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Abstract
The interdisciplinary analysis of the skeletal remains of 63 individ-
uals from settlement features and graves from Schleinbach in Lower 
Austria brought new insights into Early Bronze Age social relations, 
health aspects, signs of stress and trauma patterns. The individuals 
were buried in two groups of formal graves as well as in former stor-
age pits. Mitochondrial DNA analysis identified genetic relationships 
between two individuals placed close together in a double grave, and 
between individuals from a multiple burial. The sex of four children 
buried in contexts suggestive of violence was revealed by proteomic 
sex identification. The high incidence of peri-mortem fractures in in-
dividuals from formal graves and pit burials suggests conflict within 
the community and neighbouring groups that were competing for 
scarce resources. The osteological analysis focused on skeletal and 
dental markers of deprivation, traumas, degenerative conditions and 
pelvic changes possibly linked to reproduction. In addition, we pres-
ent data from 14C dating, tooth cementum annulation and δ13C/δ15N 
isotope analyses for selected individuals. The detailed examination 
of the archaeological context in conjunction with assessing and in-
terpreting non-specific stress indicators and traumas revealed a rich 
and complex picture of social differentiation at Early Bronze Age 
Schleinbach, in which conflict, abuse and marginalization played a 
decisive role. 
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Zusammenfassung – Soziale Beziehungen, Entbehrung und Ge-
walt in Schleinbach, Niederösterreich. Ergebnisse einer interdiszip-
linären Analyse der frühbronzezeitlichen menschlichen Skelettreste

Die interdisziplinäre Analyse der Skelettreste von 63  Individuen 
aus den Gräbern und der Siedlung von Schleinbach in Niederös-
terreich brachte neue Erkenntnisse zu sozialen Beziehungen, all-
gemeinen Belastungszeichen und traumatischen Veränderungen in 
der frühen Bronzezeit. Die Individuen wurden in zwei Gruppen 
formeller Gräber sowie in ehemaligen Speichergruben beigesetzt. 
Die mitochondriale DNA-Analyse identifizierte genetische Be-
ziehungen zwischen zwei Personen, die in einem Doppelgrab eng 
beieinanderliegend bestattet wurden, sowie zwischen Personen 
aus einer Mehrfachbestattung. Das Geschlecht von vier Kindern, 
die im Kontext mit Gewaltevidenz begraben waren, wurde durch 
proteomische Geschlechtsidentifikation bestimmt. Das gehäufte 
Vorkommen perimortaler Frakturen bei Individuen aus formellen 
Gräbern und Grubenbestattungen deutet auf Konflikte innerhalb 
der Gemeinschaft und zwischen benachbarten Gruppen hin, die 
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im Wettbewerb um knappe Ressourcen standen. Die osteologische 
Analyse konzentrierte sich auf Entbehrungszeichen am Skelett und 
an den Zähnen, Traumata und degenerative Veränderungen sowie 
Beckenveränderungen, die möglicherweise mit speziellen Belastun-
gen durch Schwangerschaften und Geburten in Verbindung stehen. 
Darüber hinaus präsentieren wir Daten der 14C-Datierung, Zahnze-
mentanalyse und δ13C/δ15N-Isotopenanalysen für ausgewählte Per-
sonen. Die detaillierte Untersuchung des archäologischen Kontextes 
in Verbindung mit der Bewertung und Interpretation von Stress- und 
Belastungszeichen und Traumata ergab ein reiches und komplexes 
Bild sozialer Differenzierung im frühbronzezeitlichen Schleinbach, 
in dem Konflikte, Misshandlungen und Marginalisierung eine ent-
scheidende Rolle spielten.

Schlüsselbegriffe
Frühbronzezeit, Österreich, Schleinbach, soziale Beziehungen, Ent-
behrung, Trauma, Gewalt, Konflikt.

1. Introduction: Archaeological and Historical Background of 
the Materials
Few skeletal collections have such a colourful excavation, 
storage and assessment history as the remains of over 60 in-
dividuals from 36 graves and nine pits at the Early Bronze 
Age site of Schleinbach.1 The burial of an adult male with 
three children and the double burial of two individuals that 
were placed together in the grave made the site particularly 
well known beyond the borders of Austria. So far, however, 
a detailed, modern assessment of the entire skeletal material 
from this site has been lacking. We were able to integrate 
Schleinbach as a case study in the larger framework of the 
ERC-funded project ‘The value of mothers to society’, 
which aims to clarify the relationship between mother-
hood and women’s social status. This approach, outlined 
in detail for the site of Unterhautzenthal,2 necessitates an 
interdisciplinary examination of the excavation context and 
a morphological assessment of the skeletal remains. A focus 
on changes in the pelvis and degenerative or pathological 
conditions in the surrounding bone elements aims to reveal 
the physical burden of pregnancies and childbirth events. 
Moreover, we investigate signs of deprivation and indica-
tors of violence from traumatic lesions in this group and 
discuss their social framework. We conducted 14C dating, 
tooth cementum annulation and δ13C/δ15N isotope analy-
ses to acquire additional insights into details of the lives of 
selected individuals. The genetic relationship between the 
individuals from double burial 30/31 and burial pit 60 were 
tested by mtDNA analysis and the sex of the children from 

1	 The full catalogue of Bronze Age human remains from 
Schleinbach is available as an online Appendix: doi: 10.1553/
archaeologia104s13-A.
2	 Rebay-Salisbury et al. 2018.

burial pit 60 as well as 1981/Grube 3 was revealed by pro-
teomic analysis. 

1.1. Site, Excavation and Research History
Schleinbach is located north of the Danube in Lower Aus-
tria, 10 km northeast of the city of Vienna. The 63 individu-
als under study are part of a cemetery and settlement com-
plex of the Únětice Culture. The first finds were discovered 
in 1911 on the grounds of a brick factory, but systematic 
excavations by Karl Kriegler did not begin until 1926. The 
recovery strategy largely depended on clay extraction, with 
a considerable number of graves and settlement features 
destroyed without documentation. The Bronze Age set-
tlement covered about 1.5 ha and might have been situat-
ed next to a prehistoric lake.3 Two distinct groups of Early 
Bronze Age burials are known: Group 1 in the western site 
area, and Group 2 in the east. Excavations of the 17 graves of 
Group 1 started in 1926. Double burial 30/31 came to light 
in 1927, and the quadruple burial of an adult male and three 
children in Pit 60 was excavated in 1931. The 14 graves of 
Group 2 were amongst the last contexts Kriegler excavated 
in 1940/41.4 

Kriegler recognized the importance of the finds, and – 
exceptional for the time – arranged the en bloc preservation 
of burial 29, double burial 30/31, and quadruple burial 60. 
It was an enormous undertaking to fix the skeletons in situ 
in the surrounding soil, mount them onto wooden boards, 
stabilize them with plaster and transport the blocks to the 
Lower Austrian Museum (at that time located at Herren-
gasse 9, 1010 Vienna) and the Anthropological Institute of 
the University of Vienna (Van Swietengasse 1, 1090 Vienna). 
In the museum, burials 30/31 and 60 were presented to the 
public in a similar way as they were found in the field. They 
survived World War II in a room with broken windows on 
the second floor of the museum in Herrengasse. In 1950 and 
1951, some cleaning and conservation work was carried out, 
including the installation of a new glass cover, before the 
burials were put on display in the newly designed prehistor-
ic exhibition. The prehistoric finds moved to the new mu-
seum of prehistory in Asparn/Zaya in 1967 and remained 
on display until the redesign of the exhibition in 2013. They 
provisionally found a home in the storage facilities of the 
old tobacco factory in Hainburg, broken into pieces, before 
they were transported to the Natural History Museum in 
Vienna in 2017 in order to unite the skeletal remains from 
Schleinbach in the Department of Anthropology.5 

3	 Weninger 1954a. – Rettenbacher 2004, 7.
4	 Rettenbacher 2004, 8.
5	 Rebay-Salisbury 2018b.
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The focus on preservation and display of the most in-
teresting contexts rendered the osteological analysis of the 
skeletal remains of secondary importance. Josef Weninger 
assessed the bones of the quadruple burial 60 after they had 
been mounted and remarked that the methodology had to be 
restricted to a morphological assessment and the measure-
ment of the accessible bones.6 His published report included 
some very sophisticated observations regarding taphonom-
ic formation processes within the burial pit, and a slightly 
shortened version was reprinted thirteen years later with 
less emphasis on racial aspects.7 In the same journal issue, 
Margarete Weninger published osteological observations 
on twelve individuals from Graves 9–18, 29 and Pit 56.8

As the clay extraction at Schleinbach continued, Her-
mann Schwammenhöfer resumed rescue excavations from 
1981 to 1986, primarily documenting Late Neolithic and 
Early Bronze Age settlement finds.9 Human remains were 
found in some of the Early Bronze Age features. The partial 
and disarticulated skeleton of a 5–6-year-old child (1981/
Grube  3) with multiple impression fractures of the skull 
was found in a trapezoidal pit with a bottom diameter of 
c. 2.6 m. The pit was preserved to a depth of c. 1.25 m and 
filled with dark, humus soil (Fig. 1). Finds in the fill include 
sherds, animal bones and a cylindrical clay weight.10 

Another grave of a child (Grave 1981) was discov-
ered and excavated by the Museum Stockerau. The body 
had been placed in a flexed position and was buried with 

6	 Weninger 1941, 7.
7	 Weninger 1954a.
8	 Weninger 1954b.
9	 Schwammenhöfer 1982. – Schwammenhöfer 1986a. – Schwam-
menhöfer 1986b. – Schwammenhöfer 1987a. – Schwammenhö-
fer 1987b.
10	 Schwammenhöfer 1982, 380.

a ceramic vessel.11 The facial portion of the skull of an 
adult (1983/Grube 61) was recovered from a pit in 1983. 
Although within the area of a Neolithic house, the shape 
and contents of the pit, including ceramic sherds and animal 
bones, suggest an Early Bronze Age date. The trapezoidal 
pit was preserved to a depth of 1.30 m and its bottom diam-
eter was 2.4 m.12 The cranium and mandible of a 16–18-year-
old (1983/Grube 71) was found in the dark, humus-rich fill 
of a circular pit of 1.9 m diameter at the top and bottom 
and 0.75 m depth, alongside several large sherds of a storage 
vessel, animal bones, daub and a chert tool.13 

The contexts of Schleinbach found their way into many 
synthetic works on Austrian prehistory and the Bronze 
Age,14 but it was not until 2004 that the archaeological mate-
rial of the Early Bronze Age settlement and cemetery was fi-
nally published, thanks to the efforts of Mirjam Rettenbach-
er.15 Rettenbacher only had access to J. and M. Weninger’s 
initial anthropological assessment,16 which was biased by 
the excavator’s intuitive judgement and partly incorrect. 
Maria Teschler-Nicola included the skeletal material held 
in the Natural History Museum at the time (Graves 9–18, 
Pit 56 and Grave 1981) in her habilitation thesis and came to 
different conclusions regarding the age and sex assessment.17 
In this introduction and the archaeological analysis, we use 
the results of our re-examination of human remains detailed 
below. 

11	 Schwammenhöfer 1982, 390. – Teschler-Nicola 1992, 46.
12	 Schwammenhöfer 1984, 244.
13	 Schwammenhöfer 1984, 245.
14	 Pittioni 1954, Fig.  211. – Lauermann 1992. – Neugebauer 
1994. – Probst 1996. – Lauermann 2003, 507–510. – Probst 2011.
15	 Rettenbacher 2004.
16	 Weninger 1954a. – Weninger 1954b.
17	 Teschler-Nicola 1992, 46–47.

Fig. 1. Early Bronze Age cylindrical pit (Grube 3) with the remains of a 5–6-year-old child excavated in 1981 (Photos: H. Schwammenhöfer).
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Today, the entire skeletal assemblage from Schleinbach, 
some of which has been collected for this study from the 
storage facilities in Hainburg, Korneuburg Museum, the 
Department of Anthropology of the University of Vien-
na and private collectors, is curated in the Department of 
Anthropology of the Natural History Museum in Vienna. 
We included all available remains from securely dated Early 
Bronze Age contexts in this study.

1.2. Individuals and Cemetery Structure 
In total, skeletal remains of 6218 individuals from Schlein-
bach were available for osteological analysis, although some 
were represented only by isolated bones. The collection in-
cludes 14 adult and mature females over 20 (22.6 %), 15 adult 
and mature males (24.2 %) and six adult and mature individ-
uals that could not be sexed (9.7 %). The 27 subadults under 
20 years (43.5 %) comprise one foetus/neonate of 7–8 lunar 
months gestational age, 12 children under 7, five children 
between 7 and 14, and nine adolescents between 14 and 20, 
four of which were classified as females (Fig. 2). The low 
number of foetal/neonatal remains is probably a result of 
the antiquarian excavation techniques.

The human remains were found in two distinct grave 
groups as well as buried or deposited in former storage pits 
and other features within the settlement. 

Group 1 is composed of 18 individuals19 buried in 16 
graves loosely arranged in two (perhaps three) rows along 

18	 No human remains are preserved from the disturbed Grave 113 or 
Pit 55. A photograph of the skeleton in Pit 55, however, clearly shows 
the incomplete epiphyseal closure of the distal ends of the femora. 
We therefore infer that an adolescent individual of 14–18 years was 
buried here. 
19	 Human remains of four individuals (1927/1–4) were not marked 
on the plan, but were recovered in the same year as individuals from 
Group 1; a geographical proximity is therefore likely.

a northwest-southeast axis (9AB, 10–18, 23, 27–31, 59). 
Eleven adults, seven females and four males, as well as seven 
subadults are part of this group. Cranial fragments and 
an upper incisor from a 1.5-year-old were found with the 
45–55-year-old female in Grave 9, perhaps the remains of 
a co-buried young child. The individuals 30 and 31, males 
aged 27–30 and 30–35, were buried in close bodily contact 
in one grave pit. Individuals 15 and 18 were buried a little 
further apart from each other, but perhaps also in a common 
grave structure. 

Pit 60 with the quadruple burial of an adult male with 
three children is located about 20 m west of Group 1. The 
child’s Grave 22 was discovered nearby. Pit 32, about half-
way between this feature and Group 1, contained a cranium 
and a femur from two females of different ages. Pit 63, about 
20 m northeast of Group 1, also held cranial remains. Buri-
als 55 (Fig. 3) and 56 (Fig. 4), about 25 m east of Group 1, ap-
pear to have been deposited in former storage pits. Kriegler’s 
interpretations as ‘pit, in which a creature died’ and ‘stoning 
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Fig. 2. Age and sex of the Early Bronze Age individuals buried at 
Schleinbach (n = 63, including 55).

Fig. 3. Burial in Pit 55 (Photo: K. Kriegler 1929, © Landessammlun-
gen Niederösterreich, Bereich Ur- und Frühgeschichte, No. 17860).

1-ArchA104-2020-Pany-Kucera et al-Artikel.indd   161-ArchA104-2020-Pany-Kucera et al-Artikel.indd   16 11.11.2020   13:11:1611.11.2020   13:11:16



17Social Relations, Deprivation and Violence at Schleinbach, Lower Austria

of an old woman’20 testify to the vivid imagination of the 
excavator. 

