals (84%) could 
be age assessed and of these were 173 (32,8 
%) younger than about 20 years of age 
(Tables 6-7). The age group distributions 
of the different phases are rather similar. 
Phase 1 exhibits comparatively more 
individuals in the group �Adultus�� 
(Table 6). Phase 2 demonstrates a higher 
frequency of individuals in the groups 
�Infant��, �Maturus�� and �Senilis�� than 
the other two phases. Phase 3 shows the 
highest frequencies for the age groups 
�Infans I��, �Infans II��, �Juvenilis��.
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Table 5. Sex distribution among sexed individuals during different phases
 .

Phase M % F % Total
Phase 1 89 61,4 56 38,6 145
Phase 2 95 67,4 46 32,6 141
Phase 3 15 62,5 9 37,5 24
Total 199 64,2 111 35,8 310

Table 6. Age group distribution in; phases only; the complete material; and sexed individuals.
 

Infant % Infans I % Infans II % Juvenilis % Adultus % Maturus % Senilis % Adult % Total n
Phase 1 3,2 7,2 3,6 15,5 42,6 13,5 0,8 13,5 251
Phase 2 5,4 12,1 3,3 13,8 28,5 17,2 1,7 18,0 239
Phase 3 2,6 15,8 5,3 18,4 31,6 10,5 0,0 15,8 38

Sigtuna 4,2 10,0 3,6 15,0 35,4 15,0 1,1 15,7 528

M - - - 13,1 46,2 25,6 1,0 14,1 199
F - - - 16,2 51,4 18,9 1,8 11,7 111

Table 7. Demographic composition of age estimated individuals in Sigtuna. The group subadults 
include individuals �15 years.
 

Group Phase 1 Phase 2 Phase 3 Total
N % N % N % N %

Males 77 35,5 81 41,3 13 40,6 171 38,4
Females 51 23,5 39 19,9 8 25,0 98 22,0
Indet. Adults 45 20,7 21 10,7 2 6,3 68 15,3
Subadults 44 20,3 55 28,1 9 28,1 108 24,3
Total 217 100,0 196 100,0 32 100,0 445 100,0

Infants 8 3,7 13 6,6 1 3,1 22 4,9

Mean age at death 27,4 25,7 22,0 26,3
D30+/D5+ 0,544 0,633 0,480 0,577

Table 8. The demographic distribution in grave zones at Church 1.
 

Grave zone Men % Women % Indet. Adult % Subadult % Total N
A 16,0 60,0 16,0 8,0 25
B 51,0 19,6 9,8 19,6 51
C 51,7 14,6 23,6 10,1 89
Total 46,1 23,0 18,2 12,7 165

Table 9. The demographic distribution in grave zones and phases at Church 1.
Grave zone Men % Women % Indet. Adult % Subadult % Total N
A1 10,0 60,0 20,0 10,0 10
A2 20,0 60,0 13,3 6,7 15
B1 63,6 9,1 0,0 27,3 11
B2 47,5 22,5 12,5 17,5 40
C1 87,5 0,0 12,5 0,0 8
C2 48,1 16,0 24,7 11,1 81
Total 46,1 23,0 18,2 12,7 165
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   In Table 7 the increasing proportion of 
subadults through time is shown together 
with estimates of birthrate i.e. the Buikstra 
ratio. This suggests that the birthrate 
was lower in phase 2 than in phase 1. In 
phase 3, although the sample is small, 
this trend again seems to be reversed into 
a higher frequency. The interpretation 
of higher birthrates, consequently more 
infants prone to die, in the latest phase is 
in accordance with the decline of the total 
mean age at death. 

   To investigate possible effects relating 
to burial customs on the skewed sex 
representation a detailed study of three 
different grave zones at the largest cemetery 
Church 1 was carried out (Figure 4). The 
analysis revealed that zone A (northwest 
of the church) in both phase 1 and 2 
demonstrates comparatively more female 
graves than the other two zones. Zone C (in 
southeast) lacks female and subadult graves 
in phase 1 but shows a small proportion of 
women in phase 2 (Tables 8-9). No other 
spatial groupings of subadults were seen. A 
comparison of the graves at the cemeteries 
Nunnan, Church 2 and St Laurence’s, 
showed no spatial grouping according to 
sex and age (Tables 10-12). The complete 
lack of women in Church 3 is believed to 
be associated to poor preservation at this 
site. Since only sections belonging to the 
southern part of the churchyards have been 
excavated at Church 2 and St Laurence’s it 
may be difficult to rule out that there were 
tendencies to separate burials of women 
and men in these churchyards. A spatial 
separation according to sex, presumably 
connected to early Christian traditions 
(Nilsson 1994), has been observed at other 
medieval cemeteries in Sweden (e.g. Gejvall 
1960; Chinthio and Boldsen 1984). All 

together, except for the churchyard at 
Church 1, no clear patterns of segregation 
between the sexes or age groups were seen. 

THE HEALTH STATUS
Adult stature

The mean stature using the method by 
Trotter and Gleser (1952, 1958) is 173,7 cm 
for men and 160,8 cm for women (Table 
13). There is a decline in mean stature 
for women from phase 1 to phase 2. No 
measurements are available for women in 
phase 3. A similar trend is not as apparent 
for men although the men are shortest in 
phase 3.

Enamel Hypoplasias (LEH)
The number of individuals affected by 

LEH is higher in phases 2 and 3 than 
in phase 1 (Table 14). Particularly the 
permanent teeth demonstrate higher 
frequencies in the second and third phase.

Dental status
The proportion of adults with one or 

more caries lesions is presented in Table 
15. The caries frequency is almost the 
same between phase 1 (39,6%) and 2 
(39,4%). In phase 3 the frequency of caries 
has risen to 50%. Women exhibit higher 
frequencies than men. Ante-mortem tooth 
loss in females, in large also indicative of 
severe caries or abcessing, shows markedly 
increasing frequencies from phase 1 to 
phase 2 and 3 (Table 16). The frequency 
for males is lowest in phase 2. 

Cribra orbitalia
Higher frequencies of affected subadults 

than adults are demonstrated in all phases 
(Table 17). The frequency for children is 
lower in phase 2 compared to phase 1, 
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Table 10. The demographic distribution in different cemeteries during phase 1 only.
Site Men % Women % Indet. Adult % Subadult % Total N
Church 1 51,7 24,1 10,3 13,8 29
St Laurence’s 44,3 16,4 21,3 18,0 61
Church 2 33,3 16,7 16,7 33,3 24
Nunnan 31,9 31,0 24,8 12,4 113
Church 3 12,5 0,0 58,3 29,2 24
Total 35,5 22,3 24,3 17,5 251

Table 11. The demographic distribution in different cemeteries during phase 2 only.
Site Men % Women % Indet. Adult  % Subadult % Total N
Church 1 44,9 22,8 19,9 12,5 136
St Laurence’s 57,2 11,4 11,4 20,0 35
Church 2 20,6 16,2 19,1 44,1 68
Total 39,7 19,3 18,4 22,6 239

Table 12. The demographic distribution in different cemeteries during phase 3 only.
Site Men % Women % Indet. Adult  % Subadult % Total N
St Laurence’s 50,0 18,2 9,1 22,7 22
Church 3 42,9 14,3 14,3 28,6 7
St Olaf’s 11,1 44,4 22,2 22,2 9
Total 39,5 23,7 13,2 23,7 38

Table 13. Distribution of stature in phases in the total material based on femora (right side if 
left was not available).
 

 N Height T&G Range SD Height Sjøvold Range SD
Men Phase 1 47 173,8 162,1-182,5 4,83 172,7 159,4-182,6 5,47
 Phase 2 51 174,2 165,3-185,5 5,07 173,2 163,0-186,0 5,75
 Phase 3 10 170,7 162,1-179,9 5,78 169,3 159,4-179,6 6,55
 Total 108 173,7 162,1-185,5 5,08 172,6 159,4-186,0 5,75
Women Phase 1 15 162,8 155,8-177,4 5,01 165,7 158,2-181,2 5,34
 Phase 2 14 159,6 147,6-176,9 6,27 162,3 149,5-180,7 6,68
 Phase 3 1 152,1 - - 154,3 - -
 Total 35 160,8 147,6-177,4 6,00 163,5 149,5-181,2 6,39

Table 14. Proportion of individuals with one or more linear enamel hypoplasia (LEH).
Hypoplasias Phase 1 Phase 2 Phase 3 Total

N LEH % N LEH % N LEH % N LEH %
Max.decid.incisor 10 1 10,0 15 2 13,3 3 1 33,3 28 4 14,3
Max.decid.canine 18 3 16,7 27 2 7,4 7 0 0,0 52 5 9,6
Max.perm.incisor 112 8 7,1 66 6 9,1 15 2 13,3 193 16 8,3
Max.perm.canine 142 18 12,7 90 24 26,7 18 4 22,2 250 46 18,4
Total 282 30 10,6 198 34 17,2 43 7 16,3 523 71 13,6
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Table 15. Proportion of adults with one tooth or more with dental caries (C).
 

Caries Phase 1 Phase 2 Phase 3 Total
 N C % N C % N C % N C %
Males 59 18 30,5 54 21 38,9 12 6 50,0 125 45 36,0
Females 44 24 54,5 26 12 46,2 6 3 50,0 76 39 51,3
Sex unknown 41 15 36,6 14 4 28,6 2 1 50,0 57 20 35,1
Total 144 57 39,6 94 37 39,4 20 10 50,0 258 104 40,3

Table 16. Proportion of adults showing ante mortem tooth loss (L).
AM Loss Phase 1 Phase 2 Phase 3 Total

N L % N L % N L % N L %
Males 57 23 40,4 54 16 29,6 12 4 33,3 123 43 35,0
Females 44 10 22,7 27 9 33,3 6 3 50,0 77 22 28,6
Sex unknown 23 0 0,0 14 1 7,1 2 1 50,0 39 2 5,1
Total 124 33 26,6 95 26 27,4 20 8 40,0 239 67 28,0

Table 17. Proportion of individuals with cribra orbitalia (CO).
 

Cribra Phase 1 Phase 2 Phase 3 Total
N CO % N CO % N CO % N CO %

Subadults 10 3 30,0 30 6 20,0 5 1 20,0 45 10 22,2
Males 45 3 6,7 54 8 14,8 10 1 10,0 109 12 11,0
Females 24 3 12,5 27 4 14,8 4 0 0,0 55 7 12,7
Sex unknown 9 0 0,0 14 2 14,3 2 0 0,0 25 2 8,0
Total Adults 78 6 7,7 95 14 14,7 16 1 6,3 189 21 11,1
Total 88 9 10,2 125 20 16,0 21 2 9,5 234 31 13,2

Table 18. Proportion of individuals with tibial periostal reactions (TPR).
 

Tibia Phase 1 Phase 2 Phase 3 Total
N TPR % N TPR % N TPR % N TPR %

Subadults 23 0 0,0 27 0 0,0 7 0 0,0 57 0 0,0
Males 65 6 9,2 64 5 7,8 12 2 16,7 141 13 9,2
Females 35 0 0,0 26 3 11,5 6 1 16,7 67 4 6,0
Sex unknown 14 0 0,0 18 1 5,6 2 0 0,0 34 1 2,9
Total Adults 114 6 5,3 108 9 8,3 20 3 15,0 242 18 7,4
Total 137 6 4,4 135 9 6,7 27 3 11,1 299 18 6,0

  
Table 19. Propotion of individuals showing skeletal infection (INF) (excluding tibial periostal 
reactions).
 

