
 
 

 

Ludwig-Maximilians-University, Munich 

Faculty of Biology 
 
 

tŀƭŀŜƻŘŜƳƻƎǊŀǇƘȅ ŀƴŘ ǇŀƭŀŜƻǇŀǘƘƻƭƻƎȅ ƛƴ ŜŀǊƭȅ 
ƳŜŘƛŀŜǾŀƭ {ŅōŜƴπ{ŀōƛƻƴŀΣ {ƻǳǘƘ ¢ȅǊƻƭΣ Lǘŀƭȅ 

 
 

A dissertation submitted in fulfilment of the requirements for the doctoral degree: 

Doctor rerum naturalium 
 
 
 
 

by 

Daniela Tumler 
 
 

 
 
 
 

 

Munich, 2023





Daniela Tumler, 2023 
 

i 
 

Diese Dissertation wurde angefertigt  

unter der Leitung von PD. Dr. Albert Zink 

 im Bereich Anthropologie  

 ŀƴ ŘŜǊ [ǳŘǿƛƎπaŀȄƛƳƛƭƛŀƴǎπ¦ƴƛǾŜǊǎƛǘŅǘ aǸƴŎƘŜƴ 

 

 

 

 

 

 

 

Erstgutachter:      PD. Dr. Albert Zink 

Zweitgutachter:     Prof. Dr. Gerhard Haszprunar 

 

Tag der Abgabe:    06.02.2023 

Tag der mündlichen Prüfung:   07.07.2023 

 

 

 

 

 

EIDESSTATTLICHE RKLÄRUNG 

Ich versichere hier mit an Eides statt, dass meine Dissertation selbständig und ohne unerlaubte 

Hilfsmittel angefertigt worden ist. 

Die vorliegende Dissertation wurde weder ganz, noch teilweise bei einer anderen Prüfungskommission 

vorgelegt. 

Ich habe noch zu keinem früheren Zeitpunkt versucht, eine Dissertation einzureichen oder an einer 

Doktorprüfung teilzunehmen. 

 

München, den 07.07.2023 

 

Daniela Tumler 



ii 
 

Contents 
Contents .......................................................................................................................................... ii 

List of tables ............................................................................................................................................ 6 

List of figures ......................................................................................................................................... 11 

1. Abstract ......................................................................................................................................... 14 

2. Introduction .................................................................................................................................. 16 

2.1. Aims and research questions ................................................................................................ 18 

3. Historical and archaeological background .................................................................................... 18 

3.1. Late antiquity ........................................................................................................................ 19 

3.2. Early mediaeval period ......................................................................................................... 20 

3.3. Säben-Sabiona ...................................................................................................................... 21 

3.3.1. Episcopal see ................................................................................................................. 23 

3.3.2. Origin and archaeological identity of the buried .......................................................... 24 

3.3.2.1. Romans .................................................................................................................. 25 

3.3.2.2. Germanics ............................................................................................................. 27 

4. Bioarchaeological research in South Tyrol .................................................................................... 28 

4.1. Biological profile ................................................................................................................... 30 

4.2. Palaeopathological profile .................................................................................................... 32 

4.2.1. Dental features ............................................................................................................. 33 

4.2.1.1. Dental wear ........................................................................................................... 33 

4.2.1.2. Caries and calculus ................................................................................................ 34 

4.2.1.3. Antemortem tooth loss, periapical and periodontal disorders ............................ 34 

4.2.1.4. Enamel Hypoplasia ................................................................................................ 35 

4.2.2. Skeletal features ........................................................................................................... 36 

4.2.2.1. Joint diseases ........................................................................................................ 36 

4.2.2.1.1. Osteoarthrosis .................................................................................................... 36 

4.2.2.1.2. {ǇƻƴŘȅƭƻŀǊǘƘǊƻǎƛǎΣ {ŎƘƳƻǊƭΩǎ nodes and less common joint disorders ............ 37 

4.2.2.2. Entheseal changes ................................................................................................. 38 

4.2.2.3. Metabolic conditions ............................................................................................ 39 

4.2.2.4. Infections ............................................................................................................... 40 

4.2.2.5. Trauma ...................................................................................................................... 40 

4.2.2.6. Congenital and neoplastic conditions ................................................................... 41 

5. Materials and Methods ................................................................................................................. 43 

5.1. The parish church and cemetery in the vineyard at Säben-Sabiona .................................... 43 

5.1.1. Elite versus non-elite groups ......................................................................................... 44 



Daniela Tumler, 2023 
 

iii 
 

5.2. Methods ................................................................................................................................ 45 

5.2.1. Preservation, number of individuals and representativeness of the population ......... 46 

5.2.2. Biological profile............................................................................................................ 46 

5.2.2.1. Sex estimation ....................................................................................................... 46 

5.2.2.2. Age at death .......................................................................................................... 49 

5.2.2.3. Palaeodemographic methods ............................................................................... 51 

5.2.2.4. Non-metric traits and anthropometry .................................................................. 53 

5.2.3. Palaeopathological profile ............................................................................................ 59 

5.2.3.1. Dental features...................................................................................................... 60 

5.2.3.2. Skeletal features.................................................................................................... 60 

5.2.3.2.1. Joint and entheseal alterations .......................................................................... 61 

5.2.3.2.2. Metabolic and infectious disease ...................................................................... 63 

5.2.3.2.3. Trauma ............................................................................................................... 64 

5.2.3.2.4. Congenital and neoplastic conditions ................................................................ 64 

5.2.4. Statistical methods ........................................................................................................ 65 

6. Results ........................................................................................................................................... 66 

6.1. Taphonomic profile and burial practices .............................................................................. 66 

6.2. Biological profile ................................................................................................................... 67 

6.2.1. Palaeodemography ....................................................................................................... 67 

6.2.1.1. Sex and age estimation ......................................................................................... 67 

6.2.1.1.1. Elite and non-elite individuals............................................................................ 70 

6.2.1.2. Palaeodemographic parameters ........................................................................... 71 

6.2.2. Non-metric traits ........................................................................................................... 76 

6.2.3. Osteometry ................................................................................................................... 77 

6.2.3.1. Stature ................................................................................................................... 77 

6.2.3.2. Body weight, body mass index (BMI) and osseous frame index (OFI) .................. 78 

6.3. Palaeopathological profile .................................................................................................... 82 

6.3.1. Dental abnormalities ..................................................................................................... 82 

6.3.1.1. Dental wear ........................................................................................................... 84 

6.3.1.2. Dental calculus ...................................................................................................... 85 

6.3.1.3. Periodontal disease ............................................................................................... 87 

6.3.1.4. Antemortem tooth loss ......................................................................................... 88 

6.3.1.5. Periapical lesions ................................................................................................... 91 

6.3.1.6. Dental caries.......................................................................................................... 93 

6.3.1.7. Linear enamel hypoplasia ..................................................................................... 95 

6.3.2. Skeletal abnormalities ................................................................................................... 97 



iv 
 

6.3.2.1. Joint alterations..................................................................................................... 98 

6.3.2.1.1. Osteoarthrosis .................................................................................................... 98 

6.3.2.1.2. {ǇƻƴŘȅƭƻŀǊǘƘǊƻǎƛǎ ŀƴŘ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ .......................................................... 103 

6.3.2.1.3. Osteochondrosis dissecans .............................................................................. 110 

6.3.2.2. Entheseal changes ............................................................................................... 111 

6.3.2.3. Correlation between OA and EC ......................................................................... 119 

6.3.2.4. Metabolic and infectious disease........................................................................ 124 

6.3.2.5. Trauma .................................................................................................................... 130 

6.3.2.6. Congenital and neoplastic conditions ................................................................. 133 

7. Discussion .................................................................................................................................... 135 

7.1. Bone preservation and burial practices .............................................................................. 135 

7.2. Burial practices, population composition and mortality rates ........................................... 137 

7.2.1. Palaeodemography ..................................................................................................... 139 

7.2.1.1. Sex distribution ................................................................................................... 140 

7.2.1.1.1. Female deficit................................................................................................... 140 

7.2.1.1.2. Male surplus ..................................................................................................... 144 

7.2.1.2. Age distribution ................................................................................................... 147 

7.2.2. Osteological indicators for potential relatedness ....................................................... 153 

7.2.3. Body size ..................................................................................................................... 155 

7.3. Living conditions and morbidity .......................................................................................... 157 

7.3.1. Diet, stress, and infections .......................................................................................... 159 

7.3.1.1. Diet ...................................................................................................................... 159 

7.3.1.1.1. Cereal consumption and processing ................................................................ 160 

7.3.1.1.2. Carbohydrates and tooth decay ...................................................................... 161 

7.3.1.1.3. A macronutrient rich diet ................................................................................ 163 

7.3.1.1.4. Consequences of a macronutrient rich diet .................................................... 163 

7.3.1.1.5. Sex and age-related dietary differences .......................................................... 166 

7.3.1.2. Stress and infections ........................................................................................... 169 

7.3.2. Activity patterns and trauma ...................................................................................... 176 

7.3.2.1. Osteoarthrosis and entheseal changes ............................................................... 179 

7.3.2.2. Trauma .................................................................................................................... 197 

8. Conclusion and outlook .............................................................................................................. 202 

9. References .................................................................................................................................. 205 

10. Acknowledgements ................................................................................................................. 258 

11. Appendices .............................................................................................................................. 260 

 





6 

List of tables 

Table 1. Burials identified as autochthonous based on their funerary goods, with their grave location 

and chronology, following the interpretations by Bierbrauer and Nothdurfter (2015).  

Table 2. Burials exhibiting allochthonous funerary goods with their grave location and chronology, 

based on Bierbrauer and Nothdurfter (2015). 

Table 3. Skeletal features assessed to estimate sex. 

Table 4. Definition of characters and formulas used to calculate mortality tables based on Acsádi and 

Nemeskéri (1970). 

Table 5 List of selected cranial non-metric traits that are commonly used to assess kinship.  

Table 6 List of selected postcranial non-metric traits that are commonly used as activity markers. 

Table 7 List of selected cranial and postcranial measurements. 

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

Table 9 Formulas used to estimate body weight and osseous frame and body mass indices. 

Table 10 List of selected long bone indices calculations (Martin and Saller, 1957). 

Table 11 Outline and explanation of the employed dental disease recording methods 

Table 12 The scoring criteria for cartilaginous and synovial joints, adapted from Steckel et al. (2006). 

Table 13 Listing the entheses examined, including their localisation and type. 

Table 14 The scoring criteria for periostitis (adapted from Steckel et al. 2006) 

Table 15 Sex, age at death and life expectancy at birth (e0
0) of the elite and non-elite subsample. 

Table 16 Mortality table for elite individuals buried at Säben-Sabiona.  

Table 17 Mortality table for non-elite individuals buried at Säben-Sabiona. 

Table 18 Crude frequency of inherited cranial non-metric traits at Säben-SabioƴŀΦ Ϟ ƴҐ ƴǳƳōŜǊ of 

individuals featuring non-metric traits, %= percentage of N, N= total number of elite/non-

elite individuals. 

Table 19 Crude frequency of acquired postcranial non-metric traits at Säben-{ŀōƛƻƴŀΦ Ϟ ƴҐ ƴǳƳōŜǊ 

of individuals featuring non-metric traits, %= percentage of N, N= total number of elite/non-

elite individuals. 

Table 20 Stature estimates of the whole sample; all measurements are in centimetres. 

Table 21 Stature estimates of elite individuals; all measurements are in centimetres. 

Table 22 Stature estimates of non-elite individuals; all measurements are in centimetres. 

Table 23 Body weight, body mass and osseous frame index of elite and non-elite individuals. 

Table 24 Humerus robusticity 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 elite, non-elite, 



Daniela Tumler, 2023 
 

7 
 

ŀƴŘ ǘƻǘŀƭ ǎŀƳǇƭŜ Ϟ όƴύҐ ƴǳƳōŜǊ of individuals available for humerus robusticity index 

estimations. 

Table 25 Femur robusticity 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 elite, non-elite, 

and totŀƭ ǎŀƳǇƭŜ Ϟ όƴύҐ ƴǳƳōŜǊ of individuals available for femur robusticity index 

estimations. 

Table 26 Tibia robusticity 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 elite, non-elite, and total 

ǎŀƳǇƭŜ Ϟ όƴύҐ ƴǳƳōŜǊ of individuals available for tibia robusticity index estimations. 

Table 27 Femur platymeric 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 elite, non-elite, 

ŀƴŘ ǘƻǘŀƭ ǎŀƳǇƭŜ Ϟ όƴύҐ ƴǳƳōŜǊ of individuals available for femur platymeric index 

estimations. 

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 elite, non-elite, 

ŀƴŘ ǘƻǘŀƭ ǎŀƳǇƭŜ Ϟ όƴύҐ ƴǳƳōŜǊ of individuals available for tibia platycnemic index 

estimations. 

Table 29 Crude frequency of alterations affecting the masticatory apparatus of elite (N=133) and 

non-elite individuals (N=93). For LEH no X2 test was performed due to the low sample size. 

¢ŀōƭŜ ол /ǊǳŘŜ ǇǊŜǾŀƭŜƴŎŜ ǊŀǘŜǎ ƻŦ ŘŜƴǘŀƭ ǿŜŀǊ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǎŜȄ ŀƴŘ ŀƎŜ ƻŦ ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎΦ Ϟ ƴҐ 

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

individuals available for analysis. 

Table 31 Crude prevalence rates of dental wear in relation to sex and age of non-ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎΦ Ϟ 

n= number of individuals featuring dental wear, %=percentage of N, N= total number of non-

elite individuals available for analysis. 

¢ŀōƭŜ он /ǊǳŘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ŘŜƴǘŀƭ ŎŀƭŎǳƭǳǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǎŜȄ ŀƴŘ ŀƎŜ ƻŦ ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎΦ Ϟ ƴҐ 

number of individuals with dental calculus, %=percentage of N, N= total number of elite 

individuals available for analysis. 

Table 33 Crude prevalence of dental calculus in relation to sex and age of non-ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎΦ Ϟ ƴҐ 

number of individuals with dental calculus, %=percentage of N, N= total number of non-elite 

individuals available for analysis. 

¢ŀōƭŜ оп /ǊǳŘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ǇŜǊƛƻŘƻƴǘƛǘƛǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǎŜȄ ŀƴŘ ŀƎŜ ƻŦ ǘƘŜ ŜƭƛǘŜ ǎŀƳǇƭŜΦ Ϟ ƴҐ 

number of individuals with periodontal disease, %=percentage of N, N= total number of elite 

individuals available for analysis. 

Table 35 Crude prevalence of periodontitis in relation to sex and age of the non-ŜƭƛǘŜ ǎŀƳǇƭŜΦ Ϟ ƴҐ 

number of individuals with periodontal disease, %=percentage of N, N= total number of non-

elite individuals available for analysis. 

Table 36 PrevalenŎŜ ǊŀǘŜǎ ƻŦ !a¢[ ƛƴ ǘƘŜ ŜƭƛǘŜ ǎǳōǎŀƳǇƭŜΦ Ϟ ¢twҐ ǘǊǳŜ ǇǊŜǾŀƭŜƴŎŜ ǊŀǘŜΣ /twҐ ŎǊǳŘŜ 

prevalence rate n= number of teeth/elite individuals featuring AMTL, %=percentage of N, N= 

total number of teeth/ elite individuals assessable. 



8 

Table 37 Prevalence rates of antemortem tooth loss in the non-ŜƭƛǘŜ ǎǳōǎŀƳǇƭŜΦ Ϟ ¢twҐ ǘǊǳŜ 

prevalence rate, CPR= crude prevalence rate n= number of teeth/ non-elite individuals 

featuring AMTL, %=percentage of N, N= total number of teeth/non-elite individuals 

assessable. 

