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osteophytic bridging between L5 and L6; B) Anterior view of L1 to L5 from SK170A,
featuring osteophyte forration.

CA3Idz2NBE onH {OKY2NIQad y2RS& !0 LYFSNRA2NI @GASgs 27
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Figure 33 Superior view of the right tibia from SK162, exhibiting osteochondrosis dissecans on the
medial condylar articular facet.

Figure 34 Antear view of the right (inferior) and left (superior) humerus from SK147, exhibiting
pronouncedM. pectoralis majo(black arrow) and/. deltoideusnsertion sites (white
arrow).

Figure 35 Posterior view of the right and left calcaneus from SK76, disptegim@entM. triceps
suraeinsertion sites.
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Figure 36 A) Superior view of the left and right humerus from SK86, exhibiting prominent osteolytic
and osteophytic alterations at thiél. subscapularigisertion site; B) Anterior view of the
left (superior) andight (inferior) humerus from SK86, featurifg pectoralis majofwhite
arrow) andM. deltoideusentheseal changes (black arrow); C) Anterior view of the left and
right radius from SK86, displaying extensive modifications aWthieiceps brachenthesis

Figure 37 Posterior view of the left (A) and right (B) femur from SK45, showing entheseal changes at
the M. gluteus maximugsertion site (black arrows) and along the linea aspera (white
arrows).

Figure 38 Relationship between mean OA scores and agevdsile, 2=adult, 3=mature, 4=senile)
and sex in elite individuals.

Figure 39 Relationship between mean OA scores and age (1= juvenile, 2=adult, 3=mature, 4=senile)
and sex in notelite individuals.

Figure 40 Relationship between mean EC scores andlagaevenile, 2=adult, 3=mature, 4=senile)
and sex in elite individuals.

Figure 41 Relationship between mean EC scores and age (1= juvenile, 2=adult, 3=mature, 4=senile)
and sex in notelite individuals.

Figure 42 Mean severity scores of OA and EC dabthksample in relation to anatomical location
(n=88).

Figure 43 Cranial cribra on a parietal fragment from SK153A.
Figure 44Cribra orbitaliaon the left orbit of SK143.

Figure 45 Inferior view of the maxilla from SK86, featuring cribra palatinii (atite/), a palatine
torus (red arrow), pronounced dental wear, antemortem tooth loss and caries (black
arrows).

Figure 46 Right and left femur of SK52, displaying femoral cribra (black arrow) as well as entheseal
alterations at theM. iliopsoadnsertion sie (white arrow).

Figure 47 A) Lateral view of the right tibia from SK70A, displaying extensive new bone formation
identified as periostitis; B) Anterior view of the distal shaft/epiphysis of the femora from
SK147, exhibiting periosteal inflammation; Cyefimortem trauma and associated
osteomyelitis infection on the distal diaphysis of the left tibia from SK126 (posterior view).

Figure 48 Perimortem sharp force trauma on the distal diaphysis of the right femur from SK114.

Figure 49 A) Posterior view of tsacrum with spina bifida from SK162 (black arrow); B) Anterior
view of the sacrum from SK228, displaying sacralisation (white arrow).

Figure 50 A) Three button osteomas on the right frontal bone of SK118; B) Endocranial view of the
left parietal bone fronSK115, featuring a potential malignant tumor.

Figure 51 Anterior and posterior view of the right femur outlining the location of the assessed
muscle insertion sites.

Figure 52 Anterior and posterior view of the right humerus outliningldieation of the assessed
muscle insertion sites.
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1. Abstract

The early mediaeval period was characterised by continuous variations of frontiers, leadership, and
consequently also socieconomic instabilities. Located in the central Alps, along one of thé mos
important passageways between Germany and lItaly, the episcopal see of-Sabrma played a

central role and was patrticularly affected by these fluctuations. The site is located on a mount in the
EisacKsarco valley, which, starting from thé& Zentury A.D. was occupied by Germanic groups, such

as Bavarians and Longobards. Three archaeological excavations uncovered a palaeochristian church,
dated to the %'-8" centuries A.D., featuring between 366 and 370 graves. Due to the quantity of
burials and welth of some of these, Sabe®abiona is regarded as the largest early mediaeval burial

site in South Tyrol and the only one evidencing an admixture of autochthonous, i.e., local Romans, and

allochthonous groups, i.e., Bavarians and/or Longobards.

Up to dak, only detailed historical and archaeological investigaiooncerning the palaeochristian
church vere accomplished, yet the anthropological analysis of these remains was still outstanding. As
the first anthropological study ever performed on this sttee present thesis focused on establishing

the palaeodemographic composition as well as the living and health conditions of the individuals
buried within and surrounding the palaeochristian church. Due to the unavailability of skeletal remains
from earlier archaeological investigations and the limited archaeological and historical
contextualisationof these, the present anthropological analysis focused on the subpopulation
addressed in the publication by Bierbrauer and Nothdurfter (2015). A traditionalolosfieal
approach to endeavour this aim was predefinedter consulting with my supervisors. A full
anthropological analysis, i.e., consisting of the biological and pathological profile of the human skeletal
remains, recovered during the last excavatibe,, 185 gravesyas performed. The biological profile
included the estimation of the minimum number of individuals, sex, age at death, stature, body weight
and robusticity. These data were used to perform further palaeodemographic analyses, such as
estimation of the masculinity index, the probability of dying at a certain age, the average life
expectancy at different ages and population size. Additionally, an extensive palaeopathological
examination was conducted, concentrating on derdéierationsyielding information about diet,
dental and skeletal conditions linked to the exposure to chronic stress as well as dksietal used

to infer information about activity and lifestyle. Due to the nature of the site and in consideration of
the archaeologicahnd historical evidence, identifying Sab®abiona as a burial ground of the ruling
classes, which appears to have been stratified by rank as suggested by the variations of burial context

and location, the sample was subdivided into an elite (n=107) graves within the church, inside a
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crypt and/or featuring wealthy material culture, and a nelite group (n=78), i.e., burials outside the

church with poor or no funerary goods.

The examined graves featured a minimum number of 226 individuals, whisistashof 94 males, 39
females, 54 subadults and 39 adults of not determinable sex. Based on the previously mentioned
classification, 133 individuals were assigned to the elite group and 93 individuals to tkediteon
group. In both subsamples, males weogerrepresented. The lack of female burials for both
subgroups further enforced the notion of a selective burial ground, whereby females appeared to have
been interred elsewhere. Both subsamples displayed adaptations to the alpine environment, i.e., high
levels of bone robusticity, and palaeopathological profiles consistent with a macronutrient rich diet,
fairly frequent exposure to chronic stress and extremely physically demanding lifestyles. Even though
osteological disorders were found in similar freques in both subgroup#jus, suggesting that social
stratification was lowfor almost all conditions the nealite sample was moreommonlyand/or more

severely affected.

This thesis provided novel insights into tiemographicstructure, diet and health of populations
associated with early mediaeval Sabgabiona. Unique information about the composition of the
SabenSabiona cemetery, which elucidates secidtural valuesand practices of populations residing

in early mediaeval South Tyrol, was generated. The detailed palaeopathological analysis informs about
health and living conditions of the people buried at this important siteonsideration otheir social
stratification. The combination of a thorough palaeodemographic and palaeopathological
investigation in conjunction with an evaluation of funerary customs and materials provides a holistic
interpretation, not only of the individual life history, but also the pagidn as a whole. Thus,
improves the contextualisation of the palaeochristian church at S&sdiona and aglthe
understanding of early mediaeval social stratification. As for South Tyrol, standardised anthropological
research concerning osteological gales is still in its very early stages, the present thesis provides a
first step in supplying data, which can be used to establish normal osteological parameters, thus

provides a solid foundation for future research.
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2. Introduction

The ealy mediaeval period is characterised by mass migration, political and economic instability that
lacks historical documentation, thus, is also referred tthesiDark Ages This gap of knowledge
between antiquity and High/Late Middle Ages poses a grbatazle in understanding how current
societies and populations developed. Especially for South Tyrol (StiBtoeincia di Bolzano), an
autonomous province in the nortbastern Italian Alps, information about this period is mainly

limited to a few histoical sourcege.g., Dudley, 20Q0¥Xustatscher and Romeo, 2010; Landi, 2005;
Winckler, 2012and archaeological inquiri€s.g., Alberti et al., 2004; Bierbrauer and Nothdurfter,
2015; Dal Ri, 2010; Marzoli dt,22009; Nothdurfter, 1991From these studies it is known that this
region experienced continuous large scale political and socioeconomic changes (Fig. 1), yet the

impacts of these instabilities onto the lives of the local population are poorly stoled.
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Figure 1. Germanic occupation of South Tyrol between the " century, adapted from

Autonome Provinz Boze8ldtirol, Informationstechnickseobrowser and naps,and based on
Bierbrauer (2005a), Gleirscher (1986) Hauptfeld (1982), Heitmeier (2005) Kustatscher and Romeo
(2010) Winckler (2012) and Wolfram (1995a)

Sometimes, living conditions are mentioned in historical sources,Raglus Diaconu®udley,
2003) although as they are belred to be highly subjective, i.e., the information retrieved may be
biased depending on the authors affiliation and minddgithes et al., 2006)hus, more weight is
put onto archaeological evidence, which also poses its limitations, i.e., commonly accidental

discoveries, incompleteness of the archaeatafjrecord, provides general information about social,
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economic and political aspects of a population etc. Much of the local archaeological research
concentrates primarily on the excavation, assessment and interpretation of profane and sacral
structures a funerary culturgBierbrauer and Nothdurfter, 2015; Gleirscher and Nothdurfter,

1987) all of which provide importat pieces of information about past societies. However, to gain
insights into population composition, living conditions, morbidity and mortality rates, subsistence
strategies and conflict, during these periods of political and economic instability, oms tee

examine the osteological record. The analysis of human skeletal remains provides exclusive data
from which the biological and soctultural context of a past population can be reconstructed.
Osteological research on early mediaeval South Tyrolees aie greatly limited to specific case
studies(Tumler et &, 2019)and/or topics focusing on a subsamMundle, 2018; Paladin et al.,

2020, 2018; Tumler et al., 202Deneral examinations of smaller sifggiovannini, 2003, 2002;

Renhart, 2008, 2006; Tumler, 201B)osteological reports of larger sitéRenhart, 1991)These

analyses have furnished a substantial amount of crucial information, yet all of these are restricted in
some form. The methodology used to collect osteological data often lacks stasatéwd, thus

hinders comparisons between the different sites, access to raw data is limited and rarer diseases are
not assessed. In conjunction to this, a small sample size, which is a prevalent issue for archaeological
samples, is one of the major linmig factors for anthropological research on early mediaeval sites in
South Tyrol. Due to lower population densities in less urbanised areas (e.g., less accessible mountain
valleys), larger anthropological datasets are lacking, c.f., St. PrelulBsocolan NaturnsNaturno

(60 individuals dated to the early mediaeval period), Elzenbaum in FreieGfadpo di Trens (11
individuals), Castelfeder Montavlontagna (10 individuals dated to the early mediaeval period,

Terlan Terlano (16 individualg¥siovannini, 2003; Renhart, 2006, 1991; Temi2015) Hence, to

interpret social structures, subsistence strategies, living and health conditions of the early mediaeval

population in South Tyrol larger sites need to be approached.

By assessing the human skeletal remains recovered from S&déna, which is regarded as the
largest early mediaeval cemetery in South Tyrol {386 excavated graves), this research attempts

to unravel novel information on population composition, lifestyle, and health in the Early Middle
Ages. As SabebBabiona isagarded as the first and sole episcopal see in South Tyrol, through which
the Christianisation of the Alps was coordinated and implemeRa/bould, 1921; Sparber, 1942;
Winckler, 2012)it was an important localitgBierbrauer and Nothdurfter, 2015)he significance of

this site is also discernible from the archaeological record and the recovered material culture,
suggesting both autochthonous and allochthonous groups used the church and cemetery as burial
ground(Bierbrauer and Nothdurfter, 2015lHence SabenSabiona can be regarded as one of the

few sites in South Tyrol that can provide meaningful bioarchaeological data, which can be used to

infer living and health conditions from this spatiotemporal context.
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2.1. Aims and research questions

This research erghvours to create a comprehensive anthropological narrative for the burials within
and around the early mediaeval church in the vineyard at S&&adnona. By reconstructing the
biological and palaeopathological profile it is aimed to generate, for thetifing, the necessary
anthropological data to interpret and contextualise S&&abiona through comparisons with other
sites from similar settings. The aims of this thesis can be summed in the following overall areas of

inquiry:

1. To establish a full demogphic and palaeopathological profile of the individuals buried
within the early mediaeval church and cemetery in the vineyard of S&adiona.

2. To contextualise the demographic composition of the population buried at S8hbiona.

3. To examine sex and agdfdrences in relation to burial location and disease prevalence
rates.

4. To reconstruct lifestyle, health and subsistence patterns of the buried individuals based on
their palaeopathological profile.

5. To investigate whether there are differences between ifdlials featuring rich grave goods
and buried inside the church and/or in crypts and those without grave goods and interred
outside the church.

6. To compare the anthropological data of the studied sample with other populations to
identify temporal and spatiaimilarities and/or differences.

7. To provide an overall understanding of population health and sogitural structure of the

site to lay the foundation for future investigations.

3. Historical and archaeological background

From archaeological and historicalurces it is known that due to its central location, connecting
northern Europe and Italy, South Tyrol has experienced substantial political and sociocultural
changes throughout historft.oose, 1999; Lunz, 2006, 2004; Winckler, 2002¢ earliest evidence

for such largescale shifts has been associated with the Roman colonisation of the Alps, dividing
South Tyrol intdRaetia primgNorth-West),Raetia Secundd@oricum MediterraneuniNorth-East)
andVenetia et HistrigSouth)(Christ, 1955; Kustatscher and Romeo, 2018¢cMnska, 1998;
Terrenato, 2019)Economic contact between Romans and the native groups appears to have been
established since the®lcentury B.C. and was consolidated thereafter through the construction and
expansion of road networks (e./ia Claudi Augusta, Via Raetigtc.) and the foundation of
infrastructures along thes@Kaufmann, 2012; Kustatscher and Romeo, 2010; Marzoli et al., 2009;
Vittore and Binotto, 2003)The administration of these estates and military bases was allocated to

both the elite of local Celts and Raeti as well as residing Roman officials, thus leading to a gradual
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romanisation of the autochthamusgroups(Gleirscher, 1986; Kustatscher and Romeo, 2010; Loose,
1999)

3.1. Late antiquity

With the breakthrough of thd®anubianLimesby Germanic groups and the crossing of the Alps by
the Hung(401-410 A.D.) the intrusions and raids by these pagan allochthonous populations on local
settlements and other infrastructures became more frequétastatscher and Romeo, 2010;
Winckler, 2012)also settlement structures amdilitary organisation changed. Already starting from
the 39 century A.D. and especially for th# entury A.D., the archaeological records show an
increased emergence of hilltop settlements, fortificationagtrd, e.g.,castrum maienseear

Meran- Merano, and/or border inspection postsléusag, e.g., potentially Klause@hiusa near
SabenrSabiongDal Ri, 2010; Gleirscher, 1986; Kaufmann, 2012; Marzoli et al., 2009; Sparber, 1942;
Winckler, 2012; Zagermann, 201Enrly on, the effects of the Migration Period on the South
Tyrolean population, are believed have been rather low, as economic relations and alliances
between the Romans and Germanic peoples were already established previdus{ ¢enturies
A.D.)(Kustatscher and Romeo, 2010; Raybould, 192d)example is the Ostrogoth occupation (493
526 A.D.) during which thigoman laws and customs iludling Christianity were largely maintained
(Kustatscher and Romeo, 2010; Maczynska, 1998; Scheuch, 1994)

Christianity was introduced as early as in #fe5" centuries A.D. through missionaries, e.g., St.
Vigilius, the 3 bishop of Trento (TrentindBitschnau and Obermair, 2009; Kustatscher and Romeo,
2010; Raybould, 1921; Sparber, 1942; Winckler, 204&)ording to historical sources, especially for
the people situated in ma inaccessible valleys (e.g., Ultent&l Ultimo, SchnalstaV/al Senales,
Gadertal Val Gardena, etc.) that were bound to the traditional pagan cults and rites, the adoption of
Christianity was a rather difficult proposition, claiming the lives of warimissioners from Rome
OADPSDPT dal NLE@NR£O I a g(Biérraudr and NaghQuirfter, 2018;BiBSnal S R
and Obermair, 2009; Kustatscher and Romeo02@&emmler, 1999; Sparber, 194&hen the
institutional power from the Roman Empire retreated during tecg&ntury A.D. the religious

authority became more influentigDal Ri, 2010; Loose, 1999; Semmler, 1999; Sparber, 1942;
Winckler, 2012)From the second half of thé"&entury A.D. onwards episcopal sees were
constructed or relocated onto hills and expanded, featuring double churchebaptdsmal fonds,

e.g., potentially Sdbe®abiona for which written evidence exists for 590 AHderbrauer and
Nothdurfter, 2015; Dal Ri, 2010; Sparber, 1942; Winckler, 2@\2¢a. 80 A.D. the majority of the

local population is assumed to have been Christian{Betatscher and Romeo, 2010; Winckler,

2012)
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3.2. Early mediaeval period

With the increase of invasions and conquests by Ostrogoths, Byzantines, Examshards,

Bavarians and Slavic populations between tlhe&' centuries A.D. (Fig. 2 ) the frontiers varied
continuously(Dal Ri, 2010; Dudley, 2003; Heuberger, 1932; Kustatscher and Romeo, 2010; Loose,
1999; Michalowski, 2002; Winckler, 2012)
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Figure 2. Diagram displaying the political situation in South Tyrol during"tk@'@enturybased on
research by Dudlef2003), Gleirscher (1986), Heitmeier (200&)statscher and Romeo (2010),
Maczynska (1998), Raybould (1921) and Winckler (2012)

This constant advance and retreat of different nationalities, most of which were still pagan, is
associated with political and economic instabilities as well as raids on neighbouring groups, all of
which may have had substantial impacts on local socio@lltarganisation and subsistence patterns
(Dudley, 2003; Giostra and Lusuardi Siena, 2004;-Bahbard, 2004; Raybould, 1921; Winckler,
2012) This is particularly evident in the archaeoladjiecords, which document the abandonment
of Roman settlements in the valley floor as well as the destruction of various hilltop settlements,
castraandclausagMarzoli et al., 2009)When the Franks invaded South Tyrol (580 A.D.), they
crossed the VinschgaWienosta valley, the Etsefdige valley and raided Trenfglammer, 2011;
Kustatscher and Rome@010; Winckler, 2012According to historical sources, a more ferocious
intrusion by the Franks (i.e., Merovingians) is documented for 590 A.D., when the Longobards
occupied the EtsciAdige valley (up until Meraerano) and parts of the Eisatsar®o valley
(Kustatscher and Rosn, 2010) In this context the Franks captivated 600 men and only through
interventions of the bishops from Trento (Agnellus) and S&bainiona (Ingenuinus) parts of the

population were spared(Dudley, 2003; Kustatscher and Romeo, 2010; Winckler, 2012)

The archaeological records of the South Tyrolean Alps demonstrate an increased prevalence of
artefacts most likely ssociated with the Bavarian culture in the noghstern regions (Inn valley,
EisacKsarco valley and the PustBusteria valley), whereas the southern parts, i.e., Trentino,
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featured a higher abundance of burials potentially linked to the Longol@&idsbrauer, 2005a;
Bierbrauer and Nothdurfter, 2015; Giostra and Lusuardi Siena, 2004:G&ddsard, 2004;

Kustatscher and Romeo, 2010; Michalowski, 20B8pecially during the"7and 8" centuries A.D.,
where Longobard and Bavarian leadership shifted constantly, the residents near these frontlines
may have experienced direct impacts of these charfgesnmer, 2011; Kustatscher and Romeo,
2010) Some studies argue (e.ylartin, 1996; Winckler, 2012¥olfram, 1995a, 1995khat during

the Germanic (Langobard and Bavarian) occupation the military control of the autochthonous
population was reinforced through the deployment of officials, whereas the civil administration was
managed by the native Romaelite (Hammer, 2011; Winckler, 201Zjor the Longobard occupation

it is reported that separate justice systems were in place differentiating between Longobards and
the local populatior{Albertoni, 2005; Kustatscher and Romeo, 2010; Olbérr2005) Yet, as these
periods were characterised by political turmoil, raids and other violent unrest, ultimately, they were
forced to liaise with the native@®udley, 2003; Kustatscher and Romeo, 20E@)dence for a more
harmonious coexistence between Germanics and Romans is manifested in the Bavarian legislation
that was the same for both, Bavarians and the native populgti@imckler, 2012; Wolfram, 1995a,
1995b) Consequently over thé"go 7" century A.D. this governance caused a gradual fusion of the
respective cultures and customs, which ewslty led to the emergence of a novel elite group
(Albertoni, 2005; Bierbrauer, 2005a; Bierbrauer and Nothdurfter, 2015; Winckler, .2ZDie)

seamless development of these regional traditions into a more homologous culture, is also evident
from the archaeological records, as from th&aentury A.D. onwards burials clearly show an
exponential increase in prosperity and an advanced prevalence of such wealthy @@&rbguer

and Nothdurfter, 2015; Menghin, 1964; Winckler, 2012; Zagermann, 2014)

3.3. SabenSabiona

SéabenrSabiona (46°38'28.19" N 11°34'3.59" E) is located on a mount next to the city of Klausen
Chiusa in the Eisadkarco valley of South Tyrol, Italy (FigALRoman milestone found in the Eisack
Isarco valley, i.e., Freienfe@ampo di Trens, identified this area as part of the Roman Province
RaetiaSecundand the roadvia Raetia, which was used since thé& tentury A.D., provide the first
written evidenceassociated with the sitéHeitmeier, 2005; Winckler, 2012; Zanier, 20149 the site
is excellently protected by steep precipices sloping into the Eisacko river (East) and TirHiéna
river (West), access to Sab8abiona is highly limited. This is also shown archaeologically, which
displaysan infrequent occupation ot A & & gabtréé dzNR-dZNA YLD ceditlti€s Ad.
(Bierbrauer and Nothdurfter, 2015; Gleirscher, 1986; Kaufmann, 20hgé)excavations by Adrian
Egger (1929/30), Nothdurfter and Kromer (1976) and Nothdurfter and Bierbrauer-{1935
identified settlement structures (350 A.D.), a baptisand parish church including a burial site (400
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that around 400 A.D. the local Roman populations retracted to protective hilltop(8itegorauer

and Nothdurfter, 2015; Gleirscher, 1986; Kuhnen, 2020; Sparber, 1942; Winckler, 2012)

Bierbrauer and Nothdurfter (2015) describe the excavated settlement (350 A.D.) as modest,

consisting of nine rooms featuring archaeological finds linked to artisan@ity, potentially

agriculture or metal working. Following two fires (second half of theehtury A.D. and first half of

the 6" century A.D.), the latter possibly caused by the Franks or Longobards (Fig. 3), the settlement

was abandonedBierbrauer and Nothdurfter, ZAb; Sparber, 1942)

4th century 5t century 5% Bt.h 6t century 7th century 8th century 10th/11th
centuries century
* ca. 350 * ca. 400 e Exclusively eca. 536-537 ¢ ca. 600 ¢ 769 Bishop ¢ Abandonment
Foundation of  Foundation of ~ Roman burials  Frank Construction Alim signs the  of the church
the the baptistry occupation initiation of charter of the  at the hill top
settlement- and the ¢ ca. 569 the church at monastery in
civil use church in the Longobard the hill top Innichen-San
vineyard occupation?  ® Appearance of Candido
(earliest ¢ 572-577 First burials with * 798 Saben
graves) reference ofa  Germanic becomes part
* 493-569 bishop grave goods of the
Ostrogoth (Materninus 1) and rich archdiocese
occupation «579 590, 591  Roman burials  Salzburg
Reference of *650-700Llast ¢ Abandonment
bishop internments of the church
Ingenuinus in the
*590/591 vineyard
Bavarian

occupation?

Figure 3. Outline of historical and archaeological milestones from S&aeionsbased on
Bierbrauer (2005), Bierbrauer and Nothdurfter (2015), Gleirscher (1986) Heitmeier (2005), Sparber
(1942) and Winckler (2012)
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featured aloculusfor relics and became an episcopal $Beerbrauer and Nothdurfter, 2015;

Bitschnau and Obermair, 2009; Sparber, 19&2en though the archaeological data suggests

another destructive event, i.e., landslide, around 600 A.D., signs of renovatore continuity of
cemeterial use persisted until 650 A.D(Bierbrauer and Nothdurfter, 2015puring those later
periods the use of the parish church was mostly profane and all religious functions were transferred
to the newly build double church on top of the hill @8 Ny S I (i-KreuaYl ASNUGBREBEater

and Nothdurfter, 2015; Kaufmann, 2017; Winckler, 20Y¥Zhen the episcopal see was moved to
BrixenBressanone (960 A.D.) the Sakgambiona hill was transformed into a castle and in th& 17
century a Benedictine Conve(it687-2021) was establisheqHagemayer, 1967; Kopf, 1999;
Kustatscher and Romeo, 2010; Moser, 1992)
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3.3.1. Episcopal see

When the first Roman missionaries reached the Alfis%# century A.D.), they established Christian
congregations and sanctuaries at geographically and economically favourable locations, e.g., near
major routes or other central locatiorf&ustatscher and Romeo, 201These religious headquarters
are believed to have been named after thartyrs, missionaries and bishops who played a major
role in the foundation and spread of Christianity in these af&asstatscher and Romeo, 2010;
Winckler, 2012)According to a mediaeval legend (first documented in tHedghtury A.D).in the
quest of Christianising the nortsastern parts of the South Tyrolean Alps, the Roman missionary
Cassian (@century A.D.) was sent to Sab8abiongGleirscher, 1986; Sparber, 194%t, the
connection between SaintaSsian and S&beBabiona is highly speculatjas the foundation of the
episcopal see at this site, which has been estimated to have occurred around 400 A.D., is not in
agreement with the time period of Saint Cassian, who died in theefitury A.D(Bigbrauer and
Nothdurfter, 2015; Gleirscher, 1986; Sparber, 1942)

As the credibility of the Saint Cassian legend cannot be validated and Materninus | signed the
protocol of the synods in Grado (571/572 A.D. and 576/77 A.DMederninus Sabionensikeis
regarded as the first attested bishop of SakgmbionaBierbrauer, 2006; Gleirscher, 1986; Menghin,
1964) Materninus | (57577 A.D.) was replaced by Ingenuinus (603 A.D) for whom histori¢a
sources also report the engagement in profane duties, e.g., salvation of the inhabitants of the
castrum Ferrugeuring the Frank invasion in 590 A(Bleirscher, 1986; Hammer, 2011; Kustatscher
and Romeo, 2010Especially in these politically unstableipés, local bishops were an important
reference point for both the locals and allochthonous gro(fsstatscher and Romeo, 2010;
Winckler, 2012)Also the signature of Ingenuinus on a petition from the bishops of Venice (under
the control d the Longobards) to the byzantine emperor Mauritius (591 A.D.), which is the last
mentioning of Sabei$abiona in the historical literature for the interim period, highlights the
authority and the field of action of this dioce@8ldrscher, 1986)Particularly in the and 7
centuries A.D. the highanking position and relevance of Sak®abiona as religious centre is
evidenced through both, historical sources, where the bishops from S&hbiona were amongst

the first to sign important documents, and archaeological findings, i.e., wealthy equipped graves, a
double church(Bierbrauer, 2006; Bierbrauer and Nothdurfter, 2015; Kustatscher and Romeo, 2010;
Sparber, 1942; Winckler, 201Bven though historical sources for tHeahd early 8 century A.D.

are scarce the archaeological records suggest an uninterrupted Christian trg@iigvbrauer,

2005b; Bierbrauer and Nothdurfter, 2015; Gleirscher, 1986; Winckler, 28i@)ynd 900 A.D. Saben
Sabiona is mentioned again in the historical literatas unprosperous episcopal see, which

eventually led to its translocatiofwinckler, 2012)
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Some authorgc.f., Sparber, 1942; Winckler, 2012; Menghin, 13&4&pciate the foundation of an
episcopal see at Sabeéabiona with the refuge of an early bishop as a result of the Germanic
invasion. Also the fact that Sab&abiona differs fromhe standard episcopal see, i.e., stipulating
that the foundation of a diocese is limited to locations that fulfil the prestige requirements of a
bishop, and it is not linked with a Romairitasmakes this site very uniqu@®ierbrauer, 2005b;
Bierbrauer and Ndtdurfter, 2015; Gleirscher, 1986; Winckler, 2Q18)fact, religious centres that
are located near important trade routes and are not associated with a settlement, are commonly

interpreted as sites of political and regiment valu®ose and Lorenz, 1999; Nothdurfter, 1999)

3.3.2. Origin and archaeological identity of the buried

The archaeological excavations from 19882 uncovered 36870 graves, whereby Bierbrauer and
Nothdurfter (2015) estimate between 76800 graves dispersed across the S&$amiona hill. The

size of the cemetery as well as the topographic properties of S&adonamaking it an ideal

location for a hilltop settlement, suggested the existence of a larger settlelatbrauer, 2005b)

In the Early Middle Ages, settlements welfeea developed near important religious places, i.e.,
funerary churches of martyrs, episcopal sess. Even following abandonment, these sites did not
lose their significance (i.ead sanctosurials) and were continuously used as a burial site
(Bierbraue, 2005b; Winckler, 2012Archaeological investigations of the whole mount, including the
convent gardeni.e., throughsurfacesoil probing andguperficialtest trenchesfeatured no evidence
for a settlement large enough to inhabit the number of iriduals buried within and around the
parish church in the vineyai@ierbrauer, 2005b; Bierbrauer and Nothdurfter, 2014 increased

use of ephemeral construction materials, such as wood, has also been proposed as an explanation
for the lack of foundation walls. Due to shifts in field fertility, early mediaeval se#igs and
sometimes also churches had to be mobile and were moved on a regula{®ksischer and
Nothdurfter, 1987; Sennhauser, 2003; Winckler, 20B3jh the fact that the church in the vineyard
was stonebuilt and the lack of athaeological evidence for a settlement suggested that most of the
deceased originated from one or a few different settlements nearby or even the wider area
(Bierbrauer, 2005b)So far, no single early mediaeval site in the Eitsaico Valley could be directly
associated with such a large amouwrftburials as estimated for Sab&abiongBierbrauer and
Nothdurfter, 2015) Based on general similarities, particularly in funerary culture,-Naizand Elvas
near BrixeABressanone were identified as occupation sites potentially linked to S&8abiona
(Bierbrauer and Nothdurfter, 2015; Dal Ri, 2018¢nce, despite being the largest early mediaeval
cemetery of South Tyrol, the lack of an associated settlement implies that the cemetery population

cannot be regarded as a representation forrggée population deriving from the same settlement.
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Even though SabeBabiona was an important Christian site, whose burials are commonly associated
with a lack of funerary goodspmeindividuals were buried with grave goods. The recovered

artefacts were very precious and versatile, including golden threads, golden rings, finely
manufactured pearl necklaces, bracelets, multipart belt sets and weagBieybrauer, 2006;

Bietbrauer and Nothdurfter, 2015; Winckler, 201Zhis variety in material culture was interpreted

as an indicator for an adaptation and coexistence between the autochthonous Roman and
allochthonous Germanic (Bavarian or Longobard) groups and a mutuaf tieeburial grounds, see
Figure 4Bierbrauer and Nothdurfter, 2015; Kaufmann, 2017; Winckler, 2012)
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The modest lifestyle of the local populatiorelying mostly on subsistence economy, i.e., farming
and pastoralism, and their conversion to Christianity was also reflected in the grave goods of the
general populatior{Bierbrauer, 2005a; Winckler, 201n exception form the elite groups,

consisting of local lahowners that adapted to Germanic burial traditions featuring rich grave goods
(Winckler, 2012)In fact the artefacts from grave 112 and 215 were interpreted as potential

evidence for the gradual fusion oféhwo cultural groupgBierbrauer and Nothdurfter, 2015)
3.3.2.1. Romans

From 350700 A.D. the church in the vineyard and the surrounding areas were used as a burial
ground by the local population in the form of stonewalled family crypts, wooden coffins/panels

ordinary stone lined or earthen pi{8ierbrauer and Nothdurfter, 2015These internments followed
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typical Christian burial traditions, i.e., supine position; \Weast oriented (headket), with the

lower arms flexed above the pelvis, and extended (&jsrbrauer, 2005a; Bierbrauer and

Nothdurfter, 2015; Wincldr, 2012) Such a trend was seen in almost all burials, apart from those
located near walls or those interred in closer vicinity of the réBisrbrauer and Nothdurfter,

2015) Based on the Christian afterlife conception, most burials either lacked grave goods altogether
or featured only sparse artefacts, i.e., combs and kn{Ved. 1., Bierbrauer and Nothdurfter, 2015;
YFEdZF Yl YYZI wnamTtT hQ{ dExceptdnsyoIhis inciudenl hdividlials that Weren n mn 0
buried wearing their traditional clothes, featuring needles, fibulae jemekllery or those individuals
forming the Roman elite 67" century A.D.) who were interred with brocades, headpieces,

earrings and rings made out of gold, combs, knives and glas¢Bi@rdrauer and Nothdurfter,

2015; Winckler, 202).