Skeletal 
Infection

Phase 1 Phase 2 Phase 3 Total
N INF % N INF % N INF % N INF %

Males 89 7 7,9 95 5 5,3 15 2 13,3 199 14 7,0
Females 56 2 3,6 46 3 6,5 9 1 11,1 111 6 5,4
Sex unknown 62 0 0,0 43 0 0,0 5 0 0,0 110 0 0,0
Total 207 9 4,3 184 8 4,3 29 3 10,3 420 20 4,8
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while it is raised among adults. Owing 
to this the total proportion of individuals 
with cribra orbitalia is lower in phase 1 
(10,2%) than in phase 2 (16,0%). In phase 
1 women were the most affected although 
the sample was small.

 Infection (TPR and INF)
In Table 18 the proportion of individuals 

with periosteal lesions on the tibia is 
presented. The frequency of tibial infections 
is elevated from 4,4% in phase 1 to 11,1% 

in phase 3. The subadult individuals did not 
display any signs of periostal lesions on the 
tibiae. In phase 1 only men were affected. 
In phase 2 and 3 both sexes exhibit affected 
tibiae almost to the same degree. 
   Excluding tibial infection, the general 
frequency of skeletal infection (INF) is 
the same in phase 1 as in phase 2 with 
higher proportions in phase 3 (Table 
19). Interestingly, women experience an 
increase from phase 1 and 2 while the male 
trend is somewhat positive.

Table 20. Proportion of adults with DJD at various joints (DJD).
 

Shoulder DJD Phase 1 Phase 2 Phase 3 Total
N DJD % N DJD % N DJD % N DJD %

Males 75 2 2,7 69 1 1,4 14 1 7,1 158 4 2,5
Females 43 1 2,3 34 1 2,9 6 0 0,0 83 2 2,4
Sex unknown 18 0 0,0 15 1 6,7 3 0 0,0 36 1 2,8
Total Adults 136 3 2,2 118 3 2,5 23 1 4,3 277 7 2,5

Hip/Knee DJD Phase 1 Phase 2 Phase 3 Total
N DJD % N DJD % N DJD % N DJD %

Males 80 2 2,5 77 1 1,3 14 0 0,0 171 3 1,8
Females 50 3 6,0 35 4 11,4 6 0 0,0 91 7 7,7
Sex unknown 27 0 0,0 20 1 5,0 2 1 50,0 49 2 4,1
Total Adults 157 5 3,2 132 6 4,5 22 1 4,5 311 12 3,9

Cervical DJD Phase 1 Phase 2 Phase 3 Total
N DJD % N DJD % N DJD % N DJD %

Males 53 8 15,1 52 5 9,6 8 1 12,5 113 14 12,4
Females 29 2 6,9 25 3 12,0 5 0 0,0 59 5 8,5
Sex unknown 4 0 0,0 10 1 10,0 2 0 0,0 16 1 6,3
Total Adults 86 10 11,6 87 9 10,3 15 1 6,7 188 20 10,6

Thoracic DJD Phase 1 Phase 2 Phase 3 Total
N DJD % N DJD % N DJD % N DJD %

Males 46 13 28,3 54 10 18,5 8 1 12,5 108 24 22,2
Females 18 3 16,7 23 2 8,7 2 0 0,0 43 5 11,6
Sex unknown 4 0 0,0 7 2 28,6 2 0 0,0 13 2 15,4
Total Adults 68 16 23,5 84 14 16,7 12 1 8,3 164 31 18,9

Lumbar DJD Phase 1 Phase 2 Phase 3 Total
N DJD % N DJD % N DJD % N DJD %

Males 53 12 22,6 52 14 26,9 8 1 12,5 113 27 23,9
Females 20 3 15,0 26 7 26,9 2 0 0,0 48 10 20,8
Sex unknown 7 1 14,3 6 0 0,0 1 0 0,0 14 1 7,1
Total Adults 80 16 20,0 84 21 25,0 11 1 9,1 175 38 21,7
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Table 21. Proportion of adults with trauma (Tr.).
 

Arm trauma Phase 1 Phase 2 Phase 3 Total
N Tr. % N Tr. % N Tr. % N Tr. %

Males 64 5 7,8 55 3 5,5 13 2 15,4 132 10 7,6
Females 37 2 5,4 29 3 10,3 4 0 0,0 70 5 7,1
Sex unknown 16 2 12,5 10 1 10,0 2 0 0,0 28 3 10,7
Total Adults 117 9 7,7 94 7 7,4 19 2 10,5 230 18 7,8

Hand trauma Phase 1 Phase 2 Phase 3 Total
N Tr. % N Tr. % N Tr. % N Tr. %

Males 56 1 1,8 59 2 3,4 11 0 0,0 126 3 2,4
Females 25 0 0,0 28 1 3,6 2 0 0,0 55 1 1,8
Sex unknown 10 1 10,0 5 0 0,0 3 0 0,0 18 1 5,6
Total Adults 91 2 2,2 92 3 3,3 16 0 0,0 199 5 2,5

Leg trauma Phase 1 Phase 2 Phase 3 Total
N Tr. % N Tr. % N Tr. % N Tr. %

Males 66 2 3,0 60 2 3,3 11 0 0,0 137 4 2,9
Females 37 2 5,4 27 2 7,4 4 0 0,0 68 4 5,9
Sex unknown 10 1 10,0 9 1 11,1 2 0 0,0 21 2 9,5
Total Adults 113 5 4,4 96 5 5,2 17 0 0,0 226 10 4,4

Cranial vault Phase 1 Phase 2 Phase 3 Total
N Tr. % N Tr. % N Tr. % N Tr. %

Males 53 4 7,5 56 6 10,7 10 1 10,0 119 11 9,2
Females 38 3 7,9 30 0 0,0 6 1 16,7 74 4 5,4
Sex unknown 13 2 15,4 15 1 6,7 2 0 0,0 30 3 10,0
Total Adults 104 9 8,7 101 7 6,9 18 2 11,1 223 18 8,1

Weapon wounds Phase 1 Phase 2 Phase 3 Total
N Tr. % N Tr. % N Tr. % N Tr. %

Males 89 8 9,0 95 3 3,2 15 1 6,7 199 12 6,0
Females 56 4 7,1 46 0 0,0 9 0 0,0 111 4 3,6
Sex unknown 62 2 3,2 43 1 2,3 5 0 0,0 110 3 2,7
Total Adults 207 14 6,8 184 4 2,2 29 1 3,4 420 19 4,5

Degenerative joint disease (DJD)
In Table 20 the proportion of adults with 

DJD at various joints is presented. The 
distribution of DJD varies widely between 
the sexes. The most deviating observations 
were in the hip and the knee joints, where 
women display higher DJD frequencies 
than men, and in the thoracic vertebral 
region where men were more affected than 
women. The number of affected individuals 
subdivided into different phases and 
skeletal regions is sometimes limited and 
difficult to interpret. There is a slightly 

higher incidence of DJD in the larger joints 
(such as the shoulder/elbow and hip/knee) 
and possibly the lumbar vertebrae in the 
later phases. Meanwhile DJD in cervical 
and thoracic vertebrae for the same period 
demonstrate lower frequencies in the latter 
phases.

Trauma
The proportion of adults with trauma 

is shown in Table 21. Except for weapon 
related fractures no temporal or direct sex 
differentiating differences of trauma are 
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Table 23. The health index calculated for sexed and unsexed adults (Un).
 

Sex Nr QALY % of max. Stature Hyp. Anemia Dental Inf. DJD Trauma Person-yrs.
Females 1 21.82 82.7 42.0 81.1 92.5 91.4 95.1 90.2 88.8 9202
Males 2 21.97 83.3 41.6 86.4 95.6 92.0 92.8 88.7 87.4 18952
Unsexed 3 21.17 80.3 4.9 85.7 96.5 95.3 97.9 93.1 88.4 6404

Sex Nr QALY % of max. Stature Hyp. Anemia Dental Inf. DJD Trauma Person-yrs.
Females 1 1 22.51 85.3 51.2 89.0 92.3 92.6 96.3 92.3 87.0 4680
Females 2 2 21.00 79.6 38.0 68.7 91.5 92.4 91.8 87.9 89.5 3997
Females 3 3 19.04 72.2 0.0 90.2 100.0 67.9 85.7 100.0 65.8 525

Sex Nr QALY % of max. Stature Hyp. Anemia Dental Inf. DJD Trauma Person-yrs.
Males 1 4 22.18 84.1 41.6 89.4 97.2 92.0 91.9 89.0 88.5 9018
Males 2 5 21.78 82.5 41.9 86.8 95.0 93.2 92.9 87.7 83.2 8434
Males 3 6 20.62 78.2 41.9 69.0 91.4 87.9 85.8 95.4 75.8 1500

Sex Nr QALY % of max. Stature Hyp. Anemia Dental Inf. DJD Trauma Person-yrs.

Unsexed 1 7 22.97 87.1 11.2 86.2 97.5 98.0 96.5 99.4 91.3 3381
Unsexed 2 8 20.76 78.7 0.0 87.9 95.7 95.5 100.0 86.0 89.8 2662
Unsexed 3 9 NaN NaN -1.0 98.9 98.6 80.8 100.0 100.0 100.0 360

Table 24. The health index calculated for different sites and phases.
 

Site Nr QALY % of max. Stature Hyp. Anemia Dental Inf. DJD Trauma Person-yrs.
Church 1 1 22.14 83.9 45.6 86.7 94.4 93.4 90.5 86.5 90.5 12775
Nunnan 2 22.61 85.7 42.6 92.6 99.0 91.9 90.8 93.0 89.9 8275
Church 2 3 22.17 84.0 31.1 81.6 98.7 89.9 100.0 92.5 94.4 3296
Church 3 4 20.76 78.7 56.3 43.0 89.4 91.3 100.0 77.9 93.0 1531
St Laurence’s 5 21.43 81.2 34.5 87.4 91.8 92.6 92.4 89.0 80.9 8254
St Olaf’s 6 19.48 73.9 3.5 100.0 100.0 69.7 83.1 100.0 67.8 437

Site, Phase Nr QALY % of max. Stature Hyp. Anemia Dental Inf. DJD Trauma Person-yrs.
Church 1, 1 1 23.05 87.4 51.3 100.0 98.6 94.3 82.1 85.3 100.0 2115
Church 1, 2 2 22.02 83.5 44.9 83.7 93.5 93.3 93.7 86.8 88.6 10660
Nunnan, 1 3 22.61 85.7 42.6 92.6 99.0 91.9 90.8 93.0 89.9 8275
Church 2, 1 4 23.05 87.4 44.0 89.2 94.1 88.9 100.0 100.0 95.9 1129
Church 2, 2 5 21.72 82.3 22.7 77.8 99.9 90.2 100.0 90.0 95.8 2166
Church 3, 1 6 20.30 77.0 38.6 40.0 100.0 96.8 100.0 67.7 100.0 990
Church 3, 3 7 20.28 76.9 73.0 41.5 80.9 88.4 100.0 100.0 85.5 540
St Laurence’s, 1 8 21.36 81.0 40.0 90.6 90.3 93.3 90.3 88.6 73.8 4570
St Laurence’s, 2 9 21.04 79.8 21.1 77.6 91.4 94.9 98.8 88.3 86.0 2274
St Laurence’s, 3 10 22.16 84.0 27.1 94.0 99.6 88.9 91.4 96.4 90.5 1411
St Olaf’s, 3 11 19.48 73.9 3.5 100.0 100.0 69.7 83.1 100.0 67.8 437

Table 22. The health index calculated for the complete Sigtuna assemblage and subdivided into 
phases.
 