Group 2 is located about 180 m southeast of the settle-
ment and encompasses 14 graves (101–109, 111–115) and 
one pit (110), from which the skeletal remains of 23 indi-
viduals were recovered. The burials in this group were often 
found disturbed and the skeletons were disarticulated. 

The group comprises two females and eight males over 
20 as well as 13 individuals under 20, two of which were 
likely female (106/1, 112). The humerus of a foetus/neonate 
aged 7–8 lunar months (104/2) was found together with the 
remains of a 30–35-year-old female (104/1) and represents 
the youngest individual in the whole sample.

Graves 89 (with two crania), 90 and 91 were not found 
on the site map. The child’s grave of 1981 had only post-
cranial remains preserved. Skeletal remains recovered from 
1981 to 1983 could not be precisely located in relation to the 
other graves (Fig. 5). 

20	 Rettenbacher 2004, 83.

1.3. Bronze Age Setting and Radiocarbon Chronology
The small-scale communities that lived in eastern Austria 
north of the Danube during the Early Bronze Age21 belong 
to the Únětice cultural complex, distributed from Thuringia 
and Saxony via Bohemia and Moravia to Silesia, Slovakia 
and Lower Austria. Material remains from settlements, clus-
ters of a few houses, testify to a farming lifestyle of grow-
ing crops and keeping animals. Few bronze objects were in 
circulation, but they appear to play a significant role in the 
economy and the development of social stratification. Both 
men and women were buried in a flexed position, placed 
on the right side of the body with the head in the south, 
in contrast to communities south of the Danube, in which 
gendered placement of bodies was the norm.22 Bodies were 
buried in formal, single graves near the settlements, but also 
buried or disposed of in decommissioned storage pits.23 This 
post-mortem social differentiation is significant. Individu-
als buried in close contact, often referencing each other in 
the body positions, suggest social and family relationships.24 

Samples from eight individuals from different contexts 
and groups were taken for AMS radiocarbon dating, which 
was performed at Beta Analytic on bone collagen extract-
ed with alkali. Individuals were chosen to represent a wide 
range of contexts and for their association with datable ma-
terial culture. Conventional Radiocarbon Ages (BP) were 
corrected for natural and laboratory-induced total isotopic 
fractionation effects and calibrated with BetaCal 3.21 using 
the INTCAL 2013 atmospheric reservoir database.25 Proba-
ble calendar dates fall between 2084–1627 calBC, a timespan 
of over 450 years (Tab. 1, Fig. 6). The shortest possible use of 
the cemetery is roughly 100 years (c. 1950–1850 BC), which 
seems most likely, given that graves plotting far from each 
other in radiocarbon years are actually located in close prox-
imity to one another. 

Comparing the radiocarbon dates to the typo-chrono-
logical framework,26 Grave 9 dates late in the Únětice de-
velopment, based on the decorated disk-headed pin and 
the shape of the ceramic cup. Grave 12 also includes a cup 
considered late in the typological development. The multi-
ple burial 60 is dated to the developed phase of the Únětice 
Culture primarily because of the pottery placed on top of 
the burial; no other radiocarbon-dated contexts contained 
material culture for comparison. 

21	 C. 2150–1700 BC, cf. Stockhammer et al. 2015.
22	 E.g. at Franzhausen, Pottenbrunn and Gemeinlebarn: Bertemes 
1989. – Neugebauer 1991. – Neugebauer, Neugebauer 1997. – 
Blesl 2006.
23	 Neugebauer 1994. – Lauermann 2003.
24	 Rebay-Salisbury 2018a.
25	 Reimer et al. 2013.
26	 Rettenbacher 2004, 55–56.

Fig. 4. Burial in Pit 56 (Photo: K. Kriegler 1929, © Landessammlun-
gen Niederösterreich, Bereich Ur- und Frühgeschichte, No. 17871).
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1.4. Burial Practices
Bodies buried in simple grave pits are usually found placed 
on their right side, with arms bent in front of the body and 
legs loosely to extremely flexed (n = 18). The three individu-
als found on their left side were buried in pits (56, 60A, 60B). 
The supine position, which was used for individuals 60 and 
60B in a pit and the individuals in double burial 30/31, is 
unusual. 

The shape and measurements of the grave pits were only 
recorded in a few cases, but data on the depth of graves is 
available for 29 graves. The shallowest grave was found at 
0.15 m depth, the deepest at 1.6 m, and on average graves 
were 0.86 m deep. Women were buried in graves with an 
average depth of 0.83 m, whereas men averaged 0.99 m; in-
dividuals under 20 years were buried in graves of 0.83 m 
depth, and those over 20 years at 0.92 m depth. Age and 

Beta no. Individual Sex Age Conventional age Calendar calibration (probability)

490671 9A (Group 1) female 45–55 years 3410 ± 30 BP 1773–1627 calBC (93.1 %) 1865–1849 calBC (2.3 %)

490672 12 (Group 1) – 5–6 years 3480 ± 30 BP 1888–1737 calBC (90.9 %) 1715–1697 calBC (4.5 %)

490673 22 – 3.5–4.5 years 3610 ± 30 BP 2036–1889 calBC (94.9 %)

494944 30 (Group 1) male 27–30 years 3640 ± 30 BP 2056–1921 calBC (79.6 %) 2133–2084 calBC (15.8 %)

490674 60C (multiple burial) – 3–4 years 3500 ± 30 BP 1906– 1743 calBC (95.4 %)

494945 1927/1 female 18–21 years 3550 ± 30 BP 1976–1861 calBC (67.7 %) 1853–1772 calBC (26.9 %)

Fig. 5. Schleinbach site map. – Bronze Age pits and graves, including grave groups 1 and 2 (Base map: Google Maps, © 2015 Google; satellite 
image provided by QuickMapsServices, © 2019 DigitalGlobe; figure: R. B. Salisbury).

Tab. 1. Radiocarbon dates of six individuals from Schleinbach (submitted samples of individuals 104/1 and 109 were too contaminated to pro-
duce reliable results).
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gender differences such as these have been observed in other 
cemeteries such as Unterhautzenthal.27 

A sketch of the cemetery plan28 suggests all indi-
viduals from Group  1 and Child  22 were placed in a 
southwest-northeast orientation; the placement of the 
bodies in Group 2 and within the settlement is less clear. 
Pit burial 55, the grave of a 14–18-year-old, followed the 
regular conventions (right body side, southwest-northeast 
orientations). 

The double burial of the two male individuals 30 and 31 
(Fig. 7), who died at the ages of 27–30 and 30–35 years, most 
likely as a result of skull fractures, were placed very close 
together in a single grave pit. The bones of the feet overlapped 
(30 over 31) and the pelvic bones almost touch, giving rise 
to the suspicion that they were bound or wrapped together 
after death.29 The kneecaps in anatomical position suggest 
minimal movement and covering with soil after deposition. 
The individual on the right, older and more robust, had his 
left humerus parallel to the body, the elbow was bent at 
about a right angle so that the lower arm came to rest across 
the body. The right upper arm, however, slightly overlay 
the individual on the left (31 over 30) and was bent so that 
the right hand came to rest on his own neck; the skull may 
have turned towards the right as part of post-depositional 

27	 Rebay-Salisbury et al. 2018.
28	 Weninger 1954a, 2.
29	 Weninger 1954b, 58.

processes. The left, younger and more gracile male, who was 
originally thought to be a female, had both arms folded on 
the chest. Again, the hands came to rest near the neck. The 
skull was found fractured, but the position of the cervical 
vertebrae suggests that the head had been turned towards 
the right upon deposition. 

Pit 60, a circular structure of 1.4 m depth, contained the 
quadruple burial of an adult man  (60) and three children 
(Fig. 8). Individual 60A, an 8–9-year-old child of about 120–
124 cm in height, was found on the left body side, oriented 
north-northeast/south-southwest, with flexed arms in front 
of the upper body, and flexed legs, the left one bent more 
towards the upper body than the right one. Individual 60B, 
approximately 12 years old based on the dental status, but 
probably only 115–119 cm tall, was found with the upper 

Fig. 6. Curve plot from OxCal 4.3 (https://c14.arch.ox.ac.uk/
oxcal/OxCal.html).

Fig. 7. The male individuals 30 (27–30 years) and 31 (30–35 years) 
buried together (Photo: K. Kriegler, © Landessammlungen Nieder
österreich, Bereich Ur- und Frühgeschichte, No. 17885).
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body in an extended position, oriented northeast-south-
west, with flexed legs tilted to the left. The right arm is bent 
at 90° and placed over the body; the left lower arm and lower 
leg were truncated during excavation. The 30–35-year-old 
adult male 60 was placed directly on top of both children. 
There was no soil separating the skeletons, suggesting a 
single depositional event – a multiple rather than collec-
tive grave. He lay in an extended position, with a north-
west-southeast orientation, and with legs slightly opened 
at about 35°. The left lower leg is damaged and the feet are 
missing. The spine of child 60A came to lie just under the 
spine of the adult and provided a barrier, which caused a 
specific break at the thoracolumbar junction. His humeri 
were found parallel to the upper body, elbows were bent 
and the hands were found next to the shoulders. This unusu
al body position has led to his nickname ‘the priest’ (given 
by Kriegler). We found the cervical vertebrae in a straight 
position when we lifted the skull. Since they had not rotated 
to turn the head while it was still articulated, we can infer 
that the skull fell towards the right side after the soft tissues 
had decomposed. Originally, the head was facing straight 
when it was buried. Individual 60C, a 3–4-year-old child of 
75–79 cm height with an unhealed peri-mortem impression 
fracture of the left parietal bone was the only one placed 
according to the burial customs of the community, on the 
right side with flexed legs, in a southeast-northwest orien-
tation. The stratigraphic position over the legs of child 60A 
suggests it was placed in the pit after this child, but it is 

unclear if it was deposited before or after the adult, as they 
do not seem to overlap directly.30

It had been noted during the excavation that the rib cages 
of the adult and children A and B were extraordinarily well, 
three-dimensionally preserved. The excavator Kriegler in-
terpreted this fact as an indication of artificial body preser-
vation such as mummification. J. Weninger, however, drew 
a more likely conclusion, namely that after the decomposi-
tion of soft tissue, the rib cage must have been filled by ‘for-
tunate soil filling’.31 He also noted that the children’s skulls 
were turned backwards in relation to the body axes, which 
some observers interpreted as a sign of a violent death. We-
ninger suggested that this effect might be explained by water 
entering the grave, causing the light skulls to float.32 

In light of the principles of archaeothanatology,33 we can 
suggest that the bodies were placed in a pit – presumably an 
old storage pit – and initially composed in a void. The pit 
may have been covered, since no traces of rodent gnawing 
were discovered. The open legs of the adult and older chil-
dren suggest that the lower bodies had not been bound or 
restrained by textiles such as shrouds; they were either na-
ked or covered by loose clothing. No bronze dress elements 
nor traces thereof as stains on the bones were found; only a 
few animal bones and the fragment of a ceramic vessel were 
recovered at the level of the bodies. During the decompo-
sition process, gravity caused the skulls to fall backwards 
and/or rotate. Some bones, such as the right radius of indi-
vidual 60B, might have moved due to bioturbation. After 
the decomposition of soft tissue, the void was filled by fine 
sediment – loess –, which was probably washed into the pit 
with precipitation. Two complete Early Bronze Age jugs 
were found on top of the burials, separated by about a metre 
of fill.34 

1.5. Material Culture
Many artefacts originally found with the bodies from 
Schleinbach and mentioned in Kriegler’s protocols have 
subsequently been lost. Rettenbacher described and ana-
lysed all available finds in detail;35 some observations on age 
and gender associations therefore suffice here. 

Bronze dress pins – Scheibenkopfnadeln, a Rollenkopf-
nadel and pin fragments – were found in six graves, those 
of a 3–4-year-old (105) and a 10–12-year-old child (10), a 
14–15-year-old (17), and three graves of mature women 

30	 Weninger 1941, Pl. 2, Fig. 2.
31	 Weninger 1954a, 4.
32	 Weninger 1954a, 26.
33	 Duday 2006. – Duday 2009.
34	 Cf. Rebay-Salisbury 2018b.
35	 Rettenbacher 2004.

Fig. 8. Burial of an adult male (30–35 years) with three children, 3–4, 
8–9 and c. 12 years at death (Photo: K. Kriegler, © Landessammlun-
gen Niederösterreich, Bereich Ur- und Frühgeschichte, No. 17883).
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(9, 11, 107). A bronze sewing needle was found with a 
13–15-year-old (13). 

An Ösenhalsreif neck ring was found with individual 
101/1, a 14–16-year-old, and mentioned in connection with 
the 14–15-year-old possible female in Grave 17. Spiralröll-
chen necklace components are primarily found in the graves 
of women of different ages (3–4-year-old in Grave  105, 
14–16-year-old in Grave 101, 15–21-year-old in Grave 112, 
30–35-year-old in Grave 104, 45–55-year-olds in Graves 9 
and 11).

The c. 4-year-old child in Grave 22 had an arm ring on 
the right wrist. A pair of cast arm rings were part of the 
grave good assemblage of the 12–14-year-old in Grave 10. 
A child’s arm ring was further mentioned in context with 
the mature female in Grave 11, labelled as not part of the 
grave set. 

Noppenringe are amongst the most common pieces 
of jewellery. Sets were found in three graves of subadults 
(10–12-year-old in Grave 10, 13–15-year-old in Grave 13, 
14–15-year-old female? in Grave 17) and three adult/mature 
women (30–35, Grave 104; 45–55, Graves 9 and 11). A single 
Noppenring was associated with the 25–35-year-old adult 
male in Grave 103. 

Bone pins and awls are relatively common finds. They 
were found with a 10–12-year-old in Grave 10, the adult 
males in double burial  30/31 and a 21–25-year-old male 
in Grave  15, as well as three females (30–35-year-old in 
Grave 18, 21–25-year-old in Grave 16, 30–35-year-old in 
Grave 104). 

Mollusc jewellery was found in the form of Dentalium 
pendants in Grave 112 (15–21-year-old, perhaps female) and 
in the form of shells in Grave 10 (10–12-year-old). A bone 
disc with a central hole was discovered in Grave 17, near the 
skull of a 14–15-year-old, possibly female individual. The 
bone ring discovered in Grave 109 most likely belonged to 
the 30–40-year-old male, and not to the 2–3-year-old child 
represented by a cranium in the same grave. 

Chipped stone artefacts were also common and were 
found with ten individuals – both males and females – 
from the age of 12. Noteworthy is the flint saw, discov-
ered in Grave 9, the burial of a 45–55-year-old female and a 
1.5-year-old child. 

Pottery was found with 28 of the 64 individuals and was 
most often deposited as the typical Early Bronze Age set of 
cup, bowl and jug. Positions near the head, in front of the 
body or towards the feet have been recorded. Large ves-
sel fragments were part of the fill of pits. Seven graves con-
tained animal bones, likely primarily from sheep/goat and 
cattle. Their specific placement within the graves suggests 
they were part of a meat provision.36 

36	 Rettenbacher 2004, 54–55.

1.6. Grave Disturbance and Reconstructed Grave Goods
The secondary reopening of graves, the manipulation of 
the skeletal remains and object removal was common in 
the Moravian-Austrian area of the Únětice Culture37 and in 
Lower Austria south of the Danube.38 At Schleinbach, there 
are significant differences within the cemetery as to the ex-
tent of grave robbing.