Table 38 PrevaleƴŎŜ ǊŀǘŜǎ ƻŦ ǇŜǊƛŀǇƛŎŀƭ ƭŜǎƛƻƴǎ ƛƴ ǘƘŜ ŜƭƛǘŜ ǎǳōǎŀƳǇƭŜΦ Ϟ ¢twҐ ǘǊǳŜ ǇǊŜǾŀƭŜƴŎŜ ǊŀǘŜΣ 

CPR= crude prevalence rate n= number of teeth/elite individuals featuring periapical lesions, 

%=percentage of N, N= total number of teeth/ elite individuals assessable. 

Table 39 Prevalence rates of periapical lesions in the non-ŜƭƛǘŜ ǎǳōǎŀƳǇƭŜΦ Ϟ ¢twҐ ǘǊǳŜ ǇǊŜǾŀƭŜƴŎŜ 

rate, CPR= crude prevalence rate n= number of teeth/non-elite individuals featuring 

periapical lesions, %=percentage of N, N= total number of teeth/ non-elite individuals 

assessable. 

¢ŀōƭŜ пл tǊŜǾŀƭŜƴŎŜ ǊŀǘŜǎ ƻŦ ŘŜƴǘŀƭ ŎŀǊƛŜǎ ƛƴ ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎΦ Ϟ ¢twҐ ǘǊǳŜ ǇǊŜǾŀƭŜƴŎŜ ǊŀǘŜΣ /twҐ 

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

N, N= total number of teeth/ elite individuals assessable. 

Table 41 Prevalence rates of dental caries in non-ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎΦ Ϟ ¢twҐ ǘǊǳŜ ǇǊŜǾŀƭŜƴŎŜ ǊŀǘŜΣ /twҐ 

crude prevalence rate n= number of teeth/non-elite individuals featuring caries, 

%=percentage of N, N= total number of teeth/ non-elite individuals assessable. 

Table 42 Crude frequency of osteoarthrosis in relation to sex and anatomical location in the elite 

sample of Säben-{ŀōƛƻƴŀΦ Ϟ ƴҐ ƴǳƳōŜǊ of individuals with OA, %=percentage of N, N= total 

number of elite individuals. 

Table 43 Crude frequency of osteoarthrosis in relation to sex and anatomical location in the non-

elite sample of Säben-{ŀōƛƻƴŀΦ Ϟ ƴҐ ƴǳƳōŜǊ of individuals with OA, %=percentage of N, N= 

total number of non-elite individuals. 

Table 44 Crude prevalence rates of spondyloarthrosis in relation to sex and age of the elite 

ǎǳōǎŀƳǇƭŜΦ Ϟ ƴҐ ƴǳƳōŜǊ of individuals featuring spondyloarthrosis, %= percentage of N, N= 

total number of elite individuals. 

Table 45 Crude prevalence rates of spondyloarthrosis in relation to sex and age of the non-elite 

ǎǳōǎŀƳǇƭŜΦ Ϟ ƴҐ ƴǳƳōŜǊ of individuals featuring spondyloarthrosis, %= percentage of N, N= 

total number of non-elite individuals. 

Table 46 Crude prevalence rate of spondyloarthrosis in relation to sex and location of elite 

ƛƴŘƛǾƛŘǳŀƭǎΦ Ϟ ƴҐ ƴǳƳōŜǊ of individuals featuring spondyloarthrosis, %= percentage of N, N= 

total number of elite individuals. 

Table 47 Crude prevalence rate of spondyloarthrosis in relation to sex and location of non-elite 

ƛƴŘƛǾƛŘǳŀƭǎΦ Ϟ ƴҐ ƴǳƳōŜǊ of individuals featuring spondyloarthrosis, %= percentage of N, N= 

total number of non-elite individuals. 

¢ŀōƭŜ пу /ǊǳŘŜ ǇǊŜǾŀƭŜƴŎŜ ǊŀǘŜǎ ƻŦ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǎŜȄ ŀƴŘ ŀƎŜ ƛƴ ǘƘŜ ŜƭƛǘŜ ǎǳōsample. 

Ϟ ƴҐ ƴǳƳōŜǊ of ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎ ŦŜŀǘǳǊƛƴƎ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎΣ ҈Ґ ǇŜǊŎŜƴǘŀƎŜ ƻŦ bΣ bҐ ǘƻǘŀƭ 

number of elite individuals. 

¢ŀōƭŜ пф /ǊǳŘŜ ǇǊŜǾŀƭŜƴŎŜ ǊŀǘŜǎ ƻŦ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǎŜȄ ŀƴŘ ŀƎŜ ƛƴ ǘƘŜ ƴƻƴ-elite 

ǎǳōǎŀƳǇƭŜΦ Ϟ ƴҐ ƴǳƳōŜǊ of non-elite ƛƴŘƛǾƛŘǳŀƭǎ ŦŜŀǘǳǊƛƴƎ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎΣ ҈Ґ ǇŜǊŎŜƴǘŀƎŜ 

of N, N= total number of non-elite individuals. 



Daniela Tumler, 2023 
 

9 
 

¢ŀōƭŜ рл /ǊǳŘŜ ǇǊŜǾŀƭŜƴŎŜ ǊŀǘŜǎ ƻŦ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǎŜȄ ŀƴŘ ƭƻŎŀǘƛƻƴ ƛƴ ǘƘŜ ŜƭƛǘŜ 

ǎŀƳǇƭŜΦ Ϟ ƴҐ ƴǳƳōŜǊ of elite individuals featuring SchmorlΩǎ ƴƻŘŜǎΣ ҈Ґ ǇŜǊŎŜƴǘŀƎŜ ƻŦ bΣ bҐ 

total number of elite individuals. 

¢ŀōƭŜ рм /ǊǳŘŜ ǇǊŜǾŀƭŜƴŎŜ ǊŀǘŜǎ ƻŦ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǎŜȄ ŀƴŘ ƭƻŎŀǘƛƻƴ ƛƴ ǘƘŜ ƴƻƴ-elite 

ǎŀƳǇƭŜΦ Ϟ ƴҐ ƴǳƳōŜǊ of non-ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎ ŦŜŀǘǳǊƛƴƎ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎΣ ҈Ґ ǇŜǊŎŜƴǘŀƎŜ ƻŦ N, 

N= total number of non-elite individuals. 

Table 52 Crude prevalence rates of entheseal changes in relation to sex and age in the elite 

ǎǳōǎŀƳǇƭŜΦ Ϟ ƴҐ ƴǳƳōŜǊ of elite individuals featuring entheseal changes, %= percentage of 

N, N= total number of elite individuals. 

Table 53 Crude prevalence rates of entheseal changes in relation to sex and age in the non-elite 

ǎǳōǎŀƳǇƭŜΦ Ϟ ƴҐ ƴǳƳōŜǊ of elite individuals featuring entheseal changes, %= percentage of 

N, N= total number of non-elite individuals. 

Table 54 Crude frequency of entheseal changes in the elite sample of Säben-{ŀōƛƻƴŀΦ Ϟ ƴҐ ƴǳƳōŜǊ of 

elite individuals featuring EC, %= percentage of N, N= total number of elite individuals. 

Table 55 Crude frequency of entheseal changes in the non-elite sample of Säben-{ŀōƛƻƴŀΦ Ϟ ƴҐ 

number of non-elite individuals featuring EC, %= percentage of N, N= total number of non-

elite individuals. 

Table 56 Average severity scores of entheseal changes in relation to joint location in elite individuals. 

Table 57 Average severity scores of entheseal changes in relation to joint location in non-elite 

individuals. 

¢ŀōƭŜ ру h! ŀƴŘ 9/ ŎƻǊǊŜƭŀǘƛƻƴǎ ōŀǎŜŘ ƻƴ ŀƴŀǘƻƳƛŎŀƭ ƭƻŎŀǘƛƻƴ Ϟ ƴҐ ƴǳƳōŜǊ ƻŦ ƛƴŘƛǾƛŘǳŀƭǎ ŀǾŀƛƭŀōƭŜ 

for analysis. 

Table 59 Crude prevalence rates of cribra cranii, orbitalia, femoralis and palatinii in relation to sex 

ŀƴŘ ŀƎŜ ƛƴ ǘƘŜ ŜƭƛǘŜ ǎŀƳǇƭŜΦ Ϟ ƴҐ ƴǳƳōŜǊ ƻŦ ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎ ŦŜŀǘǳǊƛƴƎ ŎǊƛōǊƻǘƛŎ ƭŜǎƛƻƴǎΣ ҈Ґ 

percentage of N, N= total number of elite individuals.  

Table 60 Crude prevalence rates of cribra cranii, orbitalia, femoralis and palatinii in relation to sex 

and age in the non-ŜƭƛǘŜ ǎŀƳǇƭŜΦ Ϟ ƴҐ ƴǳƳōŜǊ ƻŦ ƴƻƴ-elite individuals featuring cribrotic 

lesions, %= percentage of N, N= total number of non-elite individuals. 

Table 61 Crude trauma prevalence rates in reƭŀǘƛƻƴ ǘƻ ǎŜȄ ŀƴŘ ŀƎŜ ƻŦ ǘƘŜ ŜƭƛǘŜ ǎǳōǎŀƳǇƭŜΦ Ϟ ƴҐ 

number of elite individuals featuring trauma, %= percentage of N, N= total number of elite 

individuals. 

Table 62 Crude trauma prevalence rates in relation to sex and age of the non-ŜƭƛǘŜ ǎǳōǎŀƳǇƭŜΦ Ϟ ƴҐ 

number of non-elite individuals featuring trauma, %= percentage of N, N= total number of 

non-elite individuals. 

Table 63 True prevalence of antemortem and perimortem injuries in relation to location in the elite 

ǎŀƳǇƭŜΦ Ϟ ƴҐ ƴǳƳōŜǊ ƻŦ ƻōǎŜǊǾŜŘ ƭŜǎƛƻƴǎ ƛƴ ǘƘŜ craniofacial, axial, and appendicular region 

of elite individuals, %= percentage of N, N= total number of lesions in elite individuals. 

Table 64 True prevalence of antemortem and perimortem injuries in relation to location in the non-

ŜƭƛǘŜ ǎŀƳǇƭŜΦ Ϟ ƴҐ ƴǳmber of observed lesions in the craniofacial, axial, and appendicular 



10 

region of non-elite individuals, %= percentage of N, N= total number of lesions in non-elite 
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1. Abstract 

The early mediaeval period was characterised by continuous variations of frontiers, leadership, and 

consequently also socio-economic instabilities. Located in the central Alps, along one of the most 

important passageways between Germany and Italy, the episcopal see of Säben-Sabiona played a 

central role and was particularly affected by these fluctuations. The site is located on a mount in the 

Eisack-Isarco valley, which, starting from the 7th century A.D. was occupied by Germanic groups, such 

as Bavarians and Longobards. Three archaeological excavations uncovered a palaeochristian church, 

dated to the 5th-8th centuries A.D., featuring between 366 and 370 graves. Due to the quantity of 

burials and wealth of some of these, Säben-Sabiona 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 date, only detailed historical and archaeological investigations concerning the palaeochristian 

church were accomplished, yet the anthropological analysis of these remains was still outstanding. As 

the first anthropological study ever performed on this site, the 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 

contextualisation of these, the present anthropological analysis focused on the subpopulation 

addressed in the publication by Bierbrauer and Nothdurfter (2015). A traditional osteological 

approach to endeavour this aim was predefined, after 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 excavation, i.e., 185 graves, was 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 dental alterations yielding information about diet, 

dental and skeletal conditions linked to the exposure to chronic stress as well as skeletal lesions used 

to infer information about activity and lifestyle. Due to the nature of the site and in consideration of 

the archaeological and historical evidence, identifying Säben-Sabiona 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), i.e., graves within the church, inside a 
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crypt and/or featuring wealthy material culture, and a non-elite 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, which consisted of 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 the non-elite 

group. In both subsamples, males were overrepresented. 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 frequencies in both subgroups, thus, suggesting that social 

stratification was low, for almost all conditions the non-elite sample was more commonly and/or more 

severely affected.  

This thesis provided novel insights into the demographic structure, diet and health of populations 

associated with early mediaeval Säben-Sabiona. Unique information about the composition of the 

Säben-Sabiona cemetery, which elucidates socio-cultural values and 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 site, in consideration of their 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 population as a whole. Thus, 

improves the contextualisation of the palaeochristian church at Säben-Sabiona and aids the 

understanding of early mediaeval social stratification. As for South Tyrol, standardised anthropological 

research concerning osteological samples 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 early mediaeval period is characterised by mass migration, political and economic instability that 

lacks historical documentation, thus, is also referred to as the άDark Agesέ. This gap of knowledge 

between antiquity and High/Late Middle Ages poses a great obstacle in understanding how current 

societies and populations developed. Especially for South Tyrol (Südtirol- Provincia di Bolzano), an 

autonomous province in the north-eastern Italian Alps, information about this period is mainly 

limited to a few historical sources (e.g., Dudley, 2003; Kustatscher and Romeo, 2010; Landi, 2005; 

Winckler, 2012) and archaeological inquiries (e.g., Alberti et al., 2004; Bierbrauer and Nothdurfter, 

2015; Dal Ri, 2010; Marzoli et al., 2009; Nothdurfter, 1991). From 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 understood.  

Figure 1. Germanic occupation of South Tyrol between the 6th to 7th century, adapted from 

Autonome Provinz Bozen-Südtirol, Informationstechnick-Geobrowser and D-maps, 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, e.g., Paulus Diaconus (Dudley, 

2003), although as they are believed to be highly subjective, i.e., the information retrieved may be 

biased depending on the authors affiliation and mindset (Etches et al., 2006), thus, more weight is 

put onto archaeological evidence, which also poses its limitations, i.e., commonly accidental 

discoveries, incompleteness of the archaeological record, 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 and funerary culture (Bierbrauer and Nothdurfter, 2015; Gleirscher and Nothdurfter, 

1987), all of which provide important 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, one needs to 

examine the osteological record. The analysis of human skeletal remains provides exclusive data 

from which the biological and socio-cultural context of a past population can be reconstructed. 

Osteological research on early mediaeval South Tyrolean sites are greatly limited to specific case 

studies (Tumler et al., 2019) and/or topics focusing on a subsample (Mundle, 2018; Paladin et al., 

2020, 2018; Tumler et al., 2021), general examinations of smaller sites (Giovannini, 2003, 2002; 

Renhart, 2008, 2006; Tumler, 2015) or osteological reports of larger sites (Renhart, 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 standardisation, 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 limiting 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. Prokulus- S. Procolo in Naturns-Naturno 

(60 individuals dated to the early mediaeval period), Elzenbaum in Freienfeld- Campo di Trens (11 

individuals), Castelfeder Montan-Montagna (10 individuals dated to the early mediaeval period, 

Terlan- Terlano (16 individuals) (Giovannini, 2003; Renhart, 2006, 1991; Tumler, 2015).  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 Säben-Sabiona, which is regarded as the 

largest early mediaeval cemetery in South Tyrol (366-370 excavated graves), this research attempts 

to unravel novel information on population composition, lifestyle, and health in the Early Middle 

Ages. As Säben-Sabiona is regarded as the first and sole episcopal see in South Tyrol, through which 

the Christianisation of the Alps was coordinated and implemented (Raybould, 1921; Sparber, 1942; 

Winckler, 2012), it was an important locality (Bierbrauer and Nothdurfter, 2015). The 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, 2015). Hence, Säben-Sabiona 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 endeavours to create a comprehensive anthropological narrative for the burials within 

and around the early mediaeval church in the vineyard at Säben-Sabiona. By reconstructing the 

biological and palaeopathological profile it is aimed to generate, for the first time, the necessary 

anthropological data to interpret and contextualise Säben-Sabiona 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 demographic and palaeopathological profile of the individuals buried 

within the early mediaeval church and cemetery in the vineyard of Säben-Sabiona. 