Site Nr QALY % of max. Stature Hyp. Anemia Dental Inf. DJD Trauma Person-yrs.
Sigtuna 1 21.97 83.3 41.0 84.8 94.9 92.2 92.8 89.5 87.7 34567

Phase Nr QALY % of max. Stature Hyp. Anemia Dental Inf. DJD Trauma Person-yrs.
Phase 1 1 22.17 84.1 42.7 87.8 96.0 92.8 91.3 90.6 87.1 17079
Phase 2 2 21.91 83.1 40.1 82.1 94.1 93.1 95.2 87.5 89.4 15100
Phase 3 3 20.72 78.5 38.5 72.4 92.5 81.2 89.0 97.7 78.4 2388
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to be seen. In phase 1, 7,2% of the adults 
exhibit signs of weapon related trauma in 
comparison to the lower frequencies in 
phase 2 (2,2%) and phase 3 (3,3%). Except 
for four women exhibiting weapon wounds 
in phase 1, all other affected individuals 
were men (n = 12).

The health index
When combining the above-described 

traits into a health index for the Sigtuna 
population, the result is 83,2% (Table 
22). Some general trends are observed 
by comparisons between the phases. The 
overall health index becomes successively 
lower from phase 1 to phase 3 (the Quality 
adjusted life years (QALY) 22,2- 20,7 
or 84,0% to 78,5%). When sex is taken 
into consideration the results demonstrate 
a QALY-value, which in general is lower 
in the latter phases, and particularly the 
women score lower than men (Table 23).
When the sites are compared the highest 
index is observed at the cemetery of the 
Nunnan block and the lowest frequency 
at the churchyard of St Olaf ’s (Table 
24). Among sites represented by skeletal 
assemblages no cemetery demonstrates a 
higher frequency from phase 1 to phase 
2. However, in both Church 3 and St 
Laurence’s the frequencies in phase 3 are 
higher than in phase 1. 

DISCUSSION OF THE 
OSTEOLOGICAL RESULTS

Describing the life of the inhabitants 
of medieval Sigtuna using osteological 
data is complicated. Several factors, like 
sample size and preservation, affect the 
representation of the sample reducing 
the possibilities for interpretations. 
Admittedly the size of the sample is small 

considering that six cemeteries and three 
long chronological phases are represented. 
One cemetery (St Olaf ’s) contains nine 
individuals and phase 3 consists of only 
38 skeletons. Some of the skeletons are in a 
very poor state and in some aspects the data 
are not unequivocal and sometimes even 
contradictory. Nevertheless, in light of the 
archaeological and the historical sources, 
the osteological remains of the inhabitants 
of Sigtuna have been brought to �life��. The 
utilization of a health index has facilitated 
the interpretation of the health status of 
the people. The results show a generally 
negative health trend where the quality of 
life in Sigtuna declined through time. This 
trend is evidently more marked for women 
whose stature declined in combination with 
increased frequencies of infection while at 
the same time men had to endure more 
marked frequencies of cribra orbitalia. 

CHILDHOOD HEALTH
Pathological traits such as cribra orbitalia, 

enamel hypoplasias and stature highlight 
childhood health in Sigtuna. Cribra is 
mainly to be found in younger children 
(Aufderheide and Rodriguez-Martin 1998, 
349). The results of the Sigtuna study 
suggest that children lived under rather 
harsh circumstances. For boys the situation 
seems to have gotten worse through time. 
On the other hand, as shown in Table 25, 
lower mean stature and higher incidence of 

Table 25. The relative frequency of LEH 
among men and women with teeth in phases.
 

LEH Men % Women %
Phase 1 8 13,1 8 17,8
Phase 2 13 23,2 11 40,7
Phase 3 3 25,0 1 16,7
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enamel hypoplasias indicates that girls, to 
an even greater extent than boys, suffered 
from stress at least during the years of tooth 
development i.e. during approximately the 
first seven years of life. Both the incidence 
of cribra and LEH demonstrate that the 
children endured periods of stress. The lack 
of tibial periostal reactions among children 
may seem surprising. This suggests that 
the cause of the skeletal lesions differed 
between cribra orbitalia and LEH on 
one hand and infections on the other. 
Alternatively, with reference to the 
osteological paradox (Wood et al. 1992), 
it could imply that some children died 
before exhibiting any signs of infectious 
diseases. The combination of poor diet and 
infections may lead to early death.

In Sigtuna the imbalanced sex 
distribution among individuals with LEH 
got even larger and the factors leading to 
enamel lesions increased in number or got 
more intense through time. The increase 
of LEH for both sexes is more obvious 
for permanent teeth, which imply that 
also older children suffered from stress. 
Apparently, during the initial phase the 
girls suffering from stress to a higher degree 
than boys. With time, more children were 
born and raised in the town leading to a 
general increase of cribra and LEH for both 
sexes, but still more marked for girls. This 
could be associated to the negative trend in 
stature for adult females. 

   The reason why children suffered from 
stress related changes may be connected 
to poor nutrition in addition to a more 
frequent exposure to infection and parasites 
in an urban environment. The absence of 
infections in children suggests that diseases 
seldom reached a chronic state. The 
osseous material implies that mainly adults 

survived long enough for bone changes to 
occur. The demonstrated risen frequency 
of non-specific infections is elevated in the 
latter phases in Sigtuna. The negative trend 
in childhood health can be connected to 
intensification of the urban character with 
more densely populated streets implied by 
the archeological context. 

ADULT HEALTH
An increase of anemia related lesions 

and infections in general suggest that 
the immune system of a population 
has decreased, which in turn may have 
had work-functional consequences 
(cf. Goodman and Martin 2002, 30). 
Behavioral or activity related alterations 
are also highlighted by skeletal changes 
such as DJD and trauma. However, the 
deviating outcome from the study of DJD 
and trauma in Sigtuna are intriguing. 
The proportions of adults with DJD in 
lager joints and lumbar vertebras increase 
meanwhile the frequencies of cervical and 
thoracic DJD decrease with time. This 
indicates changes in the physical labor and 
possibly a heavier workload. The somewhat 
different distribution of DJD between the 
sexes indicates gender related differences in 
physical labour.

   The small sample size most probably 
affects the frequencies of trauma rendering 
the results difficult to interpret. It is 
obvious when excluding the mass grave in 
phase 1, that no women with clear weapon 
related lesions can be identified. Obviously, 
the mass grave represents one occasion of 
unusual violent trauma. 

   The decreased dental health through 
time in Sigtuna may be associated with a 
change in diet, i.e. probably food rich in 
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carbohydrates regarded a common cause 
of dental caries. Regarding caries (in 
phase 1 and 2) and ante mortem tooth 
loss (in phase 2 and 3) a prevailing female 
dominance is observed indicating gender 
related differences in diet.

   Exploring the difference between 
the sexes concerning the varying traits, 
a society apparently favoring men is 
discernable. Most of the stress indicators 
(mean age at death, stature, LEH, caries, 
ante mortem tooth loss and non specific 
infections) imply that women more often 
than men were subjected to greater amount 
and (or) more intense, stress as reflected in 
higher frequencies of these traits.

   All together, the examined health 
indicators imply a successive deterioration 
of health through time in Sigtuna, most 
obviously from phase 1 to phase 2, i.e. a 
change in living environment. This could 
be associated to the establishment of a true 
urban settlement in phase 2. The data for 
phase 3 suffers to some extent from the 
small sample size but a general trend is 
still discernable. Except for weapon related 
injuries, (as mentioned above affected by 
the results from the mass grave), no obvious 
positive trends in heath are discernable. 
Considering that the health deteriorated 
and showed a negative trend through the 
phases, some effects on the demography 
have to be expected. The sex distribution 
in Sigtuna is distorted with more men than 
women, which initially could be associated 
with the presence of the royal power. The 
distribution of age groups demonstrates, 
however, that complete families, i.e. both 
sexes of all ages, lived in the town.  

   The mean age at death depicts a rather 
young population. Paradoxically, the 
proportion of infants increases in phase 2 

while, according to the Buikstra index, the 
birth rate was lower compared to phase 1. 
The birth rate index of the churchyard at 
Church 2, consisting of 59% individuals 
below 20 years of age showed the same 
result with lowered birth rate in phase 2 was 
(from 0,277 in phase 1 to 0,424 in phase 
2). An increased immigration of adults to 
Sigtuna would lead to proportionally more 
adults than children, but still allowing for 
greater amounts of children to be born. 

   Since the health index value is the 
result of a more holistic process than 
merely comparing the relative frequency 
of traits, and includes adjustment for 
age, the results are even more complex. 
The general outcome of the health index 
shows the same negative trend with time 
as the separate variables discussed above. 
However, the age adjustment applied 
when calculating the index value for dental 
health (caries and tooth loss), infection 
(tibial periosteal reaction and infection of 
the rest of skeleton), seems to have raised 
the index value for these variables. The 
generally low index value of stature shows 
that the medieval population is shorter 
than the modern standard (c.f. Maresh 
1955) used to calculate the index. When 
comparing different sites the results shows, 
in agreement with the temporal trend, that 
old cemeteries in general exhibit higher 
index values than later ones. However, the 
small sample size of some materials makes 
a reliable interpretation difficult.

   As pointed out by the developers of 
the health index (Steckel et al. 2002a), the 
method is not without flaws. As in most 
other paleopathological research, only 
diseases that leave traces in bones or teeth are 
registered. The possible etiology for some of 
the indicators may be hereditary or genetic 
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and not always connected to nutrition and 
general public health issues. Preservation 
is a problem in all anthropological studies 
making the utilization of a health index on 
an individual level unsuitable. The health 
index can be seen as a tool for comparisons 
of skeletal health in different assemblages. 
It is suggested that the use of multiple 
skeletal stress indicators may highlight 
aspects of the osteological paradox (Wood 
et al. 1992), i.e. the hypothesis that the 
frailest individuals actually were not strong 
enough to develop bone lesions. The lesions 
could in fact be seen as signs of relatively 
good health. Thus, the results from Sigtuna 
could be interpreted in two different ways, 
(1) The quality of health improved with 
time, especially for women and children, 
or (2) The quality of health got worse with 
time, especially for women and children. 
However, the health index points in the 
direction of the latter. It is suggested that 
increased immigration and the resulting 
population density in Sigtuna affected 
the health of the town people, possibly to 
the worse. In spite of the negative trend 
presented in the study, the age distribution 
in respective phase is in large U-shaped, 
i.e. most often referred to as �attritional�� or 
normal mortality by bioarchaeologists (cf. 
Lyman 1996, 118). Individuals in the most 
susceptible age groups such as the youngest 
and the oldest were more prone to die. 