DNJ @8 Location Chronology Grave goods
1 Outside 6th-7th Comb and an iron knife, a bangénd a belt
century buckle
52 Outside Iron knife and a spike of a buckle
63 ”?S'de southern Period 3b or Comb and three ironivets.
aisle younger
76 Inside southern Period 3b or Gold tubes, comb with 5 fragmented iron
aisle younger rivets.
81 In_S|de southern Threegold tubes
aisle
91 Outside Comb and an iron knife araring.
92 Outside Comb and an iron knife
95 Outside Bonzg needlg, comb, an iron knifand the
remains of a iron buckle
Golden earrings, two gold textiles, a comb,
100 Inside atrium Period 12b knife (iron) with wooden traces on handle,
bronze rivets on a silver plating
102 Outside Broken glassware arahiron knife
110 Outside Iron knife
118 Insidecrypt C 7th-8th Iron knife (could belong to anyone of Crypt
century C)
119 Insidecrypt C 7th-8th Iron knife (could belong to anyone of Crypt
century C)
120 Insidecrypt C 7th-8th Iron knife (could belong to anyone of Crypt
century C)
121a Insidecrypt C 7th-8th Iron knife (could belong to anyone of Crypt
century C)
121b Insidecrypt C 7th-8th Iron knife (could belong to anyone of Crypt
century C)
139 Outside Older than 3b | Fragmented iron knife
187 In3|de northern Period 12a Iron knife
aisle
197 Inside atrium Period 12b Comb with six fragmented iron rivets
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207 Outside Period 3b or Iron knife with leather traces
younger

211 Outside Iron knife and a comb

. 7th-8th . .

212 Outside Comb, an iron knife and buckle
century

214 Outside Iron knife

216 Outside Iron knife

217 Inside atrium Period 2a Fragmented iron knife

. 6th-7th Iron knife, a fragmented comb aridur

220 Inside nave
century pearls

226 Inside nave Fragmgnted iron knife, spindle whorl and tw

small rings (connected)

Table 1Burialsidentified as autochthonous, i.e., Roman, based on theierarygoods, with their
grave location and chronologfollowing the interpretation®f Bierbrauer and Nothdurfte2015)

3.3.2.2.

Germanics

From 600 A.D. onwards the funerary culture indicates the presence of allochthonous groups, i.e.,

Bavarians or Longobards (Tab. 2), which were buried in single graves, mainly located in the narthex,

nave and presbyter{Bierbrauer and Nothdurfter, 2015%0me of these gravetiowed remains of

wooden stakes, which are common grave markers in Longobard buria{Bi¢gbrauer, 2005a)

Others however, featured complete sets of traditional costumes and palti belt sets associated

with Bavarian culturgBierbrauer, 2006; Michalowski, 200dhese included two graves with chain

LISYRI yia

64 SHEGSYataiyasSte F2dzyR Ay
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weaponry that were interpreted as belonging to individuals from the Germanic(8ligzbrauer and
Nothdurfter, 2015; Marti, 2000; Reinecke, 19%8tinckler, 2012)
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DNI @ Location Chronology Grave goods

64 Inside atrium 7th-8th Earringspearlnecklace, belt chain and pendan
century two bangles, one ring and two knives
68 Inside atrium 7th-8th Belt set consisting of foyrarts, coated silver ang
century brass, bronze buckle (Aldeno type) and an iror
knife.
112 Outside 7th-8th Folding knife, ordinary knif@andiron buckle
century
156 Inside southern | 6th-7th A spatha, a buckle and multiple differently
aisle century shaped beltrimming out of iron, scramasax, a
bag with two knives and a scissor
163 Inside nave 7th century | Full belt setfour parts) with a buckle in silver

and brass (Tierstil 1), parts of a scramasax bel
five strapends, multiple belt parts spiral

ornaments
177 Inside atrium 8th century | Pearlnecklacepelt chainthat is connected to a
pendant, iron knife and a bangle
215 Outside 7th-8th Ordinary knife and folding knif@ade ofiron.
century
231 Inside nave 7th century | Belt set with multiple parts and strap ends

Table 2Burialsexhibiting allochthonousunerarygoods with their grave location and chronolggy
based orBierbrauer and Nothdurfter (2015)

Even though the relationship between funerary culture and ethnicity is controvéFsiahri, 1998;
Knapp, 2001)the amount and variety of rich grave goods implies that the individuals featuring these
were of elevated social status. Hence, highlighting the admixture of pagan and Christian traditions
and the importance of SabeBabiona as burial ground for both, tleever and upper class

(Bierbrauer and Nothdurfter, 2015; Dal Ri, 201wever, to gain information on social structure,
demography, lifestyle and health of these individuals, systematic and comprehensive

anthropological studis are necessary.

4. Bioarchaeological research in South Tyrol

Prior to 1930, local antiguarians dealt with all archaeological findings recovered ifDgléti,

2010; Terzer, 2005 hese prioritised commercial aspects, thus, took the opportunitgy of
standardised archaeological excavation, causing the loss of important arté@attRi, 2010; Terzer,
2005) The situation was even worse for human remains, as being without monetary value, they
were often destroyed, reburied or discardéidunz, 2006, 2004The value of bioarchaeology was
also ovelooked once archaeological research was established in South Tyrol. Archaeologists
documented the presence of skeletal remains, yet, as the predominance of these are still lost
without trace, no information is available for these assembldgesz, 2006, 2004As a result, most

knowledge on early mediaal life in South Tyrol is based on archaeological and historical sources.
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One of the first documented anthropological research attempts was initiated in thedstury by

the physicians Franz Tappeiner (181982) and Moritz Holl (1852920), which apjxd cranial
osteometry on both living individuals as well as on skulls from ossuaries to discriminate between
individuals deriving from Germanic or Roman gro(ihartung von Hartungen, 2005; Holl, 1884;
Jantsch, 1972; Tappeiner, 188Byven hough the results of their research were highly inconclusive,
the presumption that cranial shape can be used to differentiate between ethnic groups persisted
well into the 20" century and became a paramount conception of national socidlitastung von
Hartungen, 2005; Lilienthal, 1984; Sauser, 19B8)lowing the misuse and interpretation of
anthropological data through right wing extremism, research on skeletal remains in South Tyrol
declined substantially until the end of th@2century, when the importance of this discipline in
relation to the reconstruction of past lifestyle and health was rediscové@dvannini, 2003;
Renhart, 1991)Even though the conception of utilising craniometric data to categorise individuals
persisted in many of these studies (cGapitanio, 1993; Renhart, 2008, 20a6kir focus shifted
primarily towards the reconstruction of lifestyle and health from past populat{orfs Giovannini,

2003; Renhart, 2006, 1991,)

Most of these analyses solely providestenlogical reports featuring processed data without
integrating their results in a ote extensive context (e.gGonzato et al., 2009; Giovannini, 2003,
2002; Paladin and Zink, 2015; Renhart, 2008, 2006,, B8@Appendix ). Only within the last few
years, local osteological research started to focus more on comprehensive bioarchaeological
approaches to understand population composition and living conditions in early mediaeval South
Tyrol(Tumler, 2015)specific bioarchaeological topigsg., Paladin et al2018; Tumler et al., 2021,
2019) or subsistence strategies and mobility patterns through stable isotope andMseslle,

2018; Paladin et al., 2020)p to date bioarchaeological research about early mediaeval South Tyr
suggests that the individuals inhabiting these areas experienced continuous hardship through
strenuous lifestylegPaladin and Zink, 2015; fmiler, 2015) with high injury risk§Tumler et al.,

2021) occasional exposure to interpersonal conf{itamler et al., 2021, 2018hd periodic

resource depletiorfPaladin et al., 2020yvhich all may have contributed to elevated midii

patterns and altituderelated variations in dietary habi{®lundle, 2018; Paladin et al., 2020)
Osteoarchaeology uses theories, methods and data from archaeology, biological anthropology,
history, cultural anthropologymedical science and other related disciplines to contextualise human
skeletal remaingBuzon, 2012; Quinn and Beck, 2018 based on an interdisciplinary approach,
bioarchaeological research can provide more information about the biological, e.gityfert

mortality and morbidity, economic and political, ideological and cultural framework, e.g., social

organisation, religious practices, subsistence strategies, of past populations, thus, yields a more
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integrative and holistic interpretatioQuinn and Beclk016) In bioarchaeology the focus lies

primarily in understanding past lives on an individual and societal level that is accomplished by
reconstructing the biological and palaeopathological profile (also referred to as osteobiography) of
each individubthrough the examination of their skeletal featur@sgarwal, 20&; Saul and Saul,

1989) The potential of bioarchaeological research and the current state of knowledge in relation to
the osteobiographical profiles of the populations occupying South Tyrol and its surrounding areas in

the early mediaeval period is adgbsed more in detail in subsequent sections.

4.1. Biological profile

The biological profile consists of information concerning sex, age at deathmatit traits, stature,
body dimensions and form, all of which are essential aspects in demographic andlgass o

populations.

By examining the sex and age ratio of a site, important information on cultural practices of
populations and the occurrence of different sogiolitical and environmental events can be gained
(Bardsley, 2014; Fernand€zespo and D&-R(R, 2015; Gautam et al., 2015; Hesketh and Xing,
2006) Whereas in modern societies culturally driven-specific infanticides (mostly females) are
the most prevalent factor for an imbalanced sex rgtBautam et al., 2015; Oomman and Ganatra,
2002) in archaeolgical cemetery settings skewed sex ratios have also been associated with
selective burial practices, thus, offering insights into social structures and cultural perceptions
(Bardsley, 2014; Fernand€zespo and D&-Rula, 2015)Some sex disproportions were alrgad
noted in different South Tyrolean, e.g., St. Loren8ehorenzo in the Pust®usteria Valley, 14
males versus 17 femal¢Renhart, 2008)Elzenbaum in the WipAlta Isarco Valley, 10 males and no
females(Renhart, 2006)LanghitterGand, three males versus one fem@haladin and Zink, 2015)
and Castelfeder, two males versus five femg&@®vannini, 2003 the EtschAdige Valley, and
other northern Italian sites, e.g., Biverone in Veneto 31.4% males versus 16.3% f@haaledi et

al., 2018) Trento in Trentino, seven males versus eight fem@@eapitanio, 1993However, even
though all of these studies supply basic demographic data of each of the examined sites, the
interpretation of sample composition was only attempted in one st(Rlgnhart, 2008)linking the

site to a nunnery. Mortality rates, chances of survival, growthgatc., could not be calculated due
to low sample sizes for each site. More contextualised approaches assessing palaesodemography
were employed for larger sites such as St. Prok8luBrocolo in the Vinschgatenosta Valley
(Renhart, 1991)featuring information about life expectancy, mortality rates and patterns, or when
combining different site§Tumler, 2015)Yet, systemic investigations, e.g., comparing thta tia

other sites, linking the observed pattern to funerary or burial contexts, or examining the reasons for
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unequal sex ratios are still lacking, and therefore limit our knowledge on demographic and social

organisation in early mediaeval South Tyrol.

Cemeery composition can also provide clues on political, economic or military events, such as wars,
which are commonly linked to higher death rates of adult mésder and Quade, 2018; Hesketh

and Xng, 2006; Nicklisch et al., 201af)natural disasters, e.g. floods, droughts, etc., with long term
impacts on subsistence and economy that are often followed by an increase in infant mortality
(Kumar et al., 2016; Norling, 2018; Reher, 198%en though the local historicaaord lacks

evidence for larger societal or environmental evefidsidley, 2003; Winckle2012) the fluctuating
political situation, as proven by both historical and archaeological so(Biebrauer and

Nothdurfter, 2015; Marzoli et al., 2009; Winckler, 2Qwould have impacted the population in
different ways. The effects of these occurrences, e.g., famines can be reconstructed based on
cemetery composition. Indications for limited access to food materials and/or social variations in
food intake, potemially linked to the socioenvironmental context of early mediaeval South Tyrol
were noted byPaladin et al. (2020, 2018)emographic data are also highly valuabletlier
interpretation of less conventional burial sites, such as those where a large proportion of a
population was wiped out in a single event, such as through pandemics, violence, i.e., massacres, or
natural catastrophes, e.g., landslid@dfsdotter et al., 2018; Alfsdotter and Kjellstrom, 2019;
Schroeder et al., 2019specially, for regions with limited historical and/or archaeological
documentations, the osteological record features uniquéghts into early mediaeval life. An

example is the cemetery of St. ProkulbisProcolo near Naturdsaturno in the VinschgauWenosta
Valley, which featured two cemeterial populations, one dating to the early mediaeval period and
another one linked to a patemic (possibly plague) dated to the™@entury A.D(Renhart, 1991)

The demographic differences between the two groups, seem to support the historical record, which

mentions the occurrence of a pestilee in the 1% century A.D.

Especially when studying cemeteries featuring crypts and mausolea, which may have been used by
whole families, not only sex and age at death estimation are essential pieces of information but also

the identification of kinshifpecomes an important attribute. Even though kinship and ancestry have

to be confirmed through molecular analysis, the osteological assessment can provide indications to
which individuals might be related to each other. Noetric traits, also referred tas anatomical

variants, discontinuous or epigenetic traits, have a long history in osteoarchaeological and forensic
research as markers for relatedness and ancesttyt G = mMdppTt T / GNB S]] Si It o2
et al., 2020; Mann andlunt, 2019; Palamenghi et al., 2021; Wheat, 2008} also habitual activity
(Finnegan, 1978; Hauser and De Stefano, 1989; Lavallo, Ztd)es focusing on the South

Tyrolean and Trentino area us@onmetric traits predominantly for habitual activity
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reconstruction, whereby linking these skeletal abnormalities to horseback riding is most prevalent,
e.g., S. Martino di Lundharents, 2017) ElzenbauniRenhart, 2006)LanghitterGand(Paladin and

Zink, 2015)

Another osteological technique that was aisdtill used to reconstruct activity from skeletal

remains and to assess similarities among different individuals is osteofBetcker, 2020; Godde

and Taylo, 2013; Katherine Spradley and Jantz, 2016; Milella et al., 2015; Ousley and Jantz, 2014,
1996) As mentioned already, most of the earlier bioarchaeological studies collected osteometric
data with the aim to assess ethnic affin{tpapitanio, 1993, 1981; Corrain, 1985; Corrain et al., 1983;
Giovannini, 2002; Paladin and Zink, 2015; Renhart, 20@8) as the reliability of osteometry as
ethnicity marker has been highly discussed in both the bioarchaeological as well as forensic
literature, nowadays, such research questions are investigated through stable isotope and molecular
analysegGodlring et al., 2020; Torroni et al., 200Due to the controversial nature of assessing
ethnicity through osteological analygBiGangi and Hefner, 2013; Sauer, 1992; Skalic, 2018; Wagner
et al., 2017)especially for archaeological material with no reference data, bioarchaeologists use
osteometric data now more commonly to estimate activity (i.e., robusticity indlicesly form (i.e.,
osseous frame index), height and composition, i.e., body mass (Adleanese et al., 2016;
Campanacho and Santos, 2013; Coussens et al., 2002; Jasch et al., 2018; Myszka and Piontek, 2013)
Such data provides importaneit information through which a better understanding of how the

human body adapts to different environments and what physiological changes different extrinsic
and intrinsic factors cause. An example is the calculation of body height that yields cluesvtim gro
patterns, environmental adaptation (e.g., Inuit versus Maasai), lifestyle and general health of past
populations(Acosta et al., 2017; Baldoni et al., 2016; Binford, 2019; Johnson, 2014; Lewis et al.,
2016; Ruff et al., 2013; Sjostrand, 201B)r archaeological populations, this is particularly relevant

as it allows comparisons with modern anthropometric resegdbmm et al., 2021; Navazo et al.,

2020; Scheffler, 2011; Scheffler and Hermanuss@d1 R Most of the anthropological studies

focusing on South Tyrolean skeletal material solely utilised the collected osteometric data to provide
stature estimategRenhart, 2008, 2006, 1991; Tumler, 208 nce, a substantial amount of
osteoarchaeological information about activity patterns, body form and composition of the

individuals inhabiting early mediaeval South Tyrol is currently unavailable.

4.2. Palaeathological profile

Palaeopathology is a discipline comprising medical, anthropological, ecological and historical
research that focuses on skeletal abnormalities caused through intrinsic, e.g. congenital conditions,
and/or extrinsic factors, e.g., traun{®rtner, 2003; Roberts and Manchester, 2Q18)

palaeopathological profile is created through a differential diagnosis by considering various
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pathological conditions affecting the skeletal and dental apparatus, including congenitalicosdit
degenerative joint diseases, infections, metabolic disorders, neoplastic conditions and trauma
(Aufderheide and Rodrigudgartin, 1998; Brickley and Ives, 2008; Hillson, 1996; Judd and Redfern,
2012; Lovell, 1997; OrtnezP03; Pinhasi and Mays, 2008pr South Tyrol, the majority of
bioarchaeological studies are merely more extensive osteological reports, thus mainly provide
information about the presence of different conditio(Giovannini, 2003, 2002; Renhart, 2008)

Details about disease frequency or a detailed analydiseobrigins of the observed lesions is limited

to a few studies and only available for specific alterations and not for all identified conditions
(Paladin et al., 2018; Paladin and Zink, 2015; Renhart, 1991; Tumler, PRdd)dy a

comprehensive palaeopathological analysis, disease frequencies and patterns can be generated to
infer past living conditions, health status, lifestyle and human behaviour from an entire population
more holistically. The potential and importance of suekearch have also been demonstrated by
GKS Lzt AOFdA2ya 2F GKS aDf2olf 1 A&G2NE 2F | SIf(
distinctions in disease prevalence patterns based on geographical, social, economic and temporal
settings in American anBuropean societies from prehistory to the@entury A.D(Steckel et al.,

2018; Steckel and Rose, 2002hrough the foundation of an international project that was based on
athorough and standardised assessment approach of different dental and skeletal abnormalities,
novel information on how health, subsistence and lifestyle of a population vary and develop across

different temporospatial contexta/as gained

4.2.1. Dentalfeatures

The assessment of dental diseases, such as caries, calculus, antemortem tooth loss (AMTL),
periodontitis, periapical lesions and enamel hypoplasia is commonly employed in a bioarchaeological
analysigFreeth, 2000; Garcirt@l., 2010; Hillson, 1996By examining the frequency and severity of
dental abnormalities within a population, dietary patterns and general health of these past

populations can be reconstructd@onfiglioli et al., 2003; Esclassan et al., 2009; Garcin et al.,.2010)

42.1.1. Dental wear

Dental wear, both occlusal and interproximal can be produced through attrition (fmetboth

contact) or abrasion, i.e., interaction with food or other foreign mateiaR QL y O dz + y R { | dzf d
Hillson, 1996)The degree to which mastication and activity related wear affects dentition has been

shown to vary greatly among individuals and is predantly determined based on genealogical

factors, the types of foods being consumed/how these are processed or the length of an activity

being carried oufArcini, 2005; Berbesque et al., 2012; Molnar, 1970; Ubelaker, 1886)

ethnographic study by Berbesque et al. (2012) foundretated differences in dental wear, which
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were attributable to sesspecific dietary habits and the use of teeth as tools. Thus, through assessing
the degree of dental wear on an individual as wslpapulation level, knowledge on food

preparation practices, the types of food consumed and/or whether teeth were used as tools can be
gained. For South Tyrolean sites, knowledge on these aspects is limited to a few studies, e.g., the
late antique and eayl medieval sites of Kapuziner Klost€onvento dei Cappuccini in Bozen

Bolzano, Laagaghetti in NeumarktEgna, Pfattep/adena, Castelfeder and Elzenbaum in Freienfeld
Campo di Treniovannini, 2003, 2002; Renhart, 200@&)ly mentioning the presence of dental

wear, yet lacking further interpretations and contextualisation of the data.
4.2.1.2. Caries and calculus

Dental caries andalculus are the most common dental alteration both modern and ancient
societiegCaselitz, 1998; Hillson, 1998) opposed to caries, which is characterised by perforative
lesions at theenamel surface that progressively destroy the whole tooth, dental calculus is

mineralised plaque that adheres to the tooth surface. Caries and dental calculus are caused through
an imbalance of the oral microbiome, due to genetic predisposition, infectepecific dietary

habits, and/or inadequate oral hygieri€aselitz, 1998; Demirci et al., 2010; Freeth, 2000; Hillson,

1996; Lingstrom et al2000) An increased intake of fermentable carbohydrates, e.g., sugar and

starch has been found to be positively linked with caries development, whereas calculus deposition

is associated with more alkaline diets, i.e., a high protein and/or carbohydosgumption(Hillson,

1996; Roberts and Manchester, 2010)

Thus, prevalence rates of caries and dental calculus are commonly used as indicators for past dietary
patterns(Betsinger, 2007; Bonfiglioli et al., 2003; Salo, 2005; Steckel and Rose,Ktfiledge

about dietary patterns is also crucial when assessingpsdifferences as astudybyA € A | dza {1 A Sy T
and Jankauskas (20liBystrates, i.e., poor quality carbohydrate dégn layman individuals versus

higher quality and more nutritious diets in local elite individuals. Again, for most studies on South
Tyrolean sites, true and crude prevalence rates or the raw data to calculate these is available
(Giovannini, 2003; Paladin and Zink, 2015; Renhart, 198fl)hese were not contextualised or lack

comparisons with ther parameterdcf. Paladin and Zink, 2015; Renhart, 2006)

4.2.1.3. Antemortem tooth loss, periapical and periodontal disorders

In past populations the main causes for antemortem tooth loss (AMTL) are considered to be trauma,
and periapical andgriodontal diseasefAlt et al., 1998; Lukacs, 2007)

Attrition, caries, injury or any other process that exposes the pulp cavity can cause a pulpitis that
leads to a periapical lesigAkinyamoju et al., 2014; Alt et al., 1998; Hillsb®96; Molnar, 1972)
Periodontal disease commences with gingivitis and is defined as alveolar inflammation that is

triggered by microorganisms and other agents in+noineralised dental plaquéHillson, 1996;
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Lukacs, 1989)he inflammation causes alveolane resorption and progressively disrupts the
periodontal ligament, which binds tooth roots to the alveolus, thus leads to AMillkon, 1996;

Lukacs, 2007By examining the prevalencates of AMTL, periapical lesions and periodontitis
information on dental treatment, food consumption/preparation and medical care in general can be
obtained. Despite the importance of considering these dental diseases, especially in relation to
dental wear, caries and calculus prevalence rates, information about disorder frequencies in
individuals from early medieval South Tyrol is scarce. The presence of these dental disorders is either
not addressed at all, only mentions the presence of a cond({f&avannini, 2002; Renhart, 2006)

and in rare cases trugiovannini, 2003nd crude(Paladin and Zink, 201pjevalence rates are
available. If frequency data were present, these often lacked further differential analyses, e.g.,
possible infection/abscess et@nd more detailed information, such as which tooth was affected.
Only the study by Renhart (2008) incorporated the prevalence of AMTL when assessing the caries
frequency and compared the rates and severity of periodontal disease with demographic
parametes in theSt. LorenzenS. Sebate&sonnenburg sample. Crude frequencies of antemortem
tooth loss and periodontitis in relation to sex and age were also examined by Tumler (2015), yet as
this study analysed the data of different sites as a single popul#i®nepresentativeness of #se

data is greatly limited.

4.2.1.4. Enamel Hypoplasia

Enamel hypoplasias only occur in still developing teeth in the form of lines (Linear enamel
hypoplasia), pits or planes of decreased enamel thickness that are caused throughtardefec
enamel matrix formation, i.e., temporary disruption of ameloblast actiltjyison and Bond, 1997;
Skinner et al., 2016; Towle and Irish, 20I%)ese alterations have e reported to be more

prevalent in individuals that were exposed to episodes of systemic stress, e.g., disease and/or
malnutrition (Goodman et al., 1991aksen and Hutchinson, 1992; Reitsema and Mcllvaine, 2014;
Yaussy et al., 20164 study by Yaussy et al. 2016 on mediaeval famine victims of London, found a
positive association between the presence of enamel hypoplasia and increased frailty durimg.fami
In such contexts, enamel defects are of particular importance as the position of the enamel defect
allows establishing a chronological framework of when and how often events of systemic stress
occurred(Berbesque and Hoover, 2018; Gamble et al., 2017; Goodman and Armelagos, 1985;
Goodman and Rose, 199@imilar as for previously mentioned dental conditiansst studies
focusing on South Tyrolean sites either do not address linear enamel hypoplasia at all or only
mention that lesions were found in the samg@iovannini, 2002; Paladimd Zink, 2015)Only

three studies provide information about the crude prevalence rates, number of defects and the age
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ranges when these lesions most likely occurf@él, Giovannini, 2003; Paladin et al., 2018; Tumler,
2015)

4.2.2. Skeletal features

As one of the key elements of bioarchaeology, different skeletal abnormalities are assessed to

reconstruct life style and physical activity of past populatifiresberman et al., 2001; Niiniméki and

Baiges Sotos, 2013; Peck, 2013; Perréard Lopreno et al., 2013; Schrader, 2019; Williams et al., 2019;
Zhang et al., 2017pome of these can provide information about physical hardship of a population,

eg., joint diseases and enthesopathied Y RSt Ay2@A 06 SiG I f @ wanmpT WSyaSs
Molnar et al., 2011; Niiniméki and Baidggstos, 2013; Palmer et al., 2014; Perréard Lopreno et al.,

2013; Sandmark et al., 2000; Villotte et al., 201@ajsodes of nutritional and physiological stress,
eg.,cribrad. SGAAYASNE HnanTT ClLOOKAYA SG Ff®X HwnanT ~f
2016)and sometimes even yield insights into potentialises of death, e.g., traunfBorsan et al.,

2017; Nicklisch et al., 2017; Tumler et al., 2019)

42.2.1. Joint diseases
W2AYy(d RAA&ASI&S&ax adOK Fa 28082 NIKNR&AAA& Ooh! 0T &LJR
relatively prevalent in archaeological populatidiisg, 2016; Roberts and Manchester, 2010; Rogers

and Waldron, 1995; Williams et al., 201Blence, a lot of research has focused on joint diseases,

especially in relation to lifestyle and activity reconstruction.