Group  1 in the northwestern area includes 18 buried 
individuals, some of which remained undisturbed (10, 13, 
29, 30, 31), some were slightly disturbed (14–17) with some 
body parts, such as the legs, remaining in situ, and one was 
contracted to a bone pack (9A). The child in Grave 22 buried 
between Group 1 and Pit 60 was left in peace. The individ-
uals of Pit 60 likewise do not seem to have been moved by 
human manipulation after decomposition and before they 
were discovered. The two pit burials, 55 and 56, held bodies 
in full articulation. Graves 89, 90 and 91 were disturbed (89B 
perhaps acquired the second skull of a female 89A in the 
process), but the body placement and orientation remained 
evident. 

In Group 2, only 2 of the 23 individuals (104/1, 105) ap-
pear undisturbed; many individuals were found completely 
disarticulated, such as Graves 107–109, 111 and 112. The 
majority are hard to assess, as no photographs are available. 
Grave 115 contained an articulated postcranial skeleton of a 
30–39-year-old male, but the skull is missing. 

We recorded the anatomical location of green stains on 
the bones of the skeletons that likely stem from copper salts 
from bronze grave goods, compared them to the objects 
found in the graves, and reconstructed missing grave goods 
for the social status analysis.39

Of the 14 individuals associated with bronzes, 12 
showed green stains on the bones that could be explained by 
the still present grave goods (9A, 10, 11, 13, 14, 17, 22, 101/1, 
104/1, 105, 107, 112). The individuals from Graves 103 and 
106 were likely not in contact with the bronze fragments 
recorded in their graves. Grave 14, that of a 15–18-year-old 
with stains on the left zygomatic process, the left clavicle, 
the left scapula and both radii and ulnae, is likely to have 
had more jewellery than the recorded ‘3 mm bronze wire in 
pin diameter’.40 

Green staining of the bones was observed in nine indi-
viduals (Tab. 2) whose graves did not contain any bronzes 
upon excavation. Particularly intriguing is the individual in 
Grave 12, a 5–6-year-old child, which appeared undisturbed. 

37	 Stuchlík 1990, 165.
38	 Sprenger 1999.
39	 Cf. Sprenger 1999.
40	 Rettenbacher 2004, 75.
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The discolorations of the bones suggest that jewellery must 
have been present in the head, neck, chest and finger regions. 

Stains to the temporal regions of the skull suggest Nop-
penringe hair ornaments (12, 16, 18, 89A, 89A, 89B). The 
extra female skull discovered in Grave 89 probably came 
from a rich woman’s grave, equipped with hair and neck 
jewellery. The male in the same grave was most likely orig-
inally laid into the grave with a Noppenring and at least a 
dress pin, perhaps also a neck ring. Stains on the cervical 
vertebrae, such as in the individual from Pit 110, suggest 
neck jewellery; green discolouration of finger bones points 
to finger rings or bracelets (12, 89B, 90, 106/2). Other stains 
in a-typical body regions may be traced to unrecovered 
bronze fragments dislocated in the grave reopening process.

1.7. Social Status 
A social status assessment of individuals from Schleinbach 
is hindered by the site’s very incomplete excavation, doc-
umentation and artefact recovery. In addition, the level of 
(contemporary?) grave reopening and artefact removal was 
high. It is therefore not possible to follow the more detailed 
social index methodology used at Unterhautzenthal41 or 
Franzhausen I.42 Despite the limitations of the data, a coarse 
classification into ‘rich’, ‘average’ and ‘poor’ graves enables 
a comparison of the social treatment of the dead with patho-
logical conditions noted in their skeletal remains. We base 
the classification on the following criteria:
	 •	 rich: two or more types of material culture, evidence 

for a set of bronze dress elements and jewellery (in-
cluding inferred by green discolorations on bones) 

41	 Rebay-Salisbury et al. 2018.
42	 Sprenger 1999.

	 •	 average: pottery vessels, but no evidence of bronze as-
semblages (beyond single rings or fragments, no signif-
icant green stains)

	 •	 poor: no evidence of bronze goods, no green stains, no 
pottery vessels (but some pottery fragments in the fill).

Almost all of the 13 ‘rich’ individuals are part of Group 1 (9–
14, 17, 18). Only two of Group 2 (101/1, 112), as well as 89B 
and 90, fall in this category. Importantly, all ‘rich’ individ-
uals are buried in graves. The 5–6-year-old from Grave 12 
is the youngest afforded an individual grave of this catego-
ry; two older children (10–12 years from Grave 10 and 13–
15 years from Grave 13), four adolescents (14, 17, 101/1 and 
112), three adults between 20 and 40 years (18, 89B, 90) and 
two mature individuals between 45 and 55 years (9A, 11) are 
further in the group of ‘rich’ burials. Group 1 includes seven 
(probably) female individuals, but only one male (89B). 

Of the 19 individuals rated ‘average’, seven were buried 
in Group 1 (15, 16, 23, 27, 29–31), nine in Group 2 (102, 
103/1, 104/1, 105, 106/1, 106/2, 107, 113, 114) and three (22, 
89A, 1981) off the cemetery groups. All were again found 
in graves. Group 1 includes five children (c. 1, 3–4, 3.5–4.5, 
6–7, 7.5–9 years old), but only one adolescent (the female 
16–20-year-old from Grave  106). Eleven adults aged be-
tween 20 and 40 and one mature woman aged 40–60 were 
rated as buried with an average grave good assemblage. Six 
(probably) female and six (probably) male individuals make 
for an even gender balance. 

The group of the 32 ‘poor’ individuals comprises only 
two from Group 1 (28, 59), 12 from Group 2 (101/2, 101/3, 
103/2, 103/3, 103B, 104/2, 104/3, 108, 109/1, 109/2, 111, 
115) and Grave 91. It is noteworthy that most complete bur-
ials in storage pits (55, 56, 60, 60A, 60B, 60C, 110) and hu-
man remains found in storage pits (32/1, 32/2, 63, 1927/1–4, 

Individual Sex Age Location of green stains

12 – 5–6 
left side of the viscerocranium (glabella, nasal bone, maxilla, zygomatic bone) and right ramus 
mandibulae; right clavicle, right scapula and proximal portion of right humerus; right first rib; 
phalanges of the right hand

16 female? 21–25 left temporal bone

18 female? 30–35 left temporal bone, one cervical vertebra, ribs (?)

89A female 30–45 
right parietal, temporal and occipital bone; skull base, right maxilla, right zygomatic bone; all present 
cervical vertebrae

89B male 25–30 
right parietal, temporal and occipital bone; both zygomatic processes, right side of the mandible, 
5–7th cervical vertebrae and first thoracic vertebra; right clavicle and scapula; some metacarpals and  
phalanges of the right hand

90 female 27–35 thoracic vertebrae, carpals and metacarpals of the right hand

103/3 – 14–20 distal femur shaft

106/2 – 20–40 lumbar vertebrae, phalanges of the right hand

110 female? 20–40 ribs, cervical vertebrae fragments

Tab. 2. Sex, age and location of green stains for individuals from Schleinbach not associated with bronze grave goods.
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1981/Grube 3, 1983/Grube 61, 1983/Grube 71) do not in-
clude grave goods clearly associated with the individuals. 
The group of ‘poor’ burials includes one foetus/neonate, six 
young (0.3–6 years) and three older (7–13 years) children, 
four adolescents (14–20-years old), 11 adults aged between 
20 and 40 and seven adults over 40 years, amongst which five 
were identified as female and nine as male. 

The 40–55-year-old female from Pit 56, originally de-
scribed as the ‘stoning of an old woman’ by Kriegler43 was 
indeed found lined and partly covered with stones (Fig. 4). 
The list of her pathological conditions is impressive and 
includes multiple healed and partly healed fractures, degen-
erative changes, sinusitis, periostitis, and poor dental health. 
This individual embodies ambiguity in the way she was 
treated: as one of the oldest individuals in the community, 
she must have received care and help from other members of 
the community44 during the healing of her sacrum and fore-
arm fractures. However, the combination of the absence of 
grave goods, burial in a storage pit, and multiple fractures 
indicative of hard life experiences, accidents and/or inter-
personal violence may indicate a rather low status within 
the community.

  Rich Average Poor

Female 7 39 % 6 33 % 5 28 %

Male 1 6 % 6 38 % 9 56 %

Undetermined 5 17 % 7 23 % 18 60 %

0–6 years 2 15 % 4 31 % 7 54 %

7–13 years 2 33 % 1 17 % 3 50 %

14–20 years 4 44 % 1 11 % 4 44 %

20–40 years 3 12 % 12 46 % 11 42 %

40–60 years 2 20 % 1 10 % 7 70 %

All 13 20 % 19 30 % 32 50 %

Tab. 3. Gender- and age-related trends of status distribution at 
Schleinbach (n = 64).

Table  3 summarizes gender- and age-related trends. 
Overall, 13 (20 %) of all individuals are classified as ‘rich’, 
19 (30 %) as ‘average’ and 32 (50 %) as ‘poor’. That women 
appear richer in the burial record than men is primarily due 
to their gender-typical dress and jewellery. It is nevertheless 
noteworthy that a majority of women are afforded a ‘rich’ 

43	 Rettenbacher 2004, 27.
44	 Tilley 2017.

grave, and very few are in the group of ‘poor’ individuals, 
whereas with men it is the opposite. 

The age structure of the distribution suggests an increase 
in a person’s value from childhood through adolescence. 
14–20-year-olds have the highest likelihood of having a 
well-equipped grave, especially if they are female. The trend 
tapers off in adulthood, when individuals are most likely to 
have an average burial. In old age, few individuals receive 
‘rich’ or ‘average’ burials, more than two-thirds are buried 
in the ‘poor’ category.

2. Methods
2.1. Osteology
The methods used to assess age and sex, health aspects and 
trauma by the morphology of the human remains follow 
standard protocols and are outlined in detail in the context 
of our Early Bronze Age case study Unterhautzenthal.45 For 
estimating body stature and height, the maximum length 
of the femora46 was used to calculate the body height of 
individuals from Schleinbach.47 Only 13 individuals had 
complete femora preserved (9A, 11, 14, 15, 29, 30, 31, 60, 
90, 104/1, 108, 106/1, 109/1). The stature of four additional 
adult/mature individuals and 12 subadults was reconstruct-
ed using other long bone measurements.48 When possible 
with respect to group size, the best preserved individuals 
were tested for significant differences with SPSS version 
23. Calculations were performed between adult individuals 
buried in graves, and those buried in storage or settlement 

45	 Rebay-Salisbury et al. 2018, with further references. Methods 
of ageing adults are based on dental abrasion, changes at the pubic 
symphysis, fusion of endo- and ectocranial sutures, changes in the 
sternal joint surface of the clavicle and epiphyseal fusion. Bone length 
measurements, tooth eruption patterns and epiphyseal fusion are 
taken into account for children. Methods of sexing include a mac-
roscopic assessment of the following features: Cranium: glabellar 
region, superciliary arch, frontal and parietal eminence, frontal in-
clination, mastoid process, zygomatic process, relief of nuchal plane, 
external occipital protuberance, zygomatic process, zygomatic bone, 
supraorbital margin, shape of orbits; Mandible: total aspect, mental 
eminence, mandibular angle, inferior margin; Pelvis: preauricular sul-
cus, greater sciatic notch, subpubic angle, arc composé, complete pel-
vis, obturator foramen, body of ischium, iliac crest, iliac fossa, great-
er pelvis, acetabular fossa/femoral head; Long bones: robusticity of 
humerus and femur. Characteristic features were graded between +2 
(definitely male) and –2 (definitely female) and weighted according 
to their relevance. Pelvic features were given more weight than cranial 
features. Adapted i.a. from Acsádi, Nemeskéri 1970. – Bass 1971. 
– Fazekas, Kósa 1978. – Lovejoy et al. 1985. – Szilvassy 1988. – 
Buikstra, Ubelaker 1994. – Brůžek 2002. – Lewis 2007. – White, 
Black, Folkens 2012. – Cunningham, Scheuer, Black 2016.
46	 FE 1: Martin, Saller 1957.
47	 Ruff et al. 2012.
48	 Breitinger 1937. – Bach 1965.
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pits (‘others’, total N = 20; 9 females, 11 males; graves: males 
15, 108, 109/1, females 9A, 11, 14, 29, 104/1, 106/1, 107; oth-
ers: males 30, 31, 60, 89B, 115, 1927/2; females 32/2, 56, 90, 
1927/1).

Traumatic lesions on the skeletons from Schleinbach 
were systematically recorded.49 With the aim of revealing 
interpersonal violence in this group, we differentiated ante-, 
peri- and post-mortem lesions. By definition, peri-mortem 
fractures occur around the time of death, and it cannot be 
determined whether the individual was alive or dead at that 
point. No signs of healing are present and specific breakage 
patterns point to the presence of collagen and elastin in the 
bones.50

The recording of health aspects focused on skeletal and 
dental markers of deprivation. These include non-specific 
indicators of stress (porotic hyperostosis, cribra orbitalia, 
enamel hypoplasia, periostitis, sinusitis, pleurisy, endocra-
nial changes) and signs of metabolic diseases (osteoporo-
sis/demineralization, vitamin C and D deficiency). Dental 
and periodontal disease (caries, tooth loss) can give general 
information on the health status and living conditions of a 
population, enamel hypoplasias further on weaning prac-
tices. As a second line of evidence for breastfeeding and 
weaning, we submitted seven samples from the ribs of in-
dividuals of different ages to Beta Analytic for isotope-ra-
tio mass spectrometry (IRMS) measurement of %C (δ13C), 
%N (δ15N) and C:N ratio. 

Degenerative joint changes to the femoral head or the 
lumbar vertebrae were noted due to their potential influence 
on the morphology of pelvic features. We recorded ten pel-
vic features in the bones of the pelvic girdle which may be of 
interest in relation to pregnancies and childbirth events, in 
order to understand motherhood and its physical and social 
consequences for women. These include the shape and stage 
of the preauricular sulcus, the margo auricularis groove at 
the sacrum, lesions on the dorsal pubic surface (dorsal pit-
ting), lesions and exostoses on the ventral pubic surface, the 
shape and exact location of the extended pubic tubercle,51 
sacral preauricular extensions and notches, corresponding 
facets to the iliac bones, and, complementary to this, exos-
toses at the margin of the iliac facies auricularis, which can 
also be age-related.52 We also assessed adjacent skeletal ele-
ments, particularly details on the lumbar spine.

49	 Following the descriptive protocols outlined by Lovell 1997. 
50	 Cattaneo, Cappella 2017.
51	 The features and their recording systems are described in detail in 
Rebay-Salisbury et al. 2018, 93.
52	 Pany-Kucera, Spannagl-Steiner, Rebay-Salisbury 2018a. – 
Pany-Kucera et al. 2019.