   In the American project each site was 
ranked according to the health index and 
comparisons were made between sites 
(Steckel and Rose 2002 Table 3.3). If 
Sigtuna were to be included and ranked 
among the American sites, it would have 
shared the sixth place from the top of 
a total of 65. The Sigtuna index is e.g. 
higher than for a middle class cemetery 

in Belleville, Ontario, in central Canada, 
dated to the nineteenth century (Saunders 
et al. 2002). In comparison the early 
medieval population in central Scandinavia 
experienced a comparably high quality of 
life. Naturally there are great varieties of 
factors that deviate between Sigtuna and 
the American assemblages. Nevertheless, in 
the extensive American study, individuals 
dated from 4000 B.C. to the 19th century, 
and deriving from variety of environments 
are compared and discussed. Presently no 
studies applying health indices are available 
in Scandinavia.

CONCLUSION OF THE 
ARCHAEOLOGICAL AND 
OSTEOLOGICAL ANALYSES

The archaeological and osteological 
results coincide in several areas. Though 
source critical factors may be applied to 
each discipline, both the joint and separate 
results show the same tendencies.

Signs of social ranking are suggested 
archaeologically by differences in burial 
practice (i.e. presence of coffins and burial 
stones). Differences are exposed between 
the cemeteries in each burial phase (Table 
3 and 4). In the Nunnan block the many 
graves with coffins and the 18 graves 
(c. 64% of total) with charcoal imply a 
more elaborate way of burial practice. The 
smallest amount of graves with coffins (and 
only one with charcoal) is excavated at St 
Laurence’s and are from all three phases. 
This could imply that those buried in the 
Nunnan block had a higher social rank 
compared to those buried at St Laurence’s. 
The osteological results show that the 
general health was comparatively good at 
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Nunnan and that the women at this site 
had the highest mean stature of all the 
women in the study. It is clear that more 
men than women and more adults than 
subadults were buried in coffins, at least in 
phase 1 and 2 (Table 26). 

   Already in phase 1 artifacts suggesting 
foreign contacts appear in the burials. In 
phase 2 the artifacts indicate a peak in 
the contacts with KievRus and Bysans. 
Furthermore, the foundation of the stone 
churches and other institutions highlight 
the varied presence of craftsmen and 
clergy. The decline of Sigtuna is seen in 
both archaeological and written records in 
phase 3, implying a decrease in population 
due to political as well as general crises of 
the 14th century. The osteological analyses 
verify the archaeological results in that 
an increase of adults is shown from phase 
1 to phase 2. Moreover, a deterioration 
of health, as suggested by the health 
index, indicates a more densely populated 
town. Thus, immigration, both from the 
hinterland and abroad, to Sigtuna in phase 
1 and 2 is most likely.

   Few associations to health related issues 
could be made through the archaeological 
material. The negative health trend seen in 
the osseous material is on the other hand 
demonstrated through several parameters. 
However, both the osteological and the 
archaeological material suggest that 

changes in workload emerge in phase 2. It is 
suggested that this change is due to a more 
specialized handicraft. Thick layers of waste 
from professional craftsmen are common in 
phase 2. The emergence of master builders, 
stone masons, carpenters and priests are 
demonstrated by the extensive construction 
of stone church during phase 2, which also 
might be implied by more elaborate and 
different coffin types such as those made 
by brick. This, again, is a strong indication 
of immigration, i.e. specialized craftsmen, 
to Sigtuna. It might also imply a more 
differentiated society with a more varied 
composition of people living in Sigtuna.

   The prevailing opinion is that women 
and men in general worked in different 
spheres of the households (Sawyer 1992, 
98). However, this is difficult to verify 
in the archaeological material. The 
osteological results suggest that especially 
the health of the women declined from 
phase 1 to phase 2. Furthermore, there 
may have been differences in diet and 
workload between the sexes demonstrated 
in the increased frequencies of caries and 
DJD respectively. In general, the male 
dominance seen at five of the analyzed 
cemeteries may be explained by the fact 
that the excavations in large have been 
carried out in the southern part of the 
churchyards. The graves at the oldest burial 
grounds in the Nunnan block are not 

Table 26. Distribution of wood coffins among aged and sexed individuals in phases. 
(Subadults = �20 years)
 

Phase coffin of total Subadults
% of aged 

indiv. Adults
% of aged 

indiv. Men
% of sexed 

indiv. Women
% of sexed 

indiv.
Phase 1 111 251 24 21,6 87 78,4 37 25.5 25 17,4
Phase 2 101 239 35 34,7 66 65,3 50 35.5 17 12,1
Phase 3 17 38 7 41,2 10 58,8 5 20.8 5 20,8
Total 229 528 66 28,8 163 71,2 92 29.7 47 15,2
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associated to a church, which may explain 
the even sex distribution at this site. 

   In the present study an attempt has been 
made to bring life to the archaeological and 
osteological data to answer the question 
of who lived and who were buried in 
Sigtuna. 
Our results highlighted specific issues 
about the living conditions in Sigtuna. 
They are important since this town is 
the only urban settlement in medieval 
Sweden with continuity from the Late 
Viking Age to the Late Middle Ages. 
Moreover, the results could be compared 
with contemporary urban settlements in 
Scandinavia such as Lund, Trondheim and 
Oslo. Finally, we conclude that the use of 
a health index has shown that it is possible 
to compare populations from a variety of 
contexts and periods.
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NOTES
1. The four-phase chronology for the 
development of the church topography is 
divided as follows: 1) 980-1050, 2) 1050-
1100, 3) 1080-1200 and 4) 1200-1350
The three-phase chronology for the 
development of the profane buildings is 
divided as follows: 1) late 10th century, 2) 
11th century, 3) 12th century.  
2. Throughout this paper a distinction 
has been made between churchyard and 
burial ground. The term �churchyard�� is 
used were burials have been placed near 
a church, either a wooden or of stone (sw. 
kyrkogård). The term �burial ground�� is 
used for burial areas without a church- 
(sw. gravgård) (Tesch 2000, 2001a). The 
term �cemetery�� may denote both types 
of contexts. No pagan graves have been 
identified.
3. In phase 1 and 2 runic inscriptions on 
rune-stones and on bones gave us a lot of 
names, but we don’t know what position 
they held in the town and if they lived 
there permanently
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Abstract 
Stable isotopes (δ13C, δ15N) and trace elements (Ba, Sr, Zn, Cu) have been studied in human 

burials from the medieval town Sigtuna in Sweden. Dietary patterns of 80 adult individuals 
were analysed on three cemeteries. All individuals were radiocarbon dated in order to secure the 
chronological integrity of the material. The burials have been divided into three chronological 
groups, which correspond to the phases of establishment, prosperity and decline of the town. One of 
the cemeteries, Church 1, located in the center of the town represents a population of higher social 
status while the other two with a more marginal location can be characterized as more ordinary. 
Dietary patterns were related to the prevailing social hierarchy in Sigtuna.

The δ13C values showed that the protein intake was mainly of terrestrial origin in the whole 
population. The δ15N values showed a higher input of vegetables in the diet at one of the cemeteries, 
the Nunnan block. The Sr and Ba values point in the same direction as the nitrogen values although 
the absolute trophic levels were difficult to associate to dietary patterns in the same manner as 
nitrogen. Probably, the rather extensive consumption of fish has caused variation in the Sr and 
Ba signatures in bones. The Zn values exhibit a variation, which is in accordance with the dietary 
patterns observed for N, Ba and Sr while Cu showed no significant trend. Elevated Pb values were 
noted in a few individuals but the risk of enrichment from the soil cannot be excluded.   

The analyses have shed new light on the development of Sigtuna. In the initial phase of the town, 
a comparison shows that Church 1 showed a higher input of animal foods in their diet than the 
contemporary cemetery at the Nunnan block. Apparently already in the initial phases of Sigtuna 
a social hierarchy had been established which is reflected in different dietary patterns. Further, 
differences in dietary patterns between the sexes were noted. In general both the stable isotope 
values and trace element values are more clustered for females than for males which show more 
dispersed values. In the first phase females show a higher input of vegetables in the diet than males. 
At Church 1 in the second phase the females consumed a rather homogeneous diet with a high 
proportion of fish. The dietary pattern for the males were more varied. 

       Keywords: Sigtuna, social status, stable isotopes, trace elements, diet, diagenesis
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Introduction
The town Sigtuna was established in the 

late 10th century AD in Eastern Middle 
Sweden succeeding the urban Viking 
settlement of Birka. Already in early 
medieval times (according to the Swedish 
chronology), Sigtuna had developed 
into a hierarchic society and developed 
into a true urban center with several 
religious institutions and a growing social 
stratification unique in Sweden (Figure 
1) (Hyenstrand 1996: 146; Tesch 2000, 
Zachrisson 1998: 90). The development 
of Sigtuna can be divided into three main 
phases (Kjellström et al. manuscript). The 
first phase (c. 970-12th century) represents 
the formation phase of the town. Sometime 
at the end of the 10th century (i.e. Late 
Viking Period) the town Sigtuna was 
founded in a rural area in connection to 
a royal manor. The establishment of the 
oldest confirmed Swedish mint in the center 
of Sigtuna at the end of the 10th century is 
an obvious sign of the town’s importance 
(Malmer 1989). The second phase (c.12th-
century-14th century) represents the time of 
prosperity in Sigtuna and throughout the 
12th century Sigtuna was the only urban 
settlement in the eastern part of Sweden. 
Several stone churches were built in the 
12th century and in the beginning of the 
13th century Sigtuna was still flourishing 
with a strong religious and social position 
as demonstrated by the foundation of a 
Dominican friary, a hospital (dedicated 
to St George) and a royal mint (Tesch 
2001a). The final phase (c.14th century 
– the Reformation) represents stagnation 
and a decline in the development of 
Sigtuna. The stagnation seems to have 
started during the end of the 13th century 
when the population declined in size and 

the town lost its former status as an urban 
center. After the Swedish Reformation in 
AD 1527 several churches in Sigtuna were 
abandoned and left to decay and the friary 
was torn down (Tesch 2000, 2001a). At 
this time several plagues and also climatic 
deteriorations, which may have contributed 
to the decline of Sigtuna, caused a general 
population decrease in Europe.

In recent years archaeological 
investigations have been performed in 
Sigtuna at seven cemeteries revealing a 
large collection of human remains (Tesch 
2001b, Wikström in press). At present 528 
burials containing skeletal human remains 
have been subject to osteological study 
(Kjellström 2004a, 2004b, Kjellström et 
al. manuscript). The burials have been 
subdivided into three chronological groups 

Figure 1. Map of Sweden with Sigtuna. 
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roughly corresponding to the formation 
phase, the time of prosperity and finally 
the period of decline of Sigtuna (Wikström 
in press). Some of the cemeteries contain 
burials from all three phases while others 
were in use for a shorter period of time and 
are represented by one or two phases only. 

In Sigtuna it is possible to follow a 
human population through the process 
of urbanization and through the 
development towards a stratified society. 
Bioarchaeological investigations have 
revealed a trend of declining health through 
time in Sigtuna and a calculated index 
of health showed that the deterioration 
of health was more obvious for women 
than men (Kjellström et al. manuscript). 
Furthermore, the results of the analysis 
indicated an increasing migration to 
Sigtuna in the second phase. The present 
study is a continuation of the analyses of 
the human remains from Sigtuna. We will 
examine dietary patterns through chemical 
analyses of human remains from three of 
the cemeteries in the medieval town. 