4221.1. Osteoarthrosis

The joint disease osteoarthrosis is also referred to as osteoarthritis and degenerative joint disease,
with osteoarthritis being the most frequently used expresgiBalter, 2002; Tanchev, 2017; Weiss

and Jurmain, 200®) ! & { K\ ikeleeFah hftamndation, which is not a primary feature of

joint degenerationTanchev, 2017 KS G SNXY a2a(S21 NIKNRPaA&aé Aa LINBT
synovial jints and is characterised by a focal loss of joint cartilage and subsequent subchondral
bone damage that leads to porosity, eburnation, the formation of marginal osteophytes and
subchondral cystéOrtner, 2003; Rogers and Waldron, 199%)ibchondral bone dameagccurs in
response to a variety of biological, genetic and environmental agents, such as age, body weight,
hormones, workload or injurywhichhaveall been associated with the development of QAarding

et al., 2016; Molnar et al., 2011; Pearson and Buikstra, 2006; Rogers and Waldron, 1995; Sandmark
et al., 2000; Waldron, 2009ven though thenmiportance of these factors in the development of OA

is highly discussed, there is a general consensus that joint use, i.e., movement contributes

substantially to joint deformatioiBlock and Shakoor, 2010; Moskowitz et al., 200iKeother
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conditions, OA is aggrogressive and aggravates through joint loading, hence its suitability to assess
physical activity in the pagOrtner, 2003; Schoker, 2019)

A publication by Wells (1964), found a link between high levels of OA and farming activities and
linked the presence of OA in foot bones of soldiers to frequent marching. Also, more recent
investigations, associate OA with mechanical loading. Eng (2016yvho was able to distinguish a
sexual division of labour between huntgathererand nomadic pastoralist societies based on the
respective OA patterning.

Even though the use of OA as an activity marker is justified, for South Tyrol such investigations are
highly limited. Only a few publications address the presence of OA, some efdhsmention that
signs of OA were observé@iovannini, 2003, 2002nd outline the most severely affected joints
(Renhart, 1991)others describe single cases in more ddRdladin and Zink, 2015¥et, trying to

link the prevalence and severity of OA to activity and evaluating sexual division of labour was only
attempted by one studyc.f., Tumler, 2015)Due to the nature of this study, assessing multiple
different sites as one population, the interpretations oEtedata may provide an inaccurate

depiction of early medieval lifestyldn this region. Despite the lack of large samples, which would

be essential for such analyses, none of the abmesmtioned studies, apart from Tumler (2015),
provide detailed accounts of the severity and distribution of OA. Also, the absence of raw data
addressing these points further limits our knowledge of OA prevalence in eariaevadiiSouth

Tyrol, which in turn hinders any attempts to investigate activity patterns.

42212, {LRYyRef2FINIKNRPaAazx {OKY2NIQa y2RSa FyR 8§

Degenerative processes of the spine, also referred to a spondyloarthrosis follow similar destructive
mechanisms as osteoarthrosis, although they affect both the synovial joints of the articular facets
and the cartilaginous joints of the vertebral bod{@earson and Buikstra, 2006; Waldron, 2009;
Wendling and Claudepierre, 2013)s in OA, the aetiology of this condition is diverse, yet, especially
joint overloading, holding incorrect postures for prolonged time, trauma and individual variation,
e.g., spinal curvature has been identified to increase both the prevalence andtg®ieri
spondyloarthrosigKahl and Ostendorf Smith, 2000; Krlieteal., 1997) Thus, by assessing
spondyloarthrosis information about lifestyle and letggm exposure to physiological strain of an

individual and a whole population can be obtained.

{ OKY2NI Qa y2RSa | NB OANDdz | rdSuliRrSrb dNdBraiatidndfthe 2y S N
intervertebral discrfucleus pulposgsnto the vertebral body through an area of weakness in the
endplate(Hamanishi et al., 1994; Resnick and Niwayama, 1848 to their high frequency in the

lower thoracic and lumbar spine, they have often been linked to spinal injuries involving excessive

workload, but also infections, genetics aselveral metabolic condition®firrmann and Resnick,
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2001; Saluja et al., 1986; Wiliams etal., 2a07)Ly G KS oA 2 NOKI S2fodesA OF f f A
are most frequently used as indicators for physical activity, e.g., carrying heavy objects, thus, form
an important element in activity reconstruction of past populatightcNaught, 2006; Schrader,

2019;Stirland and Waldron, 1997; Ustiindag, 2009)

The recording and assessment of less common joint disorders, such as osteochondrosis dissecans,
gout and diffuse idiopathic skeletal hyperostosis (DISH) is crucial to establish activity and lifestyle
patterns as well as when trying to differentiate between social classes with a s@fgpteaciari and
Giuffra, 2013; Smith et al., 2013; Van der Merwe et al., 2012)

Like for most skeletal alterations already mentioned, information on the prevalemgeseverity of
degenerative spinal conditions in the South Tyrolean osteoarchaeological record is highly limited.
The available literature mentions mainly crude prevalence rates of spondyloarthrosis and/or

{ OKY2NI Qa y2RSa 27F (KS(cé, ,Renhast, 1891, PA0K, F0082 Tuinlér PAAHB.R 2 v
Although Paladin and Zink (2015) refer to individual vertebrae, the presence of spondyloarthrosis in
these locations was solely mentioned in evidence for potential engagement in horseback riding.
None of the South Tyrolean publications mentions the presence of less common joint disorders,
thus, limiting our knowledge on the prevalence of rarer conditions as well as on lifestyle patterns,

which can potentially shed light on societal differences.

4.2.2.2. Entheseathanges

Entheses are the osseous interfaces where muscle, tendons, and ligaments attach (@&ojaenin

et al., 2006, 2002; Schlecht, 201Pence, as increased physical activity is believed to stimulate

osteogenic processes at these structures, thus, leading to bone hypertraiigh can be observed
macroscopicallyChurchill and Morrs, 1998; Hoyémd Enlow, 1966}these are commonly used as

markers for activitfHavelkova et al2011; Nikita et al., 2019; Villotte et al., 2010a, 201@b)

number of studies usedntheseal changet® reconstruct occupations, such as the study by

Havelkoveet al.(2011)who found differences in hardship of labour between the naedal castle
AYKFEoAGrYyGa FYyR FENYSNE 2F aAldzZ 6A0S Ay GKS /1S
correlation between EC and activity on skeletal reference collections or in combination with other

traits known to affect bone remodelling establisheatiable result§Alves Cardoso and Henderson,

HaMoT aAfSttl SG If®d®X HamuT t |.AsérBhdded ghahges drdl S NB T w A
frequently observed in human skeletal remains and a link between entheseal morphology and

activity is encountered more frequently in the bioarchaeological literaftdavelkova et al., 2011;

Karakostis et al., 2019; Sick, 2021; Villotte et al., 2Qddheseal changes can be regarded as

suitable indicators for activity patterns. Only through a dethihssessment and by considering the

various factors affecting entheseal development, e.g., age, sex, body size, an accurate
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contextualisation can be yieldgécosta et al., 2017; Claudepierre and Voisin, 2005; Milella et al.,
2012; Schlecht, 2012; Sick, 202Mhus, even though still highly debat@&lves Cardoso and

| SYRSNBR2YX HnanmoT aAfStftl S Bdrader, 2019w pofjunctionf Y S NJ
with other skeletal markers, e.g., OA and robusticity indices, entheseal changes offer the unique
opportunity to gain knowledge about habitual activities, thus, lifestyle of past populat®exsker,

2020; Foster et al., 2014; Myszka and Piontek, 2013; Palmer et al., 2014)

As more detailed analyses of éeseal changes, especially in respect to activity reconstruction, are a
rather new phenomenon, most of the older bioarchaeological studies concerning South Tyrolean
sites focused mainly on bone robusticity and merely mention alterations at entl{€segannini,

2003; Renhart, 2008, 2008 oth Giovannini (2003) and Renhart (2008) mention osteometric
differences in the robusticity values and entheses between males and femaléstarpret these in
conjunction with stature data as indicator for farming. Only recently, Paladin and Zink (2015) were
some of the first to utilise enthesedDA and nofmetric dataas an indicator fohorseback riding in

an individual from Langhitte@and in EpparmAppiano. A more detailed and extensive study

focusing on the severity of EC in relation to sex and location was performed by Tumler (2015), yet
due to a lack of differentiation among the various sites and scarce contextualisation of the data,
knowledge about the frequency and severity of EC on a population level of a confined site is still
highly limited.

4.2.2.3. Metabolic conditions

Metabolic disorders can be genetically and/or environmentally induced, whereby only chronic
conditions are discernible dmone (Brickley and Ives, 2008; Roberts and Manchester, 281€)ce,
especially for environmentally caused metabolic conditions, e.g., famine, malnutetian skeletal
alterations mark the length of exposure and severity of an episode. Tisé frequently observed
metabolic conditions in archaeological samples include anaemia and nutritional deficiencies, such as
iron, vitamin D (rickets and osteomalacia) and C (scurvy) defic{Bnickky and Ives, 2008; Steckel
and Rose, 2002; Veselka et al., 20I8)pical skeletal indicators for these disorders are porotic
lesions on the external cranial vauttipra crani), orbital roof €ribra orbitalig, sphenoid, hard

palate ¢ribrapalatinii), maxilla, mandible, ribsternalend), scapulae, pelvis and on the neck of the
humerus and femurgfibra humerali@ndfemoralig (Brickley and Ives, 2008; Ortner, 2003; Roberts
and Manchester, 2010)

Cribrotic lesions were also noted in individuals from different South Tyrolean sites, e.g., Laag
Laghetti, PfatterfVadena, CastelfedeElzenbaum and Schloss Ti@dstel Tirol¢Giovannini, 2003,
2002; Paladin et al., 2018; Renhart, 2006; Tumler, 20M63t of these provide quite a lot of

information about the observed lesions, including frequency andrigvef the alterations in
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relation to sex and ag@siovannini, 2003, 2002; Renhart, 2008, 2006, 1991; Tumler, ZDi&ata
and interpretation of three studis even suggests the presence of metabolic conditions such as

scurvy, rickets and osteomala¢Raladin et al., 2018; Renhart, 2006; Tumler, 2015)
4.2.2.4. Infections

Both bacterial, which are believed to be more common and lesgeaand viral infections that tend

to progress more rapidly and are often fathdve shown to spread from affected soft tissue to the
skeleton causing an inflammati¢@rtner, 2003; Roberts and Manchester, 2010; Wilks et al., 2003)
These bone lesions are categorised into specific infectionsaispecific causative organism, which
include leprosy, tuberculosis, brucellosis or treponemal diseases, espexific infections that are
caused through an unspecified microbe, most comipstaphylococcistreptococci orpneumococci
(Ortner, 2003; Pinhasi and Mays, 2008; Roberts and Manchester, 2010; Waldron,|2009)
archaeological samples an inflammation of the periosteparifstitis), the cortexdsteitis) and the
medullary cavitydsteomyelitis) are most frequerfMarques et al., 2019; Obertov4, 2008; Roberts
and Manchester, 2010)

Out of these three, periostitis (periosteitis/periostosis) is most often found in skeletal assemblages
and manifests itself as mild pitting/striations to large more severe plague formations or complete
deformation of the outer bone surfad®rtner, 2003) Anything that irritates the periosteum leading
to a stimulation of osteoblast activity, such as gmal infections, ulcers, varicose veins, nutritional
deficiencies and trauma can cause periosf{iitebbins et al., 2009; Roberts and Manchester, 2010;
Waldron, 2009)

The prevalence rate of infectious diseases, pattrly their healing stages reflect how susceptible
an individual/the whole population is to such pathogens. Thus, inevitably also provide information
on the immunological health of an individual/population, their chances to recover from more lethal
condtions and whether they had access to some sort of treatment. Information about the
prevalence of specific and neapecific infections in early mediaeval South Tyrol is very scarce and

limited to the studies of Renhart (1991) and Tumler (2015).
4.2.2.5. Trauma

Along with dental, joint and metabolic disease, trauma is the most common pathological condition in
archaeological remain&nusel and Smith, 2014; Obertg 2008; Ortner, 2003Bioarchaeological
trauma analysis involves the examination of any damage, irritation or inflammation on human
skeletal remains that has been caused by an external, i.e., environmental forces, or internal
mechanisms, i.e., weakeng due to pathologyBlack and Ferguson, 2011; Byers, 2017; DiMaio and
DiMaio, 2001; Kimmerle and Baraybar, 2008)
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A chronological framework, antemortem (AM, survival of the individual), perimortem (PeM, injuries
linked to the time of death) and postmortem (PM, damage obtained after death) trauma, can be
established by examining the appearance and colouration of anéBiers, 2017; DiMaio and

5Aal A2 HnnamT w20SNI&a | yR aBoyedGdlacaronprovekedmn T ~f€ | d
through diseases, the appation of stress or forces that causes bone to fail. The resulting injuries

are generally subdivided into fractures (FX), blunt force (BFT), projectile (PT), sharp force (SFT) and
miscellaneous trauméBlack and Ferguson, 2011; Kimmerle and Baraybar, 2008; Mole et al., 2015;
Spatola, 2015; Ubelaker, 2018y considering all of these agp® a thorough trauma assessment
Oty (Kdza LINPOARS AYTF2NNIGA2Y | 02dzi 'Yy AYRA@GARdZ f
activities, potential involvement in conflict and frequency of exposure to violence, as well as the
overall health of aindividual, e.g., ability to recover from traunfiartin and Anderson, 2014;

Redfern, 2016; Smith, 2017)

For early medieval South Tyrol, most of the earlier stud{€ovannini, 2003; Renhart, 2008, 2006)

but also some of the more recent onfRaladin and Bk, 2015; Tumler, 2015)entioned the

presence of trauma in their sample bub dot provide a thorough trauma analysis, which would be
required to be able to understand more complex sociocultural practices. Some of these publications
also yield data ahat the type and/or timing of the observed lesio(Renhart, 1991; Tumler, 2015)

yet, again this information lacks a differential diagnosis and contextualisation. Ljptoamly two

studies on South Tyrolean skeletal remains that assess trauma prevalence and pattern thoroughly
are availabldc.f., Tumler et al., 2021, 2019 both publications, Tumler (2019, 2021) clearly

outlines the amount of informatiothat can be gained, i.eabout lifestyle and the sociocultural

impacts of the constantly changing political and economic situation throughout the earlyaevedi

period. While these publications provide a systematic investigation at the population and

aetiological level of the observed trauma, there remains a paucity of contextualisation in relation to

the social status and burial pattern of the injured at S&Seiona.

4.2.2.6. Congenital and neoplastic conditions

The earliest manifestation of some skeletal abnormalities occur already during gestation, hence,
they are referred to as congenital conditiof&arnes, 1994; Roberts and Manchester, 2028)

more severe defects are usually not compatible with life, these are rarely encountered in
archaeological contex{®ufderheide and Rodriguédartin, 1998; Barnes, 1994yet, those

alterations that have less serious consequeraesfrequently seen in archaeological samples and
mostly include spinal deformations, e.g., spina bifida occulta and lumbosacral transitional disorders
(Barnes, 1994; Copp et al., 2015; Ferembach, 1963; Roberts and ManchesterC20m@nital

abnormalities can provide imptant information about a society, such as maternal health, marriage
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patterns and societal integritfBarnes, 1994; Holst, 2010; Sture, 20F)rthermore, as congenital
conditions have a genetic origin, assessing these skeletal alterations is also highly valuable in
combination with noAmetric traits, to gain preliminary data aiding thelsction of samples for

molecular kinship analyses.

Bone neoplasms are the result of mutations that cause uncontrolled cytogenesis of bone, cartilage,

fibrous tissue or blood vessels and are subdivided into benign and malignant tu(Bootiswell,

2008; Czerniak, 2016; Ortner, 2003; Roberts and Manchester, . 2B&48)gn neoplasms are localised,

often chronic and clinically insignificant, and include cysts, osteoblastic, chondroblastic and

fibroblastic tumourgBrothwell, 2008; Ortner, 2003Malignant bone tumours, such as

230824 ND2Ylas OK2YRNRalND2Yla YR 9gAy3aQa &l ND2
other organs through the blood and/or lymphatic system (metastases formation) and tend to be

more acute and fatalBrothwell, 2008; Ortner, 2003Analysing ancient human bone canceraot

only a valuable aspect of a thorough palaeopathological analysis, but may also contribute to modern
oncological research, e.g., the natural prevalence of heoplasms in certain geographical areas,

potential triggers and links to specific lifestyletc. (Binder et al., 2014a; Dennis, 2018)

Only the publications by Renhart (1991) and Tumler (2015) mentioprésence of congenital and
neoplastic conditions in South Tyrolean skeletal assemblages, yet, more detailed descriptions, i.e.,
number of lesions, specific locatiogtc., and differential diagnass of the observed alteratiorere

not available.
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5. Materials and Methods

5.1. The parish church and cemetery in the vineyard at S&baniona

A total of three archaeological excavations was carried out at the S&8hbiona hill from 1929982

uncovering between 366 and 370 graves. The first excavation focused oaribk phurch and its

F3a20AF 0SSR OSYSGSNE t20FGSR Ay GKS IINBIF {2daZikK 27

now a vineyard. This was carried out by the cleric Adrian Egger in 1929/30 and established the
outline of the church and recovered indiwal grave goods (H. Nothdurfter, personal

communication on the 27July 2020) as well as between 110 and 114 gré®iesbrauer and
Nothdurfter, 2015; Gleirscher, 198@jurther 59 graves were discovered at the southern end of the
hill in 1976 by Kroer and Nothdurfter. During a third archaeological survey from 1978 to 1982 by
Bierbrauer and Nothdurfter (2015) the remnants of the parish church, several profane buildings and

234 burials, including five crypts were exposed.

As the skeletal remains frothe first two excavations were not available for analysis and 37 graves
from the third excavation, i.e., 1978 to 1982, are currently in the process of being contextualised
archaeologically (personal communication Prof. HAater Kuhnen, Archaeologist fraime

University of Mainz), the present study focuses on those graves published by Bierbrauer and
Nothdurfter (2015), i.e., 197 graves. The grave catalogue from Bierbrauer and Nothdurfter (2015)
lists 199 grave numbers, yet two of these, i.e., 111 and 1&& wot assigned to a grave, hence, only
197 graves were actually excavated. Furthermore, one grave (i.e., 232) only exhibited faunal
remains, three graves were older than the church (i.e., 129, 136 and 157) and eight graves could not
be located (i.e., 131145, 154, 158, 183, 196, 203, 234), thus were excluded from the
anthropological analysis. In total, 185 out of the published 197 graves from the crypts, within and
around the church were analysed. Crypt A (n=2), B (n=3), C (n=5) and D (n=6) arersiidednd

crypt E(n=5)was found outside of the church further South. Generally, more burials were excavated
within (n=100) than around (n=85) the church (Fig. 4). Most graves within the church were situated
in the southern aisle (n=27) or the atrium @5, 16 inhumations were found in the crypts of the

nave (crypt A and B), or the southern side aisle (crypt C and D) and 14 burials were recovered from
the northern aisle. The external burials were mainly scattered in the améh (n=36) omwest

(n=33)of the church, fewer graves were excavated in the northern (n=9) and eastern zones (n=2).
Nineteen of these graves were deposited in closer proximity of the external church walls and five
inhumations were identified in crypt E.

Based on the grave catalogsapplied in the publication by Bierbrauer and Nothdurfter (2015),

most inerments were single graves (n=141) and primary depositions (n=109) were more prevalent
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than secondary burials (n=36). Stone lined graves (n=39) were most common, followed by
inhumatons in crypts (n=21) and earthen pit graves (n=6). All available archaeological and funerary
information of the studied graves is listed in Appendix 2. The influence of Christian afterlife
conception is clearly displayed in grave orientation and bodyysestvhich was predominantly
WestEast (n=71) with the arms flexed above the pelvis or chest and feet extended (n=31), as well as
the excavated grave goods that were mainly modest (n=40) or lacking altogether (129). Sixteen
burials featured exceptionallyiekerse and wealthy funerary goods, including gold objects, jewellery,
multipart belt sets and weaponry. Through these and the relative chronology of the church, the site

was dated to the 8 -8" centuries A.D.

5.1.1. Elite versus notlite groups

Following archaeological research by Bierbrauer and Nothdurfter (2015) 27 graves were identified as
local Romans (Tab. 1) and at least six inhumations, possibly eight, featured typical Germanic
artefacts (Tab. 2). For the presumed local Roman burialgmigtthe gold artefacts in burials 76, 81

and 100 suggested an elevated social status, but also their location inside the church. Similarly,
although recovered solely with a knife, also the graves 118, 119, 120, 121a and 121b that were
excavated from cryp€ in the southern side aisle of the church can be regarded as belonging to an
elite group. The remaining individuals with little or no artefacts potentially belong to this group of
Christianised Romans, yet there is no scientific evidence to assign t@sefto a specific ethnic

IANRdzLJd LYRAOFGAZ2Y A FT2N StS@OFGSR a20Alt adl Gdz
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inhumations, all of which were located inside the church and featured a rich funerary culture, mostly

multipart belt sets and weaponry.

Based on the available historical information about SaBahiona, which suggest a site of great
importance(Bierbrauer, 2005a; Kaufmann, 2017; Kuhnen, 2020; Sparber, 1942; Winckler,2@i2)
the presence of prestigious grave goods, e.g., gold jewellery, multipart belt sets and weaponry, in
some of the interment¢Bierbrauer, 2006; Bierbrauer and Nothdurfter, 201ibfan be assumed

that the present cemeterial population may not represent a natural population. As S3hkeiona is
such an important locality, it can be assumed that burial within and around the church may have
been limited to selected groups and/or singhelividuals from the whole population. According to
Nothdurfter (1999), grave®vidence burial rights of a church and from an archaeological
perspective, socially higlanking individuals are only identifiable through rich funerary goods and/or
separate lirial places. The burial patterns at Sékgabiona, i.e., location within crypts and inside of
the church, especially the nave, southern aisle and atrium, which has been found to be a strong
indicator for elevated social stat(iBrather and Friedrich, 2013; Brownlee, 2020r&®r2011;

Marti, 2000; Passalacqua, 2012; Pinhasi and Bourbou, 28@@)orts this view. A personal
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communication with Prof. HarBeter Kuhnen, who continues the archaeological investigations of

the SaberSabiona mount from Bierbrauer and Nothdurftatso confirmed this notion. Due to the
importance of the site, all interred individuals may have held elevated social status, yet variations in
funerary culture and burial location suggest further social stratifications within this selected group of
individuals, thus, it appears reasonable to divide the sample in an elite andlitersubsample. To

be able to contextualise Sab&uabiona more accurately, all individuals featuring grave goods that
could be classified into average wealth, wealthy or exceyaily wealthy, following the proposed
categorisation outlined bgayer (2018), and those that were buried inside crypts or within the

church, i.e., nave, atriurand southern/northern aisle were grouped into the subsample elite/rich
burials. This differentiation led to a subsample of 107 elite/rich and 78efita'poor graves (see

Appendix 2).
5.2. Methods

Up until the start of the data collection in March 2017 at fheilities of the Institute for Mummy
StudiegEurac Researdh BozenBolzang, the skeletal material was stored in the warehouse of the

Amt fur BodendenkmaleUfficio Beni archaeologici in Boz8olzano, ltaly.

All skeletal remains recovered from SaHeabiona were already cleaned prior to the start of this
project, thus no majowashing and drying had to be performed. Once the remains were unboxed,
most bones were solely dry brushed to remove soil particles from important features that were
assessed during the anthropological analysis or to enhance the photographic documentation.

Data were collected by utilising a digital database on Microsoft Excel as well as more visual
cartographic recording sheets (see Osteobiographic catalogue). Most of the data, especially more
detailed information, i.e., scores for certain pathologies deometric data were registered in the
digital database. The main purpose of the cartographic recording sheets was to give a general
overview of each individual. A full osteobiographic profile including the recording sheet as well as
photographic documentabn of each individual is supplied in the osteobiographic catalogue.
Fragmented bones were reconstructed by utilising a watduble glue (Vinavil®). The

reconstruction of fragmented bones was limited to bones that presented minor fracturing, had to be
intact for metric data collection or for photographic documentation (see Appendix 3). Damaged
crania and other highly fragmented skeletal elements for which bone integrity was not essential to
be able to perform an anthropological analysis were not recarcsééd. Taphonomic alterations and
associated of faunal remains were also recorded (see Appendix 4). Following a supervisor
consultation and in consideration of the scope of a thorough osteoarchaeological research, which up
until now has not been performean this skeletal collection, it was agreed to focus on

anthroposcopic and osteometric approaches to assess the present skeletal collection.
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5.2.1. Preservation, number of individuals and representativeness of the population

In order to determine the state of qualitative and quantitative preservation, the skeletal remains
were scored from low to good, indicating the quality of the bone surface and from-4PB5% to
estimate the quantity of skeletal elements present. Quali@tdone preservation rating followed

the long bone inventory recording system developed during the Global History of Health Project
(Steckel et al., 2006although the scoring was applied on the whole skeleton rather than on
individual bones. As taphonomic factors, i.e., funerary practices, grave type, soil pH anet¢ype

are known to affect bone preservatidhieverse et al., 2006; Manifold, 201#&)e effect of burial
location i.e., inside versus outside burials, and whether the presence of grave goods had an effect

on bone preservation was assessed.

In order to calculate true prevalence rates of palaeopathological conditions and trauma, quantitative
bone preservation recordg also included a minimum number of elements (MNE) estimation, for
each individual, i.e., registering all identifiable boiEgana et al., 2008; Lambacletmal., 2016)

The MNE data was recorded in both the digital and cartographic recording sheets, whereby the
digital version only provides information on presence/absence of an element and the cartographic
documentation also indicates which section diane was preserved (see Appendix 5). Furthermore,
also the total number of identified specimens (NISP), by counting all bone fragments (including
human and fauna remains), and the minimum number of individuals (MNI) was estimated
(Lambacher et al., 2016; White, 1953he MNI was calculated by dividing the skeletal elements into
right and left and using the most abundant number for the final estimate, whereby robusticity,
morphology, and the developmentatatus of the respective bone were also considefBdikstra

and Ubelaker, 1994; White, 1953 order to ensure completeness of the analysis also any

scattered remains were recded (see Appendix 6).

5.2.2. Biological profile
5.2.2.1.  Sex estimation

Sex estimation of human skeletal remains focuses on secondary sex characteristics that develop
during puberty and include changes in body size and s(iapgin, 1999; Moore, 2013Jhe

macroscopic and metric methods used to sex an individual rely on the degree of sexual dimorphism
of these secondary sex traits, which are influenced by intrinsic (e.g., gelneliosones, etc.) and
extrinsic factors, such as the environment, diseases, nutrigtn (Binford, 2019; Bittles, 2012;

Moore, 2013; Stinson et al., 201Bnvironmental effects on body size and shape, i.e., the levels of
robusticity, have shown to baubstantial among populations from different environmeiBnford,

2019; Leonard and Katzmarzyk, 2010; Ruff, 208&hce, especially for unknown individuals,

ancestry should be estimated prior to assessing(Bgers, 2017; Tawha et al., 202Bpwever,
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currently available evidence suggests that the individuals buried in the Sdd@iona cemetery
originated either from the local area or nearby regions, i.e., from modern dayiausbuthern

Germany or northern ltal{Bierbrauer and Nothdurfter, 2015%hus, probably consisted of Caucasian
individuals. Osteological ancestry estimation relies on skeletal differences that develop as a result of
specific environmental conditions, thus significant pbieical differences among populations are
required to yield an accurate ancestry assessnf@igeeHewitt et al., 2020; Byer2017) As for the
regions within and surrounding the central Alps, environmental influences are highly similar, and
population admixture and low population variations, especially for ancestral subgroups, proved to

be a significant limiting factor fauccessful ancestry estimation, for the present sample, no ancestry
estimation was performed.

Despite these population specific differences, sex is generally estimated through visual/macroscopic
assessment and metric estimations focusing on the pelvisl, @kd long bones, whereby the highest
accuracy is yielded when looking at the entire skeleton. Following this reasoning the cranial and

postcranial features summarised in Table 3 were examined to estimate sex.