For each person, we represent the aggregation of pelvic 
changes as a single value, the ‘Pelvic Pattern Index’ (PPI).53 
The Pelvic Pattern Index can be calculated to compare pelvic 
patterns within a skeletal series, to other skeletal samples 
and to the archaeological record to estimate impact levels 
in terms of load on the pelvis. Elevated values may indicate 
strain experienced through pregnancies and birthing events, 
but may also stem from other biomechanical stressors. 

2.2. Tooth Cementum Annulation Analysis 
Tooth cementum annulation analysis was conducted on 
seven individuals from Schleinbach to confirm and refine 
the morphological age assessment (9, 30, 31, 56, 60, 1983/
Grube 61 and 1983/Grube 71). Three thin sections of one 
dental root per individual were prepared at the Centre for 
Forensic Medicine of the Medical University of Vienna.

Tooth cementum, a connective tissue that surrounds 
the dental roots, deposits in incremental growth lines visi-
ble under the microscope in histological thin sections; each 
pair of a light and a dark band corresponds to a full seasonal 
cycle. Counting the number of cementum annulations and 
adding the number of paired lines to the estimated year of 
eruption of the analysed tooth54 reveals the histological age 
of the individual.55 In addition to the age at death, tooth ce-
mentum annulation analysis may also give insights about 
the season of death56 and life events such as pregnancies, 
skeletal traumas and certain diseases.57 

In archaeological samples, fungal growth and erosion 
may affect the preservation of the dental cementum. As an 
alternative to counting all lines across the whole of the ce-
mentum section, we counted the average distance between 
lines in a well-preserved area and extrapolated the results 
across the entire section. The number of incremental lines 
is the total width of the cementum divided by the width be-
tween two incremental lines.58 For example, a lower left sec-
ond premolar of the 30–35-year-old male individual from a 
multiple burial in Pit 60 (sample 5628) is overlaid with fun-
gus so it is difficult to see most of the lines. The total width of 
the cementum is 116.11 µm and the mean distance between 
two lines 4.43 µm, resulting in 26.2 extrapolated lines across 
the cementum, which equals an age of 37.7 ± 5 years. 

53	 We refined the approach used at Unterhautzenthal (Rebay-Salis-
bury et al. 2018, 98, Parity Index) to include a mathematical for-
malization: Pany-Kucera, Spannagl-Steiner, Rebay-Salisbury 
2018b.
54	 AlQahtani, Hector, Liversidge 2010.
55	 Wittwer-Backofen, Gampe, Vaupel 2004. – Bertrand et al. 
2016. – Blondiaux et al. 2016. – Naji et al. 2016.
56	 Meckel 2016. – Ralston 2016. – Wedel, Wescott 2016.
57	 Kagerer, Grupe 2001. – Künzie, Wittwer-Backofen 2008.
58	 Gupta et al. 2014.
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2.3. Mitochondrial DNA Analysis
In order to test the biological relatedness of the individuals 
buried together in the double burial 30/31 and the multiple 
burial 60, six samples of teeth were sent for mtDNA analysis 
to Christina Strobl and Walther Parson from the Institute of 
Legal Medicine, Medical University of Innsbruck. 

The six teeth were analysed according to the protocol 
published in Parson et al. 2018.59 In brief, the surfaces of 
the teeth were mechanically cleaned using a dremel tool 
and chemically cleaned using a 5 % bleach solution. The 
teeth were carefully drilled with a dental drill at low speed 
to prevent overheating, the roots were subjected to milling 
in a Retsch grinding mill MM400 (Retsch GmbH, Haan, 
Germany). The resulting powder was lysed and DNA 
was extracted following the protocol described in Odile 
M. Loreille et al. 2007.60 Estimation of mtDNA copy num-
ber was performed using a tetraplex real-time PCR quanti-
tation system.61 Specimens that resulted in the highest mtD-
NA yields (drill or mill) were directly subjected to sequence 
library preparation using the IonXpress Fragment Library 
Kit (TFS) according to the manufacturer’s protocol and as 
described in Mayra Eduardoff et al. 2017.62 The libraries 
were sequenced on the Ion S5 (TFS) with automated tem-
plate preparation using the IonChef pipeline (TFS) accord-
ing to the manufacturer’s protocol. Raw data analysis was 
performed using the IonTorrent Server analysis pipeline. 
MtDNA sequence variants were manually reported relative 
to the rCRS revised Cambridge Reference Sequence,63 based 
on phylogenetic alignment considerations.64 Polynucleotide 
stretches were not analysed. Haplogroups were determined 
based on Phylotree,65 using the haplogrouping function in 
EMPOP.66

2.4. Proteomic Sex Identification 
The identification of sexually dimorphic amelogenin pro-
tein fragments in dental tooth enamel by nanoflow liq-
uid chromatography-tandem mass spectrometry (nano-
LC-MS/MS)67 has emerged as a new, minimally destructive 
method to assess the sex of children, even if nuclear DNA is 

59	 Parson et al. 2018.
60	 Loreille et al. 2007.
61	 Xavier et al. 2019.
62	 Eduardoff et al. 2017.
63	 Andrews et al. 1999.
64	 According to Bandelt, Parson 2008. – Parson et al. 2014.
65	 Build 17 www.phylotree.org (last access 21.9.2020): van Oven, 
Kayser 2009.
66	 https://empop.online (last access 21.9.2020): Parson, Dur 2007.
67	 Stewart et al. 2016. – Stewart et al. 2017. – Parker et al. 2019. – 
Cappellini et al. 2019.

not preserved. We applied this method to four juvenile in-
dividuals from Schleinbach and sampled the left deciduous 
mandibular canine (FDI 73) of the 5–6-year-old child from 
Feature 1981/Grube 3,68 the left mandibular second molar 
(FDI 75) of the 8–9-year-old individual A from Pit 60, the 
right mandibular second molar (FDI 85) of the c. 12-year-
old individual B from Pit 60, and the right maxillary second 
molar (FDI 55) of the 3–4-year-old individual C from Pit 60. 

Samples were prepared at the Medical University of 
Vienna69 and analysis took place at the Department of 
Analytical Chemistry of the University of Vienna. We chose 
a c. 2.5 × 2.5 mm well-accessible area on each tooth surface.

A small fraction of the tooth enamel was abraded using 
fine grit sandpaper. The tooth was subsequently washed 
with 4 % (v/v) hydrogen peroxide (8070.1; Carl Roth) and 
rinsed with MS grade water (83645.320; VWR). The abrad-
ed part of the tooth’s surface was immersed in 120 µL 5 % 
(v/v) hydrochloric acid (1.00317.100; Merck) and etched for 
two minutes. After the first etch solution was discarded, a 
second etch was performed similarly to the first one, which 
was further processed. C18 ZipTips (87782; Pierce® C18 
Tips, Thermo Scientific) were used for the peptide clean-up 
procedure. The C18 ZipTip conditioning was performed by 
pipetting 10 µL 100 % acetonitrile (83639.320; VWR) three 
times, followed by 10 µL 0.1 % (v/v) formic acid (84865.180; 
VWR) three times. Each draw was discarded. The etch solu-
tion containing enamel peptides was transferred onto the 
pre-conditioned C18 ZipTip by transferring the solution 
into a clean tube, totalling 20 pipette strokes. The resin was 
washed by pipetting 10 µL 0.1 % formic acid six times; each 
draw was discarded. Elution of peptides was performed by 
pipetting 10 µL of elution buffer (60 % ACN, 0.1 % FA) 
into a clean tube twice. The sample was dried in a vacuum 
concentrator and reconstituted in 2 µL 30 % formic acid 
solution containing four synthetic standard peptides (10 fM 
each) for internal quality control, 10 µL Eluent A (98 % MS 
grade water, 2 % ACN, 0.1 % FA) were added.

Analysis was performed employing a Dionex Ultimate 
3000 RSL Cnano system coupled to a Q Exactive orbitrap 
mass spectrometer equipped with a nanospray ion source.70 
The measurement protocol for LC and MS conditions was 
an adapted version of a recently published method.71 

Data analysis was performed, employing an adapted 
approach from Nicolas Andre Stewart et al. 2017, focusing 

68	 Rebay-Salisbury et al. 2020.
69	 Following a slightly modified version of the protocol described 
by Stewart et al. 2017.
70	 For more details, see Janker et al. 2019.
71	 Stewart et al. 2017.
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on unique peptide signals of distinct amelogenin isoforms 
present in the sample via extraction of precursor signals and 
calculation of isotopic distribution products by employing 
the software package Skyline,72 as well as sequence annota-
tion through fragmentation experiments. 

3. Results
3.1. Age and Sex 
The results of our age and sex assessments led to the re-
vision of previously published biological profile data for 
the following individuals: the individual from Grave  9A, 
a 45–55-year-old female according to our assessment, was 
first published as male,73 which was repeated in Rettenbach-
er 200474 despite a contradictory assessment as adult female 
in Teschler-Nicola 1992.75 The individual from Grave 16, a 
21–25-year-old woman according to our assessment, was 
likewise first classified as a 25–35-year-old male76 and later 
as a juvenile to adult female.77 The individual from Grave 18, 
probably a 30–35-year-old female according to our analysis, 

72	 MacLean et al. 2010.
73	 Weninger 1954b, 32.
74	 Rettenbacher 2004, 25.
75	 Teschler-Nicola 1992, 46–47.
76	 Weninger 1954b, 35.
77	 Teschler-Nicola 1992, 46–47.

was classified as a 20–25-year-old male78 and adult male79 in 
previous works. M. Weninger already doubted the ad hoc 
interpretation of the double burial 30/31 as that of a man and 
woman who had to follow the man into the grave in 1954, 
but this attractive interpretation persisted even in recent 
publications.80 The individuals in question are both male 
and were 27–30 and 30–35 years old at death. 

3.2. Body Stature
Females in the community of Schleinbach were on average 
c. 156 cm tall, males c. 165 cm (Tab. 4), which compares well 
to individuals from Unterhautzenthal.81 There is no corre-
lation between social status and body height.

The c. 12-year-old child 60B from the multiple burial 
in Pit 60 has a noticeable discrepancy between the age de-
rived from the dentition (M2 nearly in masticatory plane, 
but persisting deciduous teeth) and the measurements of 
the diaphyseal length of the bones (femur 287 mm). The 
body height was reconstructed at 115–119 cm, which cor-
responds to an age of 8–9 years. For comparison, child 60A, 
with a dental age of 8–9, has a femoral length of 292 mm 

78	 Weninger 1954b, 35.
79	 Teschler-Nicola 1992, 46–47.
80	 See Rebay-Salisbury 2018 for a detailed discussion.
81	 156 cm for women, 166 cm for men: Rebay-Salisbury et al. 2018, 
85.

Individual Femur 1: 
maximum 

length (cm)

Body height 
females

(Ruff et al. 2012)

Body height 
males

(Ruff et al. 2012)

Minimum 
body height

(Sjøvold 1990)

Maximum body 
height

(Sjøvold 1990)

Body height 
females

(Sjøvold 1990)

Body height 
males

(Sjøvold 1990)

9A 44.3 162.7 ± 2.92   161.4 170.4 165.9 ± 4.49  

11 41.8 156.0 ± 2.92   154.6 163.6 159.1 ± 4.49  

14 39.9 150.9 ± 2.92   149.5 158.5 154.0 ± 4.49  

15 43.5   161.2 ± 3.21 159.3 168.2   163.7 ± 4.49

29 43.5 160.6 ± 2.92   159.3 168.2 163.7 ± 4.49  

30 44   162.5 ± 3.21 160.6 169.6   165.1 ± 4.49

31 47.4   171.8 ± 3.21 169.8 178.8   174.3 ± 4.49

60 46.1   168.2 ± 3.21 166.3 175.3   170.8 ± 4.49

90 40.9 153.6 ± 2.92   152.2 161.2 156.7 ± 4.49  

104/1 40.4 152.2 ± 2.92   150.9 159.8 155.3 ± 4.49  

108 44.5   163.9 ± 3.21 162.0 170.9   166.5 ± 4.49

106/1 40.8 153.3±2.92   151.9 160.9 156.4 ± 4.49  

109/1 43.4   160.9 ± 3.21 159.0 168.0   163.5 ± 4.49

Mean   155.8 ± 2.92 164.8 ± 3.21     157.6 ± 4.49 163.5 ± 4.49

Tab. 4. Femoral measurements and estimated body height at Schleinbach.
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and a reconstructed body height of 120–124 cm. Long bone 
growth retardation may occur because of severe infections 
in the first three years of life, malnutrition, genetic and hor-
monal influences as well as diseases.82

3.3. Traumas
Cranial injuries were found in 7 of 37 (18.9 %) individuals 
from Schleinbach (Tab. 5, Fig. 9). The adult male from Pit 60 
is the only one with a healed cranial lesion; no signs of heal-
ing were found in either adult male from the double buri-
al 30/31, the adult male from Grave 102, the young female 
1927/1 and the children from Pit 1981/Grube 3 and Pit 60 
(individual 60C). Four of these individuals additionally 
suffered multiple postcranial fractures. Males were dis-
tinctly more frequently affected from neurocranial trauma 
in this group than females (males 44.4 % compared to fe-
males 9.1 %), and most of the lesions were found unhealed. 
Moreover, 2 of 16 assessable children showed lethal cranial 
fractures (12.5 %), and neurocranial trauma was found with 
a higher frequency in individuals not buried in graves.

  Degree 
of 

expression

Neuro­
cranium

Postcranium 
upper limb

Postcranium 
lower limb

Males 0 5/14 4/14 3/14

1 5/9 8/10 8/11

2 1/9 1/10 1/11

  3 3/9 1/10 1/11

Females 0 6/17 6/17 4/17

1 10/11 8/13 11/13

2 0 2/13 1/13

  3 1/11 1/13 1/13

Undet. 0 3/19 6/18 2/14

1 14/16 12/12 11/12

2 1/16 0 1/12

3 1/16 0 0

Tab. 5. Frequencies of traumatic lesions at Schleinbach. – Degrees of 
expression: 0 = not assessable, 1 = normal, 2 = one lesion, 3 = two or 
more lesions present.

Healed postcranial upper limb fractures were docu-
mented in 5 of 19 (26.3 %) adults. The females from Grave 9 
and Grave 107 show healed possible parry fractures of the 

82	 Lovejoy, Russell, Harrison 1990.

ulnae, and the female from Grave 56 had several healed sa-
crum fractures and both distal forearms were fractured. Bi-
lateral, largely healed fractures of the spina scapulae were 
found in male 1927/2. Postcranial lower limb lesions, healed 
and unhealed, were found in 5 of 21 adults (20 %; 30, 31, 
56, 104/1 and 108, only haematoma), the 8–9-year-old male 
child from 60A, and the 7–9-year-old child from Grave 111.

Trauma patterns in single individuals demonstrate the 
extent of violence prevalent in the Early Bronze Age. The 
well-healed fracture with callus formation found in the dis-
tal part of the left ulna of the 45–55-year-old female from 
Grave 9 most likely represents a parry fracture. 