The available (faunal) osteoarchaeological 
and historical written sources give few 
direct clues to dietary patterns in Sigtuna. 
To a large degree each household was 
probably self-supporting and most of 
the food and tools were produced in the 
house, in town or in the near region. Thus 
the inhabitants could be characterized 
as urban farmers. Beyond a general 
knowledge of animal utilization, the diet 
in the town is largely unknown. However, 
differences between the households can 
be expected due to social and economic 
conditions. The dietary patterns in Sigtuna 
were probably varied and not static and the 
increasing number of foreign merchants 
and Christian clergy in the growing 

town may have introduced new exotic 
tastes. Several archaeological observations 
indicate differences in social equality 
between the cemeteries and the churchyard 
at Church 1 stands out as exceptional. In 
1993, the remains of a male buried with a 
crozier-head made of a morse ivory (walrus-
tusk) were found close to the southern wall 
of Church 1 among graves dating to phase 
2 (Tesch 2001). The crozier-head, the 
oldest find with a liturgical connection 
in Sweden, implies that the man was at 
best an archbishop or at least an abbot 
(O´Meadhra 2001). Furthermore, the 
remains of a baptismal font, probably made 
by English or North German craftsmen, 
were recovered in the churchyard. The 
finds must be regarded as exceptional and 
prestigious objects denoting a royal family 
(Karlsson 1989). At the end of the 10th 
century royal coins were minted in the 
same block as the churchyard, which is 
an indication that the plot accommodated 
a ruling elite (cf. Hed Jakobsson 2003: 
234). In comparison, the other cemeteries 
in Sigtuna seem to be more ordinary with 
a more marginal location and absence of 
equivalent finds. The cemeteries included 
in the present study except for Church 1 
(phase 1-2) are the Nunnan block (phase 1) 
and St Laurence’s (phase 3). 

In recent years many studies utilizing 
stable isotope data and trace element 
analyses of human remains as well as 
chemical analyses of organic residues on 
pottery have shed new light on dietary 
patterns in Sweden during the period 
preceding the establishment of Sigtuna. 
(Arrhenius 1990; Iregren et al. 2000; 
Isaksson 2000; Isaksson et al. 2004; 
Lidén and Nelson 1994). The results 
indicate a diet mainly comprising proteins 
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of terrestrial origin (Lidén and Nelson 
1994), however, with an apparently high 
input of vegetable items (Isaksson 2000). 
Interestingly, in the Late Viking Period 
animal foods seem to have been consumed 
mainly in ritualized situations and contexts 
(ibid.). Of interest for the present study was 
to evaluate the level of animal foods in the 
diets that can be used as a marker for high 
status.    

The relationship between diet and 
chemistry of bone has proved to be a 
valuable clue in the study of ancient 
dietary patterns revealing information 
otherwise unavailable. Many studies have 
examined dietary patterns in relation to 
social hierarchy (e.g.; Aufderheide 1989: 
Aufderheide et al. 1985; Aufderheide et 
al. 1988; Baraybar & Rua 1997; During 
1994; 1997; Eriksson 2003; Ezzo 1992; 
1994a; Ezzo1994b; Iregren et al. 2000; 
Katzenberg 2000; Katzenberg et al. 1995; 
Lidén 1995a; Lidén and Nelson 1994; 
Mays 1997, 2000; 2003; Papathanasiou 
2003; Richards et al. 1998; Sandford 
and Weaver 2000; Schutkowski 1995; 
Schutkowski et al. 1999; Ubelaker et al. 
1995; Waldron 1981; White et al. 1993; 
White 1994; Vuorinen et al. 1996). The 
chemical analyses offer opportunities to 
study levels of terrestrial versus marine 
proteins or level of vegetable versus animal 
food items in the diet. We will use these 
variables in order to investigate dietary 
patterns of different populations sampled 
according to a probable social hierarchy in 
Sigtuna. 

Our main objective is to examine dietary 
patterns in Sigtuna through chemical 
analyses of human remains using a 
combination of stable isotope and trace 
element data. We examine dietary patterns 

at three cemeteries; Church 1, the Nunnan 
block and St Laurence’s where dietary 
differences could be related to social 
stratification. Stable isotope data of C and 
N will be utilized together with data on 
bone values of elements considered having 
a dietary signal, namely Sr, Ba, Cu and 
Zn (e.g. Auderheide 1989; Ezzo 1994b). 
Sr and Ba, which substitute for Ca in the 
mineral component of bone, show trophic-
level separation according to dietary input 
(Burton and Price 1990; Burton et al. 1999; 
Burton et al. 2003; Ezzo 1994b; Lidén 
1995b; Mays 2003; Pate and Brown 1985; 
Safont et al. 1998). Humans consuming 
more meat can be expected to show lower 
Ba and Sr levels and lower Ba/Ca and Sr/
Ca ratios in their bone compared to those 
with higher input of vegetables in their 
diet (Burton et al. 2003; Burton and Price 
1990; Ezzo 1992; 1994b; cf. Schoeninger 
1989; Sillen and Kavanagh 1982). 

We include Cu and Zn in the study with 
the additional aim to evaluate the utilization 
of the elements as dietary indicators by 
comparison to results obtained for other 
elements and stable isotope data. Both Cu 
and Zn have in some studies been used as 
dietary indicators, separating diets rich in 
animal food items from those containing 
more vegetable items (e.g. cf. Aufderheide 
1989; Beck 1985; González-Reimers et 
al. 2001; Iregren et al. 2000; Lambert 
et al. 1985; Lidén 1995b; Safont et al. 
1998; Schutkowski 1995; Schutkowski 
et al. 1999). The use of both elements 
is, however, problematic and their value 
as dietary indicators has been discussed 
(Aufderheide 1989; Ezzo 1994a; 1994b; 
Lidén 1995b). We will comment on this 
matter. 
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At the onset of the study we had reason 
to suspect that some individuals in 
Sigtuna might exhibit elevated Pb levels 
(possibly together with other elements), 
perhaps due to occupational exposure. 
At Church 1 five individuals with a blue-t Church 1 five individuals with a blue-
black discolouring of the enamel on the 
cheek teeth had been recovered in 1983. 
According to Wallerstedt (1994) tests of the 
discoloration from one of the individuals 
showed that it contained lead (technique 
of measurement is unfortunately not 
reported). He presented the hypothesis 
that the lead could have been deposited in 
connection with the (manual) preparation 
of silver threads although not excluding the 
possibility that the individuals had been 

contaminated postmortem. Exposure due 
to e.g. craft-activity would be plausible in 
Sigtuna and we found it worth considering. 
However apparent the risk of post-mortem 
contamination of lead we decided to 
adopt a multi-element approach in order 
to evaluate possible signs of diagenetic 
alterations in general (e.g. Price 1989). 
Furthermore, of some concern was the 
different character of the soil surrounding 
the burials at the sites, possibly causing 
differences in diagenetic alteration. The 
soils at Church 1 and St Laurence’s showed 
signs of anthropogenic activities while the 
soil at Nunnan was sterile clay. For this 
analysis we included; As, Be, Cd, Co, Cr, 
Pb, Fe, Li, Ni and V and analysed trace 

Figure 2. Map of Sigtuna with the location of the three cemeteries studied; the Nunnan block 
(1), Church 1 (2) and St Laurence’s (3). The map shows the present day plot boundaries. The 
approximate extent of the medieval settlement denoted.
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element levels in soil samples from 20 
burials. Since it was impossible to obtain 
soil samples from the excavations areas, we 
chose to analyze soil adherent to the bones 
surfaces. Obviously this was not an ideal 
solution because of the apparent risk of 
contamination from the bones to the soils.  

    In Sigtuna the burials chosen for 
analysis were initially dated through 
archaeological criteria (Wikström, in press) 
but in order to confirm the chronology all 
samples were radiocarbon dated. In most 
previous studies, the analysed samples have 
seldom been radiocarbon dated rendering 
the chronological integrity uncertain.

Material
We have sampled adult human remains 

from three cemeteries representing the 
three chronological phases (Figure 2). The 
sample initially comprised 80 individuals, 
31 women and 49 males (Table 1-2). 
However, as a result of the radiocarbon 
datings the number and composition of the 
sample changed somewhat, see below. A 
short description of the cemeteries follows.

The graveyard at the Nunnan block 
is not associated with a church building 
and belongs to the oldest phase of the 
town. The graveyard lacks signs of 
physical delimitation and the burials are 
all inhumations in single graves that are 
sparsely distributed. The burials have 
been dug into sediments of clay which 
are undisturbed by other archaeological 
activities. 

The churchyard known as Church 1 was 
located in the center of Sigtuna on one 
of the oldest plots of the town. The stone 
church was most likely founded during the 
end of the first burial phase and probably 
replaced an earlier wooden church at the 
site. The burials recovered at the cemetery 
had been dug into a sandy soil with traces 
of cultural activities. The churchyard is 
thought to hold thousands of burials out of 
which about 165 skeletons in single graves 
(Kjellström et al. manuscript). 

The churchyard of St Laurence’s has a 
stone church possibly built in the early 12th 
century (Bonnier 1987: 21). The excavated 

Table 2. Sample included in the present study. All individuals were adults except for 
five juveniles at St Laurence’s.
Sex The Nunnan block Church 1, phase 1 Church 1, phase 2 St Laurence’s Total
Females 10 7 10 4* 31
Males 10 13 11 15** 49
Total 20 20 21 19 80
 *including one individual 17-18 yrs.  ** including one 13-18 yrs, one 15-19 yrs and two 17-18 yrs.

Table 1. Demographic composition at the cemeteries studied
Category The Nunnan block Church 1, phase 1 Church 1, phase 2 St Laurence’s
Subadults   23   6   30 11
Adults   90 23 106 11

Females   35 15   31 4
Males   36   7   61 11
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graves are from the southeastern and 
southern part of the churchyard in close 
vicinity of the church. The burials had been 
dug into a sandy soil with traces of cultural 
activities. The sampled burials belong to a 
period when St Laurence’s was a church for 
the town parish. Thus, the sample probably 
represents ordinary citizens in Sigtuna 
during the final occupational phase. 

Methods
Sampling

The sample for stable isotope and trace 
element analysis consists of 80 specimens 
from the three Sigtuna assemblages. 
Samples were mainly taken from long 
bones (primarily the femur) but in two 
cases (Idnr 83025 and 97114) from the 
skull (pars petrosa of the temporal bone). 
To avoid problems related to differences in 
turnover rates of bone collagen due to age 
(Lidén and Angerbjörn 1999; Mays 2000: 
426), breast feeding and weaning (Dupra 
et al. 2001; Wright & Schwarcz 1998) or 
alteration to diagenetic factors (Lambert et 
al. 1985) only adults (over 20 years of age) 
were chosen. 

For the collagen extraction approximately 
2 g of bone were used. The samples were 
collected at the Osteoarchaeological 
Research laboratory, Stockholm University 
and then sent for preparation at the 
Ångström laboratory, Uppsala University.