2. To contextualise the demographic composition of the population buried at Säben-Sabiona. 

3. To examine sex and age differences 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 individuals 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 spatial similarities and/or differences. 

7. To provide an overall understanding of population health and socio-cultural structure of the 

site to lay the foundation for future investigations. 

3. Historical and archaeological background 

From archaeological and historical sources it is known that due to its central location, connecting 

northern Europe and Italy, South Tyrol has experienced substantial political and sociocultural 

changes throughout history (Loose, 1999; Lunz, 2006, 2004; Winckler, 2012). The earliest evidence 

for such large-scale shifts has been associated with the Roman colonisation of the Alps, dividing 

South Tyrol into Raetia prima (North-West), Raetia Secunda, Noricum Mediterraneum (North-East) 

and Venetia et Histria (South) (Christ, 1955; Kustatscher and Romeo, 2010; Maczynska, 1998; 

Terrenato, 2019). Economic contact between Romans and the native groups appears to have been 

established since the 1st century B.C. and was consolidated thereafter through the construction and 

expansion of road networks (e.g., Via Claudia Augusta, Via Raetia etc.) and the foundation of 

infrastructures along these (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 autochthonous groups (Gleirscher, 1986; Kustatscher and Romeo, 2010; Loose, 

1999).  

3.1. Late antiquity  

With the breakthrough of the Danubian Limes by Germanic groups and the crossing of the Alps by 

the Huns (401-410 A.D.) the intrusions and raids by these pagan allochthonous populations on local 

settlements and other infrastructures became more frequent (Kustatscher and Romeo, 2010; 

Winckler, 2012), also settlement structures and military organisation changed. Already starting from 

the 3rd century A.D. and especially for the 5th century A.D., the archaeological records show an 

increased emergence of hilltop settlements, fortifications (castra), e.g., castrum maiense near 

Meran- Merano, and/or border inspection posts (clausae), e.g., potentially Klausen-Chiusa near 

Säben-Sabiona (Dal Ri, 2010; Gleirscher, 1986; Kaufmann, 2012; Marzoli et al., 2009; Sparber, 1942; 

Winckler, 2012; Zagermann, 2014). Early on, the effects of the Migration Period on the South 

Tyrolean population, are believed to have been rather low, as economic relations and alliances 

between the Romans and Germanic peoples were already established previously (4th -6th centuries 

A.D.) (Kustatscher and Romeo, 2010; Raybould, 1921). An example is the Ostrogoth occupation (493-

526 A.D.) during which the Roman laws and customs including Christianity were largely maintained 

(Kustatscher and Romeo, 2010; Maczynska, 1998; Scheuch, 1994).  

Christianity was introduced as early as in the 4th-5th centuries A.D. through missionaries, e.g., St. 

Vigilius, the 3rd bishop of Trento (Trentino) (Bitschnau and Obermair, 2009; Kustatscher and Romeo, 

2010; Raybould, 1921; Sparber, 1942; Winckler, 2012). According to historical sources, especially for 

the people situated in more inaccessible valleys (e.g., Ultental- Val Ultimo, Schnalstal- Val 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 various missioners from Rome 

όƛΦŜΦΣ άaŀǊǘȅǊǎέύ ŀǎ ǿŜƭƭ ŀǎ ƭƻŎŀƭ ŎƻƴǾŜǊǘŜŘ ƛƴŘƛǾƛŘǳŀƭǎ (Bierbrauer and Nothdurfter, 2015; Bitschnau 

and Obermair, 2009; Kustatscher and Romeo, 2010; Semmler, 1999; Sparber, 1942). When the 

institutional power from the Roman Empire retreated during the 5th century A.D. the religious 

authority became more influential (Dal Ri, 2010; Loose, 1999; Semmler, 1999; Sparber, 1942; 

Winckler, 2012). From the second half of the 5th century A.D. onwards episcopal sees were 

constructed or relocated onto hills and expanded, featuring double churches and baptismal fonds, 

e.g., potentially Säben-Sabiona for which written evidence exists for 590 A.D. (Bierbrauer and 

Nothdurfter, 2015; Dal Ri, 2010; Sparber, 1942; Winckler, 2012). By ca. 600 A.D. the majority of the 

local population is assumed to have been Christianised (Kustatscher and Romeo, 2010; Winckler, 

2012). 
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3.2. Early mediaeval period 

With the increase of invasions and conquests by Ostrogoths, Byzantines, Franks, Longobards, 

Bavarians and Slavic populations between the 6th- 8th 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).  

 

Figure 2. Diagram displaying the political situation in South Tyrol during the 6th -8th century based on 

research by Dudley (2003), Gleirscher (1986), Heitmeier (2005), Kustatscher 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 sociocultural organisation and subsistence patterns 

(Dudley, 2003; Giostra and Lusuardi Siena, 2004; Haas-Gebhard, 2004; Raybould, 1921; Winckler, 

2012). This is particularly evident in the archaeological records, which document the abandonment 

of Roman settlements in the valley floor as well as the  destruction of various hilltop settlements, 

castra and clausae (Marzoli et al., 2009). When the Franks invaded South Tyrol (580 A.D.), they 

crossed the Vinschgau-Venosta valley, the Etsch-Adige valley and raided Trento (Hammer, 2011; 

Kustatscher and Romeo, 2010; Winckler, 2012). According to historical sources, a more ferocious 

intrusion by the Franks (i.e., Merovingians) is documented for 590 A.D., when the Longobards 

occupied the Etsch-Adige valley (up until Meran-Merano) and parts of the Eisack-Isarco valley 

(Kustatscher and Romeo, 2010). In this context the Franks captivated 600 men and only through 

interventions of the bishops from Trento (Agnellus) and Säben-Sabiona (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 associated with the Bavarian culture in the north-eastern regions (Inn valley, 

Eisack-Isarco valley and the Puster-Pusteria valley), whereas the southern parts, i.e., Trentino, 
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featured a higher abundance of burials potentially linked to the Longobards (Bierbrauer, 2005a; 

Bierbrauer and Nothdurfter, 2015; Giostra and Lusuardi Siena, 2004; Haas-Gebhard, 2004; 

Kustatscher and Romeo, 2010; Michalowski, 2002). Especially during the 7th and 8th centuries A.D., 

where Longobard and Bavarian leadership shifted constantly, the residents near these frontlines 

may have experienced direct impacts of these changes (Hammer, 2011; Kustatscher and Romeo, 

2010). Some studies argue (e.g., Martin, 1996; Winckler, 2012; Wolfram, 1995a, 1995b) that 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 Roman elite (Hammer, 2011; Winckler, 2012). For the Longobard occupation 

it is reported that separate justice systems were in place differentiating between Longobards and 

the local population (Albertoni, 2005; Kustatscher and Romeo, 2010; Obermair, 2005). Yet, as these 

periods were characterised by political turmoil, raids and other violent unrest, ultimately, they were 

forced to liaise with the natives (Dudley, 2003; Kustatscher and Romeo, 2010). Evidence 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 population (Winckler, 2012; Wolfram, 1995a, 

1995b). Consequently over the 6th to 7th century A.D. this governance caused a gradual fusion of the 

respective cultures and customs, which eventually led to  the emergence of a novel elite group 

(Albertoni, 2005; Bierbrauer, 2005a; Bierbrauer and Nothdurfter, 2015; Winckler, 2012). The 

seamless development of these regional traditions into a more homologous culture, is also evident 

from the archaeological records, as from the 7th century A.D. onwards burials clearly show an 

exponential increase in prosperity and an advanced prevalence of such wealthy graves (Bierbrauer 

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

3.3. Säben-Sabiona  

Säben-Sabiona (46°38'28.19" N 11°34'3.59" E) is located on a mount next to the city of Klausen-

Chiusa in the Eisack-Isarco valley of South Tyrol, Italy (Fig. 1). A Roman milestone found in the Eisack-

Isarco valley, i.e., Freienfeld-Campo di Trens, identified this area as part of the Roman Province 

Raetia Secunda and the road Via Raetia, which was used since the 1st century A.D., provide the first 

written evidence associated with the site (Heitmeier, 2005; Winckler, 2012; Zanier, 2017). As the site 

is excellently protected by steep precipices sloping into the Eisack-Isarco river (East) and Tinne-Tina 

river (West), access to Säben-Sabiona is highly limited. This is also shown archaeologically, which 

displays an infrequent occupation of tƘƛǎ άƴŀǘǳǊŀƭ castraέ ŘǳǊƛƴƎ ǘƘŜ оrd -4th centuries A.D. 

(Bierbrauer and Nothdurfter, 2015; Gleirscher, 1986; Kaufmann, 2017). The excavations by Adrian 

Egger (1929/30), Nothdurfter and Kromer (1976) and Nothdurfter and Bierbrauer (1978-1982) 

identified settlement structures (350 A.D.), a baptistry and parish church including a burial site (400 
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!Φ5Φύ ƛƴ ǘƘŜ ŀǊŜŀǎ ƻŦ ǘƘŜ ά[ƛŜōŦǊŀǳŜƴƪƛǊŎƘŜέ ŀƴŘ ǘƘŜ ǾƛƴŜȅŀǊŘ ǎƻǳǘƘ ƻŦ ƛǘΣ ǿƘƛŎƘ ǎǳǇǇƻǊǘǎ ǘƘŜ ƴƻǘƛƻƴ 

that around 400 A.D. the local Roman populations retracted to protective hilltop sites (Bierbrauer 

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 artisanal activity, potentially 

agriculture or metal working. Following two fires (second half of the 4th century A.D. and first half of 

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

was abandoned (Bierbrauer and Nothdurfter, 2015; Sparber, 1942).  

 

Figure 3. Outline of historical and archaeological milestones from Säben-Sabiona based on 

Bierbrauer (2005), Bierbrauer and Nothdurfter (2015), Gleirscher (1986) Heitmeier (2005), Sparber 

(1942) and  Winckler (2012). 

! ŦƛǊŜ ǿŀǎ ŀƭǎƻ ŘƻŎǳƳŜƴǘŜŘ ŦƻǊ ǘƘŜ ǇŀǊƛǎƘ ŎƘǳǊŎƘ ƛƴ ǘƘŜ ǾƛƴŜȅŀǊŘ όάYƛǊŎƘŜ ƛƳ ²ŜƛƴōŜǊƎέύ ǘƘŀǘ 

featured a loculus for relics and became an episcopal see (Bierbrauer and Nothdurfter, 2015; 

Bitschnau and Obermair, 2009; Sparber, 1942). Even though the archaeological data suggests 

another destructive event, i.e., landslide, around 600 A.D., signs of renovations and a continuity of 

cemeterial use persisted until 650-700 A.D. (Bierbrauer and Nothdurfter, 2015). During 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 (unŘŜǊƴŜŀǘƘ άIŜƛƭƛƎ-Kreuz-YƛǊŎƘŜέύ (Bierbrauer 

and Nothdurfter, 2015; Kaufmann, 2017; Winckler, 2012). When the episcopal see was moved to 

Brixen-Bressanone (960 A.D.) the Säben-Sabiona hill was transformed into a castle and in the 17th 

century a Benedictine Convent (1687-2021) was established (Hagemayer, 1967; Köpf, 1999; 

Kustatscher and Romeo, 2010; Moser, 1992). 
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3.3.1. Episcopal see  

When the first Roman missionaries reached the Alps (4th -5th century A.D.), they established Christian 

congregations and sanctuaries at geographically and economically favourable locations, e.g., near 

major routes or other central locations (Kustatscher and Romeo, 2010). These religious headquarters 

are believed to have been named after the martyrs, missionaries and bishops who played a major 

role in the foundation and spread of Christianity in these areas (Kustatscher and Romeo, 2010; 

Winckler, 2012). According to a mediaeval legend (first documented in the 12th century A.D.) in the 

quest of Christianising the north-eastern parts of the South Tyrolean Alps, the Roman missionary 

Cassian (4th century A.D.) was sent to Säben-Sabiona (Gleirscher, 1986; Sparber, 1942). Yet, the 

connection between Saint Cassian and Säben-Sabiona is highly speculative, as 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 the 4th century A.D. (Bierbrauer and 

Nothdurfter, 2015; Gleirscher, 1986; Sparber, 1942).  

As the credibility of the Saint Cassian legend cannot be validated and Materninus I signed the 

protocol of the synods in Grado (571/572 A.D. and 576/77 A.D.) as Materninus Sabionensis, he is 

regarded as the first attested bishop of Säben-Sabiona (Bierbrauer, 2006; Gleirscher, 1986; Menghin, 

1964). Materninus I (575-577 A.D.) was replaced by Ingenuinus (577-605 A.D) for whom historical 

sources also report the engagement in profane duties, e.g., salvation of the inhabitants of the 

castrum Ferruge during the Frank invasion in 590 A.D. (Gleirscher, 1986; Hammer, 2011; Kustatscher 

and Romeo, 2010). Especially in these politically unstable periods, local bishops were an important 

reference point for both the locals and allochthonous groups (Kustatscher and Romeo, 2010; 

Winckler, 2012). Also the signature of Ingenuinus on a petition from the bishops of Venice (under 

the control of the Longobards) to the byzantine emperor Mauritius (591 A.D.), which is the last 

mentioning of Säben-Sabiona in the historical literature for the interim period, highlights the 

authority and the field of action of this diocese (Gleirscher, 1986). Particularly in the 6th and 7th 

centuries A.D. the high-ranking position and relevance of Säben-Sabiona as religious centre is 

evidenced through both, historical sources, where the bishops from Säben-Sabiona 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, 2012). Even though historical sources for the 7th and early 8th century A.D. 

are scarce the archaeological records suggest an uninterrupted Christian tradition (Bierbrauer, 

2005b; Bierbrauer and Nothdurfter, 2015; Gleirscher, 1986; Winckler, 2012). Around 900 A.D. Säben-

Sabiona is mentioned again in the historical literature as unprosperous episcopal see, which 

eventually led to its translocation (Winckler, 2012).  
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Some authors (c.f., Sparber, 1942; Winckler, 2012; Menghin, 1964) associate the foundation of an 

episcopal see at Säben-Sabiona with the refuge of an early bishop as a result of the Germanic 

invasion. Also the fact that Säben-Sabiona differs from the 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 Roman civitas makes this site very unique (Bierbrauer, 2005b; 

Bierbrauer and Nothdurfter, 2015; Gleirscher, 1986; Winckler, 2012). In 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 value (Loose and Lorenz, 1999; Nothdurfter, 1999). 

3.3.2. Origin and archaeological identity of the buried 

The archaeological excavations from 1929-1982 uncovered 366-370 graves, whereby Bierbrauer and 

Nothdurfter (2015) estimate between 700-800 graves dispersed across the Säben-Sabiona hill. The 

size of the cemetery as well as the topographic properties of Säben-Sabiona, making it an ideal 

location for a hilltop settlement, suggested the existence of a larger settlement (Bierbrauer, 2005b). 

In the Early Middle Ages, settlements were often developed near important religious places, i.e., 

funerary churches of martyrs, episcopal sees, etc. Even following abandonment, these sites did not 

lose their significance (i.e., ad sanctos burials) and were continuously used as a burial site 

(Bierbrauer, 2005b; Winckler, 2012). Archaeological investigations of the whole mount, including the 

convent garden, i.e., through surface soil probing and superficial test trenches, featured no evidence 

for a settlement large enough to inhabit the number of individuals buried within and around the 

parish church in the vineyard (Bierbrauer, 2005b; Bierbrauer and Nothdurfter, 2015). An 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 settlements and 

sometimes also churches had to be mobile and were moved on a regular basis (Gleirscher and 

Nothdurfter, 1987; Sennhauser, 2003; Winckler, 2012). Both the fact that the church in the vineyard 

was stone-built and the lack of archaeological 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 Eisack-Isarco Valley could be directly 

associated with such a large amount of burials as estimated for Säben-Sabiona (Bierbrauer and 

Nothdurfter, 2015). Based on general similarities, particularly in funerary culture, Natz-Naz and Elvas 

near Brixen-Bressanone were identified as occupation sites potentially linked to Säben-Sabiona 

(Bierbrauer and Nothdurfter, 2015; Dal Ri, 2010). Hence, 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 for a single population deriving from the same settlement. 
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Even though Säben-Sabiona was an important Christian site, whose burials are commonly associated 

with a lack of funerary goods, some individuals 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 weaponry (Bierbrauer, 2006; 

Bierbrauer and Nothdurfter, 2015; Winckler, 2012). This 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 mutual use of the burial grounds, see 

Figure 4 (Bierbrauer and Nothdurfter, 2015; Kaufmann, 2017; Winckler, 2012).  