Method type Bone Feature examined

Nuchal crest

Mastoid process

Forehead

Parietalfrontal eminence

Cranium | Glabella

Supraorbital ridge

Supraorbital margin

Orbital shape

Morphoscopic Zygomatic arch

Ramus flaring

Ramus angle

Mental protuberance

Mandibular shape

llium size

Sciatic notch

Ventral arc

Medial ischiopubic ramus

Subpubic concavity

Arc composé

Inlet shape

Pubic body width

Obturator foramen shape

Subpubic angle

Sacrunorientation

Size of sacral body

Humerus | Vertical diameter of the head (M10)
Femur | Vertical diameter of the head (M18)

Mandible

Os coxae

Sacrum
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Acetabulesymphyseal pubic length (PUM, M14
Cotylopubic width (SPU)

Innominate or coxal lengttDCOX, M1)
Greater sciatic notch height (IIMT, M15.1)
Os coxae | Ischium pos@acetabular length (ISMM)
Osteometric lliac or coxal breadth (SCOX, M12)
Spinasciatic length (SS)

Spineauricular length (SA)

Cotylosciatic breadth (SIS, M14.1)
Verticalacetabular diameter (VEAC, M22)
Horizontal acetabular diameter (HOAC, M22)
Table 3. Skeletal features assessed to estimate sex

Visual assessment was performed by following the methods proposéd$8di and Nemeskéri

(1970), Buikstra and Ubelaker (1994), Ferembach et al. (1979), Phenice (1967), and Walkéxg2008)
macroscopic approaches have been described as quick visual assessments and are known to exhibit
high inter and intraobserver error rate@vioore, 2013; Walker, 2008netric methods were used to
validate the results of these. Metric sex estimation was esthbt through the approaches by

Murail et al. (2005) for pelvic measurements and Pearson and Bell (1917) and Stewarfdd979)

long bone metric¢Bass, 1995) The osteological measurements were guided by the publications of
Buikstra and Ubelaker (1994), Martin and Saller (1959) and Murail et al. (Z0@B)opological

research found that due to childbirth related changeshia pelvic bones, i.eqs coxaeand sacrum,

they display the most divergence between the sexes, thus, they pose the highest degree of accuracy
when assessed alor{&rogman and Iscan, 1986; Moore, 2013; Stewart, 1G{@pdley and Jantz
(2011)proposed that in the absence of pelvic bones for sex estimation, postcranial elements should
be preferred as extrinsic factors, e, gobusticity(Moore, 2013) appear to have a greater effect on

skull morphology than on postcranial bones. Hence, leading to a decreased accuracy in sex
estimation when usinghe skull. In consideration of these points and in situations when the skeleton
was incomplete and fragmented more weight was given to the data resulting from the pelvic bones,
followed by long bones and then the skull. A detailed tabulation of the sexat$tin data can be

found in Appendix 7. Based on this sex assessment approach, all individuals were initially grouped
into female (F), possible female (F?), male (M), possible male (M?) and not determinable (ND). Those
individuals who displayed subtle feileaor male characteristics were grouped into the possible
female/male category. To facilitate data analysis and display, once sexual variation within the
sample was clearer, where possible those individuals identified as possible female/male were
assignedo the respective sex category or as ND, where sex estimation remained inconclusive.
Hence, only the following three classifications were used in all demographic and palaeopathological

calculations: F, M and ND.
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For individuals below the age of 13, sex wasassessed due to a lack of reliable osteological
methods and general disagreement in regard to the accuracy of the developed apprdkonesr

and Buikstra, 2009; Moore, 2013; Scheuer and@iBla004) Thus, sex assessment was limited to
individuals over 13 years of age, by following the same sex estimation approaches as used for adults.
The measurements of the internal auditory canal, which has been found to be a reliable sex
estimation aproach for subadult§Goncalves et al., 2011; Graw et al., 2005; Norén et al., 2065)

not utilised for the present sample as the petrous bones of juveniles were either not preserved,
lacked preservidgon for the method to be carried out accurately or wareavailablei.e.,were

sampled for molecular analyses prior to the anthropological analysis was carrievaut though
molecular sex estimation of subadults would have been possible, this wouddxaeeded the

scope and timeframe of the present study. As males and females age at slightly different rates it is
generally advised to estimate sex prior to age at déBthikstra and Ubelaket994; Byers, 2017;

Moore, 2013) which was also incorporated in this research.

5.2.2.2. Age at death

In the life course of an individual, the body completes different maturation stages that manifest
themselves as age related changes on the skeleton, thus,tferbasis for age at death estimation.
These skeletal traits, however, provide information on biological age, i.e., physiological state of an
individual, and do not represent chronological age that can only be established when birth and
death dates are knon (Couoh, 2017; Garvin et al., 2018jmilar as for sexual dimorphism,

biological age is highly influenced by intrinsic (e.g., sex and hormones, genetic predisposition for
joint degeneration or cell maturation) and extrinsic mechanisms, such as the environment (e.g.,
terrain, temperature, altitude etc.), activity, health and nutrition, all of which can alter bone
turnover rates, thus consequently also the appearance ofstteetal traits used in agir@arvin et

al., 2012; Melzer et al., 2007; Passarino et al., 2016; Roberts and Manchester, 2010; Rosen et al.,
1999) Age at death estimation relies mostly on visual assessuofartianges associated with

skeletal and dental development, i.e., long bone fusion or dental eruption, as well aslatgsl
degeneration, particularly at joints, has also been proposed to be a good age indBaikstra and
Ubelaker, 1994; Freemont and Hoyland, 2007; Lovejoy et al., 1985; Todd, 1920; Ubelaker, 1989)
As aging is performed assessing modifications linked to skeletal and dental development,
subadults and young adults that are still in course of skeletal growth are more accurately aged than
older adults, whose growth has already been termina@gers, 2017; Garvin et al., 2012; Harth et
al., 2009; Sahitt et al., 2006; White et al., 2012$%ubadult age is most commonly estimated by
examining dental eruption patterns, measuring long bone length and epiphyseal fusion, whereby
dental aging has been shown to determine juvenile chronological age masaaly (Garvin et al.,

2012; Scheuer and Black, 2000; Ubelaker, 1983je present study subadult aging was performed
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by focusing on dental erupticiollowing the methods by AlQahtani et al. (2010) and Ubelaker

(1989) epiphyseal fusion as proposed $gheuer et al. (200@nd the length of long bong§azekas

and Kosa, 1978; Maresh, 1955)

For those individuals whose skeletal development has already been ceased, methods relying on
degenerative or even pathological osseous modifications become more relevant as age indicators.
As adult age estimatioapproaches focus on skeletal changes associated with the aging process,
they are unable to yield a biological age as such but instead provide information on the aging rate of
an individual, hence, the large age categories. To do this, the cartilaginangeshobserved at the
pubic symphysis and auricular surface on dlsecoxaer the sutures on the cranium are most
frequently usedBrooks and Suchey, 1990; Buckberry and Chamberlain, 2002; Mann et al., 1991,
Meindl and Lovejoy, 1985However, also approaches analysing dentition, i.e., tooth root
translucencyLamendin et al., 1992¥lental cementum annulation@Vittwer-Backofen et al., 2004)

or dental wear(Brothwell, 1989; Lovejoy, 1985; Molnar, 19,Mdne histologyKerley, 1965; Kerley

and Ubelaker, 1978)r by considering osteoarthrog{Stewart, 1958as a marker for advanced age

are commonly ged. Due to the vast amount of mechanisms affecting biological age, age at death
estimations in adults, especially older adults are often inaccurate, hence, various authors encourage
the use and combination of multiple aging methods, i.e., multifactopat@ach(Byers, 2017;

Garvin et al., 2012; Meindl et al., 1995; White et al., 20TR)s research estimated adult age at

death by assessing the degree of ectocranial suture clddleindl and Lovejoy, 1985yariation of

the pubic symphysi@Brooks and Suchey, 1990; Todd, 192Yicular surface and acetabulum
(Buckberry and Chamberlain, 2002; Lovejoy et al., 1985; Rdagdkrt et al., 2009as well as dental
wear (Brothwell, 189). As the accuracy of suture obliteration as an age indicator has been
challenged by several publicatioSarazo, 2017; Dayal, 2009; Hershkovitz et al., 1997; Masset,
1989; Todd and Lyon, 19240d dental wear has been shown to be significantly infludrmgother
factors, e.g., diet and food processifyothwell, 1981; Molnar, 1971; Roberts and Manchester,
2010) more weight was given to age estimations from the pubic symphysis, auricular surface and
acetabulum. In contexts where no other age indicator was available, the data for suture closure
and/or dental wear was utilised. Tooth root translucency, dental agoma annulations and bone
histology were not used to estimate age in the present study, mainly due to a lack of access to
facilities allowing the performance of such analyses as well time constraints of the project. The
presence of osteoarthrosis was catesied when performing an age estimate utilising the above
mentioned approaches, yet it was not employed as a primary age estimator.

As accurate age estimation is one of the most encountered issues in both forensic and
archaeological anthropology, the preddinal age estimation approach followed the publication by
.8SNB OHAMTUOX 6KAOK LINRPLIRASR (G4KS dzasS 2F | awl y3s
ranges were plotted against each other on a Gantt chart and those ranges overlapping the most
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were utilised as final age estimate, i.e., lowest range yielded the oldest age, and the highest range
supplied the lowest age. As illustrated in Fig. 5, for most aging methods, i.e., pubic symphysis
(highest weight), auricular surface and cranial sutures, igbdst overlap was found between age

30 and 40 years. Hence, the estimated age range of SK76 wiik\&ars. Mean age and standard
deviation were only calculated for each method, but not for the final age estimate of each individual

(see Appendix 8).

Auricular/Acetabulum
Auricular (B-C))
Auricular (L)
Dental wear
Pubic Symphysis (S-B)
Pubic Symphysis (T)
Cranial sutures

15 25 35 45 55 65 75 85 95

Min  ® MIN-MAX

Figure 5. Multifactorial age estimation of SK76, with an estimated age range4f $6ars

To facilitate statistical analysis and data display all individuals were grouped into the following age
categories: Perinatal (before birtkip until birth), infand (0-6 years), infans Il {X2 years), juvenile
(13-19 years), adult (2@0 years), mature (460 years), senile (60+ years) and wmierminable

adult (>20, adudND)(Herrmann et al., 1990)

5.2.2.3. Palaeodemographic methods

Palaeodemographic information, such as population composition, death probalifiéitgxpectancy
at a certain age, average population size and infant underrepresentation can be obtained through
the calculations of indices (e.g., masculinity index) and mortality/life tallesadi and Nemeskéri,

1970) The masculinity index (MI) was calculated by using the following formula:

50 a oo Di
Y e oA T TT
"QQa w Qpl

To construct mortality tables, age ranges instead of individual years were employed to decrease the

age estimation error margin, especially for ad@upe et al., 2005All individuals that could be

agedwere grouped into age groups (x) of fiyear intervals, i.e.,4d, 59, 1014, 1519, and seven
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year intervals, i.e., 206, 2734, 3541, 4249,50p T | YR pyk O6F0® ! RdzZA G F3IS 3|
years, and with the assumption of equal distribution witttiese groups, Fear intervals were

chosen. Mortality tables were calculated based on the values and formulas outlinedién4Tab

Character Explanation and formula
Dx The number of individuals in x
dx Relative number of individuals in x
Ow
Boa "
X Relative number of survivors in x

aw awp Qw p

Ox Probability of dying in.x

.. Qw
W —.
L aw
L« Average years per person lived within a given age interval
.. DAL
0w ——
C
Tx Sum of average years lived withhre current and remaining age intervals

Yo Yo 0o
Whereby "Yo BO @

ex Average years of life remaining (average life expectancy)
o~ YO
Qw —.

aw

Table 4. Definition of characters and formulas used to calculate mortality tables bagexbadiand
Nemeskéri (1970)

If the estimated age range overlapped more than one category (e.gl03@ars or >20) the
individuals were expressed as percentages that were evenly distributed to the adjacent age groups.
Following the recommendation bgrupe et al. (2015)mortality tables were calculated for the
whole populaton as well as for both sexes separately. In the presumption that the studied
population is stationary, the reliability of the estimated data was assessed through the mortality rate
(Q) model byWeiss and Wobst (1978}ing the formula outlined below.

. a

' Ta
According to Weiss and Wobst (1973), skeletal pdjmna can only be used as a representation of a
living population if they meet the following equation criteriaio€is and @Q>Qis. Because, in a
natural population, the lowest mortality rates are commonly observed in juveniles and higher rates

are generdl associated with infant@Hug et al., 2018; Weiss ando¥ét, 1973)
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In relation to the representation of the analysed population, some important key aspects need to be
considered, i.e., sample size and composition. As mentioned in previous sections, this study
incorporates only 185 burials excavated withimd around the church in the vineyard and the
analysed cemeterial population may consist of individuals from different cohorts, thus, it represents
merely a sample of the living population. Based on this knowledge, the size of the living population
(P) ofthis sample over a given period of time, j@ccupation of the site (t) was assessed by applying
the equation proposed bjcsadi and Nemeskéri (197@)th 1.1 being a correction factor, assuming
that approximatdy 10% of the living population were interred elsewhere:

5 opp—

o

5.2.2.4. Nonmetric traits and anthropometry

In skeletal remains, human variation, the degree of sexual dimorphism, stature, body composition
and sometimes even activity can be assessed and reconstructed by focusing-oetmrntraits and
osteometry(Coppa et al., 2008; Cox and Mays, 2000; Hauser and De Stefano, 1989; Jasch et al.,
2018; Ruff, 2002)

Nonmetric traits or anatomical variants (especially those on the craniumdantition) are often

used for ancestry estimation in human identification (i.e., forensic anthropology), kinship analysis
and as markers for occupational activiti@gdgeeHewitt et al., 2020; Capasso et al., 1999; Finnegan,
1978; Hauser and De Stefano, 1989; Mann et al., 2016; Rhine, 2898art of the osteological
assessment, the presence and quantity of a selection of dranéhpostcranial nometric traits as
outlined in Table 5 and Table 6 were recorded. Themetric traits listed in Table 5 were used to
assess osteological kinship, which can be used in the selection of samples for molecular kinship
analysis, and thosi@ Table 6 are frequently associated with actiyByadshaw et al., 2020;
Finnegan, 1978; Hauser and De Stefano, 1989; Lozanoff et al., 1985)
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Bone Non-metric trait
Metopic suture
Bregmatic ossicle
Coronal ossicle

Sagittal ossicle
Squama parietal ossicle
Cranium | Parietal notch bone
Parietal foramen
Lambdoid ossicles

Inca bone

Apical bone
Maxillarytorus

Table 5 List of selected cranial noretric traits that are commonly used to assess kinship

Bone Norn-metric trait
Mandible | Double condyloid facets
Scapula | Bipartiteacromion
Humerus | Septal aperture
Os coxae| Preauricular sulcus
Ridingfacet
Thirdtrochanter
Lateral squatting facets
Medial squatting facets
Table 6 List of selected postcranial Aoetric traits that are commonly used as activityarkers

Femur

Tibia

As opposed to nommetric traits, which provide more information on skeletal anomalies that are

then used to infer relatedness between individuals, metric analgseble the detection of changes

in body size and shape not only among different individuals, but also a whole population. Based on
the osteometric landmarks outlined Byartin (1928)and Buikstra and Ubelaker (1994he cranial

and postcranial measurements shown in Table 7 were taken following the approachtstbyand
Saller (1957and Murailet al.(2005) Only those marked with an asterisk, were used in further

analyses, i.e., to calculate indices and stature (see also Appendix 9).
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Bone

Measurement

Cranium

M1- Maximum cranial length (gp)

M5- Cranial baséength (rtba)

M8- Maximum cranial breadth (eau)

M9- Minimum forehead breadth (fft)

M10- Maximum forehead breadth (eo0)

M12- Biasteric diameter (asdst)

M17- BasionBregma height (bdr)

M20- Auricular height (pébr)

M23- Horizontal circumference {gp)

M24- Transverse arc (pb-po)

M25- Mediosagittal arc (fop-0)

M45- Bizygomatic diameter (zyzyq)

M47- Facial height (1gn)

M51- Orbital breadth (mfect)

M52- Orbital height

M54- Nasal breadth (al)

M55- Nasal height (ims)

Mandible

M65- Bicondylar breadth (cettdl)

M66- Bigonial breadth (ggo)

Humerus

Hul- Maximum length*

Hu4 Epicondylar breadth*

Hu5 Maximum diameter at midshaft

Hu6- Minimum diameter at midshaft

Hu7- Minimum circumference*

Hu9 Transversal diameter of the head

Hul0 Sagittal/vertical diameter of the head

Radius

Ralt Maximum length

Ra2 Physiologcial length

Ulna

Ul1- Maximum length

UI3- Minimum circumference

Os coxae

PUM Acetabulesymphyseal pubic length*

SPU CotyloPubic width*

DCOXCoxal height *
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IIMT- Sciatic height*

ISMM Postacetabular ischium length

Os coxae SCOxXCoaxal breadth *

SS SpineSciatic length

SA SpincAuricular length

SIS CotyloSciatic diameter

VEACVertical acetabular diameter*

HOAGHorizontal acetabular diameter*

FeX Maximum length*

Fe2 Bicondylar length

Fe6 Sagittal diameter*

Fe* Transverse diameter*

Fe8 Midshaftcircumference

Femur Fe9 Superior transverse diameter

Fel0 Superior sagittal diameter

Fel8 Vertical diameter of the head*

Fe21 Epicondylar breadth

Transverse diameter fovea capitis

Sagittal diameter fovea capitis

Tilb Maximumlength*

Ti2 Bicondylar length

Tibia Ti3 Maximum proximal epiphyseal breadth

Ti8a Sagittal diameter at the nutrient foramen*

Ti9a Transverse diameter at the nutrient foramen*

TilOb Minimum circumference*

Table 7 List of selected cranial gmastcranial measurements

Even though a variety of cranial measurements were taken, cranial indices were not calculated for
the present studyas the whole sample derived from European descent and was associated with the

same spatiotemporal context

Some of the collected postcranial osteometric data were used to estimate stature. To accurately
estimate body height several methods have been developed by different auBach, 1965;
Breitinger, 1937; Dwight, 1894; Jacobs, 1992; Olivier et al., 1978; Trotter and Gleser, 1958, 1952)
Despite the differences in elements utilised, formulas applied, and the way measuremerd

taken, the lower limbs, particularly the femur followed by the tibia, appear to produce the most
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reliable stature estimatéTrotter and Gleser, 19583s they contribute to body height in contrast to

the upper limbs. Fathe present study, osteometric data from the humerus, ulna, radius, feana

tibia were collected, yet as more reliable results are generated from femur, femoral osteometric

data was used to estimate body height for most individuals (55/226). Twelwadndls (SK62, SK63,
SK65I, SK100, SK133A, SK151A, SK173, SK174, SK184, SK211A, SK222, SK233) lacked a femoral data;
thus, the tibial measurements were utilised. For ten individuals (SK51, SK94, SK99, SK103A, SK118,
SK164, SK179, SK187, SK213A, SK23ahed#mur and tibia were unavailable, thus the humerus

was used to estimate stature. For those individuals that lacked femoral, albidlhumeral

osteometric data, measurements of the radius (SK48, SK79, SK121A, SK208) or ulna (SK39, SK61,
SK65I1) wereised. Only sexed adults were used for stature estimation, which was calculated by
following the recommendations b8iegmund (2010who proposed that for European samples, a

more accurate stature estimation could be obtained by taking the mean stature estimate from the
methods ofPearson (1899) and Trotter and Gleser "American White" and "American Negro" (1952,
1977) This could only be performed on those individuals featuring osteometric data of the femur,
tibia, or humerus (Table 8, for a full list of the formula®d to estimate stature from all available

long bones see Appendix 9).
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Reference Bone Formula (measurements in mm)

Humerus 0 OaQiI0oPzcP wT X T8 p
FemalesZO@z ¢ v T X p§& U
(Pearson, 1899) Femur 0 0o QIoEzp& Y Y p8r @
Females=®zp& 1 v X cqt
Tibia Do QiIYEDZcd X X YapT
Females2YfdZ ¢c& v ¢ X T& T
Humemws D Oa Qi0Ppzod @ ¢ ¢
FemalesZO@z a8t Y @ T &
(Trotter and Gleser, 1952) Femur 0D 0aQi0oPzc¢d p x Tadr
G! YSNROIY b FemalesZOPz ¢& Y U wi
Tibia Da QUYEDZ ¢ w U odr
Females=Yidz ¢c& v X ca&p
Humerus 0 0a QiOP@zadty x ma
FemalesZpz o& @ L X &
(Trotter and Gleser, 1977, Femur 0D 0aQiopzca Y o pP
1952)4 ! YSNR Ot y FemalesZOPz c& X L T &
Tibia D a QIYEDz c®d ¢ X pdp

Females=Yidz c&o T @ p@

Table 8 The main formulas used to estimate body height following Siegmund.(2010)

Aside from stature, osteometric data can also provide additional information about body weight and
form. Even though the methodology to calculate BMI and body weight have been established within
the last two centuries and most anthropological analysegrimurate the osteometric data used to
calculate these, both are rarely estimated from archaeological skeletal reifigissh et al., 2018;
Pomeroy et al., 2018; Siegmund and Papageorgopoulou, 2011;-Fdvwkards, 2019)The same

applies for the osseous frame index (OFI), established more recently, and is basedramthe

index (FI), which is commonly used in modern populations to gain information about skeletal
robustnesgJasch et al., 2018; Mumm et al., 2021; Navazo et al., 20R0¥, a substantial amount

of analogous data from modern populations is available for further analyses and comparisons
(Mumm et al, 2021; Navazo et al., 2020; Scheffler, 20The OFI, bodyweight and body mass index
(BMI) were estimated using the equations outlined in Table 9. As only the vertical diameter of the
femoral head was ascertained and the values for both transverseentidal femoral head

diameters should be fairly similar in healthy individuals, this slight change in methodology is valid
(Buikstra and Ubelaker, 1994)
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Type of calculation

Equation

Reference

Osseous framedex
(OFI)

Oa Q& a

HE W00 Qo1 pIeL

(Jasch et al., 2018

Body weight

0Qd wa 'QE8 ¢ pOP YQ& &
0 OO Qi ¢ T pOR YQH &

OB ZTd
LV B0 Z TR

(Ruff et al., 1991

Body mass index
(BMI)

@& DR BDEQ
R A e Ty oL

(Quetelet, 1871)

Table 9 Formulas used to estimate body weight and osseous frame and body niess ind

In addition to the OFI and to gain more information about body form and skeletal robusticity of the
sample the collected postcranial osteometric data were also used to calculate a variety of indices.
For the humerus the lengthreadth index was estimatedpr the femur the robusticity and

platymeric index was calculated and for the tibia the lergtbadth and platycnemic index was
estimated(Table 10).

Bone Name of index Equation
Humerus | Lengthbreadth 0K
Fp Tt
(robusticity) P
Robusticity 0 OR
Femur op pmm
Platymeric o n T
00 "
Lengthbreadth "Y'F'Qpo .
Tibia e
(robusticity) YD
Platycnemic YD o
'_'Yim')p

Table 10 List of selected long boneigebscalculations Kartin and Saller, 1957)

5.2.3. Palaeopathological profile

To gain better insights into the quality of life in early mediaeval S&adiona, the presence,

location, quantity and severity of several pathological conditions and traumata was investigated
using standard collection proceduraad specialised studies offering differential diagnoses of

osseous lesions. Any macroscopically observable skeletal alteration was recorded and described in
detail, whereby for most lesions a differential diagnosis allowed a categorisation into the major
disease groups. These included dental pathologies/diseases associated with the masticatory
apparatus such as abscesses, antemortem tooth loss, calculus, caries, linear enamel hypoplasia and

periodontitis as well as disorders affecting single skeletal eteser the whole organism. Data
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collection of dental pathologies mainly focused on establishing the presence/absence of a condition

and general information on the location and severity of a disease.

5.2.3.1. Dental features

Dental status was recorded by using a@enscoring system, providing information about the
condition of the alveolus, i.e., presence/absence of a tooth or not recordelhe skeletal element

was not available for analysis, whether the tooth was lost antemortem or postmortem, and the
condition of the tooth, i.e., tooth in situ, isolated tooth/root, broken root within alveolus, tooth
enclosed within alveolus, or tooth agenesis (see Appendix 10). As a highly detailed study on dental
abnormalities would have exceeded the capacity of the presemk, the applied methodology was
aimed to provide an overall picture of dental health. Table 11 outlines the methods used to record
dental health, although for dental calculus, wear, periodontiiszd periapical lesions the severity
grading approaches were changed slightlysbgring teeth in groups, i.e., incisors and canine
together, and premolars and molars together, rather than individually. This approach was chosen

following a supervisor conftation.

Evaluation Method/Scoring approach
Dental calculus Brothwell (1981)
The prevalence, severity-(&uperficial caries,-Besion reaches
dentin, 3perforating lesion, £omplete destruction), number of

Dental caries lesions and caries location (Crown, cemento engomaition (CEJ)
or root and occlusal, buccal/labial, lingual or interproximal) were
registered.

Dental wear Molnar (1971)

The registration of periodontitis followed the same principles as

Periodontitis outlined byKerr (1991)although it was highly simplified to three

levels: G no resorption, How resorption (34mm) or 2 high
resorption (>4mm).

Presence or absee of periapical lesions was recorded on an
Periapical lesions alveolar level. Lesion severity was scored followinesagde
system: 8 no modification, apical true cyst, 2apical pocket cyst.
Linear enamel hypoplasia| Reid and Dean (2000)

Antemortem tooth loss Antemortem tooth loss was recorded as present or absent.
Table 11 Outline and explanation of temployed dental disease recording methods

5.2.3.2. Skeletal features

Skeletal alterations comprised congenital conditions, bone infections, joint degeneration on the
appendicular and spinal skeleton, metabolic and/or developmental disorders, neoplastic alterations
and trauma. An attempt was made to identify and diagnose all macroscopically discernible skeletal
alterations following the recommendations of current palaeopathological literaterg.,

Aufderheide and Rodriguédartin, 1998; Barnes, 2012, 1994; Brickley and Ives, 2008; Mann and
Hunt, 2012; Ortner, 2003; Pinhasi akihys, 2008; Rogers and Waldron, 1995; Waldron, 2009)
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5.2.3.2.1. Joint and entheseal alterations

To obtain more information on osteological characteristics of early mediaeval lifestyles in alpine

environments and potentially also physical activity, both the pnee and severity of osteoarthrosis

Oh! 0T &ALRYRef2FINIKNRaAA&AYX {OKY2NXQa y2RSa | yR Syl

for all individuals over 13 years of age. Furthermore, also the presence of any other observable joint

alteration was registesd.

As recommended bRRogers and Waldron (1995) and Waldron (20@8urnation or a combination

of new bone formation or pitting on the joint, marginal osteophytes or contour changes of the joint
were regarded as pathognomonic features of the OA. The presamtseverity of osteoarthrosis

was recorded mainly following the procedures outlined in the Global History of Health Project
(GHHP)Steckekt al. 2006) by scoring joint surfaces as absent (0), slight (1), moderate (2), severe
(3) or joint fusion (4, Table 12). From the appendicular skeleton only synovial joints (i.e., shoulder,
elbow,wrist, hip, kneeand ankle) and from the spine, both synovial (articular facets) and
cartilaginous joints (vertebral body) were considered. Vertebrae were scored as a group based on
their location within the spine, i.e., cervical, thoracic, lumbar arahga (S1). This scoring approach
was utilised as most European samples have been assessed using the data collection codebook of
GKS Df2okf 1 Aa0G2NE 2F 1 SHEGK tNRr2SOG o6DIIto |

a

a

(Steckel et al., 2006, 2018)hus, thismakés§ KS LINSa Sy d RFE Gl adl yRFNRAASR

comparability to other European sites of similar spatiotemporal contexts.

Scoring Associated joint surface/margin alteration

None (0) Without OA/osteophytes

Slight (1) Slight marginal lipping (<3mm) apdting of 10%

Moderate (2)| Moderate marginal lipping (>3mm) and pitting of-18% of the joint

Considerable marginal lipping and pitting of more than 80% of the joint and/o

Severe (3
3) eburnation

Ankylosis (4)| Bony bridge between twadjacent joints

Table 12 The scoring criteria for cartilaginous and synovial jeidépted from Steckel et g2006)

{ OKY2NI Q4 y2RSa ¢6SNBE ARSYGAFTASR F2ftt2Ay3a (KS
recorded both qualitatively (preserdbsent) and quantitatively. The scores were given on a
vertebral group level, i.e., cervical, thoracic, lumbar, and sacrum, rather than on individual vertebrae

or elementsaffected.
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Osteochondritis dissecans was recorded as present/absence with a detagedption of lesion

location and quantity of bone involvement. The identification of osteochondritis dissecans was

based on the descriptions and illustrationsBgxarias and Herrerin, (2008) and Ortner (2003)

Rare degenerative joint disorders were described in detail, including location and quantity of

elements involved followingarnes (2012), Ortner (2003), Roberts and Manchester (204D)

Rogers and Waldron (1995)

Entheseal changes are defined as any abnormal alteration on a muscular insertion site, which

includes marginal irregularities, calcification/ossification of soft tissue, surface vasatitar and

cavitation(Schrader, 2019; Villotte, 2006; Villotte and Knusel, 2013 appearance of the

entheses presented in Table 13 were described based on the approaéhdtie (2006) and Villotte

et al,, (2010)
Analysed Enthesis Type of enthesis | Location Group
Lig. costoclavicularis Fibrocartilaginous | Clavicle
M. deltoideus Fibrocartilaginous | Clavicle
M. subscapularis Fibrocartilaginous | Humerus Shoulder
Mm. supra/infraspinatus Fibrocartilaginous | Humerus
M. pectoralis major Fibrous Humerus
M. deltoideus Fibrous Humerus
e v et ot a1 Eprocaraginons | amerss |
Mm. epicondylus lateralis (M. supinator, M.
extensor carpi radialisrevis, M. extensor carpi | Fibrocartilaginous | Humerus
radialis longus)
M. pronator teres Fibrous Radius
M. biceps brachii Fibrocartilaginous | Radius Elbow
M. triceps brachii Fibrocartilaginous | Ulna
M. gluteus minimus Fibrocartilaginous | Femur
M. gluteus medius Fibrocartilaginous | Femur .
M. gluteus maximus Fibrous Femur Hip
M. Vastus medialis, adductor magnus, and lonq _.
(linea aspera) Fibrous Femur
M. iliopsoas Fibrocartilaginous | Femur
Mm. semimembranosus, semitendinosus, bicef . - Knee
femoris Fibrocartilaginous | Os coxae
Mm. quadriceps femoris Fibrocartilaginous | Patella
M. soleus Fibrous Tibia Ankle
M. triceps surae Fibrocartilaginous | Calcaneus

Table 13 Listing the enthesegamined, including their localisation and type.