Dating
The chemical pre treatment of the bone 

material followed the routine procedure 
used at the Uppsala AMS facility for well 
preserved bones exhibiting normal coloring 
and plastic properties. A mechanical 
cleaning of the bone surfaces was followed 
by an ultra sonic wash in distilled water. 

The organic fraction normally named 
�collagen�� was extracted according to the 
HCl method that represents a modified 
Longin procedure. 0.8M HCl (10oC) was 
added and stirred for c. 30 minutes for 
decalcification. The insoluble fraction was 
then dissolved under stirring in water (pH= 
3) at c.90oC for 6-8 hours. The soluble 
fraction was centrifugalized, dried and 
collected as �collagen��.

Combustion was conducted at 800oC for 
c.10 minutes with CuO as an oxidizer. A 
small fraction (c.0.1mg carbon equivalent) 
of the CO2 was used to measure the 
natural mass-fractionation, d13C, in a 
conventional dual inlet mass spectrometer 
(VG OPTIMA), while the major part 
was mixed with H2 and Fe-catalytically 
graphitized at ca. 800oC.

The radiocarbon measurements were 
performed with the use of the recently 
installed 5MV pelletron tandem 
accelerator used as an ultra sensitive mass 
spectrometer (AMS). Sequential injection 
of the stable 12C, 13C and the radioactive 
14C at ms intervals was utilized.  Absolute 
transmissions were calibrated with an oxalic 
acid I NBS standard and background as 
well as standard material was measured at 
regular intervals.

The evaluation of the corrected 
radiocarbon ages was conducted with the 
OxCal version 3.10 computer code.

Stable Isotopes
Besides the δ13C measurements used 

for natural mass fractionation correction 
of the radiocarbon dating, a separate 
analysis of δ13C and δ15N was performed 
on ca.1.5 mg of the �collagen�� fraction 
from each bone sample. The analysis was 
done with a carbon-nitrogen analyzer 
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(Europa Scientific, ANCA-NT system, 
solid/liquids preparation module) 
coupled to a conventional isotope ratio 
mass spectrometer (Europa Scientific, 
Europa 20-20). Several internal calibrated 
standards (NBS No 18, USGS24, LSVEC, 
IAEA-NO-3, IAEA-N-2) were used for 
consistency check and for absolute VPDB 
conversion of the results.

Trace elements
About 50 mg of ultrasonically cleaned 

bone material was used for the trace 
element analysis by ICP-SFM. The 
bone sample was dried at 50oC (the 
concentrations were normalized to TS 
105oC) followed by digestion with 5 ml 
concentrated HNO3 (SP)+ 0.5 ml H2O2 
in ACV50 Teflon vessels using a MARS5 
MW digestion unit (600W for 1h). The 
digests were sieved through 2 mm and 
further diluted by distilled de-ionized 
water and analyzed by ICP. The absolute 
concentrations were controlled by use of 
the NIST standard reference material 1400 
(bone ash) and an accuracy and precision 
of ±5% was demonstrated.

Statistical methods
The Two-sample t-test was adopted 

in the comparison of mean values of 
stable isotope and trace element values 
in the bones when the values showed a 
normal distribution as established by a 
Kolmogorov-Smirnov test. When values 
proved not to be normally distributed the 
non-parametric Mann-Whitney test was 
adopted for comparison of median values. 
Correlations were examined by Pearson (r) 
correlation coefficient. All calculations were 
performed using the MINITAB release 14 
software (Minitab Inc.)

 

Results
Radiocarbon datings

The results of the radiocarbon datings 
show that the individuals sampled for the 
study were buried during three different 
periods dating to approximately A.D. 900-
1100, 1100-1300 and 1400-1650 (Figure 
3). The burials at the Nunnan block may 
be slightly older than those at Church 1 
(phase 1) but still fall within the expected 
ranges. The youngest date obtained at 
Nunnan (Ua-22703, 950BP± 30) is used 
as the end date for phase one. Two burials 
from Church 1, phase 2, were dated older 
than this and two individuals from phase 1 
were younger. Despite some contradiction 
to stratigraphical observations the 
burials were assigned to chronological 
groups according to the obtained dates. 
Noteworthy are the rather young dates 
from the third phase (St Laurence’s) where, 
in fact, some of the burials are from the 
Post-Reformation period. Three burials 
at the St Laurence’s cemetery believed 
to represent the third phase, belonged to 
either the first phase (one burial) or the 
second (two burials). The individuals were 
omitted in the further analyses. Thus, 
the chronological integrity of the burials 
sampled in the present study is good. 

Stable isotopes
The comparison of C/N ratio indicates 

that the preservation of the organic 
bone fraction was good on all sites. The 
mean value for the whole ensemble is 2.9 
(StDev 0.19). The δ13C values exhibit some 
variation between the sites (Table 3, Figure 
4). The Nunnan block shows more negative 
mean values than Church 1, phase 1 (t test, 
p 0.001) and St Laurence’s (t test, p 0.016). 
The individuals at Church 1, phase 1 show 
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more negative mean values than those from 
phase 2 (t test, p 0.003). The females at 
Church 1 (phase 2) had less negative δ13C 
means than the males (t test, p 0.005). 

The δ15N values show a higher variation 
than the δ13C values (Table 4, Figure 
4). The median values at the Nunnan 
block were lower than those at Church 1, 
phase 1 (Mann-Whitney, p 0.0018) and 
phase 2 (Mann-Whitney, p 0.0000) and 
St Laurence’s (Mann-Whitney, p 0.0032). 
The differences in median values between 
the other sites were not significant (Mann-
Whitney, p >0.05). The median value 
was significantly higher for females than 
for males at Church 1, phase 2 (Mann-
Whitney, p 0.0122). 

Trace elements
The mean Ca values vary between 28-

32%, i.e. slightly lower than the limits for 
fresh bone, 36-44% (e.g. Mays 2003). The 
mean values were higher at the Nunnan 
block compared to those at Church 1 
and St Laurence’s while the difference in 
means between the other cemeteries was 
not significant. The mean Ca/P ratio in 
Sigtuna is 2,24 (StDev 0,0646), which 
falls within the limits of modern bone 
reported by Mays (2003), 2.21-2.27 and by 
Grupe and Piepenbrink (1988), 2.07-2.75. 
The mean ratio was higher at Nunnan than 
at the other sites (t test, p 0.000). Also the 
ratio at Church 1, phase 2 was higher than 
that at St Laurence’s (t test, p 0.001). The 
difference in mean ratio between the sexes 

Table 3. Mean δ13C values for both sexes at the studied sites
Sex/ Cemetery N Mean StDev Minimum Maximum
Females
Nunnan, phase 1 10 -21.76 0.67 -22.67 -20.45
Church 1, phase 1 8 -20.70 0.71 -21.74 -19.86
Church 1, phase 2 9 -20.99 0.38 -21.46 -20.54
St Laurence’s, phase 3 4 -21.14 0.93 -22.45 -20.26
Males
Nunnan, phase 1   10 -21.22 0.57 -22.15 -20.15
Church 1, phase 1 12 -20.62 0.81 -21.82 -18.97
Church 1, phase 2 11 -21.54 0.38 -22.13 -20.83
St Laurence’s, phase 3 12 -20.81 0.67 -21,50 -19,35

Table 4. Mean δ15N values for both sexes at the studied sites.
 

Sex/ Cemetery N Mean StDev Minimum Maximum
Females
Nunnan, phase 1 10 10.73 1.51   8.08 12.74
Church 1, phase 1 8 13.06 0.68 12.15 13.83
Church 1, phase 2 9 13.89 0.83 11.86 14.66
St Laurence’s, phase 3 4 12.13 1.42 10.38 13.77
Males
Nunnan, phase 1   10 11.17 1.45   9.03 13.36
Church 1, phase 1 12 12.16 1.36 10.32 14.63
Church 1, phase 2 11 12.50 1.05 11.18 14.22
St Laurence’s, phase 3 12 12.63 1.20 11.10 14.36
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Figure 4. Scatterplot showing the distribution of the δ13C and δ15N values for females (A) 
and males(B).
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was not significant on any cemetery. The 
mean Ca-values and mean Ca/P values 
indicate acceptable preservation although 
in integrity of the inorganic bone matrix 
some differences between Nunnan and the 
other cemeteries may be present. 

Some degree of diagenetic alteration 
of the bones has probably occurred. The 
mean values for P and Sr on all cemeteries, 
Ba and Cd at Nunnan and Zn and V at 
St Laurence’s were higher in bone than in 
the surrounding soil (Table 5-6). Ca was 
not measured in the soil samples. Mo was 
detected in one soil sample only. For the 
other elements mean values were higher in 
the soil samples than in bone. No significant 
correlation (Pearson r) was observed on any 
cemetery between the bone and soil values 
for Ba, Cu, Sr and Zn,Ba, Cu, Sr and Zn, i.e. the elementsthe elements 
of special interest in the present study. 
Elements exhibiting a significant positive 
correlation to the soil values were As, Cr, Li 
and Pb (Pearson p<0.04). The rather high The rather high e rather high 
levels of Pb and Cu in the soil render the 
bone values difficult to evaluate in relation 
to dietary patterns or possible exposure (see 
below). 

Strontium
The mean bone value for Sr in Sigtuna 

was 186,46 ppm (StDev 36,47) which falls36,47) which falls) which falls 
within the limits of normal bone content 
of 150-250 ppm (ash) (cf. Aufderheide 
1989). Nunnan exhibited significantly 
higher values (t-test, p<0.011) than the 
other sites where the mean values were 
rather similar. No significant difference in 
mean values between the sexes on any site 
was observed. The mean log (Sr/Ca) ratio 
for Sigtuna is -3,2139 (StDev 0,0739) not-3,2139 (StDev 0,0739) not 
showing significant differences betweendifferences between 
the cemeteries. Nunnan had a significantly 

higher median value for females than for 
males (Mann-Whitney, p 0.0058). 

Barium
The mean bone value for Ba in all 

individuals was 72,96 ppm (StDev 69,82). 
The mean log (Ba/Ca) ratio was -3,8136-3,8136 
(StDev 0,4351). The soil values were0,4351). The soil values wereThe soil values were 
higher than the bone values at Church 1 
and St Laurence’s while lower at Nunnan. 
Nunnan showed a significantly higher 
median value than the other cemeteries 
(Mann-Whitney, p 0.0000). Furthermore 
St Laurence’s exhibited a higher median 
value than Church 1 (phase 1 Mann-
Whitney, p 0.0466 and phase 2 Mann-
Whitney, p 0.0053). A significant difference 
in median values between the sexes was 
observed at Nunnan (Mann-Whitney p 
0.0257) and Church 1, phase 1 (Mann-
Whitney p 0.0372). The female values were 
higher on both sites. The log (Ba/Ca) values 
for females had higher ratios than for males 
at Nunnan (Mann-Whitney, p 0.0058) but 
also at Church 1, phase 2 (Mann-Whitney, 
p 0.0482). Nunnan showed a significantly 
higher log (Ba/Ca) ratio than the other 
cemeteries (t-test p 0.000). St Laurence’s 
had higher ratios than those at Church 1 
(Both phases, t-test p 0.002). 