The 40–55-year-old female from Pit  56 reveals well-
healed fractures in the distal part of both radii, and superfi-
cial bony changes in the right ulna, but no fracture was visi-
ble in the radiograph (damage to the distal left). The sacrum 
of this female, consisting of six vertebrae, exhibited multiple 
fractures (Fig. 10) including a well-healed, incision-shaped 
fracture of the right ala ossis sacri, with a fracture line from 
the middle of the ala to the auricular facet. This fracture also 
affects the upper quarter of the sacral auricular facet, pre-
senting as a sharp bend in the upper part of the surface, as 
well as the auricular surface of the ilium. The joint surface 
in the upper part is completely remodelled with a lateral rim 
formation. The right ala is narrower than the left one (right: 
26.9 mm, left: 33.4 mm from the lateral margin of the basis 
ossis sacri to the lateral margin of the ala). Another well-
healed fracture leads horizontally through the right lateral 
part of the third sacral segment, with a small vertical fracture 
line from the second to the third anterior sacral foramen. 
The third fracture, probably continuing from the second 
one, presents as a horizontal area of about 10 mm in width, 
c. 5 mm below the second transverse line. The distinct ky-
phosis in this area points to a burst fracture. In this area, new 
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Fig. 9. Healed and unhealed, cranial and postcranial fractures in 
males, females and children from Schleinbach (n = 63).
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bone apposition represents inflammatory changes from the 
healing process. The fourth healed fracture continues in the 
left lateral part of the sacrum to the lateral margin. More
over, a crack was observed in the middle of the crista sacralis 
mediana, and she suffered from a healed fracture in the left 
fourth metacarpal, and from partial fractures of some ribs.

The third lumbar vertebra was probably affected by a 
compression fracture, as the right upper plate in particular is 
flattened on the ventral side. The asymmetry in the sacroili-
ac joint may be a result of the fracture pattern in this female 
individual. Most likely, the exostoses on the tubera of the os 
ischium were caused by altered muscle strains in this region. 
This rare pelvic trauma pattern is most likely the result of a 
fall from a height;83 the bilateral healed fractures of the lower 
arm bones support this assessment. Whereas the majority of 
the sacral fractures are well healed, woven bone at the trans-
verse fracture site at the level of S2–S3 indicates active heal-
ing. Either this fracture occurred later than the others did, or 
the fracture never healed, leading to a chronic inflammation. 

The two males from the double burial 30/31 (Fig. 7), 
aged 27–30 and 30–35  years, were found with unhealed 
peri-mortem neurocranial injuries in the same location 
in the left temporal region. The fractures are very similar, 
large burst fractures with radial fracture lines (Ø c. 60 mm, 
Fig. 11). The lesion in the cranium of individual 30 is round 
to oval, with sharp margins and chipping to the internal lam-
ina. It is accompanied by an unhealed fracture in the left 
anterior part of the mandible, extending from the mentum 

83	 Bydon et al. 2014. – Rodrigues-Pinto et al. 2017.

to the premolars, and chipping of the tooth crowns. He fur-
thermore shows a lumbosacral transitional vertebra on the 
left side,84 a ‘false joint’ between the enlarged lateral part of 
L5 and the ala ossis sacri. An anterior pelvic ring fracture is 
probably due to lateral compression caused by side-impact 
accidents and falls.85 The fracture of the left superior pubic 
ramus shows clear signs of healing, whereas the inferior pu-
bic ramus is eroded and therefore difficult to evaluate. 

Individual 31’s cranial lesion in the left parietal bone 
near the coronal suture is also accompanied by characteris-
tic fracture lines. Chipping is visible in the internal layer of 
the cranium, and the temporal bone and zygomatic process 
show related sharp-edged fracture lines. A healed compres-
sion fracture to the left side of the fifth lumbar vertebra and 
signs of an inferior subluxation of the shoulder in the left 
glenoid cavity were found in the same individual. The lower 
border of the left glenoid cavity of the scapula developed a 
new, smooth joint surface (20 × 15 mm). Interestingly, this 
traumatic event did not result in alterations in the humeral 
head itself.

Two of the individuals from the multiple burial of a male 
with three children in Pit 60 show cranial lesions. A circular, 
well-healed depression fracture was found in the left later-
al part of the frontal bone of the 30–35-year-old male 60 
(Ø 15 mm, c. 10 mm deep, Fig. 12). 

84	 Bertolotti’s syndrome: Jancuska, Spivak, Bendo 2015.
85	 Type 1, Young and Burgess classification: Khurana et al. 2014.

Fig. 10. Fractures in the sacrum of the 40–55-year-old female from 
Pit 56 (Photo: W. Reichmann, © NHM Vienna).

Fig. 11. Individuals 30 and 31 with almost identical peri-mortem 
injuries to the left parietal bones (Photo: K. Kriegler, © Landes-
sammlungen Niederösterreich, Bereich Ur- und Frühgeschichte, 
No. 17884).
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The 3–4-year-old child 60C exhibits a star-shaped, 
peri-mortem burst fracture of the left parietal bone, with 
five radial fracture lines emerging from the points. The in-
ternal lamina is chipped (45 × 25 mm, Fig. 13).

The remains of the adult individual 1983/Grube  61, 
found in a pit, consist of the viscerocranium without man-
dible and a small part of the frontal bone. The nasal bone 
and the superior orbital margin show a peri- or post-mor-
tem horizontal fracture line, the maxillary tooth crowns 
are completely chipped off and only the roots of the teeth 
remained in the alveolar bone. The frontal bone reveals a 
peri- or post-mortem horizontal linear fracture including 
chipping of the inner table, with continuation into the tem-
poral bone. Although it cannot be ascertained whether the 
injuries occurred pre- or post-mortally, the skull appears 
abraded and eroded. This may point to the curation and 

circulation of this person’s facial remains for a longer pe-
riod (Fig. 14). 

A peri-mortem sharp force polytrauma of extraordinary 
extent was found in the cranium of the 25–30-year-old male 
from Grave 102 (Fig. 15). A horizontal crack extends in an 
arch from the bregma (mid-point of the coronal suture) to 

Fig. 12. Cranial lesion on the left side of the frontal bone of the 
30–35-year-old male 60 (Photo: W. Reichmann, © NHM Vienna).

Fig. 13. The 3–4-year-old child 60C with burst fracture in the left 
parietal (Photo: W. Reichmann, © NHM Vienna).

Fig. 14. Cranial remains of the adult individual 1983/Grube 61 
(Photo: W. Reichmann, © NHM Vienna).

Fig. 15. Peri-mortem sharp force polytrauma to the cranium of the 
25–30-year-old male from Grave 102 (Photo: W. Reichmann, © 
NHM Vienna).
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the lambda (mid-point of the lambdoidal suture). This fatal 
sharp force injury might have been caused by a blow to the 
left side of the cranium. A bevelled edge was noticed in the 
left parietal bone near the coronal suture, perhaps from a 
second sharp cut. A triangular piece of the left orbital mar-
gin of the frontal bone was broken off. Several other cranial 
fragments of the parietal and occipital bones show signs of 
fracture.

Severe osteophyte growth, especially on the left side of 
the base plate of the fifth lumbar vertebra of the 30–35-year-
old female from Grave 104/1, started to bridge to the first 
segment of the sacrum. The origin of the lesion is unclear. It 
may be traumatically induced and is accompanied by pos-
sible inflammatory signs. The left calcaneus reveals a small, 
cone-like exostosis at the fronto-lateral margin of the bone, 
which may also stem from a trauma.

Healed postcranial traumatic lesions were found in the 
40–60-year-old female from Grave 107, one on the distal 
shaft of the left ulna, most likely a parry fracture, and one 
on the mid-shaft of the left clavicle, which healed in malpo-
sition at a slight angle.

The superior part of the left femur shaft of the 7–9-year-
old child buried in Grave 111 appears thickened and slightly 
bent in the antero-posterior direction. This change in the 
normal morphology of the femur points to a greenstick frac-
ture in the early life of this child. The 8–9-year-old boy 60A 
exhibits a healed avulsion fracture of the lateral tubercle of 
the right talus.

The 30–40-year-old male from Grave 115 suffered from 
a severe fracture at the distal end of the left radius, proba-
bly involving the carpal bones. The epiphysis of the radi-
us is thickened and shows signs of osteoarthritis. During 
the fracture event, the os lunatum was shattered and later 
merged with the joint surface at the facies articularis carpea, 
the joint surface facing the carpal bones. The preserved part 
of the circumferentia articularis at the caput ulnae corre-
sponding to the radius shows only slight remodelling. Since 
the lesion healed and a pseudo joint developed, the hand 
appears to have been used after the incident, despite the pain 
(Fig. 16).

Two peri-mortem, slightly overlapping round to oval 
sharp force traumas were found in the right parietal and 
frontal bones of the 18–21-year-old female 1927/1 (Fig. 17). 
The smaller injury (c. 18 × 27 mm) affects the right parietal 
and frontal bone equally, and partly overlaps with the larger 
one (c. 25 × 33 mm) located around the bregma; it affects a 
small portion of the frontal and right parietal bone as well 
as the left parietal bone, which is only partly preserved. An 
unhealed, peri-mortem sharp cut in the left tibia (12 mm 
length) was found in the same individual. 

A rare bilateral scapular fracture affected the 40–50-year-
old male 1927/2 (Fig. 18). The right scapula exhibits a well-
healed fracture with callus formation in the medial part of 
the spina scapulae. The left scapula shows a healing fracture 
with porotic new bone formation in the medio-lateral part 
of the spina scapulae; perhaps a repeated injury. These rare 
fractures result from direct trauma, and lesions of the scap-
ular body and vertical scapular spine fractures were ascribed 
to beatings.86 Only the spinae of the scapulae are affected 
by a transversal healed fracture in this case, which may be a 
result of repeatedly carrying heavy loads on the back.

The remains of a 5–6-year-old child with multiple cra-
nial fractures were found in Pit 1981/Grube 3 (Fig. 19). The 
cranium shows four peri-mortem blunt force traumas: an 
oval-shaped impression fracture with partial penetration of 
the inner and outer table is located on the left side of the 
frontal and parietal bone in the area of the coronal suture (60 
× 35 mm). The lesion represents an incomplete impression 
fracture; the dorsal part is still attached. This lesion could 
represent the location of the first blow. Two smaller, round 
to oval-shaped comminuted lesions with linear and radial 
fracture lines were detected in the right parietal bone, one 
in the area of the parietal tubercle and the other next to the 
sagittal suture in the area of S2 (Ø 25 mm each). The fourth 
lesion is a large, circular impression fracture with complete 
penetration of the skull in the right parietal and occipital 
bones in the area of lambdoid suture (Ø 45 mm).

3.4. Health Aspects
Non-specific indicators of stress and infections
The causes of unspecific indicators of stress and infection 
are multifactorial, but deprivation and stress are frequently 
involved.87 At Schleinbach, 3 of 15 (20 %) assessable adults 
were affected by cribra orbitalia (Pit 61: 20–40 years, un-
determined sex, bilateral clustered porosities, Stage 3; 15: 
21–25-year-old male with a cluster of fine foramina in the 
left orbit, Stage  2; 56: 40–55-year-old female, small area 
with porosity on the right orbital roof). 3 out of 11 children 
(27.3 %) with preserved orbital roofs showed severe orbital 
cribra (13: 14-year-old with right orbit Stage 3, left orbit 
Stage 2; 60C: 3–4-year-old with fine foramina covering the 
roof of both orbita, Stage 2; 91: 3–5-year-old with fine poro-
tic cribra orbitalia in the left orbital roof, Stage 2). 

Porotic hyperostosis was found in the form of pitting 
in the parietal and occipital bones of the lamina externa of 
the cranium in 4 of 15 assessable adults (26.7 %, features 
32/2, 56, 63, 101/2). Only 1 of 17 children (5.9  %), the 

86	 Resnick 1995, 2719. – Blondiaux et al. 2012. – Mays 2015.
87	 See Rebay-Salisbury et al. 2018 for a summarized overview.
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Fig. 16. Fracture and remodelling of the left wrist of the 30–40-year-
old male from Grave 115 (Photo: W. Reichmann, © NHM Vienna).

Fig. 17. Sharp force traumas to the right parietal and frontal bones of 
the 18–21-year-old female 1927/1 (Photo: W. Reichmann, © NHM 
Vienna).

Fig. 18. Bilateral scapular fracture in the 
40–50-year-old male 1927/2
(Photo: W. Reichmann, © NHM Vienna).

Fig. 19. Multiple head injuries to the cranium of 
the 5–6-year-old child 1981/Grube 3 
(Photo: W. Reichmann, © NHM Vienna).
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8–9-year-old 60A from the multiple burial in Pit  60, re-
vealed porotic hyperostosis in the form of fine porosities in 
the parietal bones. 

Four adolescent individuals (of 14 subadults, 28.6 %) 
and none of the 13 assessable adults revealed linear enam-
el hypoplasias in their incisors and canines. In all four 
individuals, the hypoplasias correspond to a similar forma-
tion age: between 2.5 and 3.5 years in individual 13, between 
2.5 and 3.4 years in individual 14, between 2.9 and 3.5 years 
in individual 17, and between 2.5 and 3.4 years in individual 
1983/Grube 71. Linear enamel hypoplasias indicate physi-
ological stress in early childhood, caused by disease or nu-
tritional stress, which is often experienced during weaning. 
The findings may suggest that children were weaned after 
the second year of life at Schleinbach. 

The results from the mass spectrometry isotope analyses 
of weaning practices are very similar to the ones obtained 
from Unterhautzenthal,88 with average values of –19.22 for 
δ13C and 11.76 for δ15N suggesting a terrestrial diet based on 
C3 resources. The 3–4-year-old child 60C from the multi-
ple burial in Pit 60 has elevated δ15N values, which perhaps 
points to a longer period of breastfeeding, but may be rooted 
in other causes such as illness and starvation.89 The similarly 
aged individual 105 shows no such nursing signal (Tab. 6).

3 out of 14 adult individuals (21.4  %), all of female 
sex, have signs of sinusitis in the maxillary sinuses. The 
45–55-year-old female from Grave  11 shows remodelled 
new bone formation in the right maxillary sinus, caused by 
acute or chronic respiratory infections. The 40–55-year-old 
female from Pit 56 reveals spiculae and netlike new bone 
deposits in the right maxillary sinus, pointing to a healed 

88	 Rebay-Salisbury et al. 2018, 106–107.
89	 Reynard, Tuross 2015. – Beaumont et al. 2018.

sinusitis. The changes are perhaps related to the periapical 
abscess in the upper first molar. The 30–45-year-old female 
89A was affected by dentogenous sinusitis, with remodelled 
inflammatory reactions in the right maxillary sinus possibly 
caused by an apical lesion of the first molar.

Signs of pleurisy were found in 3 of 17 adults (17.6 %) 
and 5 of 16 subadults (31.3 %). The adults were all late adult 
males: acute and healed new bone formation at the upper 
dorsal rib ends was found from the first rib onwards in 108. 
The spine of this individual further showed multifocal lytic 
lesions of the cervical vertebrae 2, 3, 5–7 (4 is missing) and 
the thoracic vertebrae 1–6. These changes may be attributed 
to brucellosis, mycosis or cancer. Partially remodelled new 
bone formation on the pleural side of some left dorsal ribs 
was observed in 109/1. The third affected individual, 115, 
shows bilaterally remodelled periosteal new bone formation 
in four dorsal rib fragments. Changes on the pleural side of 
some ribs were found in five subadults, often in the dorsal 
part (13, 17, 105, 106/1, 111). The observed fine porous new 
bone apposition indicates active pleurisy; only the young 
female 106/1 shows partial healing of the lesions (Fig. 20). 