Even though thé.ig. costoclavicularis not addressed in the publications by Villotte (2006) and

Villotte et al. (2010) the scoring followed their descriptions for fibrocartilaginous joints. For
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fibrocartilaginous entheses both the outer (contour) and inner part a tipemt scale was applied,
ranging from no or slight alteration (0), through moderate (1) to severe involvement (2). By adding
these scores up an overall score for the whole enthesis was gete(A=0, B=2, C=24). The same
three-point scale was used for fibrous entheses, although the whole enthesis was scored rather than
the inner and outer part of it. To facilitate the utilisation of the overall enthesis score in statistical
analysis andidplay the levels A, B and C were converted to A=1, B=2, C=3. Entheses were analysed
individually and based on the location of the insertion site, they were grouped into the same

categories for the appendicular skeleton as were used for OA (Table 12).

5.2.3.2.2. Metabolic and infectious disease

Cribra orbitalia, cranii and palatinitere scored following the data collection codebookSigckel et
al. (2006) Even though the severity ofibra orbitalia, craniand palatiniiwere recorded, more
detailed analysis on the severity levels of these were not performed as this would have exceeded the

scope of the present studgribra humeralisndfemoraliswere solely scored as present and absent.

The presence of scurvy was soléhcumented if a combination of bilateral porotic lesions on the
skull, axial and appendicular skeleton were observéBteckley and Ives, 2008; Buikstra, 2019;
Ortner, 2003; Snoddy et al., 2018)iagnostic lesions on the skull included: ectocranial sudatee
parietal and/or squamous temporal bones, orbital roafglfra orbitalig, greater wings and/or
pterygoid fossae of the sphenoid bone, anterior surface (region near infraorbital foramen and/or
alveolar margins) and/or inferior surface (hard palai€}he maxilla, anterior and posterior surface
of zygomatic bones, medial coronoid process, and ramus of the mar{8ititdley and Ives, 2008;
Buikstra, 2019; Ortner, 2003; Snoddy et al., 20E8) the axial and appendicular skeleton, general
porotic lesiongor subperiosteal new bone formation in combination with the aboventioned
alterations on the skull were regarded as diagno@idckley and lves, 2008; Buikstra, 2019; Ortner,
2003; Snoddy et al., 2018 orosities in the supra and/or infraspinatus fosehthe scapulae were
regarded as diagnostic for scurvy and on new bone formation the diaphyses of long bones were only
diagnostic in association with cranial and/or mandibular les{@uickley and lves, 2008; Buikstra,
2019; Ortner, 2003; Snoddy et al., 2018)positive identification of rickets/osteomalacia was
yielded when porotic lesions on cranial, mandibuéard long bone elements were present in
conjunction with the typical curvature of long bones. The assessment of both scurvy and
rickets/osteomalacidollowed the differential diagnosis guidelines of Ortner (20BBtkley and Ives
(2008) Snoddy et al. (2018) and based on these, they weoeed as present, possibly present or

absent.
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Periostitis was recorded quantitatively and qualitatively by following the method outlined in Table
14, which wasdapted from Steckel et al. (2006). Osteomyelitis was registered through a detailed
description of lesion location and quantity of elements involved follovdngper (2003) and Roberts
and Manchester (2010)

Scoring Associated periosteal alteration

None (0) No osteoperiostitis present

Slight (1) Markedly accentuated longitudinal striations andforamina

Moderate (2) Slight, discrete patch(es) of reactive bone involving less than one qugi
of the long bone surface

Severe (3) Moderate involvement of the periosteum, but less than eredf of the
long bone surface (larger plague of new bane)

Deformation (4) Extensive periosteal reaction involving over half of the diaphysis, with
cortical expansion, pronounced deformation

Table 14 The scoring criteria for periostiisapted from Steckel et gR006)

5.2.3.2.3. Trauma

To increase thaccuracy of trauma prevalenestimationsd [ 2 @St f = et al.;2012; Bouehtrie,dza
Jarkov and Smith, 2017all identifiable osteological elements that were available for analysis,
whether complete or fragmented, were assessed for injuries (n=8044umaanalysis consisted of

the identification of the lesion, whether an alteration was observable, and a detailed description of
the exact trauma location, timing and type of the def@yers, 2017; Murphy et al., 2010; Passalacqua
and Rainwater, 2015; Sauer, 1998; Wheatley, 2008auma timing was established through
differentiating among lesions that showed signs of healing (antemortémose that did not show

signs of healing but displayed typical fresh bone responses (perimortem) and injuries with no signs of
healing and dry bone characteristics (postmortgByers, 2017; Kimmerle and Baraybar, 20@8)ly
antemortem and perimortem injuries were recorded. Trauma type was also assessed, by subdividing
lesion into fractures (FX), shamgrée trauma (SFT) and cranial blunt force trayBBT, Kimmerle and
Baraybar, 2008; Passalacqua and Rainwater, 2015; B@8) A more focused description of the
methods used in trauma timing and type assessment at S&8adnona was already addressed by
Tumler et al. (2021pnd thus, the present study will not discuss the same content in greater detail.
For all trauma investigations, both true, lesions per bone, and crude, trauma per individual, prevalence
data were collected to gain more detailed infioation on overall frequency patterns and actual lesion

distribution within the injured.
5.2.3.2.4. Congenital aneheoplasticconditions

Congenital alterations, e.g., spina bifida, sacralisation, surplus skeletal elemientsvere recorded
as present or absent, #i a detailed description of lesion location and quantity of elements involved

by considering the recommendations of Barnes (1994).
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Neoplasms were documented as present/absent and their quantity, where appropriate. A
differentiation between benign and mghant tumours was carried out for each of the observed
neoplastic alterations. Benignh and malignant tumours were differentiated based on distribution
(solitary versus multifocal), location, quantity, size and character of maf@itiser, 2003; Pinhasi

and Mays, 2008; Ragsdale et al., 2018; Roberts and Manchester, 2815nign tumours are

known to be solitary/localised, slow growing and commonly of modizst, thus, typically feature
well-defined and sharp rounded margins, these criteria were utilised to identify benign neoplasms.
For malignant tumours, lesions that feature more diffused patterns, i.e., are multifocal and occur in
greater numbers, and arerosive and destructive, were classed as malignant. Where possible a
more detailed differential diagnosis was made to establish the type of benign/malignant neoplasm
following Ortner (2003) and Aufderheide and Rodrigheztin (1998).

5.2.4. Statistical methods

Digital data collection was performed on Microsoft Excel sheets, through which also basic statistical
variables (e.g., mean, standard deviation, minimum, maximum) were calculated. Prevalence rates
were either calculated on an individual (crude prevalenggdlemental (true prevalence) basis by
dividing the number of affected individuals/bones (n) by the total number of examined

individuals/bones (N) and multiplying it by 100.

More elaborate statistical testing was performed by using JASP 0.11.1.0 sof@mekage. To test
whether the frequency of males and females equals a balanced sex ratio a binomial test was
performed. A chi square tes¥q) was applied to test differences in distribution between two
variables, e.g., whether there was a difference betwbene preservation and sex, age group
and/or burial location (i.e., inside, and outside), the prevalence of disease and/or the coexistence of
two pathological lesions, etc-t€sts () were performed to investigate whether the means of two
datasets were egal, e.g., life expectancy between elite and ralite individualsetc. To assess the
relationship between the prevalence of disorders, e.g., osteoarthrosis, that have been shown to be
dependent on other factors, e.g., age, sex, dugistic regressionanalgg I YR { LIS NX I yQa N
correlation tests wre performed. For adults, only individuals with a sex and age at death estimate
were used for such analyses and for subadults, an age at death estimate was a requirement to
qualify for gatistical testing. When assessing OA and EC, the overall severity of the alteration on an
individual basis was calculated from the mean score of all observable joints or entheses. To test the
relationship between OA and EC, the sample was reduced tadodig displaying both joint and
entheseal alterations. As the employed scoring systems produced categorical data on an ordinal
a0FftSs GKS NBflIGA2yaKALl 0SG6SSy GKS OFINAIFIotSa él
correlation tests based on thmean. The null hypothesis {Hvas rejected at the level of p<0.05.
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6. Results

The anthropological analysis was performed on 185 out of 197 excavated graves featuring an MNI of
226. Most graves contained a single individual and two or more individuals goes gere common
in areas featuring multiple graves that sometimes disturbed each o#matf inside the crypts where

commingling was frequently seen.

6.1. Taphonomic profile and burial practices

Bone preservation was found to vary across the whole sample (Féyuire terms of bone quality,
most individuals displayed good preservation (44.2%), followed by very good (29.2%) and low
preservation (26&%, Appendix 11). Burial location, i.e., insioleoutside burialsX?=2.838, df=2,
p=0.243), or the presence ofaye goodsX?=2.345, df=2, p=0.31) did not appear to affect

gualitative bone preservation (see Appendix 12).
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Figure 6 Qualitative and quantitative bone preservatidisaberSabiona.

Seventeen bones exhibited signs of animal activity, most of which was identified as rodent gnawing.

Alterations associated with metal objects were observed on 52 bones (see Appendix 4).

lty2ad KEEF 2F aa8aasSR Ay RA Cskefoum (865%)0FMNER  NB LINS 4 ¢

remaining individuals, quantitative bone preservation gradually decreased with declining qualitative
preservation (Figure 6). Similar as for qualitative bone preservation, being buried inside or outside of
the church ¥?=1.182, @3, p=0.757and the presence of grave goo(=3.901, df=3, p=0.272)d

not seem to increase bone degradation (see Appendix 12).
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More detailed information on taphonomic alterations and the preservation of each individual can be

found in Appendix 4.

Toinvestigate funerary practices of the buried the analysis relied heavily on the data published in
the grave catalogue by Bierbrauer and Nothdurfter (2015). A summary of the available funerary
information can be found in Appendix 2. Based on this inforomathn assessment for burial location
and practices, such as body position, orientation, arm positioning, burial type and the presence of
grave goods was attempted for all 226 individuals, i.e., 185 burials. Yet, as some remains were
disturbed body and armositioning, orientation and burial type could not be established for all
remains. More than half of the buried were located inside the church (n=126), whereby outside
interments seem to have been only slightly less common (n=100). All assessable ahsliwiele
buried in supine position (n=98) with their legs extended and their arms either extended (n=7) or
flexed (n=52) above the pelvis or chest. Most individuals were buried ingesstorientation, i.e.,
head to the west and feet to the east (n=78)ttwthe remainder displaying varying burial
orientations (see Appendix 2 for more detailed information). Burials in earthen or stone lined pits
were most common (n=51), yet quite a few individuals featured more elaborate burial chambers or
crypts (n=36). tilising this information, the Sabe®abiona burials were analysed further and
subdivided following the categorisation of grave good$hyer (2018) into poor,average wealth,
wealthy and exceptionally wealthy. Based on this approach, most internments at-Salbémna

could be classified as poor graves (n=Riividualy, yet the burials of 16 individuals can be
regarded as wealthy (n3fdividua), average wedh (n=2individua) and exceptionally wealthy
graves (n=1dividual3. Eleven of the individuals with exceptionally wealthy graves were buried
inside the church and those that were buried outside were located in crypt E.

As already mentioned in the maialschapter, all individuals buried within the church, in crypts
outside the church and those featuring rich grave goods were classed as rich/elite individuals
(n=133) and the remaining inhumations as poor/rAgite (n=93). The following sections wilbpide
general data on the whole population and for more detailed analyses and comparisons, elite and

non-elite individuals were assessed separately.

6.2. Biological profile

6.2.1. Palaeodemography
6.2.1.1. Sex and age estimation

Sex estimation was performed on 133 of the 160 adult and 18 juvenile individuals of which 94
exhibit male and 39 had female characteristics (Figure 7). For 39 adult and six juvenile skeletons sex

assessment was not possible (Appendix 7 and 11).
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Figure 7Sex and age at death estimation of the whoéameterialpopulation.

Already the masculinity index (MI=241.0) showed a male surplus i8dberSabionacemetery and
also the binomial test showed a statistically significant sex imbalance between maiés(70.
p<0.001) and female (2%, p<0.001) proportions. This adds to the assumption that the present

cemeterial population does not represent a natural living population.

Differences in burial location between the sexes were relatively ¥6w0(061, df=1, $0.805). Both
females and males were interred to almost identical proportionside (48.7% vs 51.1%) and

outside of the church (51.3% vs 48.9%, Appendix 13). Females that were buried within the church
were mostly situated in the southern (47.4%) or nenth aisle (26.3%). Most male graves inside the
church were located in the nave (35.4%), followed by the southern aisle (33.3%) and atrium (22.9%,
Figure 8). The observed burial pattern within the church in relation to sex was not found to be

statisticallysignificant ¥=7.3, df=3, p=0.063).
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Figure 8 Burial location of females and males inside the church.

A similar variation in burial location was observed for outside graxXfeg 487, df=3, p=0.213),

where 75% (n=15) of theutsidefemaleinterments were located in the southern part as opposed

to males, whose graves were more equally distributed between the southern (n=22, 47.8%) and
western (n=18, 39.1%) parts of the church. Major sex differences in relation to the predegreee

goods were not found¢=0.092, df=1, p=062, Appendix 13).

In terms of age distribution, substantially more adults (70.8%) were buriS€dla¢rSabiona than
subadults(29.2%). Mortality was the highest in the-80 age group for adults of both sexes (41.3%)

and between 66 years (57.6%) for subadults (FigureQit of the studied females (n=39) and males
(n=94), nore females than males died as juveniles (15.4% fenvaliesus 6.4% males) or above 60

years of age (5.1% females versus 2.1% males), whereas higher male deaths were found in the adult

(28.26 females versus 30.9% males) and mature age category (38.5% females versus 50% males).

From the data it appears that thehances of being buried within the church increased with
advancing agd,e., 33.3% (1 out of 3) perinatal, 71.1% (27 out of 38) infans |, 43.6% ¢f 7)

infans Il, 44.4% (8 out of 18) juveniles, 48.9% (23 out of 47) adults, 54.5% (36 out of 6&)andtur
75% (3 out of 4) senile individuaighereas the opposite was true for outside burjals., 66.7% (2

out of 3), 28.9% (11 out of 38) infans |, 57.1% (4 out of 7) infans 11, 55.6% (10 out of 18) juveniles,
51.1% (24 out of 47) adults, 45.5% (30 ou66) mature and 25% (1 out of 4) senile individuAls
exception tothis, are infants aged-® years, withwere mostly buried inside (n=27, 71.1%) rather
than outside (n=11, 28.9%) the church. Both ad{is4%, 62 out of 10Bnd subadult$38.6%, 39

out of 101)were more commonly interred inside the church, yet the prevalence rates of subadult
69



burials within(59.1%, 39 out of 66)ersus outside the churd#0.9%, 27 out of 6@re almost 20%

higher than those of adults (53%side 47% outside).The age distribution ircrypts was fairly

similar to the overall pattern, consisting mostly of adult burials, i.e., 57.1% (20 out of 35), and slightly
less subadult burials, i.e., 42.9% (15 out of 3&nBEhough there seems to be an agdated

pattern inrelation to burial location, the observed differences were not statistically significant

(X°=6.888, df=6, p=0.331). This further enforces the presumption of selective burial practices.

The examination of age distribution versus grave location within theathshowed that the

southern aisle was commonly used for all age groups (n=46, Appendix 13). Perinatal individuals (n=1,
100%) and infants between12 years (n=3, 100%) buried within the church were solely situated in

the southern aisle, which also featd most Infans | (n=15, 55.6%), adult (=R 3%) and mature

(n=13, 36.1%) graves. Juveniles (n=4, 50%) were mostly buried in the atrium and individuals over 60
(n=2, 66.7%) were mainly identified in the nave.

A similar pattern was observable for outsillurials, whereby individuals from all age classes were

mostly buried in the southern (n=36, 43.9%) or western parts (n=28, 34.1%) of the church.

As individuals from most age groups (all except perinatal and Infans Il) featured grave goods, age did

not appear to have a significant influence on the presence of grave goéds2.697, df=7, p=0.08).
6.2.1.1.1. Elite and norelite individuals

Based on the selection criteria outlined in previous sections, 133 individuals were classified as

elite/rich and 93 as nowlite/poor (Table 15, Appendix 2).

The elite subsample was composedbfsubadults an®8 adults and juveniles, out of which 51

were males, 22 were females aB@ could not be sexed.

Age classes in Number of individuals (Dx)
years (x) Elite Non-elite

Total M F ND Total M F ND
Perinatal 1 - - 1 2 - - 2
Infant | (06) 27 - - 27 11 - - 11
Infant Il (7-12) 3 - - 3 4 - - 4
Juvenile (1319) 9 3 2 4 9 3 4 2
Adult (20-39) 25 15 7 3 22 14 3 5
Mature (40-59) 39 29 8 2 27 18 7 2
Senile (>60) 3 1 2 0 1 1 0 0
Adult-ND (>20) 26 3 3 20 17 7 3 7
Sum (D) 133 51 22 60 93 43 17 33
e’ 315 - - - 31.7 - - -

Table 15 Sex, age d¢ath and life expectancy at birth% of the elite and norelite subsample.

Themasculinity index (M1=231.8) and sex ratio (70% vs 80%u¢ elite subsample does not differ

substantially from the values yielded when assessing the whole population.dilthee elite females
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died between 4669 years of age (36.4%) or as adults (31.8%), whereby only 9.1% died between 13
19 or over 60 years, respectively. Elite males displayed a similar pattern, with most deaths between
40-59 years (56.9%) or 28D years 29.4%) and only a few died as juveniles (5.9%) or above 60 (2%).
No statistically significant relationship was found for the observed elite age and sex distribution
(X=4.561, df=4, p=0.35). For the subadult sample, the Infans | category exhibited cablsider

higher death rates (67.5%) than the perinatal (2.5%) or Infans Il (7.5%) age groups.

The nonelite subsample was represented b9 dubadults, and Zadults and juveniles (Table 15),
whereby most of these were males (n=43) and only a few individuals @lassified as females

(n=17), not determinable adults (n=7) or subadults (n=9).

Similar as for the elite subample, also the norlite group displayed a significant disproportion

between the sexes, i.e., MI=252.9 and sex ratio 72% to 28%elNefemales died mostly between

40-59 years (41.2%) or as juveniles (23.5%), whereby the adult age category featured the lowest
number of individuals (17.6%). Nafite males on the other hand displayed similar patterns as elite
males, with most deaths assated with the mature age category (41.9%), followed by the adult
(32.6%), juvenile (7%) and senile age category (2.3%). The recorded sex and age distribution for non
elite individuals was not found to be statistically significaét4.228, df=4, p=0.38The

composition of the norelite subadult sample was quite similar to that of the elite group with 42.3%

of individuals from @ years, 15.4% of individuals frorrl2 years and 7.7% of individuals that died

around the time of birth.

6.2.1.2. Palaeodemographic panaeters

In consideration of the incompleteness of the skeletal sample, i.e., only 185 graves were studied
anthropologically and most of the Sab&abiona hill is yet to be excavated, the population size
based on the present anthropological data was calculatedguia formula outlined in the

materials and methodshapter. As a thorough archaeological investigation, which includes a full
excavation of the whole Sabe$abiona hill is still outstanding and archaeological sources only
provide an estimate of the numbef graves supposedly buried, the calculation of population size is
justified. The present anthropological data represents most of the available osteological sample;
thus, it provides preliminary insights into population density of the groups associatedhid site

of importance. Over a cemetery occupation timespan of 400 ye&r8{Tenturies A.D.) producing

an MNI of 226, the analysed individuals represent a sample of around 20 contemporaneously living

inhabitants.

Mortality tables were initially @lculated for the whole population (see Appendix 14) to establish

whether the analysed skeletal collection is representative in relation to their age distribution. Based
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on the mortality rate equation by Weiss (1973), the present sample can be regarded as
representative with @=0.02<@s=0.07 and @0.14>Q@=0.07. To assess whether elite and ralite
individuals had contrasting lifestyles, thus, were exposed to different risks, e.g., higher mortality

rates at a certain age, mortality tables for the respeetsubsample were calculated.

For elite individuals, life expectancy at birtfgjevas estimated to be 31.5 years with mean age at
death of 31.7 years (Table 16). The mean age at death eélitenindividuals was 32.7 years and

with €% being 31.7 yearon-elite individuals also displayed a slightly higher life expectancy at birth
(Table 17). Aside from life expectancy at birth, also the life expectancy for different age groups
needs to be considered asigitan indicate changes in population dynamiogesses, e.g., conflict,

mobility, infanticide, agespecific diseasesgtc. (Foreman et al., 2018; Grupe et al., 2Q05)

X |a Dx dx Ix X Lx Tx Sg’
0-4 5 20.50 15.4 100.00 0.15 461.47 3144.99 31.45
5-9 5 10.00 75 8459 0.09 404.14 2683.52 31.73
10614 | 5 1.50 1.1 77.07 0.01 38252 2279.39 29.58
1519 | 5 5.33 40 7594 0.05 369.67 1896.87 24.98
2026 | 7 10.17 7.6 7193 0.11 476.75 1527.19 21.23
27-34 | 7 15.42 11.6 64.29 0.18 409.43 1050.44 16.34
3541 |7 23.17 174 52.69 0.33 307.89 641.01 12.16
42-49 | 7 19.17 144 3528 041 196.49 333.11 9.44
5057 | 7 15.67 11.8 20.86 0.56 104.82 136.62 6.55

58+ |7 12.08 9.1 9.09 100 31.80 31.80 3.50

Total 133.00 3144.99
Table 16 Mortality table for elite individuals buried at S&Sabiona.

X a Dx dx  Ix gx  Lx Tx Sg”
0-4 5 11.00 11.8 100.00 0.12 470.43 3167.74 31.68
5-9 5 4.00 4.3 88.17 0.05 430.11 2697.31 30.59
1014 |5 3.00 3.2 83.87 0.04 411.29 2267.20 27.03
1519 |5 7.00 7.5 80.65 0.09 384.41 1855.91 23.01
2026 |7 7.00 75 73.12 0.10 48548 1471.51 20.13
27-34 |7 11.58 125 65.59 0.19 41555 986.02 15.03
3541 |7 19.42 20.9 53.14 0.39 298.88 570.47 10.74
42-49 |7 15.42 16.6 32.26 051 167.79 27159 8.42
5057 |7 8.08 8.7 15.68 0.55 79.35 103.81 6.62
58+ 7 6.50 7.0 6.99 1.00 24.46 24.46 3.50
Total 93.00 3167.74

Table 17 Mortality table for noelite individuals buried af&berSabiona.

Whereas for norelite individuals, gdecreased gradually with advancing age, the life expectancy for
elite individuals was higher for those age® Yyears, with gbeing 31.7 years, rather than at40

years of age with,ebeing 31.5 yeard{gure 9). From:eisonwards both groups display a gradual
linear decrease in years left to live, which is analogous to what was found for other archaeological

populations, i.e., one could die at any time, but differs from modern patterns, where lifeceqcy
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is very high for all ages until a certain advanced age, e.g., 80 years, and then drops dramatically. Elite
individuals consistently displayed significantly higher life expectancies across all age tHs585,(

df=9, p=0.006), e.g., for®429.6 years versus 27.03 years, fes1@25 years versus 23 years, etc. At
ex26the difference in life expectancy for elite and nelite was lowest with 21.2 years versus 20.1

years, thus between 206 years, elite individuals only outlived nefite individuals by about one

year. By sys7 both groups displayed similar life expectancies with 6.55 years for elites and 6.62 years

for non-elites, at gg+both groups were only expected to live for another 3.5 years.

35.00
30.00
25.00

20.00

15.00 — it

Non-elite
10.00

5.00 .

0.00

Life expectancy in year§{ 0

0-4 5-9 10-14 15-19 20-26 27-34 35-41 42-49 50-57 58+

Age groups
Figure 9 Life expectancy)®f elite and nonrelite individuals at SéabeBabiona.
As life expectancy at birth was almost identical between the two subgroups, yet variations in life
expectancy at different ages were observed different interpretations can be proposed. As the
assessed indigiuals coinhabited the same environment, the observed differences may indicate
socioeconomic divergences resulting in imbalanced living conditions for the two subgroups. An
alternative reason for these differences could have been bone preservation, getési not found
to be the case, i.e., burial location did not influence bone preservation8rt#o of elite andl5.1%
of nonelite individuals were nowleterminable adults. This implies that socioeconomic difference,
that may have manifested themselvess early childhood appear to be the most plausible

explanation for the observedivergence.

As subadults under 15 years of age were not sexed, life expectancy at birth could not be calculated

F2N) SAGKSNI AaSEx &Sz ¥2 Nithe 25iKagagfolpSe available(Fguré E LIS O (
10).For the total sample it was found that for the-19 (25.1 years, males; 23.4 years, females) and

20-26 age categories (21.4 years, males; 20.7 years, females) males had a higher life expectancy than
females whereas the opposite was true for the-34 (15.6 years, males; 16 years, females}4B5

(11.1 years, males; 11.9 years, females)4848.4 years, males; 10.1 years, females) ar8/8ge
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categories (6.1 years, males; 7.4 years, females). For thgez8-age category both sexes featured

identical life expectancies (3.5 years each).

At eis19the females of the elite group had a slightly higher life expectancy than males (26 years
versus 25.6 years), whereas for the pglite group the opposite wasue, i.e., 19.9 years for

females and 24.5 years for males. As differences below one year generally do not have a
tremendous impact, such low variations may imply that regardless of social status, socioeconomic
impacts were reduced for individuals aged b5lO years of age. A similar pattern was also found for
the mean age at death with 41.1 years for elite females versus 40.8 years for elite males and 34.5 for
non-elite females versus 39.9 for naatite males. This aligns well with the abewentioned noton

about better living conditions of elites, which generally also increases life expectancy of females
more sothanthat of males. Out of both groups, elite females appear to have had the highest life
expectancy at all ages, followed by elite males anc-eliie males, whereby noslite females had

the lowest life expectancies up to 4® years of age. On average, elite females lived 3.2 years longer
than their nonelite counterparts, the differences between the male samples were substantially
lower with average of only 0.3 years. In fact, fas.g and eos7 elite males displayed lower life
expectancies than noealite males, i.e., 8.35 years versus 8.4 yearsglites lived 0.05 years

longer) and 5.8 years versus 6.6 years (abtes lived 0.87 yealsnger). As these differ in less than
one year, the observed variation may be linked to the sample, i.e., differences of one or two

individuals in a given age category can have an impact.
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15-19 20-26 27-34 35-41 42-49 50-57 58+
Age groups in years

Figure 10 Life expectancy of elite and redite males and femalesom the early mediaeval
cemetery of Sabesabiona.

As well as life expectancy at birth and successive ages, mortality tables also offer information about

the probability of dying at a certain age. For the present data set, the probability of dying was
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between 10% and 20% for individuals aged Years, decreased then to almost 0% atl¥0years of

age and then gradually increased to 100% by the age 58 or over. Looking at subadults, the highest
likelihood to die was recorded for individuals aged Qearsof age, whereby elite individuals

(a=0.15) were slightly more likely to die at this age than-abite individuals (g=0.12). Also, at-8

years of age, elite individuals displayed higheradues, i.e., g0.09 versus,g0.05. For both groups,
individuds aged 1€14 displayed the lowest probability of dying witl=q.01 for elites and,g0.04

for non-elites (Figure 11). The present pattern follows a normal mortality rate in human populations.
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Figure 11 Probability of dying.Jaf elite and norelite individuals.

At all ages in the adult sample, netite individuals exhibited either a higher probability of dying or
the same as elite individuals. The most pronounced divergence between the two groups was found
at 42-49 years with g 0.41 for elites and,=0.51 for norelites, suggesting that nealite

individuals were 10% more likely to die between 42 and 49 years.

Like life expectancy, also the probability of dying at different ages frofiOl\fears onwards was
calculated for both sexes (Figure 12¢males generally displayed a higher probability of dying for
the 1519 (12% for females versus 5% for males)2@@ 2% for females versus 6% for males)32a7
(19% for females versus 17% for males) and35age categories (38% for females versus 36% for
males), whereas males had higher chances of dying in tH9429% for males versus 40% for
females) and 567 agecategories (63% for males versus 44% for femafgs)5-19 years, nn-elite
females exhibited the highest probability of dying (21%), followed byeatibe males (6%) and both
elite sexes (5% respectively). The higher probabilities of dying feeliterfemales prevailed for the
20-26 age category (14%) as well as thed35and 4249 age categories (43% and 62%). Only at 27
34 years of age, elite females displayed a slightly higher chance of dying thatitedemales (19%
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versus 18%). Yet, especidigtween 3557 years, elite females exhibited the lowest probabilities of
dying (i.e., 35%, 28%, 38%). With 68%, elite males featured the highest probability of dyifgyat 50

years.
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Figure 12 Probability of dying for elite and relite males and females

6.2.2. Non-metric traits

Non-metric traits were found in 108 out of 226 (47.8%) individuals, whereby the highest frequencies
were recorded in the cranial bones (n=55), tibia (n=47) and femur (n=42, Appendix 10 and 15). As
shown in Table 18 for the cranium, batlite and nonrelite individuals featured parietal forama

most frequently, i.e., 12.8% and 14%. Due to the relatively low prevalence of inherited cranial traits,

a detailed kinship analysis was not performed.