Zinc
The mean bone value for Zn in Sigtuna 

was 207,5 ppm (StDev 92,1) which falls 
within the observed range of 165-297 ppm 
for bone ash (estimation by Ezzo (1994a) 
on basis of Casey et al. 1982). Aufderheide 
(1989, Table 1) reports a mean normal 
bone Zn value of c. 200 ppm for several 
studies. Nunnan exhibits lower Zn median 
values than the other sites (Mann-Whitney, 
p <0.0003) and St Laurence’s higher values 
than Church 1 (phase 1, Mann-Whitney, 



Dietary Patterns and Social Structures in Medieval Sigtuna, Sweden

13

p 0.0356 and phase 2, Mann-Whitney, 
p 0.0155). No significant difference in 
median values between the sexes on each 
site was observed. 

Copper
The mean bone value for Cu in Sigtuna 

is 26,72 ppm (StDev 15,31) i.e. close to26,72 ppm (StDev 15,31) i.e. close to 

reported normal bone content, 25 ppm 
(Aufderheide 1989, Table 1). St Laurence’s 
showed a significantly higher median value 
than Church 1, phase 1 (Mann-Whitney, 
p 0.280). No significant difference inNo significant difference in 
median values between the sexes on each 
site was observed. The mean value in theThe mean value in the 
soil samples on all sites was higher than the 

Table 5. Mean elemental levels (ppm) in soil samples at the cemeteries.
 

Element Nunnan Church 1, phase 1 Church 1, phase 2 St Laurence’s
As 7,492 8,02 4,942 4,476
Ba 130 113,86 127,6 107,48
Be 1,294 0,595 0,5686 0,641
Cd 0,15 0,4092 0,3706 0,1798
Co 14,64 8,91 7,342 7,942
Cr 42,66 16,14 14,32 16,52
Cu 48,62 176 109,2 48,94
Fe 40540 20320 18760 21400
Li 41,98 14,7 14,38 20,16
Mn 526,6 807,6 761,6 538,6
Mo <0.4 3.39 (N=1) <0.4 <0.4
Ni 34,84 17,08 13,14 13,22
P 2280 11976 7904 3916
Pb 22,98 233,3 86,9 19,72
Sr 32,2 85,56 82,66 39,94
V 48,08 24,02 22,08 26,58
Zn 133,6 211,8 182,4 119,68

Table 6. Mean elemental  levels (ppm) in bone at the cemeteries. Values 
underlined were higher in bone than in the soil.
 

Element Nunnan Church 1, phase 1 Church 1, phase 2 St Laurence’s
As 1,437 1,459 0,801 0,936
Ba 185 26,77 31,72 44,86
Be 0,2098 0,0666 0,0818 0,1583
Ca 328900 297500 291500 283063
Cd 0,1708 0,289 0,2295 0,784
Co 1,582 0,635 0,872 1,036
Cr 6,7 0,695 1,844 2,986
Cu 24,16 16,63 26,96 31,08
Fe 4161 1974 1506 2340
Li 6,68 3,616 5,054 3,494
Mn 69,1 226 122,3 112,9
Mo 3,302  17,76   11,90   4,932  
Ni 8,38 2,651 3,702 7,38
P 135200 139800 138000 127200
Pb 3,122 20,9 7,31 8,36
Sr 194 187,6 189,8 168,6
V 19,52 22,11 21,62 39,32
Zn 131 205,2 172,2 333,8
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bone values ranging from 48,62 at Nunnan 
to 176 at Church 1, phase 1. The soil values 
were higher at Church 1 than at Nunnan 
and St Laurence’s.

Lead
The mean bone value for Pb in Sigtuna is 

15,93 ppm (StDev 35,72). The mean values 
in the soil samples were higher than the 
bone mean values and the soil values were 
especially high at Church 1 (Table 5-6). 
Church 1, phase 2 had the highest mean 
value in bone, however significantly higher 
than Nunnan only (Mann-Whitney, p 
0.006). Six individuals showed bone lead 
values exceeding 50 ppm, i.e. above the 
reported bone levels without symptoms of 
exposure, 0-50 ppm (Aufderheide 1989); 
at Church 1, three females (284, 78.6 and 
64.8 ppm) and two males (56.5 and 79.9 
ppm) and at St Laurence’s one male (53.3 
ppm). The individual with the highest bone 
value exhibited discoloured teeth (Table 7). 
However, the skeleton (Idnr. 83018) had a 
markedly elevated soil lead value, which 
complicates interpretations. The three other 
examined individuals with discoloured 
teeth showed values between 24.4 and 41.4 
ppm, i.e. still slightly elevated and above 
the general mean of the population.  

Discussion 
Methodological concerns

The carbon isotope data indicate a 
broadly similar dependence on proteins 
mainly of terrestrial origin in the diet 
on all cemeteries. In this respect the 
Sigtuna population can be characterized 
as homogeneous. Some differences were 
observed but it should be noted that in no 
comparison the distance between the mean 
values exceeds the estimated trophic level 
distance of 1‰ (Lidén 1995a). However, 
the results are in good agreement with 
other studies of medieval material in 
Sweden, which have indicated diets where 
the protein is of �predominantly terrestrial 
origin�� (IregrenIregren et al. 2000; Johanssen et al. 
1986; Lidén and Nelson 1994). Nitrogen Nitrogen 
indicated dietary differences between the 
sites and also between the sexes within 
the cemeteries as well as between the 
same sex on different cemeteries. The 
differences were most obvious for females 
where Nunnan showed lower values than 
Church 1 and St Laurence’s indicating a 
higher input of vegetables in the diet than 
on the other cemeteries. The females at 
Church 1, phase 2 show especially high 
nitrogen values indicating a substantial 
consumption of meat and fish. 

Table 7. Bone lead levels in individuals from Church 1 with discoloration on the 
teeth, possibly indicative of occupational exposure to lead.
 

Idno. Grave zone Phase Sex Age group Pb value (ppm)
83018 A 1 F Maturus 78.6 (soil 509ppm)
83011 A 1 F Adultus 24.4
83025 A 1 F Adultus 37.9
83021 A 1 F Adultus 41.4
83020 A 1 F Adultus Not tested
83002 A 2 M Maturus Not tested
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Figure 5. Scatterplot showing the distribution of the log (Ba/Ca) 
and log (Sr/Ca) values for females (A) and males (B).
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The consumption of fish – apparently 
mainly from the Lake Mälaren with 
brackish water – has consequences for 
the interpretation of the Sr and Ba values 
(see e.g. Burton and Price 1990). The 
food chain in Sigtuna is not entirely 
terrestrial which needs to be considered. 
In general, Ba and Sr showed a similar 
dietary pattern as indicated by the nitrogen 
values. However, Ba and Sr provide slightly 
deviating results, which at least partly may 
be related to the chemical properties of the 
elements (see e.g. Ezzo 1992; 1994a; Sillen 
and Kavanagh 1982; Safont et al. 1998) 
but also due to problems associated with 
the interpretation of the trophic levels for 
the two elements (Burton and Price 1990; 
2000). The log (Ba/Ca) and log (Sr/Ca) 
values at Sigtuna are in agreement with 
published data on trophic levels for human 
bone (Burton et al. 1999; Burton et al. 
2003) (Figure 5) though not showing a 
similar trophic level separation. The mean 
log (Ba/Ca) values for the cemeteries fall 
between  –3.278 and –4,134 which is a 
rather broad spectrum in range within 
published data for carnivores and levels 
between carnivores and herbivores (see 
data in Burton et al. 2003). The mean 
log (Sr/Ca) values exhibit a smaller 
variation between –3.190 and –3.230 and 
fall between carnivores and herbivores. 
Most probably the relative differences 
between the cemeteries are reflections of 
dietary patterns but the published data 
on trophic levels are not applicable in 
the Sigtuna environment. This highlights 
the complications involved in the direct 
comparisons of the trophic level trends 
for log (Ba/Ca) and log (Sr/Ca) (data in 
Burton et al. 1999; Burton et al. 2003) and 
especially if diets are expected to be mixed 

(Burton and Price 2000) and include 
marine components in the diet such as fish 
(Burton and Price 1999). Indeed this is the 
case in Sigtuna. A comparison between 
the log (Ba/Ca) and log (Sr/Ca) ratios 
and nitrogen values in Sigtuna exhibits 
some discrepancies but still contained 
information on dietary patterns (Figure 6-
7). The discrepancies in the log (Ba/Ca) and 
the log (Sr/Ca) values are probably related 
fore mostly to the different consumption of 
fish. Consumption of fish might affect the 
Sr and Ba levels in bone but present data 
suggest that Sr and Ba are unsuitable for 
assessment of levels of seafood in the diet 
(Burton and Price 1990). The consumption 
of fish in Sigtuna is probably an important 
reason why the Sr and Ba values do not 
provide a resolution on the dietary patterns 
in the same detail as nitrogen.  

The dietary signals of Zn and Cu were 
more difficult to evaluate than Sr and Ba. 
Zn provided some resolution in accordance 
with other results. Zn has been regarded 
as rather stable to diagenetic alteration 
(e.g. cf. Grupe 1987; Lambert et al. 1985; 
Vuorinen et al. 1996), which seems to be 
confirmed also in the present study. No 
significant correlation between the bone 
values and the soil values were observed. 
In Sigtuna low Zn values corresponded to 
high bone values of Sr (Pearson r -0.227, p 
0.042) and Ba (Pearson r -0.337, p 0.002). 
Furthermore, the Zn values were positively 
correlated to δ15N values (Pearson r 0.237, 
p 0.034) (Figure 8). When the δ15N, Sr 
and Ba values indicated diets comprising 
more vegetable items the Zn values were 
lower. Thus, our results indicate some 
level of trophic level separation for Zn 
in accordance with observation in other 
studies (e.g. Lidén 1995a; Safont et al. 
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Figure 6. Scatterplot showing the distribution of the δ15N and log (Ba/Ca) values 
for females (A) and males (B). 
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Figure 7. Scatterplot showing the distribution of the δ15N and log (Sr/Ca) values for 
females (A) and males (B). 
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1998). However, earlier criticism of the 
use of Zn still needs evaluation (Ezzo 
1994a; 1994b). Zn should not be applied 
as a dietary indicator in the same (general) 
manner as Sr and Ba. Absorption rates 
and the mechanism for incorporation into 
the bones may vary considerably due to 
Ca-supply in the diet e.g. the presence of 
phytate (Ezzo 1994a; 1994b, Hurrell 2003; 
Lönnerdal 2000; Schutkovski et al. 1999).

In the present study Cu offered a poor 
resolution on dietary patterns. The Cu bone 
values did not show a significant correlation 
to the soil values but when compared to the 
other results the bone values for Cu were 
not in accordance with expectations. It 
has been claimed that Cu would show 
a trophic level distinction between diets 
rich or poor in meats (Iregren et al. 2000; 
Schutkovski et al. 1999) but this is not 
evident in the present study. The Cu values 
did not exhibit a significant correlation to 
Sr, Ba or δ15N values. However, the Cu 
values showed a significant correlation to 
Zn (Pearson r 0.534, p 0.000) but in this 
case a few outliers may be responsible for 
the observed relationship. Diagenetic 
alteration seems to have affected the Cu 
values in the bone.  