CƛƎǳǊŜ пΦ tƭŀƴƛƳŜǘǊȅ ƻŦ ǘƘŜ ŜȄŎŀǾŀǘŜŘ άYƛǊŎƘŜ ƛƳ ²ŜƛƴōŜǊƎέ ƻŦ {ŅōŜƴ-Sabiona, adapted from 
Bierbrauer and Nothdurfter (2015). 

The modest lifestyle of the local population, relying mostly on subsistence economy, i.e., farming 

and pastoralism, and their conversion to Christianity was also reflected in the grave goods of the 

general population (Bierbrauer, 2005a; Winckler, 2012). An exception form the elite groups, 

consisting of local land owners 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 of the two cultural groups (Bierbrauer and Nothdurfter, 2015). 

3.3.2.1. Romans 

From 350-700 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 pits (Bierbrauer and Nothdurfter, 2015). These internments followed 
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typical Christian burial traditions, i.e., supine position; West-East oriented (head-feet), with the 

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

Nothdurfter, 2015; Winckler, 2012). Such a trend was seen in almost all burials, apart from those 

located near walls or those interred in closer vicinity of the relics (Bierbrauer 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 knives (Tab. 1., Bierbrauer and Nothdurfter, 2015; 

YŀǳŦƳŀƴƴΣ нлмтΤ hΩ{ǳƭƭƛǾŀƴΣ нлмоΤ ²ŀǘǘǎΣ нлмпύ. Exceptions to this included individuals that were 

buried wearing their traditional clothes, featuring needles, fibulae and jewellery or those individuals 

forming the Roman elite (6th-7th century A.D.) who were interred with brocades, headpieces, 

earrings and rings made out of gold, combs, knives and glassware (Bierbrauer and Nothdurfter, 

2015; Winckler, 2012).   

DǊŀǾŜ bɕ Location Chronology Grave goods 

1 Outside 
6th-7th 
century 

Comb and an iron knife, a bangle, and a belt 
buckle. 

52 Outside   Iron knife and a spike of a buckle. 

63 
Inside- southern 
aisle 

Period 3b or 
younger 

Comb and three iron rivets. 

76 
Inside- southern 
aisle 

Period 3b or 
younger 

Gold tubes, comb with 5 fragmented iron 
rivets.  

81 
Inside- southern 
aisle 

  Three gold tubes. 

91 Outside   Comb and an iron knife and a ring. 

92 Outside   Comb and an iron knife. 

95 Outside   
Bonze needle, comb, an iron knife, and the 
remains of an iron buckle. 

100 Inside- atrium Period 1-2b 
Golden earrings, two gold textiles, a comb, 
knife (iron) with wooden traces on handle, 
bronze rivets on a silver plating. 

102 Outside   Broken glassware and an iron knife. 

110 Outside   Iron knife. 

118 Inside-crypt C 
7th-8th 
century 

Iron knife (could belong to anyone of Crypt 
C). 

119 Inside-crypt C 
7th-8th 
century 

Iron knife (could belong to anyone of Crypt 
C). 

120 Inside-crypt C 
7th-8th 
century 

Iron knife (could belong to anyone of Crypt 
C). 

121a Inside-crypt C 
7th-8th 
century 

Iron knife (could belong to anyone of Crypt 
C). 

121b Inside-crypt C 
7th-8th 
century 

Iron knife (could belong to anyone of Crypt 
C). 

139 Outside Older than 3b Fragmented iron knife. 

187 
Inside- northern 
aisle 

Period 1-2a Iron knife. 

197 Inside- atrium Period 1-2b Comb with six fragmented iron rivets. 
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207 Outside 
Period 3b or 
younger 

Iron knife with leather traces. 

211 Outside   Iron knife and a comb. 

212 Outside 
7th-8th 
century 

Comb, an iron knife and buckle. 

214 Outside   Iron knife. 

216 Outside   Iron knife. 

217 Inside- atrium Period 2a Fragmented iron knife. 

220 Inside- nave 
6th-7th 
century 

Iron knife, a fragmented comb and four 
pearls. 

226 Inside- nave   
Fragmented iron knife, spindle whorl and two 
small rings (connected). 

Table 1. Burials identified as autochthonous, i.e., Roman, based on their funerary goods, with their 
grave location and chronology, following the interpretations of Bierbrauer and Nothdurfter (2015).  

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 presbytery (Bierbrauer and Nothdurfter, 2015). Some of these graves showed remains of 

wooden stakes, which are common grave markers in Longobard burial sites (Bierbrauer, 2005a). 

Others however, featured complete sets of traditional costumes and multi-part belt sets associated 

with Bavarian culture (Bierbrauer, 2006; Michalowski, 2002). These included two graves with chain 

ǇŜƴŘŀƴǘǎ όάYŜǘǘŜƴƎŜƘŅƴƎŜάύΣ ŜȄŎƭǳǎƛǾŜƭȅ ŦƻǳƴŘ ƛƴ .ŀǾŀǊƛŀƴ ōǳǊƛŀƭ ƎǊƻǳƴŘǎΣ ŀƴŘ ƻƴŜ ƎǊŀǾŜ ŦŜŀǘǳǊƛƴƎ 

weaponry that were interpreted as belonging to individuals from the Germanic elite (Bierbrauer and 

Nothdurfter, 2015; Marti, 2000; Reinecke, 1941; Winckler, 2012).   
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DǊŀǾŜ bɕ Location Chronology Grave goods 

64 Inside- atrium 7th-8th 
century 

Earrings, pearl necklace, belt chain and pendant, 
two bangles, one ring and two knives. 

68 Inside- atrium 7th-8th 
century 

Belt set consisting of four parts, coated silver and 
brass, bronze buckle (Aldeno type) and an iron 
knife. 

112 Outside 7th-8th 
century 

Folding knife, ordinary knife, and iron buckle.  

156 Inside- southern 
aisle 

6th-7th 
century 

A spatha, a buckle and multiple differently 
shaped belt trimming out of iron, scramasax, a 
bag with two knives and a scissor. 

163 Inside- nave 7th century Full belt set (four parts) with a buckle in silver 
and brass (Tierstil II), parts of a scramasax belt, 
five strap-ends, multiple belt parts spiral 
ornaments. 

177 Inside- atrium 8th century Pearl necklace, belt chain that is connected to a 
pendant, iron knife and a bangle. 

215 Outside 7th-8th 
century 

Ordinary knife and folding knife made of iron. 

231 Inside- nave 7th century Belt set with multiple parts and strap ends. 

Table 2. Burials exhibiting allochthonous funerary goods with their grave location and chronology, 
based on Bierbrauer and Nothdurfter (2015). 

Even though the relationship between funerary culture and ethnicity is controversial (Funari, 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 Säben-Sabiona as burial ground for both, the lower and upper class 

(Bierbrauer and Nothdurfter, 2015; Dal Ri, 2010). However, to gain information on social structure, 

demography, lifestyle and health of these individuals, systematic and comprehensive 

anthropological studies are necessary. 

4. Bioarchaeological research in South Tyrol  
 
Prior to 1930, local antiquarians dealt with all archaeological findings recovered in Tyrol (Dal Ri, 

2010; Terzer, 2005). These prioritised commercial aspects, thus, took the opportunity of a 

standardised archaeological excavation, causing the loss of important artefacts (Dal Ri, 2010; Terzer, 

2005). The situation was even worse for human remains, as being without monetary value, they 

were often destroyed, reburied or discarded (Lunz, 2006, 2004). The value of bioarchaeology was 

also overlooked 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 assemblages (Lunz, 2006, 2004). As a result, most 

knowledge on early mediaeval 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 the 19th century by 

the physicians Franz Tappeiner (1816-1902) and Moritz Holl (1852-1920), which applied cranial 

osteometry on both living individuals as well as on skulls from ossuaries to discriminate between 

individuals deriving from Germanic or Roman groups (Hartung von Hartungen, 2005; Holl, 1884; 

Jantsch, 1972; Tappeiner, 1883). Even though 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 20th century and became a paramount conception of national socialists (Hartung von 

Hartungen, 2005; Lilienthal, 1984; Sauser, 1938). Following the misuse and interpretation of 

anthropological data through right wing extremism, research on skeletal remains in South Tyrol 

declined substantially until the end of the 20th century, when the importance of this discipline in 

relation to the reconstruction of past lifestyle and health was rediscovered (Giovannini, 2003; 

Renhart, 1991). Even though the conception of utilising craniometric data to categorise individuals 

persisted in many of these studies (c.f., Capitanio, 1993; Renhart, 2008, 2006), their focus shifted 

primarily towards the reconstruction of lifestyle and health from past populations (c.f., Giovannini, 

2003; Renhart, 2006, 1991,).  

 

Most of these analyses solely provided osteological reports featuring processed data without 

integrating their results in a more extensive context (e.g., Conzato et al., 2009; Giovannini, 2003, 

2002; Paladin and Zink, 2015; Renhart, 2008, 2006, 1991, see Appendix 1). 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 topics (e.g., Paladin et al., 2018; Tumler et al., 2021, 

2019), or subsistence strategies and mobility patterns through stable isotope analyses (Mundle, 

2018; Paladin et al., 2020). Up to date bioarchaeological research about early mediaeval South Tyrol 

suggests that the individuals inhabiting these areas experienced continuous hardship through 

strenuous lifestyles (Paladin and Zink, 2015; Tumler, 2015), with high injury risks (Tumler et al., 

2021), occasional exposure to interpersonal conflict (Tumler et al., 2021, 2019) and periodic 

resource depletion (Paladin et al., 2020), which all may have contributed to elevated mobility 

patterns and altitude-related variations in dietary habits (Mundle, 2018; Paladin et al., 2020). 

Osteoarchaeology uses theories, methods and data from archaeology, biological anthropology, 

history, cultural anthropology, medical science and other related disciplines to contextualise human 

skeletal remains (Buzon, 2012; Quinn and Beck, 2016). As based on an interdisciplinary approach, 

bioarchaeological research can provide more information about the biological, e.g., fertility, 

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 interpretation (Quinn and Beck, 2016). 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 individual through the examination of their skeletal features (Agarwal, 2016; 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 addressed more in detail in subsequent sections. 

4.1. Biological profile 

The biological profile consists of information concerning sex, age at death, non-metric traits, stature, 

body dimensions and form, all of which are essential aspects in demographic analyses of past 

populations. 

By examining the sex and age ratio of a site, important information on cultural practices of 

populations and the occurrence of different socio-political and environmental events can be gained 

(Bardsley, 2014; Fernández-Crespo and De-la-Rúa, 2015; Gautam et al., 2015; Hesketh and Xing, 

2006). Whereas in modern societies culturally driven sex-specific infanticides (mostly females) are 

the most prevalent factor for an imbalanced sex ratio (Gautam et al., 2015; Oomman and Ganatra, 

2002), in archaeological cemetery settings skewed sex ratios have also been associated with 

selective burial practices, thus, offering insights into social structures and cultural perceptions 

(Bardsley, 2014; Fernández-Crespo and De-la-Rúa, 2015). Some sex disproportions were already 

noted in different South Tyrolean, e.g., St. Lorenzen-S. Lorenzo in the Puster-Pusteria Valley, 14 

males versus 17 females (Renhart, 2008); Elzenbaum in the Wipp-Alta Isarco Valley, 10 males and no 

females (Renhart, 2006); Langhütten-Gand, three males versus one female (Paladin and Zink, 2015) 

and Castelfeder, two males versus five females (Giovannini, 2003) in the Etsch-Adige Valley, and 

other northern Italian sites, e.g., Biverone in Veneto 31.4% males versus 16.3% females (Gadioli et 

al., 2018), Trento in Trentino, seven males versus eight females (Capitanio, 1993). However, 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 study (Renhart, 2008), linking the 

site to a nunnery. Mortality rates, chances of survival, growth rates, etc., could not be calculated due 

to low sample sizes for each site. More contextualised approaches assessing palaeodemography 

were employed for larger sites such as St. Prokulus-S. Procolo in the Vinschgau-Venosta Valley 

(Renhart, 1991), featuring information about life expectancy, mortality rates and patterns, or when 

combining different sites (Tumler, 2015). Yet, systemic investigations, e.g., comparing the data to 

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. 

Cemetery composition can also provide clues on political, economic or military events, such as wars, 

which are commonly linked to higher death rates of adult males (Binder and Quade, 2018; Hesketh 

and Xing, 2006; Nicklisch et al., 2017) or 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, 1995). Even though the local historical record lacks 

evidence for larger societal or environmental events (Dudley, 2003; Winckler, 2012), the fluctuating 

political situation, as proven by both historical and archaeological sources (Bierbrauer and 

Nothdurfter, 2015; Marzoli et al., 2009; Winckler, 2012), would 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, potentially linked to the socioenvironmental context of early mediaeval South Tyrol 

were noted by Paladin et al. (2020, 2018). Demographic data are also highly valuable for the 

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., landslides (Alfsdotter et al., 2018; Alfsdotter and Kjellström, 2019; 

Schroeder et al., 2019). Especially, for regions with limited historical and/or archaeological 

documentations, the osteological record features unique insights into early mediaeval life. An 

example is the cemetery of St. Prokulus-S. Procolo near Naturns-Naturno in the Vinschgau-Venosta 

Valley, which featured two cemeterial populations, one dating to the early mediaeval period and 

another one linked to a pandemic (possibly plague) dated to the 17th century A.D. (Renhart, 1991). 

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

mentions the occurrence of a pestilence in the 17th 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 kinship becomes 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. Non-metric traits, also referred to as anatomical 

variants, discontinuous or epigenetic traits, have a long history in osteoarchaeological and forensic 

research as markers for relatedness and ancestry ό!ƭǘΣ мффтΤ /ǾǊőŜƪ Ŝǘ ŀƭΦΣ нлмуΤ CŜǊǊŜǊƛΣ нлммΤ LǊƛǎƘ 

et al., 2020; Mann and Hunt, 2019; Palamenghi et al., 2021; Wheat, 2009), but also habitual activity 

(Finnegan, 1978; Hauser and De Stefano, 1989; Lavallo, 2013). Studies focusing on the South 

Tyrolean and Trentino area used non-metric 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 Lundo (Larentis, 2017), Elzenbaum (Renhart, 2006), Langhütten-Gand (Paladin and 

Zink, 2015). 

Another osteological technique that was and is still used to reconstruct activity from skeletal 

remains and to assess similarities among different individuals is osteometry (Becker, 2020; Godde 

and Taylor, 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 affinity (Capitanio, 1993, 1981; Corrain, 1985; Corrain et al., 1983; 

Giovannini, 2002; Paladin and Zink, 2015; Renhart, 2008). Yet, as the reliability of osteometry as an 

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 

analyses (Göhring et al., 2020; Torroni et al., 2001). Due to the controversial nature of assessing 

ethnicity through osteological analysis (DiGangi 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 indices), body form (i.e., 

osseous frame index), height and composition, i.e., body mass index (Albanese et al., 2016; 

Campanacho and Santos, 2013; Coussens et al., 2002; Jasch et al., 2018; Myszka and Piontek, 2013). 