Non-metric trait 9f A4S |[NonSt AGS
Metopic suture 6 (4.5) 6 (6.5)
Coronal ossicles 2 (1.5) 2(2.2)
Squameparietal ossicles 1(0.8) 0 (0)
Parietal notch bone 3(2.3) 2(2.2)
Parietal foramen 17 (12.8) 13 (14)
Lambdoid ossicles 9 (6.8) 9 (9.7)
Inca bone 0 (0) 3(3.2)
Apical bone 4 (3) 2(2.2)
Maxillary torus 12 (9) 5(5.4)
Dental nonmetric traits 8 (6) 4(4.3)

Table 18 Crude frequency of inherited cranial moetric traits at Sabef 6 A 2y | ® daf y I ydzYo
individuals featuring nometric traits, %= percentage of N, N= total number of eliteadite
individuals.
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Acquired or activityrelated nonmetric traitsweS Y2 adGf & NBO2NRSR Ay GKS FSY
(16.5%), and tibia, i.e., lateral squatting facets (16.5%), for elite individuals (Table 19, Figure 13).

99Sy (K2dzZa3K G(KS LINBZIfSyO0S 27 t-gliteNdnfaN®IBW T OSGa ¢
this difference was not statistically significaie£ 0.891, df= 1, p= 0.345).

Non-metric trait 9f AGS [NonSt AGS
ScapulaBipartite acromion 3(2.3) 1(1.2)
Humerus Septal aperture 4 (3) 3(3.2)
Os coxaePreauricular sulcug  11(8.3) 8 (8.6)
Femurt 2 A NA SNDa 22 (16.5) 20 (21.5)
Tibia lateral squatting facets| 22 (16.5) 13 (14)
Tibia medial squatting facety 19 (14.3 9(9.7)
Other nonmetric traits 11 (8.3) 10 (10.8)

Table 19 Crude frequency of acquired postcrania-mmtric traits at Sabed 60 A2y | & W y T vy d2)
of individuals featuring nometric traits, %= percentage of N, N= total number of elite/sdite
individuals.

g B |
CA3IdzNBE mo ! 0 tright
from SK52

oD BK230 B) Kateralzglatting<f&et on the right tibia

6.2.3. Osteometry

6.2.3.1. Stature
Eightyeight individuals (38.9%) featured long bones suitable for stature calculation (Appendix 9), 62

of these were males, 22 were females (Table 20)fandwere not determinable. Males (1@tmz+
3.5cm) were on average taller than females §8&m=* 36¢cm), which is consistent with the global
data, i.e., males are typically up to 10cm taller than fem@Bzsson, 2022; Deheeger et al., 2002;

Hermanussen, 2013)
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Sex Pearson Trotter and Gleser Mean
1899 1952 1977 stature
Females 155+31 156.4+3.7 | 159.243.9| 156.8+36
Males 166.6+31 | 166.7+40 | 1703+34 | 1678+35
Mean stature | 1608+3.1 | 161.6+3.9 | 164.6+36 | 1623+36

Table 20 Stature estimates of the whole samplémeasurements are in centimetres.

When splitting the population into an elite and netite group, the former was represented by 52
individuals and the latter by 36 individuals. Overall body height was greater in the elite sample than
the nonelite group, ie., 1626cmt 3.4cm versus 16@cm=3.4cm, at a norstatistical level (Table 21

and Table 22t= 1.212, df= 85, p= 0.229). The sex related differences in body height as registered
when analysing the whole populatiorene also observed in the subsamples.relé was noted that

elite females and males were on average about 2cm taller than theietfitncounterparts.

Sex Pearson Trotter and Gleser Mean
1899 1952 1977 stature
Females 1547+31 | 155.743.4 | 1581+3.7 | 1562+34
Males 168.1+30 | 1678+3.9 | 1713+33 | 169.1+34
Mean stature | 161.4+31 | 161.8+4.1 | 1647+35 | 1626134

Table 21 Stature estimates of elite individual measurements are in centimetres.

Sex Pearson Trotter and Gleser Mean
1899 1952 1977 stature
Females 153.6+31 | 154.443.4 | 156.6+3.7 | 154.843.4
Males 166.2+30 | 165.743.9 | 1689+33 | 166.9+34
Mean stature | 159.9+3.1 | 1600+3.7 | 1628+3.5| 1609+34

Table 22 Stature estimates of nefite individuals all measurements are in centimetres.

6.2.3.2. Body weight, body mass index (BMI) aisdeous frame index (OFI)

Body weight and the BMI could be estimated from 40 males and 13 females of the total sample.
Based on these, average adult body weight could be estimated to be 64.5kg and with a BMI of 24.8.
Elite individuals featured a slightlgrger body weight and BMI than naatite individuals, i.e., 65.6kg
versus 65kg and 25.1 versus 24.9 (Table 23). Looking at the total sample, mean female bodyweight
was 59.1kg yielding BMI of 24.8, and a mean male bodyweight was 69.9kg, which resulBMlIin a

of 24.9. The observed seglated differences are congruent with the commonly accepted notion,

that on averagemales tend to be larger and heavier than females. Elite females exhibited a higher
body weight (60.5kg) and BMI (25.2) than their vedite counterparts (59kg and 24.5). With a body
weight of 709kg versus 71kg and a BMI of 25.1 versus 25.3, the opposite was true for elite and non
elite males. Yet, due to the low differences between the two subsamples this distinction does not

appear to be meaingful.
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Body weight in kg BMI OFI

Elite | Nonelite | Elite | Non-elite | Elite | Non-elite
Females | 60.5 59.0 25.2 24.5 36.7 36.8
Males 70.9 71.0 25.1 25.3 37.8 38.0
Mean 65.6 65.0 25.1 24.9 37.2 37.4
Table 23 Body weight, body mass and osseous frame index of elite araliteoindividuals.

Sex

The OFI could be calculated from 27 individuals yielding an OFI of 37.2. When separating these into
elite and norelite individuals, the OFI of the former is identical to the average of the whole
population, most likely due to the higher number of elitdividuals (n=20 versus n=7), whereas the
OFI of norelites was slightly higher (37.4).

The mean OFI for the total number of males (n=23) and females (n=4) was lower for females (36.7)
than for males (37.8). As the distribution of muscle versus fat m&s®ign to differ among the

sexes and larger body frame indices are commonly associated with males, the preseartedata
consistent with the anthropological consensus. Both-edite females (36.8) and males (38)

exhibited slightly larger OFI values thaiteefemales (36.7) and males (37.8).

In order to gain more information about body size, handedness and mobility, the following indices
were estimated for individuals featuring data for both the left and right side of the total sample as
well as elite and on-elite subsamples: robusticity indices of the humerus (N=15, n=11, n=4), femur
(N=28, n=20, n=8) and tibia (N=20, n=17, n=3), and the platymeric index of the femur (N=49, n=30,
n=19) and platycnemic index of the tibia (N=42, n=27, n=15). As the nanmestjggbusticity

indices provide information on the skeletal exposure to stress, i.e., activity, that causes bone to
adapt in a certain way. Hence, the higher a robusticity score, the more stress was applied. This is an
important aspect to consider, espady in relation to handedness. All individuals featured a higher
robusticity score for their right side (21.3) as opposed to the left (20.9), whereby this pattern was
also consistent over both subsamples (21.3 versus 20.8 and 21.3 versus 21.2) (Tktatigdgally
significant differences between elite and nelite individuals were not found (right humerts

0.009, df= 23, p= 0.993; left humerus 0.25, df= 19, p=0.805).

Hum- 9f AUS M NonStAGS|¢20GFF &l Y
Robusticity R L R L R L
Males 21.4 20.8 21.3 21.2 21.35 21
Females 21.1 20.8 - - 21.1 20.8
ND - - - - - -
Mean 21.3 20.8 21.3 21.2 21.3 20.9

Table 24 Humerus robusticity scores in relation to sex of the total sample and both subsamples,
whereby the mean scores weoalculated based on the data of the whole elite, redite, and total
samplet 0 y 0 I' of jAdiziddal BMailable for humerus robusticity index estimations.
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Data for both sexes &re only available for the elite subsample. The right humerus was more tobus

in elite males and noglite males than elite females.

Femoral robusticity was also assessed, displaying equal levels of robusticity in the total sample (12.6
and 12.6), yet in the noalite individuals the left side (12.7) appeared to be slightly molaist

than the right side (12.6, Table 25). However, these variations ot+e@.837, df= 36, p= 0.738) and

right (=0.228, df=37, p= 0.821) femoral robusticity between elite andeiia individuals was not

statistically significant.

Femur 9f A0S M NonStAGS|¢2GFt &l Y
Robusticity R L R L R L
Males 12.6 12.6 12.8 12.6 12.7 12.6
Females 12.2 12.1 12.4 12.7 12.3 12.4
ND - - - - - -
Mean 12.5 12.5 12.6 12.7 12.6 12.6

Table 25 Femur robusticity scores in relation to sex ot sample and both subsamples,
whereby the mean scores were calculated based on the data of the whole elitelt@rand total
sampleM O y 0 T ofjAdiziddal BMailable for femur robusticity index estimations.

Regardless of subsample, males alsvaxhibited higher femoral robusticity scores than females.
Nontelite individuals appeared to be more robust than elite individuals. In elite males, no difference
between left and right was observed. Netite males on the other hand featured a higher scor

their right femora. Differences in laterality were also observed in females of both subsamples,
whereby the right femur was more robust in elite females (12.2 versus 12.1) and the left femur had a

higher robusticity score in nealite females (12.7 wsus 12.4).

Tibial robusticity (Table 26) was found to be more elevated in the right side (20.8) than the left
(20.3). In both elite and nealite individuals, the right tibia (20.8 and 20.6) was more robust than
the left (20.6 and 20.1). However, the tilki of elite individuals appeared to be slightly more robust
than those of norelite individuals. The differences in tibial robusticity between the two subsamples
were not found to be statistically significant (right tibfa-1.083, df=28, p=0.288; lefittia- t=

0.718, df=33, p=0.478).

Tibia 9f A0S M NonStAGS|¢2GFt &l Y
Robusticity R L R L R L
Males 21.3 20.7 20.6 20.1 20.95 206
Females 20 19.6 - - 20 19.6
ND - - - - - -
Mean 20.8 20.3 20.6 20.1 20.8 20.3

Table 26 Tibiaobusticity scores in relation to sex of the total sample and both subsamples, whereby
the mean scores were calculated based on the data of the whole eliteglitenand total samplét
(n)= numberof individuals available for tibia robusticity indegtimations.
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Similar as for the humerus robusticity index, also for the tibia only in the elite subsample both sexes
were represented. Elite males had the highest robusticity scores followed bglitermales and

elite females had the lowest scores. Ratiass of sex, the right tibiae were always more robust than
the left.

To gain information about mobility, both the platymeric index of the femur (Table 27) and
platycnemic index of the tibia were estimated (Table 28). Looking at the total sample, faglhe r
femur a larger platymeric index could be calculated (89.5 versus 88.5). Such a laterality difference
was only observed for the neglite subsample (82.2 versus 81.4) but not for elite individuals (89.6
for both sides). Even though elite individuals\grally displayed higher platymeric scores than-non
elite individuals, these data were not statistically significant (right feiwx0.125, df=61, p=0.901;

left femur-1=0.622, df=56, p=0.536).

Femur 9f A4S M NonSfAGS | Totald | YLIX S
Platymeric R L R L R L
Males 89.3 89.3 914 88.5 90.1 88.9
Females 90.5 90.6 86.5 82.2 89.3 88.1
ND - - 68.8 73.5 68.8 73.5
Mean 89.6 89.6 82.2 814 89.5 88.5

Table 27 Femur platymeric scores in relation to sex of the total sample andgblosamples,
whereby the mean scores were calculated based on the data of the whole eliteslmerand total
samplet 0 y 0 I' of jAdiziddal BMailable for femur platymeric index estimations.

When assessing the total sample, males tended to have hibhe statistically insignificant,
platymeric scores than females (right femtr 0.553, df=60, p=0.582; left femur-0.966, df=55,
p=0.338). Yet in the elite subsample, the platymeric indices were higher for females than males. For

non-elite individuals, the platymeric index was higher in males.

In the total sample a greater platycnemic index of the tibia was recorded for right tibiae (74.8 versus
74.5, Table 28). An analogous pattern was found for elite individuals, however, in thaitgon
subsample (74.5 versus 73.7) a higher platycnemic score was registered for the left tibiae (80.6
versus 79.6). Overall, naglite individuals had higher platycnemic scores than elite individuals, yet
these variations were not statistically significant litigibia- t= 0.697, df=55, p=0.489; left tibit=

1.074, df=55, p=0.288).
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Tibia 9f A0S M NonSf A0S ¢c2a01t aly
Platycnemic R L R L R L
Males 74.2 74.4 73.1 73.9 73.65 74.15
Females 75.1 72.1 79.6 79 76.3 74
ND - - 86.2 89 86.2 89
Mean 74.5 73.7 79.6 80.6 74.8 74.5

Table 28 Tibia platycnemic scores in relation to sex of the total sample and both subsamples,
whereby the mean scores were calculated based on the data of the whole elitelt@rand total
samplet 6 Yy 0 T of jrdiziddal BMailable for tibia platycnemic index estimations.

The data of the total sample suggested higher, but statistically insignificant, platycnemic scores for
females than males (right tibiad= 0.585, df=53, p=0a4; left tibia t=-0.107, df=54, p=0.915), this

was also found in the neelite sample (79.3 versus 73.5). In the elite sample, the right platycnemic
index was greater in females (75.1 versus 74.2), yet the left platycnemic index was larger in males
(74.4 versus 72.1).

6.3.

Signs of abnormal skeletal and dental alterations were found on 80.5% (n=182) of the studied

Palaeopathological profile

individuals. The observed disorders affected mainly the skeleton (n=163) but also masticatory
apparatus and dentitin (n=117). Fortyhree percent of the studied sample exhibited both skeletal
and dental disorders (n=98). Both elite (71% and 53%) anekli@n(74% and 51%) individuals

featured similarly high prevalence rates of skeletal and dental disorders.

6.3.1. Dental amormalities

To establish the frequency of dental and alveolar conditions, a total number of 1785 teeth and 2652
alveoli of 134 individuals were assessed for the present study (Appendix 10). The crude prevalence
of alterations affecting the masticatory apfdus was 87.3% (n=117, Figure 14, Appendix 10 and

16).
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Figure 14 Crude frequency of alterations affecting the masticatory apparatus.
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Dental wear (n=109), dental calculus (n=72), periodontitis (n=71), dental caries (n=62) and

antemortem tooth losgn=60) were most prevalent, whereby apical lesions (n=38) and linear enamel

hypoplasia (n=8) were less common (Figure 15).

Figure 15 Superior view of the mandible from SK48, featuring pronounced dental wear (white
arrow), destructive caries (red arrowhd occlusal dental calculus (black arrow), which indicates a
prolonged absence of the maxillary antagonist.

When splitting the sample into an elite and nelite group, 85.5% of the elite (71 out of 83) and
90.4% of the noselite (47 out of 52) featureddentalalterations The observed frequencies were not
statistically significant¢=1.457, df=2, p=0.483). In termslesionprevalence orderboth

subsamples follow the already outlined pattern, i.e., mostly dental wear, dental caletdus
however, o a whole non-elite individuals exhibited thesaterationsmuch more frequently than
those classed as elite individuals (Table 29). A statistically significant relationship between social

status, i.e., elite/ norelite, was only found for dental carie¥€10.864, df=2, p=0.012).

Type of disease 9f AGS 1NonSft A (S| Statistical significance
Dental wear 65 (81.9) 44 (84.6) X2=1.698, df=2, p=0.428
Dental calculus 41 (49.4) 31 (59.6) X?=1.617, df=2, p=0.446
Periodontitis 40 (48.2) 31(59.6) Xe=1.075, df=2, p=0.584
Antemortem tooth loss 33(39.8) 27 (51.9) X2=0.642, df=2, p=0.725
Apical lesions 20(24.1) 20 (38.5) X?=3.661, df=3, p=0.300
Dental caries 29 (34.9) 33 (63.5) X?=8.919, df=2, p=0.012
Linear enamel hypoplasia 8(9.9 8 (15.4) -

Table 29 Crude frequency alterationsaffecting the masticatory apparatus of elite (N=83) and-non
elite individuals (N=52). For LEHX4dest was performed due to the low sample size.
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The dental alteration frequency of the two ethnic groups as differentiated in the publication by
Bierbrauer and Nothdurfter (2015) showed that autochthonous, i.e., Romans (48.5%), and
allochthonous, i.e., Longobards or Bavarians (55.5%), featured sirhilginlyates. Following the

already mentioned rationale of splitting the population into an elite and-abte subsample, all

more detailed palaeopathological analyses concerning dental disorders will focus on the respective

subsample and not on the ethnilifferentiation solely based on grave goods.

6.3.1.1.

Dental wear

For the total sample, dental wear was found to be more prevalent (crude) in males (97.1%) than

females (80%)n the elite group, dental wear (Figure 15) was observed in 65 individuals of which

ten lacked a sex and/or age estimate (Appendix 16). The crude prevalence of dental wear was higher

in males 97.%%) than in females (83.3%) and subadults (43.5%, Table 30).

Adult Subadults Females Males ND

age n N % n N % n N % n N %
Adult-ND 1 1 100.0 | 1 2 50.0 |3 4 75.0
Adult 6 6 100.0 |14 14 100.0 |2 3 66.7
Mature 2 3 66.7 |24 24 1000 |0 1 0.0
Senile 1 2 50.0 | O 0 00 |0 0 0.0
Total 10 23 435| 10 12 83.3 [39 40 975 |5 8 62.5
¢F-o6fS on / NHzZRS LINBGIFf SyOS NIGSa 2F RSyGl ¢

S NJ A

number of individuals featuring dental wear, %=percentage of N, N= total number of elite individuals
available for analysis

Individuals that died between 280 years of age exhibited the highest rates of dental wear (95.7%),

followed by the mature (92.9%nd senile (50%) age categori€®rdental wear severity, most

individuals featured medium or low levels of dental wear, whereby premolars and molars displayed

more commonly medium or high wear as opposed to incisors and canines. This pattern is congruent

with the eruption times of the respective teeth, i.e., those that erupt earlier feature a longer

exposure to extrinsic factors, thus are expected to display more alterations than those erupting later

(Hillson, 1996; Kaifu et al., 2003)

Forty-four individuals of the nolite sample featured signs of dental wear, whereby aestinate

was possible for 35 individuals. Similar as for the elite group, males (93%) featured dental wear more

commonly than females (78%) or subadults (69%, Table 31).
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Adult Subadults Females Males ND
age n N % n N % n N % n N %
Adult-ND 0 0 0.0 0 0 00| O 0 0.0
Adult 3 3 100.0/ 10 11 909| 3 3 100.0
Mature 4 6 677 14 15 933| O 0 0.0
Senile 0 0 0.0 1 1 100.0f O 0 0.0
Total 9 13 69.2| 7 9 778| 25 27 926| 3 3 100.0

Table 31 Crude prevalence rates of dental wear in relation to sex and age-8fhoniS Ay RA @A Rdz
n= numberof individuals featuring dental wear, %=percentage of N, Nal ttumber of norelite
individualsavailable for analysis

In terms of dental wear in relation to age at death, the data for-ebte individuals is slightly

differently distributedthan that of the elite group, with senile individuals featuring the t@gh

prevalence (100%), followed by adults (94%) and mature individuals (86%). As with most alterations,

the frequency of dental wear is expected to increase with advancing age, yet for the present sample,
individuals who died earlier, i.e., adults had ldghates of dental wear than mature individuals. The

severity of dental wear was mainly found to be medium or low, with premolars and molars

displaying medium or high alterations more frequently.
6.3.1.2.  Dental calculus

In the total sample, males featured a higher crude prevalence of dental calculus than females
(79.4%, males; 55%, femalesprty-one elite individuals displayed signs of calcified plaque deposits

on their dentition (Figure 16, Appendix 16).

Figure 16 Aterior view of the mandible from SK48, displaying dental calculus (black arrow) on
incisors and canines as well as periodontitis (white arrow).
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Out of thesethree individuals lacked a sex or age estimate. For the remaining subsample, dental
calculus wasnost frequently observed in males (77.5%), whereby females (58.3%) and subadults

(13%) appeared to be less often affected (Table 32).

Adult Subadults Females Males ND

age n N % | n N % n N % |n N %
Adult-ND 1 1 100.0 0 2 00 |0 4 0.0
Adult 4 6 66.7 11 14 786 |0 3 0.0
Mature 1 3 33.3 20 24 833 |0 1 0.0
Senile 1 2 50.0 0 0 00 |O O 0.0
Total 3 23 13 |7 12 58.3 31 40 775 |0 8 0.0

¢FrofS oH [/ NHzZRS LINBGIfSyO0S 2F RSydGlf OFf Odz dza Ay
numberof individuals with dental calculus, %=percentage of N, N= total number of elite individuals
available for analysis

Mature malespresented the highest dental calculus frequency (83.3%), followed by adult males
(78.6%) and, adult females (66.7%). For the elite sample, the overall frequency of dental calculus
appeared to vary among the age groups, yet, mature (75%) and ad#¢4phdividuals were more
often affected than senile individuals (50%). Most individuals featured low or medium levels of
dental calculus covering less than half of the tooth. Medium dental calculus levels were mainly
registered in premolars and molars. Highdes of dental calculus were mostly recorded for

mandibular incisors and canines, i.e., in close proximity to salivary ¢lBagdses, 2006)

Thirty-one nonelite individuals had dental &aulus, only B of these featured a sex estimate. Males

(77.8%) were almost twice as often affected than females (44.4%) or subadults (38.5%, Table 33).

Adult Subadults Females Males ND
age n N % |(n N % n N % n N %
AdultND 0 0O 00% O O 00% 0 0 0.0%
Adult 2 3 66.7% 8 11 727%|1 3 33.3%
Mature 2 6 333% 13 15 86.7%/0 0 0.0%
Senile 0 0O 00% O 1 00% 0 0 0.0%
Total 5 13 385%|4 9 44.4%|21 27 77.8%|1 3 33.3%

Table 33 Crude prevalence of dental calculus in relation to sex and age-8flndni S A Y RA @A Rdzl f
numberof individuals with dental calculus, %=percentage of N, N= total number céliten
individualsavailable for analysis

In the nonelite sample, mature individuals exhibited the highest prevalence of dental calculus
(71.4%), especially males (86.7%), foldvby adults (64.7%). However, in the female sample adults
(66.7%Y¥eatured dental calculus more frequently than mature femd[&3.3%) No data was

available for senile individuals. Dental calculus was mainly found at lower or medium frequencies in
the non-elite sample. Premolars and molars displayed mostly medium levels of dental calculus. High

levels of dental calculus were most prevalent in mandibular incisors and canines.
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6.3.1.3.

Periodontal disease was found at a prevalence of 53% inotiaégample (Appendix 16)vhereby

Periodontal disease

Daniela Tumler, 2023

males (75%) displayed such alterations more commonly than females. (66fty) individuals of the

elite subsample exhibited periodontitis (Figure 17), which was substantially higher in males (75%)

than females (66.7%) araibadults (9%, Table 34).

Adult Subadults Females Males ND
age n N % |n N % n N % |(n N %
Adult-ND 1 1 1000 | O 2 00 |0 4 00
Adult 4 6 66.7 (12 14 857 |0 3 0.0
Mature 2 3 66.7 |18 24 750 (0 1 0.0
Senile 1 2 50.0 | O 0 00 |O O 0.0
Total 2 23 9 |8 12 66.7 (30 40 75.0|(0 8 0.0
¢Fo6fS on / NUzZRS LINBGIfSyOS 2F LISNA2R2Yy(GAGAA

numberof individuals with periodontal disese, %=percentage of N, N= total number of elite
individualsavailable for analysis

Ay NE

Even though one individual could not be aged, more than half of the assessed mature (71.4%) and

adult individuals (6%%) featured periodontal disease. With 85.7%, adwdten had highest

periodontitis frequency, which was followed by mature males with 75% (Figure 17). In fethales
periostitis prevalence pattern was somewhat similar, with more than half of the assessed adult
(66.7%), mature (66.7%) and senile female84b6xhibiting alveolar alterations. The elite sample

displayed alveolar resorption exceeding 4mm more often than lower levels of periodontitis.

Premolars and molars were most often and most severely affected.

- KN
Figure 17 Anterior view of the mandible frddK210, displaying dental calculus (black arrow)
deposits and periodontal disease (white arrow).
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Even though statistically insignificant, with a prevalence of 60%sgtitmindividuals featured a
substantially higher rate of periodontitis. In terms of skstribution, similar as for elites, males
(74.1%) were more commonly affected than females (66.7%) or subadults (38%). Yet, the prevalence

rates for each sex and subadulterg much higher than that of the elite sample (Table 35).

Adult Subadults Famales Males ND

age n N % n N % n N % |n N %
Adult-ND 0O O 00| O 0 00]0 0 0.0
Adult 2 3 66.7] 9 11 81.8|0 3 0.0
Mature 4 6 66.7|11 15 73.3|0 0 0.0
Senile 0 O 0.0 1 00|0 0 0.0
Total 5 13 38| 6 9 66.7/20 27 74.1|0 3 0.0

Table 35 Crude prevalence of periodontitis in relation to sex and age of th€ioA 4 S al YL S X
numberof individuals with periodontal disease, %=percentage of N, N= total number eéliten
individualsavailable for analysis

The periodontal distribution in relation to overall age showed that the highest frequencies of
periodontitis were observed in matuiadividuals (71.4%) followed by adults (64.7%). No data was
available for senile individuals. When looking at the periodontal distribution in relation to sex and
age, adult males clearly feature the highest prevalence rate of periodontitis (81.8%), lywe

mature males (73.3%) and adult and mature females (66.7%), respectively. In terms of periodontitis
severity, an analogous pattern to elite individuals was obsenvegmostly featuring severe levels

of alveolar absorptiomndmainly affecting premiars and molars.

6.3.1.4. Antemortem tooth loss

With 44.8% of individuals featuring antemortem tooth loss (AMTL) this alveolar condition was less
common than dental wear, calculiend periodontal disease (Appendix 10). However, out of the
assessed alveoli (N=2652p.4% (n=328) exhibited AMTL (Figure E8j.the total sample, females
displayed higher crude (75%) and true (26.7%) prevalence rates of AMTL than males (58.8%, crude;
13.9%, true).
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Figure 18 Superior view of the mandible from SK73, featuring antemotdoth loss (black arrow),
and two carious lesions (white arrows).

In the elite subsample39.8% individuals exhibited AMTBIn 11.2% of their dentitionwhich is lower
than what was recorded for the neglite sample, with a crude prevalencexf.%0anda true
prevalence 020.1% The difference in the prevalence of AMTL between elite andatiba

individuals was not found to be statistically significant.

For the elite group, the highest prevalence of AMTL was registered in females, both their crude
(66.7%) and true prevalence rates (22.2%) were significantly higher than those of males (57.5% and
12.1%X%= 71.714, df=2»< 0.001, Table 36).

Age Subadults & ND Females Males
TPR CPR TPR CPR TPR CPR

n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%)
Subadults | 1/329(0.3) 1/23(4.3) - - - -
Adult-ND 0/14 (0) 0/4 (0) 5/16 (31.3) 1/1 (100) 1/12 (8.3) 1/2 (50)
Adult 0/42 (0) 0/3 (0) 6/137 (4.4) 3/6 (50) 29/374 (7.8) 8/14 (57.1)
Mature 1/3(33.3) 1/1(100) | 15/80(18.8) 2/3(66.7) | 79/512(15.4) 14/24(58.3)
Senile - - 40/64 (62.5) 2/2 (100) - -
Total 2/388 (1) 2/31(6) 66/297 (22.2) 8/12(66.7) | 109/898 (12.1) 23/40 (57.5)

¢l oftS oc tNBGFHESYyOS NIXidSa 2F lac¢[ Ay GKS StAGS 3
prevalence rate n= numbeaf teeth/elite individuals featuring AMTL, %=percentage of N, N= total
number of teeth/ elite individualassessable

The frequency of AMTL increased gradually with advancing age in the elite sample, whereby senile

individuals exhibited both the highest true (62.5%) and crude prevalence rate (100%), and subadults
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featured the lowest, i.e., 0.3% and 4.3%. In the femaleptanthe highest true prevalence rates
were registered for senile (62.5%, Figure 19) and mature females (18.8%). Noedatavailable for

male individuals over 60 years of age; thus, mature males (15.4%) exhibited the highest incidence on

a true prevalene level.

Flge 19 Infir view the nts maxilla o 18.
Also in the norelite subsample, AMTL appeared more commonly in females (87.5%) than males
(60.7%) or subadults (15%, Table 37). With a true prevalence rate of,38nié&tes were décted
significantly more than males (16.6%5 33.431, df=2p< 0.001).