Beta no. Individual Sex Age Sampled 
material

IRMS 
δ13C

IRMS 
δ15N

C:N 
ratio

Wt %C
(concentration of C)

Wt %N
(concentration of N)

490671 9A female 45–55 years rib –19.1 11.34 3.2 41.97 15.08

490672 12  – 5–6 years rib –19.3 11.37 3.3 40.12 14.29

490673 22  – 3.5–4.5 years rib –18.7 11.82 3.3 41.61 14.88

494944 30 male 27–30 years rib –19.2 11.39 3.3 39.98 14.05

490674 60C – 3–4 years rib –19.6 12.92 3.3 41.21 14.65

490662 105 3–4 years rib –19.49 11.56 3.2 42.93 15.43

494945 1927/1 female 18–21 years rib –19.1 11.89 3.3 33.74 11.95

All Average –19.22 11.76 3.3

Tab. 6. Carbon and nitrogen isotope values from Schleinbach individuals.

Fig. 20. Pleurisy visible in the dorsal ribs of the 16–20-year-old 
female from Grave 106/1 (Photo: W. Reichmann, © NHM Vienna).
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Traces of perisinusitis, indicated by secondary new bone 
formations at the venous blood vessels inside the cranium 
have been noticed in two individuals, 1 of 15 adults (6.7 %, 
18: 30–35-year-old female) and 1 of 13 children (7.7 %, 105: 
3–4-year-old). The female individual showed remodelled 
changes at the confluens sinuum. The netlike new bone for-
mations in the confluens sinuum and the transverse sinuses 
of the 3–5-year-old child 105 point to a healing process.

Periostitis, an inflammation of the periosteum, is main-
ly caused by bacterial infections, but vitamin C deficiency, 
local trauma or autoimmune diseases are possible causes, 
too. At Schleinbach, periostitis was found in 6 of 20 adults 
(30 %, 32/2, 56, 59, 60, 108, 115) and 4 of 18 children (22.2 %, 
13, 14, 105, 106/1). New bone formations indicative of ac-
tive periostitis were found in the proximo-dorsal shaft of 
the right ulna of the 13–15-year-old from Grave 13, per-
haps caused by a local trauma. The 3–4-year-old child 105 
shows widespread new bone formation in the shaft of the 
left femur and the left tibia, which may have been part of 
a systemic disease such as scurvy. The severe porosity and 
thickening of the femora and tibiae in the late adult male 115 
may be associated with other diseases such as osteomyelitis 
or osteitis related to the severe wrist fracture. A secondary 
infection might have spread via the bloodstream. In general, 
males and females were equally affected by periosteal reac-
tions in this group.

Striations in the bones as possible signs of healed peri-
ostitis were detected in the 15–18-year-old individual from 
Grave  14 (femora and tibiae), the 35–45-year-old female 
from Pit 32 (right femur shaft), the 40–55-year-old female 
from Pit 56 (femora, tibiae, signs of remodelled haematoma 
in the left femur), the 35–45-year-old male from Grave 59, 
the 30–35-year-old male from multiple burial 60 (femora 

and tibiae) and the 16–20-year-old female 106/1 (medial 
shaft of both tibiae). The 40–50-year-old male 1927/2 shows 
striations in the femora and the right tibia in addition to the 
acute pathological condition of the left tibia. The reactive 
new bone formation in the left fibula could indicate an ad-
ditional soft tissue injury. 

Group differences between the ‘grave’ and the ‘others’ 
group were revealed in crosstabs results. An approximate 
significance for the presence of porotic hyperostosis in the 
others group as a non-specific sign of stress was found in 
Kendall’s tau-c test for the left side (p = .046) and close to 
significant results for the right side (p = .051). The others 
group also surpassed the grave-buried individuals in the 
other non-specific signs of stress, however, not with signif-
icant results. Moreover, neurocranial trauma and intravital 
tooth loss were found with a higher frequency in individuals 
buried outside formal graves (Tab. 7, Fig. 21).

  Degree of 
expression

Porotic hyperostosis Cribra 
orbitalia

Periosteal 
reactions

Neurocranial 
trauma

Intravital 
tooth loss

Graves 0 14/34 20/30 5/34 11/32 12/33

1 19/20 8/10 22/29 18/21 18/21

2 1/20 1/10 4/29 1/21 2/21

3 0 1/10 3/29 2/21 1/21

Settlement features 0 7/18 3/16 9/17 3/16 5/16

1 7/11 9/13 5/8 10/13 8/11

2 4/11 3/13 3/8 2/13 0

3 0 1/13 0 1/13 3/11

Tab. 7. Differences in frequencies of non-specific signs of stress, neurocranial trauma and intravital tooth loss between individuals buried in 
graves and settlement features. – Degrees of expression: 0 = not assessable, 1 = no pathological change, 2 = slight pathological change, 3 = severe 
pathological change; for neurocranial trauma and intravital tooth loss 3 = two or more lesions.

Fig. 21. Percentage of individuals buried in graves and other features 
affected by non-specific stress signs, neurocranial trauma and intra-
vital tooth loss.
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Metabolic diseases
Signs of metabolic diseases were found only rarely at Schlein-
bach. One of the affected individuals is the 15–18-year-old 
probably female adolescent from Grave 14. She shows very 
well remodelled striations on the surface of the femora and 
tibiae; together with bilateral indentations and flattening 
in the distal medial part of the femora as well as distinct-
ly bowed tibial shafts, these indicate the disease pattern of 
rickets. Pronounced attachments of the soleus and the tibia-
lis anterior muscle may add to the picture of altered muscu-
lar requirements (Fig. 22).

The 3–4-year-old child from Grave  105 and the 
16–20-year-old female from Grave  106/1 were possibly 
affected by scurvy. The child 105 reveals severe periostitis 
through extensive new bone apposition in the lateral shaft 
of the left femur and the medial part of the left tibia. The 
reactive new bone apposition in the dorso-distal part of 
both femora (facies poplitea) and the striations in the medial 
shaft of both tibiae of 106/1 also match the disease pattern 
of scurvy. The signs of pleurisy in these subadults add to 
the diagnosis.

The remodelled intensified pitting and new bone for-
mation to the facial bones of the 5–6-year-old child 1981/
Grube 3 affected the maxilla, zygomatic bone, squamous 
part of the temporal bone and the auditory meatus, possi-
bly indicating (healed?) scurvy. In addition to the metabolic 
diseases, porotic thickening of the external auditory mea-
tus and osteomyelitic changes in the maxillary bones of this 
individual might indicate an uncontrolled infection of the 
middle ear.

In contrast to Unterhautzenthal, there were no notice-
able signs of osteoporosis/osteopenia in any of the individ-
uals buried at Schleinbach, except for the female in Pit 56.

Dental and periodontal disease
Caries, tooth loss and other conspicuous changes in denti-
tion were recorded. Of 21 assessable adult individuals, 2 fe-
males and 1 male were affected by carious lesions (14.3 %), 
104/1 with a single lesion, and 11 and 89B with more than 
one. Interestingly, none of the 15 subadults showed signs 
of caries. Intravital tooth loss in the adults was present in 6 
of 14 (42.9 %) assessable individuals: 11, 29, 56, 89A, 89B 
and 107. Except for 89B, all of the individuals affected by 
intravital tooth loss are female, three of them (all of them 
over the age of 30 years) suffered from multiple tooth loss, 
and intravital tooth loss was found more frequently in in-
dividuals buried outside formal graves (Tab. 7). Calculus or 
its traces were found in the adult individuals 11, 31 and 56 as 
well as in the children 10 and 60A. A severe alveolar atrophy 
in child 60A was probably caused by the formation of the 
calculus at a young age.

The 45–55-year-old female from Grave 11 has notice
able changes in her dentition. The three carious lesions in 
the upper right second molar, the lower left second molar 
and premolar are all located at the necks of the teeth. Thick 
dental calculus deposits formed especially in the lower jaw – 
the outer surfaces of the second premolar and the first molar 
are completely covered. She was further affected by tooth 
loss and parodontosis as well as an asymmetrical abrasion 
of the teeth in the upper jaw. 

Several periapical abscesses, tooth loss and very strong 
wear down to the dentine, especially in the maxillary teeth, 
were found in the dentition of the 40–55-year-old female 
from Pit  56. Most of the changes, including pronounced 

Fig. 22. Femora and tibiae indicating rickets in the 15–18-year-old 
probably female adolescent from Grave 14 (Photo: W. Reichmann, 
© NHM Vienna).
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stomatitis with spiculae and small ridges on the palate prob-
ably stand in a causal relationship with the severe wear of the 
teeth. The new bone deposits in the right maxillary sinus are 
probably connected to a periapical abscess at the upper first 
molar (Fig. 23).

The 30–35-year-old male from the multiple burial in 
Pit 60 reveals a strong, uniform dental abrasion, especially 
in the upper jaw. He further suffered from apical abscesses 
in both upper first molars. The advanced alveolar atrophy 
may have been caused by extensive calculus formation. The 
oblique wear on the lingual side of the upper left maxillary 
premolars and molars as well as the dental chipping, espe-
cially in the frontal teeth, point to use of the teeth as a tool 
(Fig. 24).

The 30–45-year-old female from Pit 89 shows similar 
changes in her dentition to the female from Pit 56: severe, 
uniform dental wear in the upper jaw. Furthermore, apical 
lesions were found at the roots of the upper right and left first 
molars; signs of severe stomatitis with ridge-like exostoses 
were found in the palatine. The alveoli of both upper third 
molars are in the same stage of healing after recent tooth 
loss. Distinct degenerative changes were found in the left 
mandibular fossa. Taken together, these changes point to a 
lack of oral hygiene and perhaps frequent use of the teeth as 
a tool. The 25–30-year-old male from Pit 89 shows signs of 
stomatitis, carious lesions in the lower second molar and in-
travital tooth loss. The 40–50-year-old male 1927/2 reveals 
severe oblique dental wear, especially in the upper jaw, and 
some teeth with intravital chipping. The 30–35-year-old fe-
male from Grave 104 has a small caries lesion at the interface 
of the canine and the first premolar in the right upper jaw. 
Alveolar atrophy and alveolar pitting were further found in 
her dentition. Only the mandible is preserved of the denti-
tion of the 40–60-year-old female from Grave 107; it shows 
multiple intravital tooth loss in the molars and a general al-
veolar atrophy.

Degenerative joint disease 
Degenerative changes were noted in 14 individuals from 
Schleinbach, including two children. The 45–55-year-old 
female from Grave 11 shows a severe form of osteoarthro-
sis and osteoarthritis in the femora and tibiae of both knee 
joints. Distinct changes in the form of rim-like new bone 
formation at the margins and a loss of smoothness on the 
surface affected the distal femoral joints and the proximal 
tibial joints. A periarticular cyst was detected on the lateral 

Fig. 23. Dental status of maxilla and mandible of the 40–55-year-old female from Pit 56 (Photo: W. Reichmann, © NHM Vienna).

Fig. 24. Tooth wear to the maxilla in the 30–35-year-old male 
from the multiple burial in Pit 60 (Photo: W. Reichmann, © NHM 
Vienna).

1-ArchA104-2020-Pany-Kucera et al-Artikel.indd   351-ArchA104-2020-Pany-Kucera et al-Artikel.indd   35 11.11.2020   13:11:2711.11.2020   13:11:27



36 Doris Pany-Kucera et al.

part of the right tibia. None of the other large joints of this 
female show osteoarthritic changes. The cause of these 
changes might be both her severe case of gonarthrosis (genu 
valgum, ‘knock knees’) and the plane of the proximal tibi-
al joint surfaces tilting downwards towards the dorsal side 
(Fig. 25). Risk factors for knee osteoarthritis include age-
ing, being female, excess weight and obesity, knee injuries, 
repetitive joint movements, reduced bone density, muscle 
weakness and joint laxity. Clinical radiography studies in-
dicate that a high number of pregnancies, i.e. more than five 
or six, increases the risk for knee osteoarthritis.90

Degenerative changes in the form of new bone forma-
tion at the joint margins of both knees were also found in 
the 30–35-year-old male 31 from double burial 30/31. His 
tuberositas tibiae reveals distinct exostoses, and both femo-
ra show strong muscular changes at the linea aspera (similar 
to the adult male 60). The anterior-posterior diameter of the 
femora surpasses the sagittal one, indicating high mobility.91

The 40–55-year-old female from Pit 56 shows degen-
erative changes in several joints: the mandibular joints, the 
distal phalanges and the third to sixth cervical vertebrae. She 
further exhibits signs of deforming spondylosis in the sec-
ond to fifth lumbar vertebrae. Taken together, the changes 
could point to the presence of chronic polyarthritis.

The acetabulum and the femoral head of the right hip 
joint of the 35–45-year-old male from Grave 59 is affect-
ed by severe coxarthrosis. The acetabulum is enlarged with 
new bone formation at the margin. The femoral head has de-
veloped a flattened, mushroom-like shape (Fig. 26), which 
may be caused by trauma. 

The 30–35-year-old male from multiple burial 60 shows 
slight degenerative changes in the lumbar vertebrae, strong 
muscle attachments at the linea aspera of the femora and 
ridge-like exostoses in the superior part of the dorsal shaft 
of the tibiae (M. gastrocnemius and M. soleus). He, too, was 
of very robust stature. 

Distinct degenerative changes to the left mandibular 
joint with enlarged facets were noted in the 30–45-year-old 
female from Pit 89.

The 27–35-year-old female from Grave 90 shows chang-
es in both humeri from a pronounced attachment of the M. 
teres minor on the lateral side of the humeral heads and the 
M. brachialis in the upper part of the frontal humeri. These 
muscles are involved in external rotation and forearm flex-
ion. 

Slight degenerative changes in the form of osteophyte 
growth were found in the proximal part of the caput tali 

90	 Heidari 2011.
91	 Ruff et al. 2006.

Fig. 25. Gonarthrosis in the 45–55-year-old female from Grave 11 
(Photo: W. Reichmann, © NHM Vienna).

Fig. 26. Coxarthrosis in the 35–45-year-old male individual from 
Grave 59 (Photo: W. Reichmann, © NHM Vienna).
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(facies articularis navicularis) in the 16–20-year-old female 
from Grave 106. 

The 7–9-year-old child 1981 is another young individual 
with exostoses; changes were found in the lateral aspect of 
the dens axis.

The 40–60-year-old female from Grave 107 has degen-
erative changes in the second cervical vertebra, especially in 
the dens axis. Distinct degenerative changes (Stage 3) were 
found in the left femoral head, which appears very large. 
Distinct muscle attachments were found in the upper and 
lower limbs.

The individuals from the graves 109/1, 114 and 115 re-
veal slight degenerative changes in the large joints. Degen-
erative changes in the distal joint of the first phalanx of the 
right hand and osteophyte formation on the ventral side of 
the lumbar vertebrae 1–4 were recorded in the 40–50-year-
old male 1927/2.