Such data provides important key 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 clues on growth 

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; Sjöstrand, 2015). For archaeological populations, this is particularly relevant 

as it allows comparisons with modern anthropometric research (Mumm et al., 2021; Navazo et al., 

2020; Scheffler, 2011; Scheffler and Hermanussen, 2021). Most of the anthropological studies 

focusing on South Tyrolean skeletal material solely utilised the collected osteometric data to provide 

stature estimates (Renhart, 2008, 2006, 1991; Tumler, 2015). Hence, 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. Palaeopathological 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., trauma (Ortner, 2003; Roberts and Manchester, 2010). A 

palaeopathological profile is created through a differential diagnosis by considering various 
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pathological conditions affecting the skeletal and dental apparatus, including congenital conditions, 

degenerative joint diseases, infections, metabolic disorders, neoplastic conditions and trauma 

(Aufderheide and Rodríguez-Martín, 1998; Brickley and Ives, 2008; Hillson, 1996; Judd and Redfern, 

2012; Lovell, 1997; Ortner, 2003; Pinhasi and Mays, 2008). For South Tyrol, the majority of 

bioarchaeological studies are merely more extensive osteological reports, thus mainly provide 

information about the presence of different conditions (Giovannini, 2003, 2002; Renhart, 2008). 

Details about disease frequency or a detailed analysis of the origins 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, 2015). Through 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 such research have also been demonstrated by 

ǘƘŜ ǇǳōƭƛŎŀǘƛƻƴǎ ƻŦ ǘƘŜ άDƭƻōŀƭ IƛǎǘƻǊȅ ƻŦ IŜŀƭǘƘ tǊƻƧŜŎǘέΣ ǿƘƛŎƘ ƛŘŜƴǘƛŦƛŜŘ ǎƛƳƛƭŀǊƛǘƛŜǎ ŀƴŘ 

distinctions in disease prevalence patterns based on geographical, social, economic and temporal 

settings in American and European societies from prehistory to the 19th century A.D. (Steckel et al., 

2018; Steckel and Rose, 2002). Through the foundation of an international project that was based on 

a thorough 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 contexts was gained.  

4.2.1. Dental features 

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 

analysis (Freeth, 2000; Garcin et al., 2010; Hillson, 1996). By examining the frequency and severity of 

dental abnormalities within a population, dietary patterns and general health of these past 

populations can be reconstructed (Bonfiglioli et al., 2003; Esclassan et al., 2009; Garcin et al., 2010).  

4.2.1.1. Dental wear 

Dental wear, both occlusal and interproximal can be produced through attrition (tooth-to-tooth 

contact) or abrasion, i.e., interaction with food or other foreign materials όŘΩLƴŎŀǳ ŀƴŘ {ŀǳƭǳŜΣ нлмнΤ 

Hillson, 1996). The degree to which mastication and activity related wear affects dentition has been 

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

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

being carried out (Arcini, 2005; Berbesque et al., 2012; Molnar, 1970; Ubelaker, 1996). An 

ethnographic study by Berbesque et al. (2012) found sex-related differences in dental wear, which 
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were attributable to sex-specific dietary habits and the use of teeth as tools. Thus, through assessing 

the degree of dental wear on an individual as well as population 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 early medieval sites of Kapuziner Kloster- Convento dei Cappuccini in Bozen-

Bolzano, Laag-Laghetti in Neumarkt- Egna, Pfatten-Vadena, Castelfeder and Elzenbaum in Freienfeld- 

Campo di Trens (Giovannini, 2003, 2002; Renhart, 2006), only mentioning the presence of dental 

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

4.2.1.2. Caries and calculus 

Dental caries and calculus are the most common dental alterations in both modern and ancient 

societies (Caselitz, 1998; Hillson, 1996). As opposed to caries, which is characterised by perforative 

lesions at the enamel 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, infections, specific dietary 

habits, and/or inadequate oral hygiene (Caselitz, 1998; Demirci et al., 2010; Freeth, 2000; Hillson, 

1996; Lingström et al., 2000). 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 carbohydrate consumption (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, 2002). Knowledge 

about dietary patterns is also crucial when assessing social differences as a study by aƛƭƛŀǳǎƪƛŜƴŤ 

and Jankauskas (2015) illustrates, i.e., poor quality carbohydrate diets in 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, 1991), yet these were not contextualised or lack 

comparisons with other parameters (cf. 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 and periodontal diseases (Alt 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 lesion (Akinyamoju et al., 2014; Alt et al., 1998; Hillson, 1996; Molnar, 1972).  

Periodontal disease commences with gingivitis and is defined as alveolar inflammation that is 

triggered by microorganisms and other agents in non-mineralised dental plaque (Hillson, 1996; 
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Lukacs, 1989). The inflammation causes alveolar bone resorption and progressively disrupts the 

periodontal ligament, which binds tooth roots to the alveolus, thus leads to AMTL (Hillson, 1996; 

Lukacs, 2007). By examining the prevalence rates 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 condition (Giovannini, 2002; Renhart, 2006), 

and in rare cases true (Giovannini, 2003) and crude (Paladin and Zink, 2015) prevalence rates are 

available. If frequency data were present, these often lacked further differential analyses, e.g., 

possible infection/abscess etc., and 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 

parameters in the St. Lorenzen- S. Sebato-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 population the representativeness of these 

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 through a defect in 

enamel matrix formation, i.e., temporary disruption of ameloblast activity (Hillson and Bond, 1997; 

Skinner et al., 2016; Towle and Irish, 2019). These alterations have been reported to be more 

prevalent in individuals that were exposed to episodes of systemic stress, e.g., disease and/or 

malnutrition (Goodman et al., 1991; Larsen and Hutchinson, 1992; Reitsema and McIlvaine, 2014; 

Yaussy et al., 2016). A 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 during famine. 

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, 1990). Similar as for previously mentioned dental conditions, most studies 

focusing on South Tyrolean sites either do not address linear enamel hypoplasia at all or only 

mention that lesions were found in the sample (Giovannini, 2002; Paladin and 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 occurred (c.f., 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 populations (Leiberman et al., 2001; Niinimäki and 

Baiges Sotos, 2013; Peck, 2013; Perréard Lopreno et al., 2013; Schrader, 2019; Williams et al., 2019; 

Zhang et al., 2017). Some of these can provide information about physical hardship of a population, 

e.g., joint diseases and enthesopathies ό!ƴŘŜƭƛƴƻǾƛŏ Ŝǘ ŀƭΦΣ нлмрΤ WŜƴǎŜƴΣ нллуΤ YŀŎƪƛ Ŝǘ ŀƭΦΣ нлммΤ 

Molnar et al., 2011; Niinimäki and Baiges Sotos, 2013; Palmer et al., 2014; Perréard Lopreno et al., 

2013; Sandmark et al., 2000; Villotte et al., 2010a), episodes of nutritional and physiological stress, 

e.g., cribra ό.ŜǘǎƛƴƎŜǊΣ нллтΤ CŀŎŎƘƛƴƛ Ŝǘ ŀƭΦΣ нллпΤ ~ƭŀǳǎ Ŝǘ ŀƭΦΣ нллпΤ {ǘŜŎƪŜƭΣ нллрΤ ¸ŀǳǎǎȅ Ŝǘ ŀƭΦΣ 

2016) and sometimes even yield insights into potential causes of death, e.g., trauma (Forsom et al., 

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

4.2.2.1. Joint diseases  

Wƻƛƴǘ ŘƛǎŜŀǎŜǎΣ ǎǳŎƘ ŀǎ ƻǎǘŜƻŀǊǘƘǊƻǎƛǎ όh!ύΣ ǎǇƻƴŘȅƭƻŀǊǘƘǊƻǎƛǎΣ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ŀǊŜ ƎŜƴŜǊŀƭƭȅ 

relatively prevalent in archaeological populations (Eng, 2016; Roberts and Manchester, 2010; Rogers 

and Waldron, 1995; Williams et al., 2019). Hence, a lot of research has focused on joint diseases, 

especially in relation to lifestyle and activity reconstruction.  

 

4.2.2.1.1. Osteoarthrosis 

The joint disease osteoarthrosis is also referred to as osteoarthritis and degenerative joint disease, 

with osteoarthritis being the most frequently used expression (Salter, 2002; Tanchev, 2017; Weiss 

and Jurmain, 2007)Φ !ǎ ǘƘŜ ǎǳŦŦƛȄ ά-ƛǘƛǎέ implies an inflammation, which is not a primary feature of 

joint degeneration (Tanchev, 2017) ǘƘŜ ǘŜǊƳ άƻǎǘŜƻŀǊǘƘǊƻǎƛǎέ ƛǎ ǇǊŜŦŜǊǊŜŘΦ hǎǘŜƻŀǊǘƘǊƻǎƛǎ ŀŦŦŜŎǘǎ 

synovial joints 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 cysts (Ortner, 2003; Rogers and Waldron, 1995). Subchondral bone damage occurs in 

response to a variety of biological, genetic and environmental agents, such as age, body weight, 

hormones, workload or injury, which have all been associated with the development of OA (Harding 

et al., 2016; Molnar et al., 2011; Pearson and Buikstra, 2006; Rogers and Waldron, 1995; Sandmark 

et al., 2000; Waldron, 2009). Even though the importance 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 deformation (Block and Shakoor, 2010; Moskowitz et al., 2004). Like other 
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conditions, OA is age-progressive and aggravates through joint loading, hence its suitability to assess 

physical activity in the past (Ortner, 2003; Schrader, 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, e.g., Eng (2016) who was able to distinguish a 

sexual division of labour between hunter-gatherer and 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 of these only mention that 

signs of OA were observed (Giovannini, 2003, 2002) and outline the most severely affected joints 

(Renhart, 1991), others describe single cases in more detail (Paladin and Zink, 2015). Yet, trying to 

link the prevalence and severity of OA to activity and evaluating sexual division of labour was only 

attempted by one study (c.f., Tumler, 2015). Due to the nature of this study, assessing multiple 

different sites as one population, the interpretations of these data may provide an inaccurate 

depiction of early mediaeval lifestyle in this region. Despite the lack of large samples, which would 

be essential for such analyses, none of the above-mentioned 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 early mediaeval South 

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

4.2.2.1.2. {ǇƻƴŘȅƭƻŀǊǘƘǊƻǎƛǎΣ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ŀƴŘ ƭŜǎǎ ŎƻƳƳƻƴ Ƨƻƛƴǘ ŘƛǎƻǊŘŜǊǎ 

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 bodies (Pearson and Buikstra, 2006; Waldron, 2009; 

Wendling and Claudepierre, 2013). As 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 and severity of 

spondyloarthrosis (Kahl and Ostendorf Smith, 2000; Knüsel et al., 1997). Thus, by assessing 

spondyloarthrosis information about lifestyle and long-term exposure to physiological strain of an 

individual and a whole population can be obtained.  

 

{ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ŀǊŜ ŎƛǊŎǳƭŀǊ ŘŜǇǊŜǎǎƛƻƴǎ ƻƴ ǾŜǊǘŜōǊŀƭ ōƻŘƛŜǎ ǘƘŀǘ result from a herniation of the 

intervertebral disc (nucleus pulposus) into the vertebral body through an area of weakness in the 

endplate (Hamanishi et al., 1994; Resnick and Niwayama, 1978). Due 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 and several metabolic conditions (Pfirrmann and Resnick, 
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2001; Saluja et al., 1986; Williams et al., 2007)Φ Lƴ ǘƘŜ ōƛƻŀǊŎƘŀŜƻƭƻƎƛŎŀƭ ƭƛǘŜǊŀǘǳǊŜΣ {ŎƘƳƻǊƭΩǎ nodes 

are most frequently used as indicators for physical activity, e.g., carrying heavy objects, thus, form 

an important element in activity reconstruction of past populations (McNaught, 2006; Schrader, 

2019; Stirland and Waldron, 1997; Üstündag, 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 sample (Fornaciari and 

Giuffra, 2013; Smith et al., 2013; Van der Merwe et al., 2012).  

Like for most skeletal alterations already mentioned, information on the prevalence and severity 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 

{ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ƻŦ ǘƘŜ ǿƘƻƭŜ ǎŀƳǇƭŜ ƻǊ ōŀǎŜŘ ƻƴ ǎŜx (c.f., Renhart, 1991, 2006, 2008; Tumler 2015). 

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. Entheseal changes 

Entheses are the osseous interfaces where muscle, tendons, and ligaments attach to bone (Benjamin 

et al., 2006, 2002; Schlecht, 2012). Hence, as increased physical activity is believed to stimulate 

osteogenic processes at these structures, thus, leading to bone hypertrophy, which can be observed 

macroscopically (Churchill and Morrs, 1998; Hoyte and Enlow, 1966), these are commonly used as 

markers for activity (Havelkova et al., 2011; Nikita et al., 2019; Villotte et al., 2010a, 2010b). A 

number of studies used entheseal changes to reconstruct occupations, such as the study by 

Havelkova et al. (2011) who found differences in hardship of labour between the mediaeval castle 

ƛƴƘŀōƛǘŀƴǘǎ ŀƴŘ ŦŀǊƳŜǊǎ ƻŦ aƛƪǳƭőƛŎŜ ƛƴ ǘƘŜ /ȊŜŎƘ wŜǇǳōƭƛŎΦ hǘƘŜǊ ǊŜŎŜƴǘ ǎǘǳŘƛŜǎ ǘŜǎǘƛƴƎ ǘƘŜ 

correlation between EC and activity on skeletal reference collections or in combination with other 

traits known to affect bone remodelling established variable results (Alves Cardoso and Henderson, 

нлмоΤ aƛƭŜƭƭŀ Ŝǘ ŀƭΦΣ нлмнΤ tŀƭƳŜǊ ŀƴŘ ²ŀǘŜǊǎπwƛǎǘΣ нлмфΤ {ŎƘǊŀŘŜǊΣ нлмфύ. As entheseal changes are 

frequently observed in human skeletal remains and a link between entheseal morphology and 

activity is encountered more frequently in the bioarchaeological literature (Havelkova et al., 2011; 

Karakostis et al., 2019; Sick, 2021; Villotte et al., 2010a), entheseal changes can be regarded as 

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

various factors affecting entheseal development, e.g., age, sex, body size, an accurate 
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contextualisation can be yielded (Acosta et al., 2017; Claudepierre and Voisin, 2005; Milella et al., 

2012; Schlecht, 2012; Sick, 2021). Thus, even though still highly debated (Alves Cardoso and 

IŜƴŘŜǊǎƻƴΣ нлмоΤ aƛƭŜƭƭŀ Ŝǘ ŀƭΦΣ нлмрΤ tŀƭƳŜǊ ŀƴŘ ²ŀǘŜǊǎπwƛǎǘΣ нлмфΤ Schrader, 2019), in conjunction 

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 populations (Becker, 

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

As more detailed analyses of entheseal 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 entheses (Giovannini, 

2003; Renhart, 2008, 2006). Both Giovannini (2003) and Renhart (2008) mention osteometric 

differences in the robusticity values and entheses between males and females and interpret these in 

conjunction with stature data as indicator for farming. Only recently, Paladin and Zink (2015) were 

some of the first to utilise entheseal, OA and non-metric data as an indicator for horseback riding in 

an individual from Langhütten-Gand in Eppan-Appiano. 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 on bone (Brickley and Ives, 2008; Roberts and Manchester, 2010). Hence, 

especially for environmentally caused metabolic conditions, e.g., famine, malnutrition, etc., skeletal 

alterations mark the length of exposure and severity of an episode. The most frequently observed 

metabolic conditions in archaeological samples include anaemia and nutritional deficiencies, such as 

iron, vitamin D (rickets and osteomalacia) and C (scurvy) deficiency (Brickley and Ives, 2008; Steckel 

and Rose, 2002; Veselka et al., 2018). Typical skeletal indicators for these disorders are porotic 

lesions on the external cranial vault (cribra cranii), orbital roof (cribra orbitalia), sphenoid, hard 

palate (cribra palatinii), maxilla, mandible, ribs (sternal end), scapulae, pelvis and on the neck of the 

humerus and femur (cribra humeralis and femoralis) (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, Pfatten-Vadena, Castelfeder, Elzenbaum and Schloss Tirol-Castel Tirolo (Giovannini, 2003, 

2002; Paladin et al., 2018; Renhart, 2006; Tumler, 2015). Most of these provide quite a lot of 

information about the observed lesions, including frequency and severity of the alterations in 
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relation to sex and age (Giovannini, 2003, 2002; Renhart, 2008, 2006, 1991; Tumler, 2015). The data 

and interpretation of three studies even suggests the presence of metabolic conditions such as 

scurvy, rickets and osteomalacia (Paladin et al., 2018; Renhart, 2006; Tumler, 2015). 