Previous studies have revealed generally 
low levels of Pb exposure in medieval 
skeletons in Scandinavia (Åberg et al. 1998; 
Iregren et al. 2000; Vuorinen et al. 1996; 
see also Waldron 1981). In the presentIn the present 
study high levels of bone lead corresponded 
to high levels in the soil (Pearson r 0.768, p 
0.000). It can be noted that all individualsIt can be noted that all individuals 
with stained teeth exhibited higher than 
mean levels of Pb in the bone. However, 
the elevated bone values may still be due tohe elevated bone values may still be due to 
local enrichment of Pb in the soil at Church 
1. The possibility of cross-contaminationross-contamination 

cannot be ruled out. Diagenetic alterationiagenetic alteration 
may therefore be suspected for Pb, which 
hinders a conclusive association of the 
stained teeth to occupational exposure.  

The multi-element analysis, indicates a 
possible accumulation of several elements 
in bone due to elevated soil levels. Few 
elements, however, exhibited a significant 
correlation between the bone values and 
the soil values. At Church 1, located in 
the center of Sigtuna, elevated soil levels 
were noted for Cu, Mn, P, Pb, Sr and 
Zn. At Nunnan markedly high soil values 
were observed for Fe only. Increased levels 
in soil samples of many of the elements 
mentioned above have been explained by 
anthropogenic activity (Haslam and Tibbet 
2004; Isaksson et al. 2004; Middleton and 
Price 1996). The sources being for e.g. P 
organic debris as food waste, excrements, 
plant tissue and bone and for metals e.g. 
craft activity (Haslan and Tibbet 2004; 
Middleton and Price 1996). 

The elevated values of many elements at 
Church 1 can probably be associated with 
anthropogenic activities that have been 
more intense compared to e.g. Nunnan. 
However, enrichment in anthropogenic 
soils is not uniform and depends on many 
factors (see e.g. Entwistle et al. 2000). 
Although diagenetic effects of bone 
levels for certain elements have probably 
occurred in Sigtuna the bones do not 
seem to have undergone major alteration 
hindering interpretations of the data of 
significance for dietary reconstruction. 
However, the results of the multi-element 
analysis of bone and soil values restrain the 
interpretations of Zn, Cu and Pb.   
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Dietary patterns versus social structure
It seems obvious that in the initial stages 

of Sigtuná s development the observed 
social differences were also reflected in 
dietary habits. A comparison between 
the Nunnan block and Church 1 during 
the first phase reveals differences. The 
population buried at Nunnan included 
a larger part of vegetables in their diet 
than that buried in the central parts of 
the town. Sr, Ba and δ15N values show a 
similar pattern indicating a larger part of 
vegetables in the diet at Nunnan than at 
Church 1 and St Laurence’s. This difference 
is indicated also by the Zn values, which 
are lowest at Nunnan.

The results from Nunnan cast interesting 
light on the early urbanization in Sweden. 
The dietary pattern observed at the site is 

in some agreement with chemical analyses 
of organic residue on pottery from Eastern 
Middle Sweden dating to the period AD 
500-1000 (Isaksson 2000). Isaksson (ibid.) 
found that a large part of the residue on 
pottery recovered in settlement contexts 
was of vegetable origin, thus questioning 
the often-claimed dependence on meat in 
the diet during that time-period. A higher 
frequency of residues indicating animal 
food was found in burial and other ritual 
contexts suggesting that animal food was 
consumed on special occasions. The general 
dietary pattern at Nunnan – as reflected 
through bone chemistry – with an input of 
vegetables in the diet is in some accordance 
with these observations. Further, the 
results are in some accordance also with 
the dietary pattern at the rural cemetery 

 Figure 8. Scatterplot showing the distribution of the δ15N and Zn values at the cemeteries 
in Sigtuna.
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Westerhus where a high input of cereals 
and vegetables in the diet was suggested on 
the basis of Sr, Cu and Zn values in bone 
(Iregren et al. 2000). Females at Nunnan2000). Females at Nunnan 
showed a higher input of vegetables in their 
diet than the males.

The population buried at Church 1, 
phase 1 exhibits a diet with a higher input 
of animal foods – and probably some 
amount of fish. The δ15N (and Zn) values 
were higher while Sr, Ba were lower than 
at Nunnan. For females the difference in 
means for δ15N between the Nunnan and 
Church 1, Phase 1 (2,33‰), signifies a level 
of difference in dietary composition close to 
the trophic-level ranges (Lidén 1995a). The 
Ba values indicate some level of difference 
in dietary patterns between the sexes at 
Church 1 during the first phase. Females 
show a higher proportion of vegetables 
in their diet than males. Hence, Church 
1 during the earliest phase of Sigtuna 
exhibits a different dietary pattern than at 
Nunnan and apparently consumed meat 
foods more regularly. This is an important 
difference compared to earlier periods 
where meat apparently was consumed 
more occasionally (Isaksson 2000). In 
the early stages of Sigtuna high status can 
be related to a higher input of meat foods 
in the diet, a rather commonly observed 
pattern (cf. Isaksson 2000; Montanari 
1994). However, the consumption of fish 
was also more extensive than at Nunnan. 
Obviously, a social stratification had been 
established quite early in the history of 
Sigtuna and those buried in the central 
parts of Sigtuna had established a different 
cuisine than that of other populations. 

The population buried at Church 1 during 
the second phase in Sigtuna shows more 
similarities with that buried during the first 

phase than that from Nunnan. However, 
during the second phase Church 1 exhibits 
a more marked difference in dietary 
patterns between the sexes. Interestingly, 
the δ15N values were lower for males than 
for females. Males exhibit a more scattered 
distribution indicating a more varied diet 
than the females, which show a rather 
clustered distribution. Females included a 
higher proportion of fish in their diet. The 
more marked differences between the sexes 
can be seen as an indication that more strict 
rules concerning the sexes had developed 
in the second period. The high status 
population in Sigtuna obviously separated 
a female and a male sphere as seen in the 
dietary patterns. Also, of interest are the 
generally more clustered distributions of 
the female values, which indicate a more 
homogeneous dietary pattern than for the 
males. The regular consumption of fish, 
most probably local fish from the nearby 
Lake Mälaren, indicate that the females 
were rather stationary in Sigtuna.   

During the third phase the importance of 
Sigtuna had diminished and several of the 
religious institutions had been abandoned, 
a process perhaps affecting the upper social 
stratum more than the ordinary citizens of 
Sigtuna. At St Laurence’s, which can be 
characterized as a representative cemetery 
of the period, the δ15N values fall within 
a similar range as Church 1. Although, 
the number of analysed females is low it 
is of interest that the δ15N values are lower 
than those in the main cluster at Church 
1, phase 2. Apparently the females at 
St Laurence’s consumed less fish than the 
females at Church 1, phase 2. For males 
the log (Ba/Ca) values fall between those 
of Nunnan and Church 1 indicating some 
level of difference in dietary patterns but 
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the data are not conclusive. The Ba levels in 
bone were slightly higher at St Laurence’s 
than at Church 1, phase 1, indicating 
a higher input of vegetables in the diet 
compared to Church 1. 

The observed trends in dietary patterns 
are interesting and serve as examples that 
food is linked to social stratification. 
Medieval menus in written records 
mention different kinds of meat dishes 
such as beef, pork, lamb of the domestic 
breeds in addition to wild species such as 
rabbit, roe deer, squirrel, bear and even 
beaver (KL 1965: 121). In accordance 
with most medieval zooarchaeological 
assemblages, the bone debris indicates that 
the most commonly slaughtered animals 
were cattle, sheep and pig (Hårding 1990). 
Contacts probably to the archipelago are 
reflected in a rather high frequency of 
bones from wild birds. In contrast to later 
and more developed towns the amount of 
wild fowl in Sigtuna exceeds the frequency 
of domesticated birds (Jonsson 1989; 
Vretemark 1997: 152). The Christian rules 
regarding the fasts were strict and regulated 
the mammalian meat consumption. The 
importance of fish is reflected in the large 
quantities of fish bones in the Sigtuna layers 
and it is of interest that bones from herring 
and cod have been identified indicating 
import of fish from the Baltic Sea area (e.g. 
Hårding, unpublished report). Obviously, 
marine proteins were consumed in Sigtuna 
but this has failed to show up in e.g. the 
δ13C values of the present study. The δ15N  
values indicate that most fish consumed 
in Sigtuna were from the nearby Lake 
Mälaren, a brackish water inlet of the 
Baltic Sea during phase 1 and 2 but an 
isolated freshwater basin during the third 
phase.

Generally, barley was the most important 
cereal during Late Iron and Middle Ages 
in Sweden (Myrdal 1985: 64; 1999: 
38). Province laws and contemporary 
Scandinavian literature mention peas, 
beans, turnips, hemp, onions, apples, 
cabbage, peas, beans and flax and a variety 
of other plants (cf. Myrdal 1985: 68, 1985: 
118; KL 1965: 81f; KL 1961: 265f; KL 
1965: 86f). Thus, it may be assumed that, 
in addition to cereals, various roots, herbs, 
fruits, mushrooms, nuts and berries were 
consumed also in Sigtuna (KL 1959: 663f; 
KL 1966: 205f). 

Conclusions 
Stable isotopes (δ13C, δ15N) and trace 

elements (Ba, Sr, Zn, Cu) have been studied 
on three cemeteries from the medieval town 
Sigtuna in Sweden revealing differences 
between the examined sites as well as 
between the sexes at the same sites as well 
as the same sexes from different sites. The 
analysis of δ13C showed that in Sigtuna 
the protein intake was mainly of terrestrial 
origin while the δ15N values exhibited a 
higher input of vegetables in the diet at one 
of the cemeteries, the Nunnan block. The 
Sr and Ba values support the dietary pattern 
observed for nitrogen although the absolute 
trophic levels were difficult to associate to 
dietary patterns in the same manner as for 
nitrogen. Probably, the rather extensive 
consumption of local fish from the nearby 
Lake Mälaren has caused variation in the Sr 
and Ba signatures in bones. The Zn values 
were in some accordance with the dietary 
patterns observed for N, Ba and Sr. The Cu 
values showed no significant trend. 

The dietary patterns seem to reflect a 
prevailing social hierarchy in Sigtuna and 
the social stratification was reflected inocial stratification was reflected in 
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higher amounts of animal foods in the 
diet. In the initial phase of the town, aIn the initial phase of the town, a 
comparison of δ15N, Sr, Ba exhibits that 
Church 1, located in the center of Sigtuna 
and representing a population of high 
status, showed a higher input of animal 
foods in their diet than the contemporary 
cemetery at the Nunnan block. Apparently 
already in the initial phases of Sigtuna a 
social hierarchy had been established which 
is reflected in different dietary patterns. In 
the first phase females generally show a 
higher input of vegetables in the diet than 
males on both studied sites. At Church 1 in 
the second phase the differences between 
males and females became more apparent. 
Females consumed a higher proportion 
of fish compared to the males, which 
exhibited a more varied dietary pattern. In 
the third phase the δ15N values for males 
fall within a similar range as at Church 1, 
however, with a weak trend of increased 
vegetables in the diet.   

The results of the stable isotopes and 
trace element analyses have complemented 
each other and most often point towards 
similar dietary patterns. However, it 
is obvious that when the isotopic data 
indicate consumption of fish – as was the 
case in Sigtuna – the tropic levels for Ba 
and Sr have to be interpreted with caution. 
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