Not determined Females Males
TPR CPR TPR CPR TPR CPR
Age n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%)

Subadults | 10/339 (3) 2/13 (15) - - - -
Adult-ND - - - - - -
Adult 1/53 (1.9) 1/3 (33.3) 1/20 (5) 1/2 (50) 5/233 (2.1) 4/12 (33.3)
Mature - - 42/91(46.2)  6/6(100) | 94/344(27.3)  12/15(80)
Senile - - - - 2/30(6.7) 1/1(100)
Total 11/392 (2.8) 3/16(18.8) | 43/111(38.7) 7/8(87.5) | 101/607 (16.6) 17/28 (60.7)

Table 37 Prevalence rates of antemortem tooth loss inthe®dnA 1S &adz al YL S M
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prevalence rate, CPR= crude prevalence rate n= nuwildeeth/ non-elite individuals featring
AMTL, %=percentage of N, N= total number of teethAedite individuals asseable.

Like in the elite sample, also for nefite individuals the frequency of AMTL increased with

advancing age, although mature individuals (31.3%) featured a higheptayvalence rate than

adults (2.3%) or senile individuals (6.7%). As females lack data for individuals over 60 years of age,
the highest observable crude (100%) and true prevalence (46.2%) was recorded for mature females.
In the male sample, senile indiials featured the highest crude prevalence rate (100%), yet, on a
dental leve]l mature males (27.3%) lost more teeth prior to death than senile (6.7%) or adult males
(2.1%).

6.3.1.5. Periapical lesions

Periapical lesions were fairly common in the pressarnple with a crude prevalence of 28.4%
(n=38) and a true prevalence of 4.3% (n=114, Appendix 10). iBatlite (24.1% crude; 3.9%, true
and nonelite individuals 8.%%,crude; 4.8%, trueFigure 20).

Figure 20 Left lateral view of the mandible fr&K208, exhibitilng three pefiabical Ié"s'iyo_n’s (qblléck
arrows).

Periapical lesions in the elite sample were mostly identified in males (40%), with females (25%) and
subadults (4.3%) less often affected (Table 38). Significantly more lesions were identifigé in
(6.1%) than in female (1.7%) maxillae/mandil{dés 28.892, df=2p< 0.001).
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Not determined Females Males
TPR CPR TPR CPR TPR CPR
Age n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%)
Subadults | 1/329(0.3) 1/23(4.3) - - - -
Adult-ND 0/14 (0) 0/4 (0) 1/16 (6.3)  1/1(100) 0/12 (0) 0/2 (0)
Adult 0/42 (0) 0/3(0) | 2/137(1.5) 1/6(16.7) | 19/374(5.1)  5/14 (35.7)
Mature 0/3 (0) 0/1 (0) 0/80 (0) 0/3 (0) 36/512 (7) 11/24 (45.8)
Senile - - 2/64(3.1)  1/2(50) -
Total 1/388(0.3) 1/31(3.2) | 5/297(1.7) 3/12(25) | 55/898 (6.1) 16/40 (40)
¢LofS oy tNBGIESYOS NIGSa 2F LISNALFLAOKE f

CPR= crude prevalence rate n= numisiteeth/elite individuals featurg periapical lesions,
%=percentage of N, N= total number of teeth/ elite individuals asdéass

Periapical lesions were found to be age progressive, with more cases identified in senile individuals

Ar2y

(50%), than mature (39.3%) or adult individuals (26.1%). True prevalence rates, however, indicate
that mature individuals (6.1%) exhibited higher ratearitadult (3.8%) or senile individuals (3.1%).

Senile females (50%) and mature (45.8%) and adult (35.7%) males featured the highest crude

prevalence rates. Most lesions were registered for mature males (7%), followed by adult males
(5.1%) and senile femalé3.1%).

In the nonelite sample, females (62.5%) outnumbered males (50%) and subadults (7.7%) in terms of

crude prevalence of periapical lesions (Table 39). Even though with 8.1% and 7.1% fairly similar,

females also had significantly more lesions thades@®= 17.162, df=2p< 0.001).

Not determined Females Males
TPR CPR TPR CPR TPR CPR
Age n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%)

Subadults | 1/339(0.3) 1/13(7.7) - - - -
Adult-ND - - - - - -
Adult 0/53 (0) 0/3 (0) 1/20 (5) 1/2 (50) 6/233 (2.6) 4/12 (33.3)
Mature - - 8/91 (8.8) 4/6 (66.7) 37/344(10.8) 10/15 (66.7)
Senile - - - - 0/30 (0) 0/1 (0)
Total 1/392(0.3) 1/16(6.3) | 9/111(8.1) 5/8(62.5) 43/607 (7.1) 14/28 (50)

Table 39 Prevalence rates of periapical lesions in theonA (i S

rate, CPR= crude prevalence rate n= nundf¢eeth/non-elite individuals featuring periapical
lesions, %=percentage of N total number of teeth/ norelite individuals asseable

ddzoal YLE S X

ct

In relation to age, both crude and true prevalence rates increased with advancing age. As no data

were available for senile individuals, most alterations were encountered for the mature category

regardless of sex. Mature males displayed periapical lesions more often than females at a true

prevalence rate (10.8% versus 8.8%).

92

wrl

a



Daniela Tumler, 2023

6.3.1.6. Dental caries

Even though 46.3% of the studied individuals featured carious lesions on their dentition, true caries
prevalerce rates were much lower with 145 out of 1785 (8.1%) teeth featuring such lesions
(Appendix 10)In the total sample, males featured both higher crude (64.7%) and true (11.9%) caries
prevalence rates than females (55%, crude; 8%, t@aly34.%% of the dite individuals featured

signs of caries, whereby the true prevalence rate wd%06 A much higher crude (63.5%) and true

(10.6%) caries prevalence was recorded for +adite individuals (Figure 21).

S R T T T 00 7 25N ks Trat g ¥ e
B g";fs I 3 oo - ) B 4 e _\'4_;1 5 ey -

Figure 21 Léft lateral view of the mandible fr@#101, displaying three carious lesions on the buccal
surfaces of the %, 2'¢ and 3¢ left molar (black arrows) as well as periodontitis (white arrow).

In the elite sample, males appear to have been more prone to developing ca2ié%(érude
prevalenceand 9% true prevalence rates), than females (41.7% and 4%) or subadults (9% and 2%,
Table 40). Based on the &juare test the observed true caries prevalence in relation to sex was
not statistically significan®=5.399, df=2p=0.067).
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Not determined Females Males
TPR CPR TPR CPR TPR CPR
Age n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%)

Subadults 4/245 (2) 2/23 (9) - - - -
Adult-ND 0/14 (0) 0/4 (0) 2/7 (28.6) 1/1 (100) 0/10 (0) 0/2 (0)
Adult 3/42(7.1) 1/3(33.3) | 4/108(3.7)  3/6(50) 25/264 (9.5)  8/14(57.1)
Mature - 0/1 (0) 0/38 (0) 0/3(0) 31/348 (8.9) 13/24 (54.2)
Senile - - 1/24 (4.2) 1/2 (50) - -
Total 7/301(2.3) 3/31(9.7) | 7/177(4) 5/12(41.7) | 56/622(9)  21/40(52.5)

Table 40PredaSy O8 NI (84 2F RSydlt OFNASE Ay StAGS AYRA

crude prevalence rate n= numbef teeth/elite individuals featuring caries, %=percentage of N, N=
total number of teeth/ elite individuals assedse

A similar pattern vas observable for the crude prevalence rates of-atite individuals (Table 41),
with males (82.1%) displaying carious lesions more often than females (62.5%), yet, when examining

the number of teeth affected, females (22.4%) outnumber males (16@&84,174, df=2p=0.124).

Not determined Females Males
TPR CPR TPR CPR TPR CPR

Age n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) n/N (%)
Subadults | 4/266(2)  4/13(31) - - - -
Adult-ND - - - - - -
Adult 3/48 (6.3)  1/3(33.3) | 3/13(23.1) 2/2(100) | 25/172(145) 8/12 (66.7)
Mature - - 8/36 (22.2)  3/6(50) | 31/156(19.9) 14/15 (93.3)
Senile - - - - 1/19 (5.3) 1/1 (100)
Total 7/314(2.2) 5/16 (31.3) | 11/49(22.4) 5/8(62.5) | 57/347 (16.4) 23/28 (82.1)

Table 41 Prevalence rates of dental caries inScdn A S AYRAGARdzr f &b W ¢t wrl
crude prevalence rate n= numbef teeth/non-elite individuals featuring caries, %=percentage of N,
N= total number of teeth/ norelite individuals asseable.

In relation to age at death, elite individuals had higher frequencies as adults (52.2%) or senile
individuals (50%), with mature individuals displaying the lowest rate (46.4%)el@individuals
displayed a gradual increasecaries prevalence with advancing age, whereby individuals aged 60 or
more had the highest rates, i.e., 100% of senile individuals, mature individuals also had relatively
high rates (81%) and adults exhibited the lowest rates (64.7%). True carieepmvalas slightly
different. The elite subsample featured a true caries prevalence rate of 8% in aduit@bdn

mature teeth as opposed t4.2% in the senile dentition. Neelite individuals exhibited the highest

true caries prevalence rates in the maguage category (20.3%), with adults (13.3%) and senile

individuals (5.3%) featuring lower rates.

Already when assessing the whole sample, it was evident that molars (n=92), particularly the first
molar (n=40), was most commonly affected by carigss wa expected as it is the first permanent
tooth to erupt, thus is exposed to the environment for longer and has more time to develop caries

(Hillson, 1996)The same pattern was recorded for both elite and +adite individuals with a true
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caries prevalence of 68% (48 out of 70) and 59% (44 out of 75) in molars. In terms of caries severity,
most teeth either displayed superficial caries (40 out of 145) amapdete destruction of the tooth
through caries (41 out of 145), superficial lesions reaching the dentin and more severe lesions
forming a tooth canal were less common (32 out of 145 for both). Subadult individuals had either
superficial caries or a perfating carious lesion, i.e., tooth canal. Lesion quantity was the highest in
third molars, on average 1.47, followed by first (1.18) and second molars (1.15). In the elite
subsample carious lesions were most often encountered in first molars (22 out &WitB)25 out of

70 teeth featuring complete destruction due to caries and the other types of lesions spread out
across the sample, elite individuals appeared to have been exposed to severe caries load. They
featured most lesions in the second premolar 8).tbr second molar (1.12). Similar to elite

individuals, in the noslite subsample, molars, particularly the first and second molar were most
commonly affected by caries. Yet, fornf A 1S AYRAQGARdzZ f 3Q & dzLISNF A OA | €
most often recorded followed by lesions reaching the dentin (19 out of 75) and more severe lesions
forming a tooth canal and complete destruction of the tooth due to caries (16 out of 75,

respectively, Figure 22). Most lesions were registered in the first (1.4) ondewolar (1.2).

Figure 22 Right lateral view of the mandible from SK143, displaying a destructive carious lesion on
the third molar (black arrow).

6.3.1.7.  Linear enamel hypoplasia

Linear enamel hypoplasia (LEH) was only observed in 11.9% (16 out of 134)ssietbenhle
individuals and in 2.7% (48 out of 1785) of the analysed dentition (Appendix 10). Both the crude
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(9.6% for elites and.5.4% for nonrelites) and true prevalence rate of LEH (i.e., 2.2% for elites and

3.4% for norelites) was slightly higher in neglite individuals.

In the elite subsample, females were found to display substantially higher crude (33.3%) and true
prevalence rates (5.6%, Figure 23) than males (5% and 1.1%) and subadults (4.3% and 1.2%). The
recorded differences in true LEH prevalemates between the sexes were found to be statistically
significant ¥?= 21.777, df=4p< 0.001). The highest number of LEH lesions was found in adult
females (9.3%), whereby mature (1.4%) and adult males (0.8%) and subadults (1.2%) exhibited
substantialy lower frequencies. In terms of time of LEH development, most lesions were estimated
to have occurred between two and 2.8 years (12 lesions), nine LEH developed between three and
3.8 years and 7 lesions could be assigned to ages ranging from 1.5 ye&yéars and 4.2 years to

4.9 years, respectively.

Figure 23 Left antertateral view of the mandible from SK174, exhibiting several linear enamel
hypoplasigon the left mandibular canine (black arrow).

Non-elite individuals displayed a fairly simildEH frequency pattern, with the largest number of LEH
defects recorded in females (25%). Although also males (14.3%) and subadults (8%) featured
relatively similar frequencies. In terms of true prevalence rate, females (6.1%) outnumbered males
(2%) signifiantly ¢¢= 7.133, df=2p=0.028), whereby also subadults (4%) featured higher rates of

LEH in their dentition than males. In relation to age, adult dentition exhibited LEH most often (4.3%),
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especially adult males (8.3%), followed by mature individual€4}, for which females

demonstrated the highest true prevalence rates (8.3%). Most of the defects developed between
three to five years of age (34 LEH), ten hypoplasias could be estimated to have occurred between
two and 2.8 years. The earliest hypopladéveloped at 1.7 years and the latest at 5.6 years, one

lesion each.

6.3.2. Skeletal abnormalities

Seventytwo percent of the assessed individuals (n=163) featured osseous abnormalities linked to a
large variety of different pathological conditions (Figure 24). The highest crude prevalence rates
were found for joint disease (n=124, Appendix 17), metaldisorders (n=86, Appendix 18) and
infectious disease (n=71, Appendix 19). Trauma (n=37, Appendix 20) was more common than
congenital (n=17) or neoplastionditions(n=13 Appendix 21). Severdyve individuals featured

skeletal abnormalitieghat couldnot be classified in thabovementionedcategoriegsee Appendix

22).
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The prevalence of thielentified conditions was slightly lower in elite (71%) than redite individuals
(74%) although not at a significant leveX¥0.239, df=2, p=0.887). The distribution of the individual
disorders varied between the two subsamples. Mdite individuals featured higher rates of joint

(58% versus 55%), metabolic (43% versus 37%) and infedismases (34% versus 29%), whereas

elite individuals displayed signs of trauma (20% vs 11%), congenital (8% versus 6%) and neoplastic

conditions (8% versus 3%) more commonly.
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6.3.2.1. Joint alterations

Diseases affecting the joints included maiodgeoarthrosis (n=124), whereby the appendicular
a1StSt2y oyrmmaedd sFa Y2NB O2yYyvYz2yfteé [ FFSOGSR GKIy
registered in 55 individuals and 25 cases featured a defined erosive lesion on their joint surface that

was identifiedas osteochondrosis dissecans. From an ethnic/archaeological perspective the

individuals identified as Roman featured higher rates of osteoarthrosis (54.5% versus 44.4%),
ALI2YREf2F NIKNRAAA onpop: OSNEdzA HHOHhdsewity R { OKY?2
allochthonous grave goodall more detailed skeletal palaeopathological analyses will focus on

previously mentioned separation of the sample in elite and-atite, rather than based othe

ethnicdifferentiation using the recovered grave goobtimn-elite individuals displayed

osteoarthrosis in appendicular skeleton (54.8% versus 49.6%), spondyloarthrosis (39.8% versus
ocd®mM:>0 YR {OKY2NI Qa y2RSa O6Hcdh> OSNBRAZA HHDE:D
Osteochondrosis dissecans was fdun be more common in elite individuals (9.7% versus 12.0%).
Furthermore, there was one case of diffuse idiopathic skeletal hyperostosis (SK230) in#séeaon

group, and one case of possible gout (SK151A) in the elite subsample.

6.3.2.1.1. Osteoarthrosis

A total number of 178 out of 226 (78.8%) individuals, all above 13 years of age, were available to be
assessed for OA. Macroscopic signs for joint degeneration were found in 69.7% (n=124) of the
assessed individuals. OA was most prevalent in the hip (70.28tyddlby the knee (62.9%), ankle
(61.3%), wrist (57.3%) and elbow (50%), whereby the shoulder had the lowest rate (45.2%). Out of
the available elite sample (N=102), 64.7% (n=66) had osteoarthrosis and out of the available non
elite sample (N=76), 67.1% &1 featured osteoarthritic alterations on their appendicular jois.
performed Chisquare tesshowed that thedifference inprevalence of osteoarthrosis armktween

the two subsamplswas not statistically significan¥3=1.047, df=2, p=0.592).

In the elite group, more males (43 out of 51, 84.3%) than females (17 out of 22, 77.3%) and not
determinableindividuals (6 out of 29, 20.7%) featured signs of OA. Overall, osteoarthrosis increased
in frequency with advancing agee., 22.2% in juveniles (2 out of 8§)% in adultsZ0 out of 25),

84.6% in mature 33 out of 39) and100% in senile individual8 put of 3). This was also trughen

looking at the incidence rates of femal@£% juvenile/71.4% adult,87.3% mature, 10% senileyet

for males, OA was found in 33/@of juveniles, followed by 86.2% in mature, 934n adultand

100% senilandividuals In order to assess potential patterns of activity for either sex, the prevalence

of OA was also assessed at an anatontésal (Table 42).
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{ SEN Ly Fd2YAOLE §20F0GA2y X
Shoulder| Elbow Wrist Hip Knee Ankle
ND (29) - 3(10.3) | 3(10.3) 2(6.9) 1(3.4) 2(6.9)
Female (22) | 7(31.8) | 8(36.4) | 11(50.0)| 17 (77.3)| 14 (63.6)| 14 (64.6)
Male (51) 27 (52.9)| 30 (58.8)| 30(58.8) | 33(64.7)| 33(64.7)| 32(62.7)
Total (102) | 34 (33.3)| 41 (40.2) | 44 (43.1)| 52 (51.0) | 48 (47.1)| 48 (47.1)

Table 42 Crude frequency of osteoarthrosis in relation to sex and anatomical location in the elite
sample of Sabefi 6 A 2 Y | & Taf inglividuays aath DA, Md=percentage of N, N= total number
of elite individuals.

On a joint level, the highest frequency of OA was observed in the hip (51%, Figure 25), whereby
lower limb prevalence rates were generally larger than those of the upper lintbthe lowest

frequency of OA was recorded for the shoulder (33.3%). As lower limb joints experience more strain,
due to body weight loading, they display OA more commonly than upper limb joints. For most joints,
i.e., shoulder, elbow, wrist and knee, malh2.9%, 58.8%, 58.8% and 64.7%) were more often
affected than females (31.8%, 36.4%, 50% and 63.6%), however for the hip and the ankle joints,
females had higher frequencies (77.3% versus 64.7% a6ébversus 62.7%).

Figure 25 Right os cox&em SK118, dispiaying fhihﬁing of the acetabular rim (black arrow) as well
as localised porosities on the semilunar surface as a marker of cartilage degeneration (white arrow).
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Non-elite individuals displayed a similar pattern. With 83(8% out of 43)males had OA more
frequently than females (70.6%2 out of 17 or not determinable adults (18.8% out of 1. These
prevalence rates were very similar to those of the elite sample, yet elite females had higher OA
frequencies. Looking at overall OA distition in relation to age, a gradual increase in OA frequency
was observable for adults (63.6%# out of 23, mature (81.5%22 out of 2§ and senile individuals
(100% 1 out of J, except that the prevalence of OA in juveniles (55.5%ut of 9 exceeed that of
adults.Females displayed the highest OA rates as juveniles (75%) followed by mature (71.4%) and
adult (66.7%) individuals (no data were available for senile individuals). In the male s@iple
frequency increased more gradually from juven86.7%) to adult (78.6%), mature (88.9%) and

senile (100%AlIso, for norelite individuals the prevalence of OA was assessed in relation to sex and

anatomical location (Table 43).

{ SEn LYyl GdG2YAOLE 201 GA2Yy W
Shoulder| Elbow Wrist Hip Knee Ankle
ND (16) 1(6.3) 1 (6.3) 1 (6.3) 1(6.3) 1 (6.3) 1 (6.3)
Female (17)| 3 (17.6) | 4(235) | 4(235) | 6(35.3) | 3(17.6) | 5(39.4)
Male (43) 18 (41.9)| 16 (37.2)| 22 (51.2) | 28 (65.1)| 25(58.1)| 29 (67.4)
Total (76) 22 (28.9)| 21 (27.6)| 27 (35.5)| 35(46.1) | 29 (38.2)| 35 (46.1)

Table 43 Crude frequency of osteoarthrosis in relation to sex and anatomical location in the non
elite sample of Sébep | 6 A 2 y I @ Taf ingividuay eéith ®A, Bid=percentage of N, N= total
number of norelite individuals.

Non-elite individuals displayed the highest frequency of OA in the hip (46.1%, Figure 26) and ankle
joints (46.1%). These are followed by the knees (38.2%), wrists (38%haulder (28.9%),
whereby the elbow (27.6%) had the lowest prevalence of OA in this subsamplelitddomales

always featured higher frequencies than relite females, regardless of joint location.
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gure 26 A) Right acetabulum from SK134, exhibiting initial osteophyte formation on the acetabular
rim (black arrow), B) Right femur from SK134, featuring early degenerative modifications at the
femoral headneck border (red arrow), a strongly pronoundédfemoral ligament (white arrow)

andM. iliopsoadnsertion site (black arrow) is also visible.

To gain more thorough insights into potential activity patterns, also the severity of OA was assessed
in relation to sex, age, and anatomical location. Orrage, the examined elite individuals featured

mild to moderate OA scores (1.5). The enahd female (n=56) subsamples were assessed for
differences in lesion severity between sex and age. Both sexes had an average OA scdqfiemf 1.5
elites; 1.6, norelites). The severity of bone deterioration worsened with increasing &tjee

juveniles featured the lowest levels of OA (1.0), whereas mature individuals featured an
intermediate score (1.6) and adults and senile individuals (both 1.7) had substangaky hiean

scores. In relation to anatomical location, the hips (2.1) were most severely affected, followed by the
elbow (1.9), shoulder (1.8) and knee (1.6), whereby the wrist and ankle had the lowest scores (both
1.3). Elite males always had higher scdhes elite femaleg1.9 versus 1.6, shoulder; 1.9 versus 1.8,
elbow; 1.3 versus 1.2, wrist; 2.1 for both, hip; 1.7 versus 1.4, knee; 1.3 versus 1.2, Sekdgity
differences in laterality were observed for all joints apart from the wrist, wherebthimshoulder

(2.2 versus 1.8), elbow (1.9 versus 1.8, Figure 27) and hip (2.2 versus 2.1), the right side featured
more severe alterationgor the knee (1.8 versus 1.6) and ankle (1.6 versus 1.4) the left side was

more severely affected.
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1cm
Figure 27 A)@erior view of the right radius from SK121D, displaying eburnatibh on the articular
facet (black arrow), B) Right lateral view of the right radius from SK121D, exhibiting pronounced
osteophyte formation on the radial head (black arrow), also vidblbiceps brachifwhite arrow)
and interosseous membrane insertion site (red arrow).

With an average OA score of 1.6, the joints of4atite individuals appear to have been affected

more severely than those of elite individu#ls0.153, df=114p=0.878) In contrast, norelite

females (1.3) tended to have slightly lower OA scores than elite females (1.5), whereas the average

OA score of nowrlite males (1.6) was higher than that of elite males (1.5). Regardless of sex, OA

severity increased withdvancing ageSame as elite individuals, also the relite sample featured

the highest OA scores in the hips (2.0, Figure 26), followed by the elbow (1.9, Figure 28). Yet, wrists

(1.6) and shoulders (1.5) were more severely affected than knees (1.8klesd1.1). For all joints

apart from the wrists, i.e., 1.7 for females and 1.5 for males, males had higher scores than females.
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In terms of severity in relation to laterality, for all joints apart from the knee and ankle, both sides of

the body had iderital scores. For knee joints, the left side had a slightly higher score (1.9) than the

right (1.8) and for ankle joints, higher scores were registeredidbt ankles (1.5) thateft ankles
(1.4).

'zlfl.. |
i v‘l f, 17;!;" .;"l Iy ] i 7 ;; )
i L
Figure 28 Anterior view of the distal epiphysis of tsi humerus from SK149, exhibiting osteophyte

formation on the border of the articular surface (red arrow) as well as porosity on the trochlea (black
arrow); this individual also features a septal aperture (white arrow), which is anaric trait.

6.3.2.1.2. Spondy 2 NIIKNRaA& YR {OKY2NI Qa y2RSaA

Degenerative lesions on the vertebrae linked to osteoarthrosis were found in 47.7% (n=85) of the
assessed adult and juvenile sample (N=178). Fs@awen percent of the assessed elite individuals (48
out of 102) and 49% of éhnonelite individuals (37 out of 76) had spondyloarthro3&=(.273,

df=2, p=0.529).

For both elite (Table 44) and nealite individuals (Table 45), males were more often affected by

spondyloarthrosis than females. Elite and ralite males (64.7% arth.1%) had almost the same
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frequency of spondyloarthrosis, whereas relite females (52.9%) showed signs of osteoarthritic

changes more frequently than elite females (40.9%).

Females Males ND Total

Age n N % n N % n N % |n N %
Juvenile |0 2 00| 1 3 33.3|0 4 00] 1 9 111
AdultND |1 3 333 1 3 3334 20 20.0] 6 26 23.1
Adult 3 7 429 9 15 60.0{1 3 33.3/13 25 52.0
Mature 4 8 50.0|1 21 29 72411 2 50.0/26 39 66.7
Senile 1 2 50.0/ 1 1 100.0{0 O 0.0| 2 3 66.7
Total 9 22 409 |33 51 64.7|6 29 20.7|48 102 47.1

Table 44 Crude prgvalence rates of spondyloa}rthrosis in relation to sex and age of the elite
ddzo al YLX S o ofindiyidualsyedryfingpdhblyloarthrosis, %= percentage of N, N= total

number of elite individuals.

Females Males ND Total

Age n N % n N % n N % | n N %
Juvenile 1 4 25.0| 0 3 00| 0 2 00 1 9 111
AdultND | O 3 0.0 2 7 2860 7 00| 2 17 118
Adult 3 3 1000 8 14 5710 5 0.0/11 22 50.0
Mature 5 7 714117 18 944 0 2 0.0|22 27 815
Senile 0 O 00| 1 1 100.0/ 0 0 0.0] 1 1 100.0
Total 9 17 52928 43 651 0 16 0.0(37 76 487

Table 45 Crude prevalence rates of spondyloarthrosis in relation to sex and age of tai@&on
adzo al YLX S o ofindiyidUalsyednyfingSpahdyloarthrosis, ¥ercentage of N, N= total
number of norelite individuals.

The frequency of spondyloarthrosis increased with progressing age for both subsamples, with non
elite mature (81.5%) and senile individuals (100%) featuring the highest rates. This pattern was
consstent for both sexes of the elite sample and for relite males, yet notelite females exhibited

osteoarthrosis in their spine most frequently as adults (100%).

In terms of prevalence distribution within the spine, for both subsamplestibeacic section

featured most incidents of spondyloarthrosis, i.e., 41.2% of elites and 36.8% -@litem) followed

by the lumbar region (37.3% of elite and 32.9% of-gbie individuals, Table 48nd47). Possibly
linked to the slightly higher rates spondyloarthrosis in the lumbar region, elite individuals (28.4%)
featured such alterations more commonly on S1 than-eéte individuals (23.7%). In the cervical
vertebrae, spondyloarthrosis was more frequently registered in the-@lie sample (30.3%;igure

29a) than the elite sample (26.5%, Figure 29b).
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W 6b Py Frd2YAOLE €201 0
Cervical | Thoracic| Lumbar | Sacrum

Females (22) 6(27.3) | 8(36.4) | 7(31.8) | 6(27.3)

Males (51) 19 (37.3) | 31 (60.8)| 28 (54.9)| 23 (45.1)
ND (29) 2(6.9 | 3(10.3) | 3(10.3) 0 (0)

Total (102) 27 (26.5) | 42 (41.2)| 38 (37.3)| 29 (28.4)

Daniela Tumler, 2023

Table 46 Crude prevalence rate of spondyloarthrosis in relation to sex and location of elite

AYRA DA RdzZ f @fdndividualsfeatyfidgyspoBdpdarthrosis, %= percentage of N, N= total
number of elite individuals.

W 6b L'y Fd2YAOLE £ 20F

Cervical | Thoracic | Lumbar | Sacrum

Females (17) 3 (17.6) | 7(41.2) | 7(41.2) | 3(17.6)

Males (43) 20 (46.5) | 21 (48.8)| 18(41.9) | 15(34.9)
ND (16) 0 (0) 0 (0) 0 (0) 0 (0)

Total (76) 23 (30.3) | 28(36.8) | 25(32.9)| 18(23.7)

Table 47 Crude prevalence rate of spondyloarthrosis in relation to sex and location-elitaon

AYRA DA RdzZ f @fdndividualsfeatyfidgysgoBdpdarthrosis, %= percentage of N, N= total

number of nonrelite individuals.

Figure 290steophytic lipping (black and white arrows) A) Anterior view of C1 to C7 from SK86;

e

B) Anterior view of C1 to C7 from SK162.

Regardless of location on the spine, elite and+ette males had higher rates of

spondyloarthrosis than females. In the elinsple, the differences between the sexes were

more pronounced in the lumbar (31.8% for females and 54.9% for males) and thoracic region
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(36.4% for females and 60.8% for males), wherebyelita males and females almost displayed
identical or fairly similafrequencies at these locations, i.e., 41.9% and 41.2% for lumbar

vertebrae and 48.8% and 41.2% for thoracic vertebrae.