4.2.2.4. Infections 

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

to progress more rapidly and are often fatal, have shown to spread from affected soft tissue to the 

skeleton causing an inflammation (Ortner, 2003; Roberts and Manchester, 2010; Wilks et al., 2003). 

These bone lesions are categorised into specific infections, i.e., a specific causative organism, which 

include leprosy, tuberculosis, brucellosis or treponemal diseases, or non-specific infections that are 

caused through an unspecified microbe, most commonly staphylococci, streptococci or pneumococci 

(Ortner, 2003; Pinhasi and Mays, 2008; Roberts and Manchester, 2010; Waldron, 2009). In 

archaeological samples an inflammation of the periosteum (periostitis), the cortex (osteitis) and the 

medullary cavity (osteomyelitis) are most frequent (Marques et al., 2019; Obertová, 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 plaque formations or complete 

deformation of the outer bone surface (Ortner, 2003). Anything that irritates the periosteum leading 

to a stimulation of osteoblast activity, such as general infections, ulcers, varicose veins, nutritional 

deficiencies and trauma can cause periostitis (Robbins et al., 2009; Roberts and Manchester, 2010; 

Waldron, 2009).  

The prevalence rate of infectious diseases, particularly 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 

conditions and whether they had access to some sort of treatment. Information about the 

prevalence of specific and non-specific 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 remains (Knüsel and Smith, 2014; Obertová, 2008; Ortner, 2003). Bioarchaeological 

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., weakening due to pathology (Black 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 a lesion (Byers, 2017; DiMaio and 

5ƛaŀƛƻΣ нллмΤ wƻōŜǊǘǎ ŀƴŘ aŀƴŎƘŜǎǘŜǊΣ нлмлΤ ~ƭŀǳǎ Ŝǘ ŀƭΦΣ нлмнύ. Bone trauma can be provoked 

through diseases, the application 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 trauma (Black and Ferguson, 2011; Kimmerle and Baraybar, 2008; Mole et al., 2015; 

Spatola, 2015; Ubelaker, 2019). By considering all of these aspects, a thorough trauma assessment 

Ŏŀƴ ǘƘǳǎ ǇǊƻǾƛŘŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ƭƛŦŜǎǘȅƭŜΣ ŜΦƎΦΣ ƛƴƧǳǊƛŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ Ƙŀōƛǘǳŀƭ 

activities, potential involvement in conflict and frequency of exposure to violence, as well as the 

overall health of an individual, e.g., ability to recover from trauma (Martin and Anderson, 2014; 

Redfern, 2016; Smith, 2017).  

For early mediaeval South Tyrol, most of the earlier studies (Giovannini, 2003; Renhart, 2008, 2006), 

but also some of the more recent ones (Paladin and Zink, 2015; Tumler, 2015) mentioned the 

presence of trauma in their sample but do not 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 about the type and/or timing of the observed lesions (Renhart, 1991; Tumler, 2015), 

yet, again this information lacks a differential diagnosis and contextualisation. Up to now, only two 

studies on South Tyrolean skeletal remains that assess trauma prevalence and pattern thoroughly 

are available (c.f., Tumler et al., 2021, 2019). In both publications, Tumler (2019, 2021) clearly 

outlines the amount of information that can be gained, i.e., about lifestyle and the sociocultural 

impacts of the constantly changing political and economic situation throughout the early mediaeval 

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 Säben-Sabiona. 

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 conditions (Barnes, 1994; Roberts and Manchester, 2010). As 

more severe defects are usually not compatible with life, these are rarely encountered in 

archaeological contexts (Aufderheide and Rodríguez-Martín, 1998; Barnes, 1994). Yet, those 

alterations that have less serious consequences are frequently 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 Manchester, 2010). Congenital 

abnormalities can provide important information about a society, such as maternal health, marriage 
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patterns and societal integrity (Barnes, 1994; Holst, 2010; Sture, 2001). Furthermore, as congenital 

conditions have a genetic origin, assessing these skeletal alterations is also highly valuable in 

combination with non-metric traits, to gain preliminary data aiding the selection 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 tumours (Brothwell, 

2008; Czerniak, 2016; Ortner, 2003; Roberts and Manchester, 2010). Benign neoplasms are localised, 

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

fibroblastic tumours (Brothwell, 2008; Ortner, 2003). Malignant bone tumours, such as 

ƻǎǘŜƻǎŀǊŎƻƳŀǎΣ ŎƘƻƴŘǊƻǎŀǊŎƻƳŀǎ ŀƴŘ 9ǿƛƴƎΩǎ ǎŀǊŎƻƳŀǎΣ ǎǇǊŜŀŘ ŦǊƻƳ ŀ ǇǊƛƳŀǊȅ ƎǊƻǿǘƘ ŎŜƴǘǊŜ ǘƻ 

other organs through the blood and/or lymphatic system (metastases formation) and tend to be 

more acute and fatal (Brothwell, 2008; Ortner, 2003). Analysing ancient human bone cancers is not 

only a valuable aspect of a thorough palaeopathological analysis, but may also contribute to modern 

oncological research, e.g., the natural prevalence of neoplasms in certain geographical areas, 

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

Only the publications by Renhart (1991) and Tumler (2015) mention the presence of congenital and 

neoplastic conditions in South Tyrolean skeletal assemblages, yet, more detailed descriptions, i.e., 

number of lesions, specific location, etc., and differential diagnoses of the observed alterations are 

not available.  
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5. Materials and Methods 

5.1. The parish church and cemetery in the vineyard at Säben-Sabiona 

A total of three archaeological excavations was carried out at the Säben-Sabiona hill from 1929-1982 

uncovering between 366 and 370 graves. The first excavation focused on the parish church and its 

ŀǎǎƻŎƛŀǘŜŘ ŎŜƳŜǘŜǊȅ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ŀǊŜŀ {ƻǳǘƘ ƻŦ ǘƘŜ ŎǊŜƴŜƭƭŀǘƛƻƴ ŀƴŘ ά[ƛŜōŦǊŀǳŜƴƪƛǊŎƘŜέΣ ǿƘƛŎƘ ƛǎ 

now a vineyard. This was carried out by the cleric Adrian Egger in 1929/30 and established the 

outline of the church and recovered individual grave goods (H. Nothdurfter, personal 

communication on the 27th July 2020) as well as between 110 and 114 graves (Bierbrauer and 

Nothdurfter, 2015; Gleirscher, 1986). Further 59 graves were discovered at the southern end of the 

hill in 1976 by Kromer 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 from the 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. Hans-Peter Kuhnen, Archaeologist from the 

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 188 were not 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., 131, 145, 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) are located inside, and 

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 (n=25), 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 areas south (n=36) or west 

(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 catalogue supplied in the publication by Bierbrauer and Nothdurfter (2015), 

most interments 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 

inhumations 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 body posture, which was predominantly 

West-East (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 exceptionally diverse 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 5th -8th centuries A.D. 

5.1.1. Elite versus non-elite 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 burials, not only the 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 crypt C 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 any of these to a specific ethnic 

ƎǊƻǳǇΦ LƴŘƛŎŀǘƛƻƴǎ ŦƻǊ ŜƭŜǾŀǘŜŘ ǎƻŎƛŀƭ ǎǘŀǘǳǎ ǿŜǊŜ ŀƭǎƻ ǊŜŎƻǊŘŜŘ ƛƴ ǘƘŜ ǇǊŜǎǳƳŜŘ άDŜǊƳŀƴƛŎέ 

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 Säben-Sabiona, which suggest a site of great 

importance (Bierbrauer, 2005a; Kaufmann, 2017; Kuhnen, 2020; Sparber, 1942; Winckler, 2012), and 

the presence of prestigious grave goods, e.g., gold jewellery, multipart belt sets and weaponry, in 

some of the interments (Bierbrauer, 2006; Bierbrauer and Nothdurfter, 2015), it can be assumed 

that the present cemeterial population may not represent a natural population. As Säben-Sabiona 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 single individuals from the whole population. According to 

Nothdurfter (1999), graves, evidence burial rights of a church and from an archaeological 

perspective, socially high-ranking individuals are only identifiable through rich funerary goods and/or 

separate burial places. The burial patterns at Säben-Sabiona, 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 status (Brather and Friedrich, 2013; Brownlee, 2020; Ferreri, 2011; 

Marti, 2000; Passalacqua, 2012; Pinhasi and Bourbou, 2008), supports this view. A personal 
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communication with Prof. Hans-Peter Kuhnen, who continues the archaeological investigations of 

the Säben-Sabiona mount from Bierbrauer and Nothdurfter, also 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 and non-elite subsample. To 

be able to contextualise Säben-Sabiona more accurately, all individuals featuring grave goods that 

could be classified into average wealth, wealthy or exceptionally wealthy, following the proposed 

categorisation outlined by Sayer (2013a), and those that were buried inside crypts or within the 

church, i.e., nave, atrium and southern/northern aisle were grouped into the subsample elite/rich 

burials. This differentiation led to a subsample of 107 elite/rich and 78 non-elite/poor graves (see 

Appendix 2). 

5.2. Methods 

Up until the start of the data collection in March 2017 at the facilities of the Institute for Mummy 

Studies (Eurac Research in Bozen-Bolzano), the skeletal material was stored in the warehouse of the 

Amt für Bodendenkmäler-Ufficio Beni archaeologici in Bozen-Bolzano, Italy.  

All skeletal remains recovered from Säben-Sabiona were already cleaned prior to the start of this 

project, thus no major washing 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 or osteometric 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 documentation of each individual is supplied in the osteobiographic catalogue.  

Fragmented bones were reconstructed by utilising a water-soluble 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 reconstructed. 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 performed on 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 <25%-100% to 

estimate the quantity of skeletal elements present. Qualitative bone preservation rating followed 

the long bone inventory recording system developed during the Global History of Health Project 

(Steckel et al., 2006), although the scoring was applied on the whole skeleton rather than on 

individual bones. As taphonomic factors, i.e., funerary practices, grave type, soil pH and type, etc., 

are known to affect bone preservation (Lieverse et al., 2006; Manifold, 2012), the 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 recording also included a minimum number of elements (MNE) estimation, for 

each individual, i.e., registering all identifiable bones (Egaña et al., 2008; Lambacher et al., 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 of a bone 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, 1953). The 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 developmental status of the respective bone were also considered (Buikstra 

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

scattered remains were recorded (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 shape (Bogin, 1999; Moore, 2013). The 

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., genetics, hormones, etc.) and 

extrinsic factors, such as the environment, diseases, nutrition, etc. (Binford, 2019; Bittles, 2012; 

Moore, 2013; Stinson et al., 2012). Environmental effects on body size and shape, i.e., the levels of 

robusticity, have shown to be substantial among populations from different environments (Binford, 

2019; Leonard and Katzmarzyk, 2010; Ruff, 2002). Hence, especially for unknown individuals, 

ancestry should be estimated prior to assessing sex (Byers, 2017; Tawha et al., 2020). However, 
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currently available evidence suggests that the individuals buried in the Säben-Sabiona cemetery 

originated either from the local area or nearby regions, i.e., from modern day Austria, southern 

Germany or northern Italy (Bierbrauer and Nothdurfter, 2015), thus, probably consisted of Caucasian 

individuals. Osteological ancestry estimation relies on skeletal differences that develop as a result of 

specific environmental conditions, thus significant physiological differences among populations are 

required to yield an accurate ancestry assessment (Algee-Hewitt et al., 2020; Byers, 2017). 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 for successful 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 pelvis, skull and 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 

Morphoscopic 

 

Cranium 

Nuchal crest 

Mastoid process 

Forehead 

Parietal/frontal eminence 

Glabella 

Supraorbital ridge 

Supraorbital margin 

Orbital shape 

Zygomatic arch 

Mandible 

Ramus flaring 

Ramus angle 

Mental protuberance 

Mandibular shape 

 

Os coxae  

Ilium size 

Sciatic notch 

Ventral arc 

Medial ischiopubic ramus 

Subpubic concavity 

Arc composé 

Inlet shape 

Pubic body width 

Obturator foramen shape 

Subpubic angle 

Sacrum 
Sacrum orientation 

Size of sacral body 

Humerus Vertical diameter of the head (M10) 

Femur Vertical diameter of the head (M18) 
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Osteometric 

Os coxae 

Acetabulo-symphyseal pubic length (PUM, M14) 

Cotylo-pubic width (SPU) 

Innominate or coxal length (DCOX, M1) 

Greater sciatic notch height (IIMT, M15.1) 

Ischium post-acetabular length (ISMM) 

Iliac or coxal breadth (SCOX, M12) 

Spino-sciatic length (SS) 

Spino-auricular length (SA) 

Cotylo-sciatic breadth (SIS, M14.1) 

Vertical acetabular diameter (VEAC, M22) 

Horizontal acetabular diameter (HOAC, M22) 

Table 3. Skeletal features assessed to estimate sex. 

 

Visual assessment was performed by following the methods proposed by Acsádi and Nemeskéri 

(1970), Buikstra and Ubelaker (1994), Ferembach et al. (1979), Phenice (1967), and Walker (2008).As 

macroscopic approaches have been described as quick visual assessments and are known to exhibit 

high inter- and intraobserver error rates (Moore, 2013; Walker, 2008), metric methods were used to 

validate the results of these. Metric sex estimation was established through the approaches by 

Murail et al. (2005) for pelvic measurements and Pearson and Bell (1917) and  Stewart (1979) for 

long bone metrics (Bass, 1995).  The osteological measurements were guided by the publications of 

Buikstra and Ubelaker (1994), Martin and Saller (1959) and Murail et al. (2005). Anthropological 

research found that due to childbirth related changes in the pelvic bones, i.e., os coxae and sacrum, 

they display the most divergence between the sexes, thus, they pose the highest degree of accuracy 

when assessed alone (Krogman and Iscan, 1986; Moore, 2013; Stewart, 1979). Spradley and Jantz 

(2011) proposed that in the absence of pelvic bones for sex estimation, postcranial elements should 

be preferred, as extrinsic factors, e.g., robusticity (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 using the 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 sex estimation 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 female or 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 

assigned to 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 was not assessed due to a lack of reliable osteological 

methods and general disagreement in regard to the accuracy of the developed approaches (Komar 

and Buikstra, 2009; Moore, 2013; Scheuer and Black, 2004). 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 approach for subadults (Goncalves et al., 2011; Graw et al., 2005; Norén et al., 2005), was 

not utilised for the present sample as the petrous bones of juveniles were either not preserved, 

lacked preservation for the method to be carried out accurately or were unavailable, i.e., were 

sampled for molecular analyses prior to the anthropological analysis was carried out. Even though 

molecular sex estimation of subadults would have been possible, this would have exceeded 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 death (Buikstra and Ubelaker, 1994; 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, form the basis 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 known (Couoh, 2017; Garvin et al., 2012). Similar 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 of the skeletal traits used in aging (Garvin 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 assessment of changes associated with 

skeletal and dental development, i.e., long bone fusion or dental eruption, as well as age-related 

degeneration, particularly at joints, has also been proposed to be a good age indicator (Buikstra and 

Ubelaker, 1994; Freemont and Hoyland, 2007; Lovejoy et al., 1985; Todd, 1920; Ubelaker, 1989).  