3.5. Pelvic Features and Pelvic Pattern
Pelvic features were recordable for 21 individuals from 
Schleinbach, including nine adult/mature males (15, 30, 31, 
60, 89B, 108, 109/1, 115, 1927/2), ten adult/mature females 
(9A, 11, 14, 29, 56, 90, 104/1, 106/1, 107, 1927/1) and two 
female adolescents (14: 15–18 years, 106/1: 16–20 years). 

The region of the preauricular sulcus was preserved in 
19 individuals: nine males and ten females (Tab. 8). Eight 
males showed the typically male, smooth shape, Stage  1, 
in this region.92 This shape and stage was not found in any 
of the females. A weakly developed sulcus (Stage  2) was 
found in two females (14, 107) and one male (89B). More 
strongly expressed preauricular sulci (moderate/strong 
expression, Stages 3/4) were exclusively found in females; 
Stage 3 in individuals 9A (45–55 years) and the adolescents 
106/1 (16–20 years) and 1927/1 (18–21 years). Five females 
presented a large, well defined sulcus of Stage 4, three of 
them on both sides (29: 30–35 years, 56: 40–55 years, 90: 
27–35 years), and two of them on one side (11: 45–55 years, 
104/1: 30–35 years). 

The Schleinbach sample revealed a similar relation be-
tween the presence of a deep preauricular sulcus and short 
body height as at Unterhautzenthal.93 Half of the eight fe-
males with deep sulci (Stage 3 or 4) are shorter than or equal 
to the mean body height of 156 cm (11, 90, 104/1, 106/1). 

The margin of the auricular facet at the ilium was observ-
able in 19 individuals: 11 females and eight males. Exostoses 
were found in six females (9A, 11, 32/2, 56, 90, 104/1) and 
three males (60, 108, 1927/2). The region of the extended 

92	 Brůžek 2002. – Steckel et al. 2006.
93	 Rebay-Salisbury et al. 2018, 96 and Fig. 15.

pubic tubercle was available for assessment in six individu-
als: five females and three males. Two of the females revealed 
a distinct development of the tubercle (11: 45–55 years, 90: 
27–35  years). A large, clearly defined extended tubercle 
(> 3 mm, Stage 3, Fig. 27) and a sharp-edged pecten oss-
is pubis on the right side were present in the female from 
Grave 11, and a small extended tubercle (Stage 2) in the fe-
male from Grave 90. None of the males had an extension at 
the pubic tubercle location.

The dorsal symphyseal and adjacent area was observ-
able in nine individuals: six females and three males. Four 
females (11, 29, 56, 90) had lesions on the dorsal pubic sur-
face. The female from Grave 11 revealed an exceptionally 
large, oval-shaped dorsal pit in the centre of the right side 
of the dorsal pubic surface, extending into the upper part, 
although less deep (Stage 3, > 2 mm, Fig. 27). The Stage 3 
lesion on the left side of the dorsal pubic surface, in con-
trast, resembles a groove, is elongated and extends parallel 
to the symphysis. It covers nearly the whole surface from 
the upper to the lower third of the dorsal symphysis. Her 
severe bilateral gonarthrosis might be a cause of this severely 
pronounced form of dorsal pitting. None of the males had 
any changes to the dorsal pubic surfaces. 

Exostoses on the ventral pubic surface were found in 
3 of 6 females (29, 90, 56) and 1 of 3 males (60) for which 
the region could be examined. Lesions on the ventral pubic 
symphysis were present in 4 of 6 females (11, 29, 90, 56) and 
1 in 3 males (30, an individual with a left-sided lumbosacral 
transitional vertebra).

In the detailed and systematic skeletal analysis of pelvic 
parts in the framework of the project, we noticed specific 

Fig. 27. Extended pubic tubercle and dorsal pitting of extraordi-
nary size. – Left side: Deep long groove, 26.4 mm length, 6.2 mm 
width, 4.2 mm depth. – Right side: Deep oval pit, 13.4 mm diameter, 
5.9 mm depth (Photo: W. Reichmann, © NHM Vienna).
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changes at the ventrosuperior margin (ventral apex) of the 
ala ossis sacri, adjacent to the auricular facet at the sacrum. 
The first morphological modification termed sacral preau-
ricular extension is a ventrally pointing flat osseous struc-
ture, and it frequently has a corresponding facet at the ilium. 
The sacral preauricular extension is delineated from the au-
ricular surface by a subtle line, can vary in size and usually 
occurs on one or on both sides of this predilection site at 
the ventral apex of the sacrum. The changes are very likely 
caused by increased pressure at this location, ligament lax-
ity and positional changes during pregnancies and birthing 
events. The second structure is termed the sacral preauric-
ular notch, which describes a loss of convexity at this lo-
cation. It may be accompanied by a recess at the ilium and 
stand in a causal relationship with giving birth at a young 
age.94 The relevant region at the sacrum, the ventral apex 
of the ala ossis sacri, was present in seven females and six 
males from Schleinbach. A sacral preauricular extension was 
found in three females: the 45–55-year-old from Grave 11 
and the 18–21-year-old from 1927/1 (Fig. 28) have a small 
sacral preauricular extension on the one present side, the 
30–35-year-old from Grave 29 on both sides. No male indi-
vidual had similar changes in this region.95

A sacral preauricular notch was noticed in 3 out of 8 
females at Schleinbach (56: 45–55  years, 90: 27–35  years, 
106/1: 16–20 years) and in none of the 6 observable males 

94	 Pany-Kucera et al. 2019.
95	 At the contemporaneous Early Bronze Age site Unterhautzen-
thal, a bilateral sacral preauricular extension was found in 2 of 11 ob-
servable females (93: large extension, 88: small extension).

from Schleinbach. The sacral preauricular notch at the 
right sacrum of the 45–55-year-old female in Grave 90 is 
particularly large (Fig. 29). The sacral preauricular notch of 
the female from Grave 56 may relate to the partially healed 
fractures in the sacrum. A facet at the ilium, corresponding 
to the extensions and notches, was recorded in 3 of 10 ob-
servable females (56, 106/1 and 1927/1) and none of the 8 
observable males.

The region of the margo auricularis groove at the sacrum 
adjacent to the preauricular sulcus was preserved in five fe-
males and two males; a groove at the lateral margin of the os 
sacrum was present in two females. In both cases, changes 
affected only the right sides, whilst the other sides were nor-
mal (56, 1927/1). 

An interesting observation is that some females combine 
several distinctly expressed features in the pelvis and sacrum 
bones. If some of the features are particularly pronounced, 
we suggest the term ‘Pelvic Pattern’. At Schleinbach, we ob-
served such patterns in the females 9A, 11, 29, 56, 90, 104/1, 
106/1 and 1927/1 (Tab. 8). 

The 45–55-year-old female from Grave 9 (9A) shows a 
moderately developed preauricular sulcus (Stage 3 on the 
right side, left side is eroded) and some exostoses located 
at the upper margin of the facies auricularis. She was found 
with some cranial fragments and an upper first incisor of a 
c. 1.5-year-old child (9B).

The 45–55-year-old female from Grave 11 has a com-
bination of a deep preauricular sulcus (Stage 4 on the left 
side), developed exostoses at the margin of the auricular fac-
et of the ilium, an extended pubic tubercle (Stage 3 on the 
right side), severe dorsal pubic pitting (Stage 3), and a sacral 

a b

Fig. 28. Preauricular extension to the right sacrum of the 18–21-year-old woman 1927/1. – a. Right 
lateral view. – b. Frontal view (Photo: W. Reichmann, © NHM Vienna).
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preauricular extension at the right ventral apex of the ala 
ossis sacri. Severe gonarthrosis was noticed in both her knee 
joints, with severe exostotic new bone formation around the 
joint surfaces of the distal femora and proximal tibiae (see 
Fig. 25). 

The 30–35-year-old female from Grave  29 combines 
deep, delimited preauricular sulci (Stage 4, true preauricu-
lar groove), a bilateral sacral preauricular extension without 
clearly corresponding facets at the ilium, dorsal pubic pit-
ting (Stage 2) to the right pubic bone, and distinct lesions 
and exostoses on the ventral side. Irregular exostotic struc-
tures are further visible at the location of the extended pubic 
tubercle, but a real extension did not form. A bilateral acces-
sory sacroiliac articulation formed at the upper dorsal end 
of the facies auricularis. This modification is an elongated 
facet, somewhat elevated and delimited from the joint sur-
face, pointing in the dorsal direction (right side: 16.5 mm, 
left side: 13.6 mm). This facet corresponds to a structure at 
the ilium, which is visible on the right side, but eroded on 
the left (Fig. 30). It may have formed in response to support-
ing increased weight.

The 40–55-year-old female from Pit 56 has a strongly de-
veloped preauricular sulcus (Stage 4), exostoses at the mar-
gin of the facies auricularis of the ilium, dorsal pubic pitting 
on the right side, ventral exostoses and lesions at the pubis, 
a margo auricularis groove (Stage 2) and a sacral preauricular 
notch on the right side. She has multiple sacrum fractures 

a b

Fig. 29. Sacral preauricular notch in the right sacrum of the 45–55-year-old female in Grave 90. – a. Right lateral 
view. – b. Frontal view (Photo: W. Reichmann, © NHM Vienna).

Fig. 30. Accessory sacroiliac articulation in the 30–35-year-old 
female from Grave 29 (Photo: W. Reichmann, © NHM Vienna).
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The 18–21-year-old female 1927/1 shows a combination 
of a preauricular sulcus Stage 3 on the right/Stage 2 on the 
left side with a unilateral sacral preauricular extension on the 
right (with inflammatory signs) as well as a margo auricula-
ris groove on the right side (see Fig. 10). The skeleton of this 
female was found with other human remains, including the 
right femur of a 4–6-month-old child (1927/4). 

It is interesting to note that two different expressions of 
the recently described morphological changes at the sacrum 
occur in young females such as the latter two. This might 
point to a young age of first motherhood.97 Two females of 
middle age (90: 27–35 years; 104/1: 30–35 years) with pelvic 
patterns show degenerative changes combined with inflam-
matory signs in the lumbar vertebrae. Clinical studies on 
females treated for lower back pain in pregnancy indicate 
that increased pelvic relaxation causes irritations in the lum-
bosacral region.98 A pattern with distinctly expressed pelvic 
features was not found in any of the nine observable male 
individuals from Schleinbach. 

In order to compare the severity of pelvic changes to the 
archaeological contexts, we assigned a Pelvic Pattern Index 
(PPI) to the ten females and nine males with at least two 
assessable features (Tab. 8). Since little is known about the 
relevance of the features, they are not weighted; only the 
number of accessible features and the degree of expression 
is taken into account. High Pelvic Pattern Index numbers 
correspond to an accumulation of significant changes in the 
pelves. The women with the highest values were buried in 
Grave 11 (45–55 years, PPI 0.61, nine recordable features, 
‘rich’ grave), Grave  29 (30–35, PPI 0.44, nine recordable 

97	 Pany-Kucera et al. 2019.
98	 Hagen 1974.

in different stages of healing. The upper part of the right 
auricular facet is completely remodelled. A small exostosis 
formed at the right ilium in the frontal part of the ala ossis 
ilii, which originates from the iliac side and extends over the 
sacroiliac joint. Degenerative changes in the lumbar verte-
brae, in the form of a deforming spondylosis (L2–L5) and a 
probable compression trauma in L3, are probably related to 
her multiple sacrum fractures. Additionally, we noticed bi-
lateral accessory sacroiliac articulations, which are ascribed 
to the frequent carrying of loads on the back, particular-
ly babies, as deduced from this custom in an East African 
group.96 Ridges and exostoses on the dorsal side of her iliac 
bones stem from a more robust attachment of the gluteal 
muscles in line with the pelvic modifications. 

The Pelvic Pattern of the 27–35-year-old female from 
Pit 90 includes a preauricular sulcus Stage 4, dorsal pitting 
on the left side (Stage 2), an extended pubic tubercle on the 
left side (Stage 2), distinct exostoses on the ventral pubic 
surface, and a sacral preauricular notch at the ventral apex 
of the left ala ossis sacri. Four exostoses of slightly different 
sizes and the form of spiculae were found adjacent to the 
left dorsal end of the iliac auricular facet; currently, these 
cannot be conclusively interpreted. Distinct osteophyte 
growth and extensive inflammatory changes were record-
ed at the lumbosacral junction (L5/S1), which may indicate 
that she suffered from a lumbar disc herniation. In addition, 
her right femur is shorter than the left by 12 mm. The at-
tachment site of the oblique muscles at the iliac crest shows 
a distinctly developed ridge on the right side; this muscle is 
involved in the tension of the abdominal musculature.

The 30–35-year-old female found in Grave 104/1 reveals 
a combination of a bilateral, deep preauricular sulcus Stage 4 
and exostoses along the margin of the iliac auricular facet 
(forming a sharp-edged ridge at the ventral apex and low-
er part of the margin on both sides). Moderate osteophyte 
growth was noticed at the front of the lumbosacral junction 
(only L5 preserved, most other pelvic features were not ob-
servable). The humerus of a 7–8-month-old foetus/neonate 
was found with the bones of this female. 

The Pelvic Pattern of the 16–20-year-old adolescent 
female from Grave 106/1 consists of a preauricular sulcus 
Stage 3 on the right and Stage 2 on the left side, as well as a 
sacral preauricular notch at the ventral apex of the right ala 
ossis sacri. A corresponding facet in the shape of a depres-
sion is visible adjacent to the ventral apex of the auricular 
facet at the right iliac bone. The two modifications form a re-
cess at the terminal line, best visible when the bones are held 
together (Fig. 31). We further noticed spina bifida occulta at 
the lower dorsal end of the sacrum (S4/S5). 

96	 Trotter 1964.

Fig. 31. Recess at the level of the terminal line between sacrum 
and ilium in the 16–20-year-old female from Grave 106/1 (Photo: 
W. Reichmann, © NHM Vienna).
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features, ‘average’ grave), Pit 56 (40–55, PPI 0.67, nine ob-
servable features, ‘poor’ pit burial) and Grave 90 (27–35, 
PPI 0.55, ten recordable features, ‘rich’ grave). We found a 
weak positive correlation between the Pelvic Pattern Index 
and the social status of the individuals (r = 0.15, if poor = 0, 
average = 50, rich = 100), between the Pelvic Pattern Index 
and age (r = 0.25) and the Pelvic Pattern Index and body 
height (r = 0.18).

3.6. Tooth Cementum Annulation Analysis
We arrived at very similar results with both methods of 
analysing tooth cementum annulations – counting and 

interpolating (Tab. 9, Fig. 32). The difference in age estima-
tion via counting all tooth cementum lines and the extrap-
olation method is less than three years in five individuals. 
Only the 40–55-year-old female from Pit 56 was estimated 
at 26.2 ± 5 years with counting and 46.2 ± 5 years applying 
the interpolation method, which matches the morphologi-
cal age estimation. 