Also, the severity of spondyloarthrosis was assessed, whereby the elite group (2.0) displayed
slightly more severalterations on their vertebrae than the nealite group (1.89). This

difference between the subsamples was particularly evident when looking at the severity of
spondylarthrosis in relation to the sexes. Elite females had an average spondyloarthrosisf score
1.8 and elite males of 2.35, whereas the mean spondyloarthrosis score @lit®females was

1.7 and 1.78 for nowlite males. A gradual increase in severity with advancing age was recorded
for both subgroups. Only for elite males, mature individ2l8) featured a slightly higher score

than senile individuals (2).

The thoracic vertebrae exhibited the most severe alterations in both groups, i.e., average score
for each was 2.1 (Figure 30), followed by cervical vertebrae (2.35 for elites and 2ah4elites,
Figure 29) and lumbar vertebrae (1.95 for elites and 2 fore@ldas, Figure 31). With 1.8 for

elite individuals and 1.5 for neelite individuals, the sacrum had the lowest scores. For the most
part, males featured more severe lesions, yetha elite sample, elite females (2.5) had higher
scores than elite males (2.2) for the cervical spine. In thealibe sample, females (2.1)

displayed slightly more severe alterations in their thoracic vertebrae than their male (2)

counterparts and forlie lumbar spine, both sexes had identical scores (2).
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Figure 30 ) Left lateral view of T1 to T6 from SK185, exiii fusion of T4 and T5 (arrow); B)
Right lateral view of T7 to T11 from SK212, featuring pronounced osteophyte formation with
osteophytic bridging between T7 and T8 (arrow).

Figure 31 A) Right lateral view of L1 t0 6 erK185 (accessory lumbar vertebraeb), exhibiting
osteophytic bridging between L5 and L6; B) Anterior view of L1 to L5 from SK170A, featuring
osteophyte formation.
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¢KS G2G1rtf FTNBljdSyoe 2F {OKY2NIXIQa y2RSa Ay GKS I|F
{ OKY2NI Qa y2RSa ¢SNB NBO2 NRSlR indi@dddisoTheséBifere 1 S A Y RA ¢
not statistically significan®¢=1.405, df=2, p=0.495)

Males (43.6%)\ere generally more often affected than females (25.6%), the same pattern was

also found when separating the sample into elite (43.1% of males versus 18.2% of females, Table

48) and norelite individuals (44.2% of males and 35.3% of females, Table 4%here

differences between the sexes were less substantial in theatibm sample.

Females Males ND Total

Age n N % n N % |n N % | n N %
Juvenile |1 2 500 0 3 00/0 4 00| 1 9 111
AdultND |1 3 333 0 3 002 20 100, 3 26 115
Adult 0o 7 00 5 15 333|1 3 333 6 25 240
Mature 1 8 125116 29 5521 2 50.0|18 39 46.2
Senile 1 2 500 1 1 10000 O 0.0 2 3 66.7
Total 4 22 182122 51 4314 29 13830 102 294

¢Fo6fS ny / NUzZRS LINBGIFf SyOS NIGSa 2F {OKY2NI Qa y2F
ddzoal YLI SO ofS I Sy deWRIMIA Rdzk £ & FSFGdzNRYyH={ OKY2 NI Q.
total number of elite individuals.

Females Males ND Total

Age n N % n N % |n N % | n N %
Juvenile |0 4 00| 2 3 66.7|0 2 00| 2 9 222
Adul-ND |0 3 00| 2 7 286|0 7 00| 2 17 118
Adult 2 3 66.7| 5 14 3570 5 00| 7 22 318
Mature 4 7 57.1| 9 18 50.0(0 2 00|13 27 48.1
Senile 0 O 00| 1 1 100.0|0 0 00| 1 1 100.0
Total 6 17 35.3/19 43 4420 16 00|25 76 32.9

¢l otS nd / NHZRS LINBZIfSyOS Nridsa 2F {@QieY2NI Qa y2F
ddzo &1 YLI S ofnomBR AYid&kY d FRIA OA Rdzl £ & T BercéndzdPoNg  { OK Y 2 NI
N= total number of norelite individuals.

Ly 020K adzo Ll Lz I §A2yad {OKY2NI Qad y2RSa 6SOIYS Y?
group, females showed the highest frequencies in the senile but also in the juvenile age category

(50782 NBALISOGA@PSteuvr ¢gKSNBFa F2NJ YFIESa { OKY2NI Qa
senile age category (100%). Forth A (S AYRAGARdzZ fazx FSYIfS& RAALII
node prevalence as adults (66.7%) and males as s€hil8%). Yet, thaon-elite male juvenile

(66.7%) frequency of these lesions was found to be higher than that of adult (35.7%) or mature

males (50.0%).

¢KS RAAUONAROdzAZ2Y 2F {OKY2NIXI Qa y2RSa I ONRaa (KS 32
spondyloarthrosis with th@acic vertebrae (24.7%, Figure 32a) and lumbar vertebrae (14.6%,

Figure 32b) being most often involved.
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The overall differences between elite andmelite individuals were rather low (Table &6d

pmMO® 9ftAGS AYRAGARdAzZr £ & 6SNB F2dzyR (2 RAALI &
lumbar spine (14.7% versus 14.5%), whereas moreefitmindividuals featured such lesions on

the cervical verterae (2.6% versus 1.0%). Especially for the thoracic and lumbar vertebrae,

males were more frequently affected than femalesgardless of group. In the elite group, males

always outnumbered females andinthenSrf A S INR dzLJE FS Y ddésion SEKA 0 A (

their cervical vertebrae (5.9% versus 2.3%) and S1 (5.9% versus 4.7%) more commonly than

males.
W 6b LYyFd2YAOLE 201
Cervical| Thoracic| Lumbar | Sacrum
Females (22) 0@©) | 3(136)| 2(9.1) 0 (0)
Males (51) 1(2.0) | 19 (37.3)| 12(23.5) | 3(5.9)
ND (29) 00 | 3(10.3)| 1(3.49) 0 (0)
Total (102) 1(1.0) | 25(24.5)| 15(14.7)| 3(2.9)
¢FrofS pn [/ NHZRS LINBZIt SyOS NI { OKY2 NI Qa&

alF YL SO UofFT A §FEzZYDBRA JA Rdzl £

number of elite individuals.
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Cervical| Thoracic| Lumbar | Sacrum

Females (17) | 1(5.9) | 2(11.8) | 2(11.8) | 1 (5.9)

Males (43) 1(2.3) | 17 (39.5)] 9(20.9) | 2(4.7)

ND (16) 0 (0) 0(0) 0 (0) 0 (0)

Total (76) 2(2.6) | 19 (25.0)| 11 (14.5)| 3(3.9)
Table 51 Crude prevalence rateoD K Y2 NX Qa y2RSa Ay NBflGAz2zy G2 &§5
StAGS &l YL Gon$f VIS yHzrRASHA Rdzk £ & FSFdGdzNAy3I { OKY2N

N, N= total number of norlite individuals.

6.3.2.1.3. Osteochondrosis dissecans

Osteochondrosiglissecans was observed in 25 individuals (11.1%), whereby most of these were
classified as elite individuals (n=16). In the elite group, males (17.6%) exhibited osteochondrosis
dissecans more often than females (13.6%) and in thealib® subsample thisgitern was

reversed, i.e., 17.6% females and 14.0% males. For both groups, the prevalence of this condition
differed substantially across the age groups. In the elite sample the highest frequencies of
osteochondrosis dissecans were recorded for senile fesg0.0%), male juveniles (33.3%) and
adults (26.7%). On the contrary, for nelite individuals, this condition was most prominent in

female (50.0%) and male (33.3%) juveniles.

When assessing the true prevalence rate, 51 articular surfaces featureddexssociated with
osteochondrosis dissecans, most of which were identified on the right side for both groups (23
versus 15 individuals for elites and 7 versus 6 individuals foselitas). The articular facets of

the vertebrae (n=%), phalanges (n=10nd tibiae (n=10) displayed most lesions. Elite individuals
featured most lesions on their vertebral facets (n=13), followed by the joint surfaces of the tibiae

(n=9, Figure 33). Nealite individuals had most lesions on their phalangeal joint surface9.(n=6
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KK

Figure 33 Superior view of the right tibia from SK162, exhibiting osteochondrosis dissecans on
the medial condylar articular facet.

6.3.2.2. Entheseal changes

Irregularities on entheses were observed in 113 out of 178 (63.5%) of the adyliaerdle
individuals (Appendix 23), which is 63.7% of the elite subgroup (65 out of 102) and 63.2% of the
non-elite subgroup (48 out of6). In the elite sample, females (81.8%) presented higher overall

frequencies than males (78.4%) and not determanieindividuals (24.1%, Table 52).

ND Females Males Total
Age Group
n N % n N % n N % n N %
Juvenile (13-19) | 1 4 250 2 2 100.0 1 3 333 | 4 9 44 .4
Adult-ND (>20) 5 20 25.0 2 3 66.7 1 3 333 8 26 30.8
Adult (20-40) 0 3 0.0 6 7 85.7 14 15 933 | 20 25 80.0
Mature (40-60) 1 2 50.0| 6 8 75.0 24 29 828 | 31 39 795
Senile (>60) 0 0 0.0 2 2 100.0 0 1 0.0 2 3 66.7
Total 7 29 24.1| 18 22 81.8 40 51 78.4 | 65 102 63.7

Table 52 Crude prevalence rates of entheseal changes in relation to sex and age in the elite
addzo &l YLX S o ofelitefindividlialseatSriNg entheseal changes, %= percentage of N,
N= total number of elite individuals.

The prevalence of EC was found to increase with age. When examining the frequency of EC in

relation to sex and age, the data showed that in the elite female sample, the highest rate of EC
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was registered for individuals over 60 years of age and juveniléls ffaol 100%), followed by

adults (85.7%) and mature females (75.0%). For individuals, who died as juveniles, a much higher
frequency would be expected if they had reached adulthood. In the elite male group, the highest
incidence rate was reported for adsl{93.3%), followed by mature males (82.8%) and juveniles

presented the lowest prevalence (33.3%).

With an overall EC frequency of 76.7% in males and 64.7% in femaledljtadndividuals

exhibited a slightly different pattern (Table 53).

ND Females Males Total
Age Group
n N % n N % n N % n N %
Juvenile (13-19) | 1 2 50.0 | 2 4 50.0 2 3 66.7 5 9 55.6
Adult-ND (>20) | 2 7 286 | 2 3 66.7 6 7 85.7 | 10 17 58.8
Adult (20-40) 0 5 0.0 3 3 1000, 9 14 643 | 12 22 54.5
Mature (40-60) | 1 2 500 | 4 7 571 | 15 18 83.3 | 20 27 74.1
Senile (>60) 0 0 0.0 0 0 0.0 1 1 100.0 | 1 1 100.0
Total 4 16 250 11 17 647 | 33 43 76.7 | 48 76 63.2

Table 53 Crude prevalence rates of entheseal changes in relation to sex and age in-¢fieenon
addzo al YLX S o ofeliteyindividialzYeatGriNg entheseal changes, %= percentage of N,
N= total number of norelite individuals.

Senile individuals featad the highest prevalence of EC (100%), followed by mature individuals
(74.1%), juveniles (55.6%) and adults (54.5%). A similar distribution was also recorded for non
elite males, i.e., 100% senile, 83.3% mature, 66.7% juvenile and 64.3% adulditdiemales

on the other hand exhibited a slightly different pattern. Most EC were recorded for adults
(100%)), followed by mature females (57.1%) and juvenile females had the lowest frequency

(50.0%).

In relation tothe anatomical location of the observed Bidth subgroups featured the highest
frequencies in the hip joints, wherelblye non-elite group was more commonly affected, i.e.,
51.0% for elite (Table 54) and 52.6% in+adite individuals (Table 55).

[ SEX Ly Fd2YAOFE f20F0A2Yy X
Shoulder|  Elbow Wrist Hip Knee Ankle
ND (29) 1(3.4) 3(10.3) 1(3.4) 4 (13.8) 1(3.4) 3(10.3)
Female (22) | 12 (54.5)| 9 (40.9) 4(18.2) | 16(72.7)| 9(40.9) | 15(68.2)
Male (51) 30 (58.8)] 30(58.8) | 22(43.1) | 32(62.7)| 25(49.0)| 32 (62.7)
Total (102) | 43(42.2)( 42(41.2) | 27 (26.5) | 52 (51.0) | 35 (34.3)| 50 (49.0)

Table 54 Crude frequency of entheseal changes in the elite sample of-§dbénA 2 Yy | & N

numberof elite individuals featuring EC, %= percentage of N, N= total number of elite

individuals.
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After the hip, the elite group showed increased frequencies in the ankle joint (49%), followed by
the shoulder (42.2%), elbow (41.2%) and knee (34.3%), with the lowest rate in the wrist. A closer
examination of sex related prevalence differesmn a joint levekhowedthat elite females
outnumbered elite males in the incidence rate of EC at the hips (72.7% versus 62.7%) and ankles
(68.2% versug2.7®0).

For both sexes, thkl. pectoralis majoenthesis was most often affected (49% males, 40.9%
females), followed by th#/. deltoideug47.1% males, 36.4% femaldsdl), biceps brachi47.1%

males, 31.8% females) ail subscapulari§47.1% males, 36.4% females) insertion site.

In nonelite individwals, the highest frequency of EC following the hip joint, was registered in the
shoulder (44.7%), followed by the ankle (43.4%), knee (36.8%) and elbow (32.9%). Similar as for
elite individuals, the lowest prevalence was found in the wrist. As opposelitedradividuals, in

the nonelite group, the frequencies of EC in males always exceeded that of females, regardless

of the type of joint.

{ SEN Ly Fd2YAOLE §20F0A2y X
Shoulder| Elbow Wrist Hip Knee Ankle
ND (16) 3(18.8) | 3(18.8) - 3(18.8) 1(6.3) 2 (12.5)
Female (17)| 6(35.3)| 5(29.4) | 4(235) | 8(47.1) | 4(23.5) | 5(29.4)
Male (43) 25 (58.1)| 17 (39.5)| 13 (30.2)| 29 (67.4) | 23 (53.5)| 26 (60.5)
Total (76) 34 (44.7)| 25(32.9)| 17 (22.4)| 40 (52.6) | 28 (36.8)| 33 (43.4)

Table 55 Crud&requency of entheseal changes in the palite sample of Sdbefi 0 A2 Y | & K
numberof non-elite individuals featuring EC, %= percentage of N, N= total number efliten
individuals.

The frequency of individual entheseal involvement for +adite individuals was different to that
of the elite sample, with divergent rates for both sex@smlales, thd.ig. costoclavicularis
(39.5%) andWl. deltoideusnsertion siteg39.5%)on the clavicle were most commonly affected,
followed by theM. deltoideusenthesis on the humeru&4.9%) the M. biceps brachinthesis

on the radiug34.9%)and theM. pectoralignsertion site on the humeru82.6%)0On the
contrary, females exhibited entheseal changes most frequently on the insertion sites Mt the
pectoralis majoon the humerus (35.3%l)]. deltoideuson the humerus (35.3%) ariM.

pronator tereson the radius (35.3%).

Looking at the whole population, the average entheseal score was mild to moderate (2.1),
whereby both subgroups displayed the same level of sevirty, df=94, p=1)Elite and non

elite males and females showed small differences in their severity scores, whereby females had
less pronounced E€Coreshan males. Elite males had the same score aselibem males, both

2.1, and elite females (1.9) featured a higher sdbren non-elite females (1.7). In relation to
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age, severity scores increased with advancing age for both sexes-#litesnandfor malesin
elite individuak. For elite females the highest EC scores were recorded for mature females (2.1),
followed by nile and juvenile females (1.9 each), with female adults displaying the lowest

score (1.7).

In terms of severity of entheseal alterations in relation to muscle location, elite individuals had
the most severe changes in the hip joints, i.e., 2.2 (TableTd®)y also featured substantial
changes in their musculature surrounding their shoulder (2.15) and ankle joint (2.15), as well as

the knee (2). Lower scores were reported for the elbow (1.55) and wrist (1.65).

Anatomical location
Sex - -
Shoulder| Elbow | Wrist | Hip | Knee | Ankle
Female 2 1.4 1.4 2 1.7 2.1
Male 2.3 1.7 1.9 24| 23 2.2
Average| 2.15 1.55 165 | 2.2 2 2.15

Table 56 Average severity scores of entheseal changes in relation to joint location in elite
individuals.

In the elite subsample, males always displayed more severe alterations than females regardless
of anatomical region. Muscles of the shoulder (2.2 ve&s(sdisplayed more severe alterations

on the right side, and those associated wiitle wrist (2.1 versus 2)he hip (2.4 versus 2.2) and

knee @.4versus2.3) had higher entheseal scores on the left. Left and riiows and ankles

were equally severe affeetl. Both sexes featured the highest upper limb EC scores M the

pectoralis majoinsertion site of the humeru@.3 for females and 2.6 for males, Figure 34).
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Figure 34 Anterior view of the right (inferior) and left (superior) humerus from SK14ibjtexdn
pronouncedM. pectoralis majofblack arrow) and/. deltoideusnsertion sites (white arrow).

In elite females this score was followed by that of Mebiceps brachinsertion site on the

radius (2.1), theLig. costoclavicularigsertion site on the clavicle (1.9) and the subscapularis
insertionsite on the humerus (1.9). Elite males had most elevated EC scores fagthe
costoclavicularig2.4) and\. deltoidets (2.1) insertion site on the clavicle, tivk deltoideus
insertion site on the humerus (2.1) aMl biceps brachinsertion site on the radius (2.1). In the
lower limbs, the insertion site of thigl. gluteus maximusn the femur had the highest scores

for both sexes (2.5 for females and2or males). Females also had more prominent EC scores
for the M. soleusnsertion site on the tibia (2.3), which was greater than that of males (2.2), the
M. triceps suraénsertion site on the calcaneus (2.2, Figurg, 35 well as for the muscles
attaching to the linea aspera on the femur (2.1), iM. vastus medialis, M. adductor magnus

andM. adductor longus
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Figure 35 Posterior view of the right and left calcaneus from SK76, displaying proiinent
triceps surainsertion sites.

Males on the other hand, exhibited more pronounced alterations on the entheses ®the

vastus medialis, M. adductor magnaisd M. adductor longusttaching to the femur (2.7), the

M. semimembranosyd/. semitendinosuand M. biceps ferorisinsertion site on theos coxae

(2.6), as well as thil. iliopsoasnsertion site on the femur (2.4) and thé. triceps surae

insertion site on the calcaneus (2.4). A full disthe average severity scores for each muscle is
attached in appendi®3. A detailed outline and discussion of the movements carried out by each

of these muscles can be found in the discussion section.

In the nonelite subsample, the highest scores were reported for the muscles associated with
the hip (2.2) and the shoulder (3,Zollowed by the knee (2.15) and ankle (2.15) and with lower
scores in the elbow (1.85) and wrist (1.45, Table 57).

Anatomical location
Sex . .
Shoulder| Elbow | Wrist | Hip | Knee | Ankle
Female 2.3 19 14 21| 21 2
Male 2.1 1.8 15 (23] 22 2.3
Average 2.2 1.85 145 | 2.2 | 2.15 2.15

Table 57 Average severity scores of entheseal changes in relation to joint locationefitaon
individuals.

For the musculature of the wrist, hip, knee and ankle,-ette males featured higher scores
than females. However, for the shoulder and elbow, 1atite females displayed more severe

alterations. Discrepancies were also registered in terms of lateralitgreby right shoulder
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musculature (2.2 versus 2.1), left wrist (2.3 versus 2.1) and ankle (2.4 versus 2.2) muscles
displayed imbalanced entheseal scores. Entheseal scores for elbow, hip and knee muscles were
identical. Prominent differences between thed sexes were also observed when examining
individual muscles. In the upper limbs, relite females had more elevated scores in Me
pectoralis majoinsertion site of the humerus (2.7), this score was also higher than that of males
at this site (2.4)M. biceps brachinsertion site on the radius (2.2) and tie subscapularis

insertion site of the humerus (2). Furthermore, females exhibited higher scores than males in
the following enthesesy. supraspinatusindM. infraspinatuson the humerus (1.8 vsus 1.6)

and the muscles attaching to the medial epicondyle (1.6 versusFeB)ales also featured

elevated scores for th#l. deltoideuson the humerug1.7)and clavicle (1.6gndM. pronator

tereson the radiug1.5). The most prominent entheses of neelite males belonged to thisl.
pectoralis majoK2.4) andM. subscapularisn the humerus (2.3M. biceps brachibon the radius

(2.3)M. deltoideuson the humerus (2.1, Figure 3&)d thelLig. costoclavicularisn the clavicle

).
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Figure 36 ASuperior view of the left and right humerus from SK86, exhibiting prominent
osteolytic and osteophytic alterations at tiv. subscapularigisertion site; B) Anterior view of
the left (superior) and right (inferior) humerus from SK86, featukhgectorlismajor (white
arrow) andM. deltoideusentheseal changes (black arrow); C) Anterior view of the left and right
radius from SK86, displaying extensive modifications aMhbiceps brachinthesis.

In the lower limbs, both sexes displayed most severe changes M.tguteus maximus

enthesis on the femur (2.6 for females and 2.7 for males, Figure 37)elMeriemales also had

more elevated scores fovl. quadriceps femorisnthesis on the patell&2(3), theM. soleus

enthesis on the tibia (2.3), thd. triceps suraenthesis on the calcaneus (2), thk iliopsoaq?2)

and theM. gluteus mediu§2) enthesis on the femur. Whereby the entheses ofthegluteus
mediusand M.quadriceps femorigiere more severely affected in females than males, i.e., 2
versus 1.7 and 2.3 versus 1.9. In males, the entheses attaching to the linea aspera of the femur,
i.e., M. vastus medialigvl. adductor magnusM. adductor longug2.5), the insertion sites of the

M. soleuson the tibia (2.5), those of thil. semimembranosy$1. semitendinosuandM. biceps
femorison theos coxag2.4), the enthesis of th¥. iliopsoason the femur (2.2) and that of the

M. tricepssurae on the calcaneus (2.2) had the most promirszores.
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Figure 37 Péerior view of the left (A) and right (B) femur from SK45, shwing entheseal
changes at thé. gluteus maximusisertion site (black arrows) and along the linea aspera
(white arrows).

6.3.2.3.  Correlation between OA and EC

Out of the exanined individuals, 59.5% (106 out of 178) exhibited both OA and EC, whereby sex
and age at death estimations were available for 83% (88 out of 106) of those. This corresponds
to 53 elite individuals and 35 nealite individualsAs withmost skeletal condions, also OA and

EC tend to increase in severity with age, whereby abnormal patterns, e.g., as seen in juveniles,
will be addressed more thoroughly in the discussion. Sex has been found to be a factor in the
prevalence of these alteration€orrelation aalyses between OA and EC were firstly performed
on the mean average scores and then by correcting for age and sex to gain a more accurate
representation of the relatedness of these two lesion types. By using the average OA and EC
scores recorded for eadhdividual, both elite @= 0.501, p<.001) and neglite individuals @=

0.658, p<.001¢xhibited a positive correlation between OA and EC.
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correlation test was caied out on the whole samplesr 0.314, p=0.001) as well as both
subgroups (Figure 38, Figure 39). The observed mutual increase between age and OA severity
was positive and statistically significant for relite individuals ¢=0.599, p<.001) but not fo

elite individuals @=0.164, p=0.120).
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Figure 38 Relationship between mean OA scores and age (1= juvenile, 2=adult, 3=mature,
4=senile) and sex in elite individuals.

Elite individuals presented a fairly varied distribution of OA severity lawetss the age groups
(Figure 38). Whereas for males OA severity appeared to increase with age, females exhibited

higher OA scores as adults, (1.7) than in older ages, i.e., 1.5 for mature and 1.6 for senile.

With a highly positive correlation between OAdaage, norelite individuals featured an
increase in OA severity with advancing age (Figure 39). For both sexes, juveniles had the lowest
scores, i.e., 0.5 for females and 0.75 for males, and mature or senile individuals displayed the

highest scores, i.e2.2 for mature females and 1.9 and 2.3 for mature and senile males.
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Figure 39 Relationship between mean OA scores and age (1= juvenile, 2=adult, 3=mature,
4=senile) and sex in neglite individuals.

Also, for entheseal changes the correlation with ages assessed. In the total sample, a

congruent pattern between EC severity and age was observable, which was confirmed by the
LISNF2NYSR {LISEFNXYIYyQEd NIyl (GSald aK2¢éAy3a=1I LR&AU
0.362, p<0.001). The elite subsamfdatured a slightly lower correlation between age and

entheseal severity (Figure 40), yet not at a statistically significant lewel.(r60, p=0.127).
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Figure 40 Relationship between mean EC scores and age (1= juvenile, 2=adult, 3=mature,
4=senile) andex in elite individuals.

The low correlation between EC and age in the elite subsample was also reflected in the mean
scores estimated for each age group in relation to sex. Males exhibited lower scores as juveniles

(2) and identical mean EC scores fog aidult and mature age category (2.2). In the female elite
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subsample, those individuals aged as adults (1.7) had the lowest mean score followed by
juveniles and senile individuals (1.9, respectively), whereby mature females featured most
severe entheseallterations (2.1).

For the norelite subsample, a more positive correlation between age and entheseal lesions was

registered (Figure 41), which was also found to be statistically significat.$36, p<.001).
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Figure 41 Relationship between mean ECGexand age (1= juvenile, 2=adult, 3=mature,
4=senile) and sex in neelite individuals.

In both sexes of norlite individuals, a gradual increase in EC severity was noted with advancing
age. Whereby juveniles had the lowest scores, i.e., 1.2 for feraakd.5 for males, and mature
and senile individuals had the highest scores, i.e., 2.2 for mature females, 2.3 for mature males
and 2.7 for senile males.

When testing the correlation between the two lesions and sex, a hegative relationship between
sexand OA (elite individuals+0.188, p=0.178; no#lite individuals &=-0.152, p=0.383) and EC
(elite individuals =-0.336, p= 0.014; noelite individuals ¢&=-0.152, p=0.383) was found. Thus,

sex did not appear to have had a major impact on the oleseverity of OA and EC.

As both conditions were found to correlate with age, the OA and EC data of both the elite and
non-elite subsample were corrected for age and tested again for correlation. Based on the
residual data, obtained through a regressemalysisa positive relationship between OA and EC
of statistical significancesfr 0.495, p=0.001) was found. The correlation between OA and EC did
not differ greatly when splitting the sample into elite50.441, p<.001) and neslite individuals
(r=0.529, p<.001).
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When looking at the total sample, entheseal mean scores were generally higher than OA mean

scores (Figure 42), which was expected as the scoring systems employed differed slightly (c.f.
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methods).
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Anatomical location
Figure 42 Mean severitgares of OA and EC of the total sample in relation to anatomical

location (n=88).

Total mean scores of the shoulder, wrist and hip were very similar for both alterations. Elbow,
knee, and ankle scores, on the other hand, differed quite substantiallystgtat testing on the
whole sample found that all joints showed a positive correlation between their OA and EC
severity scores (Table 58). The elbow, hip, and knee displayed the highest positive correlations,

which were of statistical significance.

Anatomical Elite(n) Non-elite 1 (n) Total sample(n)
region

Shoulder | r=0.364, p=0.048 (30| rs= 0.047, p= 0.843 (20) | r<= 0.243, p=0.090 (50
Elbow r< 0.204, p=0.24 (35)| r= 0.635, p= 0.015 (14) | r= 0.324, p=0.023 (49
Wrist r<= 0.084, p9.716 (21) | r= 0.0648, p= 0.017 (13| rs= 0.305, p=0.079 (34
Hip r<= 0.181, p=0.245 (43| r<= 0.516, p= 0.007 (26) | r= 0.329, p= 0.006 (69
Knee r<= 0.353, p= 0.051(31) rs<=0.592, p=0.005 (21) | re= 0.464, p<0.001 (52)
Ankle r<= 0.048, p= 0.75814) | r= 0.3, p=0.226 (18) r<=0.127, p= 0.326 (62

Table 58 OA and EC correlations based on anatomical lo¢atmemumber of individuals
available for analysis.

In the elite subsample, the highest positive correlations were found in the shoulder, knee

elbow, and hip, however only for the shoulder the registered scores were statistically significant.
Non-elite individuals featured as slightly different pattern with the elbow, knee and ankle
exhibiting the highest correlations. Nagilite elbow, hip, kne and wrist correlations between

OA and EC were found to be statistically significant.
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6.3.2.4. Metabolic and infectious disease

Thirty-eight percent of the analysed population had lesions associated with metabolic disorders
(n=86). With a prevalence of 43%@n-elite individuals featured more skeletal alterations linked
to metabolic conditions than individuals belonging to the elite subcategory (36.8%). For both
subsamples, subadults displayed a higlesionrate than adult individuals, i.e., 37.5% versus
36.6% in elites and 53.8% versus 38.8% for@ktes. The most commonly registered conditions
were cribra cranii(42 out of 226, 18.6% followed bycribra orbitalia(38 out of 226, 16.8%
femoralis(35out of 226, 15.5%andpalatinii (26 out of 226, 11.509. Lower frequencies were
found forcribra humeralig9 out of 226, 4% Cribra craniivas found to be most prevalent in the
elite subsample (28% versus 12%, Figure 43), whereasibra orbitaliawas more common in
non-elite individuals (2@1% versus 8%, Figure 44). The differencesiibra cranii(??=0.954,

df=2, p=0.743) andribra orbitalia(}*=1.501, df=2, p=0.472) prevalence between the two groups

was not found to be statistically significant.

Figure 43 Cranial cribra on a paridtagment from SK153A.
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