As aging is performed by 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 terminated (Byers, 2017; Garvin et al., 2012; Harth et 

al., 2009; Schmitt et al., 2006; White et al., 2012). Subadult 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 most accurately (Garvin et al., 

2012; Scheuer and Black, 2000; Ubelaker, 1989). In the present study subadult aging was performed 
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by focusing on dental eruption following the methods by AlQahtani et al. (2010) and Ubelaker 

(1989); epiphyseal fusion as proposed by Scheuer et al. (2000) and the length of long bones (Fazekas 

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 estimation approaches 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 cartilaginous changes observed at the 

pubic symphysis and auricular surface on the os coxae or the sutures on the cranium are most 

frequently used (Brooks and Suchey, 1990; Buckberry and Chamberlain, 2002; Mann et al., 1991; 

Meindl and Lovejoy, 1985). However, also approaches analysing dentition, i.e., tooth root 

translucency (Lamendin et al., 1992), dental cementum annulations (Wittwer-Backofen et al., 2004) 

or dental wear (Brothwell, 1989; Lovejoy, 1985; Molnar, 1971), bone histology (Kerley, 1965; Kerley 

and Ubelaker, 1978) or by considering osteoarthrosis (Stewart, 1958) as a marker for advanced age 

are commonly used. 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., multifactorial approach (Byers, 2017; 

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

death by assessing the degree of ectocranial suture closure (Meindl and Lovejoy, 1985), variation of 

the pubic symphysis (Brooks and Suchey, 1990; Todd, 1920), auricular surface and acetabulum 

(Buckberry and Chamberlain, 2002; Lovejoy et al., 1985; Rouge-Maillart et al., 2009) as well as dental 

wear (Brothwell, 1989). As the accuracy of suture obliteration as an age indicator has been 

challenged by several publications (Carazo, 2017; Dayal, 2009; Hershkovitz et al., 1997; Masset, 

1989; Todd and Lyon, 1924) and dental wear has been shown to be significantly influenced by other 

factors, e.g., diet and food processing (Brothwell, 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 cementum 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 considered 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 present final age estimation approach followed the publication by 

.ȅŜǊǎ όнлмтύΣ ǿƘƛŎƘ ǇǊƻǇƻǎŜŘ ǘƘŜ ǳǎŜ ƻŦ ŀ άwŀƴƎŜ /ƘŀǊǘǎέΦ  CƻǊ ƻǊ ŜŀŎƘ ƻŦ ǘƘŜ ǳǎŜŘ ƳŜǘƘƻŘǎΣ ŀƎŜ 

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, the highest overlap was found between age 

30 and 40 years. Hence, the estimated age range of SK76 was 30-40 years. Mean age and standard 

deviation were only calculated for each method, but not for the final age estimate of each individual 

(see Appendix 8). 

 

Figure 5. Multifactorial age estimation of SK76, with an estimated age range of 30-40 years. 

To facilitate statistical analysis and data display all individuals were grouped into the following age 

categories: Perinatal (before birth- up until birth), infans I (0-6 years), infans II (7-12 years), juvenile 

(13-19 years), adult (20-40 years), mature (41-60 years), senile (60+ years) and non-determinable 

adult (>20, adult-ND) (Herrmann et al., 1990). 

5.2.2.3. Palaeodemographic methods 

Palaeodemographic information, such as population composition, death probability, life expectancy 

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 tables (Acsádi and Nemeskéri, 

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

 

ὓὍ
άὥὰὩί ὔ 

ὪὩάὥὰὩί ὔ
ρππ 

 

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

age estimation error margin, especially for adults (Grupe et al., 2005). All individuals that could be 

aged were grouped into age groups (x) of five-year intervals, i.e., 0-4, 5-9, 10-14, 15-19, and seven-

15 25 35 45 55 65 75 85 95

Cranial sutures

Pubic Symphysis (T)

Pubic Symphysis (S-B)

Dental wear

Auricular (L)

Auricular (B-C))

Auricular/Acetabulum

Min MIN-MAX
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year intervals, i.e., 20-26, 27-34, 35-41, 42-49, 50-рт ŀƴŘ руқ όŀύΦ !Řǳƭǘ ŀƎŜ ƎǊƻǳǇǎ ŎƻƳǇǊƛǎŜŘ нл 

years, and with the assumption of equal distribution within these groups, 7-year intervals were 

chosen. Mortality tables were calculated based on the values and formulas outlined in Table 4.  

Character Explanation and formula 

Dx The number of individuals in x. 

dx Relative number of individuals in x. 

Ὀὼ

ВὈὼ 
ρππ 

lx Relative number of survivors in x.  

ὰὼ ὰὼρ Ὠὼ ρ 

qx Probability of dying in x. 

ήὼ
Ὠὼ

ὰὼ
 

Lx Average years per person lived within a given age interval. 

ὒὼ
ὥὰὼὰὼ

ς
 

Tx Sum of average years lived within the current and remaining age intervals. 

Ὕὼ Ὕὼ ὒὼ 

Whereby  Ὕὼ Вὒὼ 

ex Average years of life remaining (average life expectancy). 

Ὡὼ
Ὕὼ

ὰὼ
 

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

If the estimated age range overlapped more than one category (e.g., 20-40 years or >20) the 

individuals were expressed as percentages that were evenly distributed to the adjacent age groups. 

Following the recommendation by Grupe et al. (2015), mortality tables were calculated for the 

whole population 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 

(Qx) model by Weiss and Wobst (1973) using the formula outlined below. 

ὗ
ὰ

ὰ
 

According to Weiss and Wobst (1973), skeletal populations can only be used as a representation of a 

living population if they meet the following equation criteria: Q10<Q15 and Q0>Q15. Because, in a 

natural population, the lowest mortality rates are commonly observed in juveniles and higher rates 

are generally associated with infants (Hug et al., 2018; Weiss and Wobst, 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 within and 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) of this sample over a given period of time, i.e., occupation of the site (t) was assessed by applying 

the equation proposed by Acsádi and Nemeskéri (1970), with 1.1 being a correction factor, assuming 

that approximately 10% of the living population were interred elsewhere: 

ὖ ρȢρ
Ὀ Ὡ

ὸ
 

5.2.2.4. Non-metric 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 on non-metric traits and 

osteometry (Coppa et al., 2008; Cox and Mays, 2000; Hauser and De Stefano, 1989; Jasch et al., 

2018; Ruff, 2002).  

Non-metric traits or anatomical variants (especially those on the cranium and dentition) are often 

used for ancestry estimation in human identification (i.e., forensic anthropology), kinship analysis 

and as markers for occupational activities (Algee-Hewitt et al., 2020; Capasso et al., 1999; Finnegan, 

1978; Hauser and De Stefano, 1989; Mann et al., 2016; Rhine, 1990). As part of the osteological 

assessment, the presence and quantity of a selection of cranial and postcranial non-metric traits as 

outlined in Table 5 and Table 6 were recorded. The non-metric 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 those in Table 6 are frequently associated with activity (Bradshaw et al., 2020; 

Finnegan, 1978; Hauser and De Stefano, 1989; Lozanoff et al., 1985).
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Bone Non-metric trait 

Cranium 

Metopic suture  

Bregmatic ossicle 

Coronal ossicle 

Sagittal ossicle 

Squama parietal ossicle 

Parietal notch bone 

Parietal foramen 

Lambdoid ossicles  

Inca bone  

Apical bone 

Maxillary torus 

Table 5 List of selected cranial non-metric traits that are commonly used to assess kinship.  
 

Bone Non-metric trait 

Mandible Double condyloid facets 

Scapula Bipartite acromion  

Humerus Septal aperture  

Os coxae Pre-auricular sulcus  

Femur 
Riding facet  

Third trochanter  

Tibia 
Lateral squatting facets  

Medial squatting facets  

Table 6 List of selected postcranial non-metric traits that are commonly used as activity markers. 
 

As opposed to non-metric traits, which provide more information on skeletal anomalies that are 

then used to infer relatedness between individuals, metric analyses enable 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 by Martin (1928) and Buikstra and Ubelaker (1994), the cranial 

and postcranial measurements shown in Table 7 were taken following the approaches by Martin and 

Saller (1957) and Murail et 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 (g-op) 

M5- Cranial base length (n-ba) 

M8- Maximum cranial breadth (eu-eu) 

M9- Minimum forehead breadth (ft-ft) 

M10- Maximum forehead breadth (co-co) 

M12- Biasteric diameter (ast-ast) 

M17- Basion-Bregma height (ba-br) 

M20- Auricular height (po-br) 

M23- Horizontal circumference (g-op) 

M24- Transverse arc (po-b-po) 

M25- Mediosagittal arc (n-op-o) 

M45- Bizygomatic diameter (zyg-zyg) 

M47- Facial height (n-gn) 

M51- Orbital breadth (mf-ect) 

M52- Orbital height  

M54- Nasal breadth (al-al) 

M55- Nasal height (n-ns) 

Mandible 
M65- Bicondylar breadth (cdl-cdl) 

M66- Bigonial breadth (go-go) 

 

 

 

Humerus 

Hu1- Maximum length* 

Hu4- Epicondylar breadth* 

Hu5- Maximum diameter at midshaft 

Hu6- Minimum diameter at midshaft 

Hu7- Minimum circumference* 

Hu9- Transversal diameter of the head 

Hu10- Sagittal/vertical diameter of the head 

Radius 
Ra1- Maximum length 

Ra2- Physiologcial length 

Ulna 
Ul1- Maximum length 

Ul3- Minimum circumference 

Os coxae 

 

 

PUM- Acetabulo-symphyseal pubic length* 

SPU- Cotylo-Pubic width* 

DCOX- Coxal height * 
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Os coxae 

IIMT- Sciatic height* 

ISMM- Post-acetabular ischium length* 

SCOX- Coaxal breadth * 

SS- Spino-Sciatic length* 

SA- Spino-Auricular length* 

SIS- Cotylo-Sciatic diameter*  

VEAC- Vertical acetabular diameter* 

HOAC- Horizontal acetabular diameter* 

 

 

 

 

 

Femur 

Fe1- Maximum length* 

Fe2- Bicondylar length 

Fe6- Sagittal diameter* 

Fe7- Transverse diameter* 

Fe8- Midshaft circumference 

Fe9- Superior transverse diameter 

Fe10- Superior sagittal diameter 

Fe18- Vertical diameter of the head* 

Fe21- Epicondylar breadth 

Transverse diameter fovea capitis 

Sagittal diameter fovea capitis 

 

 

Tibia 

Ti1b- Maximum length* 

Ti2- Bicondylar length 

Ti3- Maximum proximal epiphyseal breadth 

Ti8a- Sagittal diameter at the nutrient foramen* 

Ti9a- Transverse diameter at the nutrient foramen* 

Ti10b- Minimum circumference* 

Table 7 List of selected cranial and postcranial measurements. 

Even though a variety of cranial measurements were taken, cranial indices were not calculated for 

the present study as 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 authors (Bach, 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 measurements were 

taken, the lower limbs, particularly the femur followed by the tibia, appear to produce the most 
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reliable stature estimate (Trotter and Gleser, 1958), as they contribute to body height in contrast to 

the upper limbs. For the present study, osteometric data from the humerus, ulna, radius, femur, and 

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). Twelve individuals (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, SK230) both the femur and tibia were unavailable, thus the humerus 

was used to estimate stature. For those individuals that lacked femoral, tibial, and humeral 

osteometric data, measurements of the radius (SK48, SK79, SK121A, SK208) or ulna (SK39, SK61, 

SK65II) were used. Only sexed adults were used for stature estimation, which was calculated by 

following the recommendations by Siegmund (2010), who proposed that for European samples, a 

more accurate stature estimation could be obtained by taking the mean stature estimate from the 

methods of Pearson (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 formulas used to estimate stature from all available 

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

 

 

(Pearson, 1899) 

Humerus ὓὥὰὩί Ὄόρz ςȢψωτχπφȢτρ 

Females= Ὄόρz ςȢχυτχρτȢχυ 

Femur ὓὥὰὩί ὊὩρz ρȢψψπψρσȢπφ 

Females= FὩρz ρȢωτυχςψȢττ 

Tibia ὓὥὰὩί ὝὭρὦz ςȢσχφχψφȢφτ 

Females= ὝὭρὦz ςȢσυςχτχȢχτ 

 

 

(Trotter and Gleser, 1952)- 

ά!ƳŜǊƛŎŀƴ bŜƎǊƻέ 

Humerus ὓὥὰὩί Ὄόρz σȢςφφςρȢπ 

Females= Ὄόρz σȢπψφτφȢχ 

Femur ὓὥὰὩί ὊὩρz ςȢρρχπσȢυ 

Females= ὊὩρz ςȢςψυωχȢφ 

Tibia ὓὥὰὩί ὝὭρὦz ςȢρωψφπȢς 

Females= ὝὭρὦz ςȢτυχςφȢυ 

 

 

(Trotter and Gleser, 1977, 

1952)- ά!ƳŜǊƛŎŀƴ ²ƘƛǘŜέ 

Humerus ὓὥὰὩί Ὄόρz σȢπψχπτȢυ 

Females= Ὄόρz σȢσφυχωȢχ 

Femur ὓὥὰὩί ὊὩρz ςȢσψφρτȢρ 

Females= ὊὩρz ςȢτχυτρȢπ 

Tibia ὓὥὰὩί ὝὭρὦz ςȢυςχψφȢς 

Females= ὝὭρὦz ςȢωπφρυȢσ 

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 analyses incorporate the osteometric data used to 

calculate these, both are rarely estimated from archaeological skeletal remains (Jasch et al., 2018; 

Pomeroy et al., 2018; Siegmund and Papageorgopoulou, 2011; Yorke-Edwards, 2019). The same 

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

index (FI), which is commonly used in modern populations to gain information about skeletal 

robustness (Jasch et al., 2018; Mumm et al., 2021; Navazo et al., 2020). Thus, 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, 2011). The 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 transverse and vertical 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 frame index 

(OFI) 

Ὄότ Ὥὲ άά

ὦέὨώὬὩὭὫὬὸ ὖὩὥὶίέὲ ρψωω
 ρππ 

(Jasch et al., 2018) 

Body weight ὊὩάὥὰὩίςȢτςφzὊὩρψ Ὥὲ άά συȢρ πzȢω 

ὓὥὰὩίςȢχτρzὊὩρψ Ὥὲ άά υτȢω πzȢω 

(Ruff et al., 1991 

Body mass index 

(BMI) 

ὦέὨώ ύὩὭὫὬὸ Ὥὲ ὯὫ

ὦέὨώὬὩὭὫὬὸ Ὥὲ ά
 

(Quetelet, 1871) 

Table 9 Formulas used to estimate body weight and osseous frame and body mass indices. 

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 length-breadth index was estimated, for the femur the robusticity and 

platymeric index was calculated and for the tibia the length-breadth and platycnemic index was 

estimated (Table 10). 

Bone Name of index Equation 

Humerus Length-breadth 

(robusticity) 

Ὄόχ

Ὄόρ
ρππ 

Femur 
Robusticity ὊὩφ ὊὩχ

ὊὩρ
ρππ 

Platymeric ὊὩρπ

ὊὩω
ρππ 

Tibia 
Length-breadth 

(robusticity) 

ὝὭρπὦ

ὝὭρὦ
ρππ 

Platycnemic ὝὭωὥ

ὝὭψὥ
ρππ 

Table 10 List of selected long bone indices calculations (Martin and Saller, 1957). 