The results of the tooth cementum annulation analysis 
(TCA) of two individuals did not match the morphological 
age estimation. The 45–55-year-old female from Grave 9 
appeared younger (TCA age 21.5–31.6  years), whereas 
the 27–30-year-old male 30 from the double burial 30/31 

Histo ID Individual Morphological FDI Full eruption age TCA counts in 3 areas Width of cementum/
width between lines

     Sex Age     Mean SD Age Mean Age

5627 9A female 45–55 41 7.5 20.0 4.1 27.5 ± 5 20.1 27.6 ± 5

5629 30 male 27–30 21 7.5 30.5 0.5 38.0 ± 5 31.9 39.4 ± 5

5630 31 male 30–35 25 12.5 21.3 2.1 33.8 ± 5 22.5 35 ± 5

Schl G 56 56 female 40–55 44 11.5 15.67 0.47 27.2 ± 5 35.75 47.2 ± 5

5628 60 male 30–35 35 12.5  –  –   26.2 38.7 ± 5

5654 1983/61 undet. 20–40 24 11.5 16.3 1.2 27.8 ± 5 13.4 24.9 ± 5

5655 1983/71 undet. 16–18 21 7.5 6.7 1.7 14.2 ± 5 9.2 16.7 ± 5

Fig. 32. Thin sections of dental roots of six individuals from Schleinbach: 9, 30, 31, 60, 1983/Grube 61 and 1983/Grube 71 (Photos: B. Rendl, 
© Medical University of Vienna).

Tab. 9. Results of the tooth cementum annulation analysis of seven individuals from Schleinbach. – The table includes morphological sex and 
age estimation, the type of tooth (FDI World Dental Federation) and the average age of its alveolar eruption. The means and standard devia-
tions of the TCA counts were calculated from three independent counts of subsequent cross-sections of the middle third of the dental roots. 
The alternative method divides the width of the cementum by the mean distance between lines. Age at death is calculated by adding the means 
of counts or measurements to the tooth eruption age; an error range of ± 5 years is assumed.
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appeared older (TCA age 32–43.4 years) than first estimat-
ed. The age ranges of the remaining individuals overlap. At 
present, we cannot conclusively explain the differences, but 
would like to highlight the potential of exploring the differ-
ences to understand how people age. 

3.7. Kinship Analysis in Multiple Burials via Mitochondrial 
DNA 
The two male individuals buried close together in 
Grave 30/31 share the same haplotype belonging to hap-
logroup H+152; this provides evidence that they may have 
been (closely) related via the maternal line, e.g. they could 
have been brothers or cousins. 

Of the four individuals buried in Pit 60, the 8–9-year-
old child  60A and the 3–4-year-old child  60C share the 
same haplotype (haplogroup U2e3a). Again, this points to a 
(close) maternal relationship between these two individuals, 
whereas the other individuals in the pit are not maternal-
ly related to anyone else in this sample and belong to hap-
logroups H2a1 and J1c2 (Tab. 10).

In terms of population genetics, haplogroup H is the 
most common mtDNA clade in Europe (present in about 
40 % of today’s Europeans); H2 is a common west Eura-
sian lineage with concentrations in eastern Europe and the 
Caucasus, central and western Asia. The subclade H2a1 has 
recently been found in 3 of 80 genetically typed individuals 
from the Lech River Valley in Bavaria,99 and is present once 
in samples from Bronze Age Hungary.100

Haplogroup U2 is not as common as H in Europe today 
and shows higher abundance in the Caucasus. Archaeolog-
ically, U2 is considered steppe ancestry, appearing more 
frequently in samples after the Neolithic. Haplogroup J is 
a common component of the west Eurasian gene pool to-
day, probably of Near Eastern origin.101 J1c is associated 
with the spread of Neolithic farmers from Anatolia via the 
Balkans.102 J1c2 has been found at the LBK site Karsdorf,103 
and in an Early Bronze Age sample from the Bavarian Lech 
Valley.104 J1c2 has further recently been found in five Late 
Bronze Age/Iron Age samples from the northern Iberian 
Peninsula,105 and is part of Richard III’s genome.106 

99	 Knipper et al. 2017.
100	 Allentoft et al. 2015, suppl. tab. 14.
101	 Chyleński et al. 2017.
102	 Mathieson et al. 2015.
103	 Brandt et al. 2013.
104	 Knipper et al. 2017.
105	 Núñez et al. 2016.
106	 King et al. 2014.

3.8. Proteomic Sex Identification in Selected Juvenile 
Individuals
The sex of the three children buried together with the 
30–35-year-old male in Pit 60 was determined as male for 
the 8–9-year-old child  60A, and female for the 12-year-
old child 60B as well as the 3–4-year-old child 60C.107 The 
5–6-year-old victim of violence from Feature 1981/Grube 3 
was male.108 

4. Discussion and Conclusion
The detailed osteological examination of the skeletal materi-
al comprising 62 individuals, of which 27 were subadults, in 
combination with supplementary 14C, TCA, mtDNA, pep-
tide and isotope analysis allows new insights into the social 
fabric of the Early Bronze Age community of Schleinbach. 

The clear social differentiation between persons buried 
in ‘regular’ graves and those deposited in former storage 
pits, albeit not unusual in the cultural context,109 remains 
perplexing. Social differentiation may entail not only the 
acquisition of land and material wealth – although this is the 
easiest to see and quantify for archaeologists – but also the 
domination of people and the exploitation of their labour, 
including the bearing of children. 

Formal burial in one of the two grave groups includes 
the placement of bodies in a flexed or extended position, a 
uniform orientation, and the inclusion of grave goods, even 
if graves were often later reopened and metal grave goods 
were removed. The deposition of bodies and body parts in 
former storage pits is less formal: the bodies appear placed 
without care or empathy and are often found in secondary, 
disarticulated positions and without grave goods. Bio-ar-
chaeological indicators of mistreatment and marginaliza-
tion110 of individuals are plentiful at Schleinbach. 

Most striking at this site is the high prevalence of traces 
of violence. Small-scale communities such as Schleinbach in 
the Early Bronze Age may be less peaceful than often im-
agined; life in the settlement may include frequent ambushes 
and raids, the taking of captives, and the domination of some 
people by others.111 The trauma patterns observed in each 
of those individuals testify to accidents and interpersonal 
violence. 

The unhealed cranial fractures point to a high level of in-
terpersonal violence. At least six individuals (16.2 %) – three 
men, two children and one woman – died from fatal injuries 

107	 Weninger 1954a, 16–17 had suggested the male sex for the two 
older children (60A, 60B).
108	 Rebay-Salisbury et al. 2020. 
109	 E.g. Lauermann 1992. – Müller-Scheessel et al. 2013.
110	 Martin 2008. – Martin, Harrod, Fields 2010.
111	 Cameron 2016.
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Grave 30 31 60 60A 60B 60C

Description Male Male Male Infant Infant Infant

Age 27–30 30–35 30–35 8–9 11.5–12.5 3–4

FDI 36 47 17 36 47 55

Mill/drill Mill Mill Mill Drill Drill Drill

mtGE (67 bp) 147.7 305.1 98.4 56.1 18.0 28.1

Haplogroup H+152 H+152 H2a1 U2e3 (U2e3a) J1c2 U2e3 (U2e3a)

Mitotype 152C 152C 263G 73G 73G 73G

263G 263G 315.1C 152C 185A 152C

315.1C 315.1C 750G 217C 188G 217C

750G 750G 8860G 263G 228A 263G

(4769G) 4769G 16354T 315.1C 263G 315.1C

8860G 8860G 394T 295T 394T

15326G 15326G 508G 315.1C 508G

16519C 16519C 524.1A 462T 524.1A

524.2C 489C 524.2C

750G 750G 750G

1811G 14766T 5390G

3170A 14798C 5426C

4769G 16069T (10876G)

5390G 16126C (11467G)

5426C 16519C (12372A)

8860G 13734C

10876G 15907G

11719A 16051G

12308G 16129C

12372A (16182M)

13020C 16183C

13734C 16189C

14180C 16260T

14766T 16356C

15326G 16362C

15721C 16519C

15907G

16051G

16129C

(16182M)

16183C

16189C

16260T

16356C

16362C

16519C

Tab. 10. Summary of DNA analyses of six individuals from Schleinbach. Sex, age (years), tooth (FDI), haplogroup and 
mitotype relative to the rCRS.
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to the head, which were inflicted with both sharp and blunt 
weapons. Four of them had injuries to the left parietal bone, 
with lesions at the top and front of the head suggesting that 
the victims were probably facing their aggressors.112 More-
over, the left side of the head is a typical location for attacks 
by a right-hander.113 Males were affected by neurocranial 
trauma about four times more frequently than females. In 
the Bronze Age group of Unterhautzenthal, for compari-
son, 6.9 % of the individuals showed neurocranial fractures, 
two males and two females, and all lesions – most of them 
located in the left parietal bones – were healed.114

An exceptionally high number of unusual, rare and 
complicated postcranial fractures characterizes the Schlein-
bach individuals, for instance the bilateral fracture of the 
spina scapulae in the male from Feature 1927/2, the severe 
wrist fracture in the male of Feature 115, and the multiple 
skull fractures of the boy in Feature 1981/Grube 3. Women 
were not excluded from violence, as demonstrated by the 
18–21-year-old female 1927/1 with two peri-mortem sharp 
force traumas to the skull and a sharp cut to the left tibia, 
and indicated by probable parry fractures found in two fe-
male individuals. Complex trauma patterns, as documented 
in the 40–55-year-old female from Pit 56, suggest that the 
Bronze Age community was able to provide a level of care 
that ensured survival; and yet, her burial in a pit without 
grave goods raises questions regarding full social member-
ship. 

The two adult male individuals 30/31 buried in close 
physical contact in one grave were closely related via the 
maternal line and died of almost identical neurocranial 
injuries in the same location of their skulls. Whether they 
were warriors, victims of an attack on the community or 
executed, they received a formal burial at Schleinbach. 
The four individuals buried together in the former storage 
pit 60, in contrast, seem haphazardly disposed. Two of the 
individuals from this pit show peri-mortem cranial injuries, 
and it seems likely that the others died in the same violent 
event, even if it did not manifest directly on their bones. The 
proteomic analysis revealed that the adult male was buried 
with children of both sexes; the 3–4-year-old girl and the 
8–9-year-old boy were closely related via the maternal line, 
whereas the 12-year-old girl and the adult male have distinct 
matrilines. The age difference between the adult male and 
the three children makes it possible that he was the father of 
all of the children, which he would have had with two dif-
ferent female partners. If the younger children had the same 

112	 Fibiger 2013, 138.
113	 Kremer, Sauvageau 2009. – Martin, Harrod, Pérez 2012.
114	 Rebay-Salisbury et al. 2018.

mother, the sibling age gap is about five years. The possible 
weaning age after 2–3 years inferred through linear enamel 
hypoplasias and δ15N isotope data suggests a minimum of 
3–4 years between siblings. 

A bottleneck in Y-chromosome lineages after Neolithi
sation around 5000 to 3000 BC, in which only one male 
reproduced for every 17 females,115 is currently explained 
by the formation of patrilineal kin groups. A high level of 
intergroup competition among these groups reduced the 
male genetic diversity.116 Some men were able to accumu-
late wealth and power, which translated into reproductive 
success. High status men might have been able to entertain 
polygynous relationships and thus monopolize women, 
leaving low status men fewer chances to reproduce. Com-
petition between males further led to the violent elimination 
of Y-chromosome linages from the gene pool. The lethal 
lesions in the males from double burial 30/31, Feature 102, 
and Pit 60 may be archaeological evidence of male lineage 
editing. 

The children from Pit 60 may have been casualties of a 
group conflict, but violence seems directly targeted at the 
5–6-year-old boy from Feature  1981/Grube  3, who was 
killed by at least four significant blows to the head. Multiple 
and bilateral cranial fractures in children are found more fre-
quently in victims of systematic abuse.117 The child’s poor 
health status, including traces of scurvy and ear infections, 
as well as the deposition in a pit underline this assessment. 

Burials of young women, adolescents from about 
15 years of age, appear to have been carried out with the 
most care, perhaps a comment on their reproductive poten-
tial. The occurrence of a pelvic pattern including a sacral 
preauricular notch in the adolescent female of 106/1 (16–
20 years), possibly linked to first giving birth at a young age, 
and a sacral preauricular extension in 1927/1 (18–21 years) 
suggest they may have first become mothers in their teenage 
years.118 Sacral preauricular extensions and notches affected 
60 % of the females from Schleinbach. The interpretation 
of pelvic features in relation to pregnancy and parturition 
is still contested due to uncertainties in the process of their 
formation and subject to further research on modern, doc-
umented skeletal collections. Regardless of their causes, the 
Pelvic Pattern Index can be a first step toward quantifying 
pelvic changes for comparison within and between skeletal 
series, and to the archaeological record. High reference and 
relevance values may indicate strain experienced through 

115	 Karmin et al. 2015.
116	 Zeng, Aw, Feldman 2018.
117	 Lewis 2013.
118	 Pany-Kucera et al. 2019.
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pregnancies and parturitions, but also represent increased 
activity and stress levels in females as well as hormonal dif-
ferences compared to males. 

Genetic testing has confirmed that individuals that are 
buried together are frequently closely related. This may also 
apply to women buried with the remains of (small) children. 
The 30–35-year old female from Grave 104 was found with 
the humerus of a foetus/neonate in the 7–8th lunar month, 
which might indicate she was pregnant. Nothing in the way 
she was buried suggests any comment on her circumstances; 
she was placed in a flexed position on her right side. Two 
bronze hair rings, Spiralröllchen and a few pieces of pottery 
can be considered typical Bronze Age jewellery and grave 
goods. Grave 9, equipped with a comparatively rich set of 
grave goods including pottery, a stone tool and a jewellery 
set with hair rings and an elaborate dress pin, held the re-
mains of a 45–50-year-old woman and a c. 1.5-year-old 
child. 

As expected in a death sample,119 the health status of the 
individuals from Schleinbach was rather poor, and we found 
differences between males and females and between indi-
viduals buried in graves and pits. Three times more females 
suffered from caries lesions than men, 5 of 6 individuals af-
fected from intravital tooth loss were female, and sinusitis 
was found more frequently in females. The disease pattern 
of rickets (14) and scurvy (105, 106/1, 1981/Grube 3) was 
found in a few young individuals from Schleinbach. More 
than 36 % of individuals buried in pits were affected by 
porotic hyperostosis – an unspecific indicator of stress and 
deprivation – but only 5 % of individuals buried in graves. 
The incidence of cribra orbitalia, sinusitis and periostitis is 
higher in individuals buried in pits. They also suffered more 
frequently from neurocranial trauma and intravital tooth 
loss. Such individuals seem to have suffered from depri-
vation, although some individuals with traumatic lesions 
and impaired health were also found in formal graves. In-
dividuals whose health is most severely affected, such as the 
5–6-year-old boy from Pit 1981/Grube 3 or the 40–55-year-
old woman from Pit 56, tend to be disposed of rather than 
formally buried. The bio-archaeological evidence from 
Schleinbach points to a high level of social stress and depri-
vation for at least part of the group.

The curation and handling of body parts, for example 
of the damaged and severely worn facial skull portion of 
an adult eventually deposited in Pit 1983/Grube 61, as well 
as other Early Bronze Age ways of engaging with the dead 
– the reopening of graves, the disarticulation of bodies and 
the removal of bones and grave goods – remain difficult to 
rationalize and explain. 

119	 Wood et al. 1992.
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