5.2.3. Palaeopathological profile 

To gain better insights into the quality of life in early mediaeval Säben-Sabiona, the presence, 

location, quantity and severity of several pathological conditions and traumata was investigated 

using standard collection procedures and 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 elements or 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 simple scoring system, providing information about the 

condition of the alveolus, i.e., presence/absence of a tooth or not recordable, if the 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 present work, 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, periodontitis, and periapical lesions the severity 

grading approaches were changed slightly by scoring teeth in groups, i.e., incisors and canine 

together, and premolars and molars together, rather than individually. This approach was chosen 

following a supervisor consultation. 

Evaluation Method/Scoring approach 

Dental calculus Brothwell (1981) 

Dental caries 

The prevalence, severity (1- superficial caries, 2-lesion reaches 
dentin, 3-perforating lesion, 4-complete destruction), number of 
lesions and caries location (Crown, cemento enamel junction (CEJ) 
or root and occlusal, buccal/labial, lingual or interproximal) were 
registered. 

Dental wear Molnar (1971) 

Periodontitis 

The registration of periodontitis followed the same principles as 
outlined by Kerr (1991), although it was highly simplified to three 
levels: 0- no resorption, 1-low resorption (3-4mm) or 2- high 
resorption (>4mm). 

Periapical lesions 

Presence or absence of periapical lesions was recorded on an 
alveolar level. Lesion severity was scored following a 3-scale 
system: 0- no modification, 1- apical true cyst, 2- apical 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 the employed 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 literature (e.g., 

Aufderheide and Rodríguez-Martín, 1998; Barnes, 2012, 1994; Brickley and Ives, 2008; Mann and 

Hunt, 2012; Ortner, 2003; Pinhasi and Mays, 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 presence and severity of osteoarthrosis 

όh!ύΣ ǎǇƻƴŘȅƭƻŀǊǘƘǊƻǎƛǎΣ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ŀƴŘ ŜƴǘƘŜǎŜŀƭ ŎƘŀƴƎŜǎ ό9/ύ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ŀƴŘ ŀƴŀƭȅǎŜŘ 

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

alteration was registered. 

As recommended by Rogers and Waldron (1995) and Waldron (2009), eburnation 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 presence and severity of osteoarthrosis 

was recorded mainly following the procedures outlined in the Global History of Health Project 

(GHHP) (Steckel et 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, knee, and 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 and sacrum (S1). This scoring approach 

was utilised as most European samples have been assessed using the data collection codebook of 

ǘƘŜ Dƭƻōŀƭ IƛǎǘƻǊȅ ƻŦ IŜŀƭǘƘ tǊƻƧŜŎǘ όDIItύ ŀǎ ǎƘƻǿƴ ƛƴ ǘƘŜ ά¢ƘŜ .ŀŎƪōƻƴŜ ƻŦ 9ǳǊƻǇŜέ ǇǳōƭƛŎŀǘƛƻƴ 

(Steckel et al., 2006, 2018). Thus, this makes ǘƘŜ ǇǊŜǎŜƴǘ Řŀǘŀ ǎǘŀƴŘŀǊŘƛǎŜŘ ŀƴŘ ƛƳǇǊƻǾŜǎ ƛǘǎΩ 

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) and pitting of 10%. 

Moderate (2) Moderate marginal lipping (>3mm) and pitting of 10-15% of the joint. 

Severe (3) 
Considerable marginal lipping and pitting of more than 80% of the joint and/or 

eburnation. 

Ankylosis (4) Bony bridge between two adjacent joints. 

Table 12 The scoring criteria for cartilaginous and synovial joints, adapted from Steckel et al. (2006) 

{ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ƎǳƛŘŜƭƛƴŜǎ ōȅ wƻƎŜǊǎ ŀƴŘ ²ŀƭŘǊƻƴ όмффрύΦ ¢ƘŜȅ ǿŜǊŜ 

recorded both qualitatively (present/absent) and quantitatively. The scores were given on a 

vertebral group level, i.e., cervical, thoracic, lumbar, and sacrum, rather than on individual vertebrae 

or elements affected.  
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Osteochondritis dissecans was recorded as present/absence with a detailed description of lesion 

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

based on the descriptions and illustrations by Baxarias and Herrerin, (2008) and Ortner (2003). 

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

elements involved following Barnes (2012), Ortner (2003), Roberts and Manchester (2010) and 

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 vascularisation and 

cavitation (Schrader, 2019; Villotte, 2006; Villotte and Knüsel, 2013). The appearance of the 

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

et al., (2010). 

Analysed Enthesis Type of enthesis Location Group 

Lig. costoclavicularis Fibrocartilaginous Clavicle  
 
 
Shoulder 

M. deltoideus Fibrocartilaginous Clavicle 

M. subscapularis Fibrocartilaginous Humerus 

Mm. supra/infraspinatus Fibrocartilaginous Humerus 

M. pectoralis major Fibrous Humerus 

M. deltoideus Fibrous Humerus 

Mm. epicondylus medialis (M. pronator teres, M. 
palmaris longus, M. flexor carpi ulnaris) 

Fibrocartilaginous Humerus 
 
Wrist 

Mm. epicondylus lateralis (M. supinator, M. 
extensor carpi radialis brevis, M. extensor carpi 
radialis longus) 

Fibrocartilaginous Humerus 

M. pronator teres Fibrous Radius  
Elbow M. biceps brachii Fibrocartilaginous Radius 

M. triceps brachii Fibrocartilaginous Ulna 

M. gluteus minimus Fibrocartilaginous Femur  
 
Hip 

M. gluteus medius Fibrocartilaginous Femur 

M. gluteus maximus Fibrous Femur 

M. Vastus medialis, adductor magnus, and longus 
(linea aspera) 

Fibrous Femur 

M. iliopsoas Fibrocartilaginous Femur 

Mm. semimembranosus, semitendinosus, biceps 
femoris 

Fibrocartilaginous Os coxae 
Knee 

Mm. quadriceps femoris  Fibrocartilaginous Patella 

M. soleus Fibrous Tibia Ankle 

M. triceps surae Fibrocartilaginous Calcaneus 

Table 13 Listing the entheses examined, including their localisation and type. 

Even though the Lig. costoclavicularis is 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 three-point 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 generated (A=0, B=1-2, C=3-4). 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 and display 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 palatinii were scored following the data collection codebook by Steckel et 

al. (2006). Even though the severity of cribra orbitalia, cranii and palatinii were recorded, more 

detailed analysis on the severity levels of these were not performed as this would have exceeded the 

scope of the present study. Cribra humeralis and femoralis were solely scored as present and absent. 

The presence of scurvy was solely documented if a combination of bilateral porotic lesions on the 

skull, axial and appendicular skeleton were observable (Brickley and Ives, 2008; Buikstra, 2019; 

Ortner, 2003; Snoddy et al., 2018). Diagnostic lesions on the skull included: ectocranial surface of the 

parietal and/or squamous temporal bones, orbital roofs (cribra orbitalia), 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 palate) of the maxilla, anterior and posterior surface 

of zygomatic bones, medial coronoid process, and ramus of the mandible (Brickley and Ives, 2008; 

Buikstra, 2019; Ortner, 2003; Snoddy et al., 2018). For the axial and appendicular skeleton, general 

porotic lesions or subperiosteal new bone formation in combination with the above-mentioned 

alterations on the skull were regarded as diagnostic (Brickley and Ives, 2008; Buikstra, 2019; Ortner, 

2003; Snoddy et al., 2018). Porosities in the supra and/or infraspinatus fossae of the 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 lesions (Brickley and Ives, 2008; Buikstra, 

2019; Ortner, 2003; Snoddy et al., 2018). A positive identification of rickets/osteomalacia was 

yielded when porotic lesions on cranial, mandibular, and long bone elements were present in 

conjunction with the typical curvature of long bones. The assessment of both scurvy and 

rickets/osteomalacia followed the differential diagnosis guidelines of Ortner (2003) Brickley and Ives 

(2008), Snoddy et al. (2018) and based on these, they were scored 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 was adapted from Steckel et al. (2006). Osteomyelitis was registered through a detailed 

description of lesion location and quantity of elements involved following Ortner (2003) and Roberts 

and Manchester (2010) 

Scoring Associated periosteal alteration 

None (0) No osteoperiostitis present. 

Slight (1) Markedly accentuated longitudinal striations and/or foramina. 

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

Severe (3) Moderate involvement of the periosteum, but less than one-half of the 
long bone surface (larger plaque of new bone). 

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

Table 14 The scoring criteria for periostitis, adapted from Steckel et al. (2006). 

5.2.3.2.3. Trauma  

To increase the accuracy of trauma prevalence estimations ό[ƻǾŜƭƭΣ нллуΤ ~ƭŀǳǎ et al., 2012; Boucherie, 

Jørkov and Smith, 2017), all identifiable osteological elements that were available for analysis, 

whether complete or fragmented, were assessed for injuries (n=8044). Trauma analysis 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 defect (Byers, 2017; Murphy et al., 2010; Passalacqua 

and Rainwater, 2015; Sauer, 1998; Wheatley, 2008). Trauma timing was established through 

differentiating among lesions that showed signs of healing (antemortem), those 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 (postmortem) (Byers, 2017; Kimmerle and Baraybar, 2008). Only 

antemortem and perimortem injuries were recorded. Trauma type was also assessed, by subdividing 

lesion into fractures (FX), sharp force trauma (SFT) and cranial blunt force trauma (BFT, Kimmerle and 

Baraybar, 2008; Passalacqua and Rainwater, 2015; Byers, 2017). A more focused description of the 

methods used in trauma timing and type assessment at Säben-Sabiona was already addressed by 

Tumler et al. (2021) and 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 information on overall frequency patterns and actual lesion 

distribution within the injured.  

5.2.3.2.4. Congenital and neoplastic conditions 

Congenital alterations, e.g., spina bifida, sacralisation, surplus skeletal elements, etc., were recorded 

as present or absent, with 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 malignant tumours was carried out for each of the observed 

neoplastic alterations. Benign and malignant tumours were differentiated based on distribution 

(solitary versus multifocal), location, quantity, size and character of margins (Ortner, 2003; Pinhasi 

and Mays, 2008; Ragsdale et al., 2018; Roberts and Manchester, 2010). As benign tumours are 

known to be solitary/localised, slow growing and commonly of modest size, 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 are erosive 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 Rodríguez-Martín (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 prevalence) or elemental (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 software package. To test 

whether the frequency of males and females equals a balanced sex ratio a binomial test was 

performed. A chi square test (X2) was applied to test differences in distribution between two 

variables, e.g., whether there was a difference between bone 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-tests (t) were performed to investigate whether the means of two 

datasets were equal, e.g., life expectancy between elite and non-elite individuals, etc. 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, etc., logistic regression analyseǎ ŀƴŘ {ǇŜŀǊƳŀƴΩǎ Ǌŀƴƪ 

correlation tests were 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 statistical 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 to individuals displaying both joint and 

entheseal alterations. As the employed scoring systems produced categorical data on an ordinal 

ǎŎŀƭŜΣ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƘŜ ǾŀǊƛŀōƭŜǎ ǿŀǎ ŜȄŀƳƛƴŜŘ ǘƘǊƻǳƎƘ ƴƻƴǇŀǊŀƳŜǘǊƛŎ {ǇŜŀǊƳŀƴΩǎ Ǌŀƴƪ 

correlation tests based on the mean. The null hypothesis (H0) was 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 per grave were common 

in areas featuring multiple graves that sometimes disturbed each other, and 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 (Figure 6). In terms of bone quality, 

most individuals displayed good preservation (44.2%), followed by very good (29.2%) and low 

preservation (26.5%, Appendix 11). Burial location, i.e., inside, or outside burials (X2=2.838, df=2, 

p=0.243), or the presence of grave goods (X2=2.345, df=2, p=0.31) did not appear to affect 

qualitative bone preservation (see Appendix 12).  

 
Figure 6 Qualitative and quantitative bone preservation at Säben-Sabiona. 

 

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).  

!ƭƳƻǎǘ ƘŀƭŦ ƻŦ ŀǎǎŜǎǎŜŘ ƛƴŘƛǾƛŘǳŀƭǎ ǿŜǊŜ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ Җнр҈ ƻŦ ǘƘŜƛǊ skeleton (46.5%). For the 

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 (X2=1.182, df=3, p=0.757) and the presence of grave goods (X2=3.901, df=3, p=0.272) did 

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.  

To investigate 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 information, an 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 arm positioning, 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 individuals were 

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 in west-east orientation, i.e., 

head to the west and feet to the east (n=78), with the 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). Utilising this information, the Säben-Sabiona burials were analysed further and 

subdivided following the categorisation of grave goods by Sayer (2013a) into poor, average wealth, 

wealthy and exceptionally wealthy. Based on this approach, most internments at Säben-Sabiona 

could be classified as poor graves (n=210 individuals), yet the burials of 16 individuals can be 

regarded as wealthy (n=1 individual), average wealth (n=2 individual) and exceptionally wealthy 

graves (n=13 individuals). 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 materials chapter, 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/non-elite (n=93). The following sections will provide 

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 7 Sex and age at death estimation of the whole cemeterial population. 

 

Already the masculinity index (MI=241.0) showed a male surplus in the Säben-Sabiona cemetery and 

also the binomial test showed a statistically significant sex imbalance between male (70.7%, 

p<0.001) and female (29.3%, 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 low (X2=0.061, df=1, p=0.805). Both 

females and males were interred to almost identical proportions, inside (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 northern 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 

statistically significant (X2=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 graves (X2=4.487, df=3, p=0.213), 

where 75% (n=15) of the outside-female-interments 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 presence of grave 

goods were not found (X2=0.092, df=1, p=0.762, Appendix 13). 

In terms of age distribution, substantially more adults (70.8%) were buried at Säben-Sabiona than 

subadults (29.2%). Mortality was the highest in the 40-59 age group for adults of both sexes (41.3%) 

and between 0-6 years (57.6%) for subadults (Figure 7). Out of the studied females (n=39) and males 

(n=94), more females than males died as juveniles (15.4% females versus 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 

(28.2% females versus 30.9% males) and mature age category (38.5% females versus 50% males).  

From the data it appears that the chances of being buried within the church increased with 

advancing age, i.e., 33.3% (1 out of 3) perinatal, 71.1% (27 out of 38) infans I, 42.9% (3 out of 7) 

infans II, 44.4% (8 out of 18) juveniles, 48.9% (23 out of 47) adults, 54.5% (36 out of 66) mature and 

75% (3 out of 4) senile individuals, whereas the opposite was true for outside burials, i.e., 66.7% (2 

out of 3), 28.9% (11 out of 38) infans I, 57.1% (4 out of 7) infans II, 55.6% (10 out of 18) juveniles, 

51.1% (24 out of 47) adults, 45.5% (30 out of 66) mature and 25% (1 out of 4) senile individuals. An 

exception to this, are infants aged 0-6 years, which were mostly buried inside (n=27, 71.1%) rather 

than outside (n=11, 28.9%) the church. Both adults (61.4%, 62 out of 101) and subadults (38.6%, 39 

out of 101) were more commonly interred inside the church, yet the prevalence rates of subadult 
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burials within (59.1%, 39 out of 66) versus outside the church (40.9%, 27 out of 66) are almost 20% 

higher than those of adults (53%, inside; 47%, outside). The age distribution in crypts 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 35). Even though there seems to be an age-related 

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

(X2=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 the church showed that the 

southern aisle was commonly used for all age groups (n=46, Appendix 13). Perinatal individuals (n=1, 

100%) and infants between 7-12 years (n=3, 100%) buried within the church were solely situated in 

the southern aisle, which also featured most Infans I (n=15, 55.6%), adult (n=10, 43.5%) 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 outside burials, 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 II) featured grave goods, age did 

not appear to have a significant influence on the presence of grave goods (X2=12.697, df=7, p=0.08). 

6.2.1.1.1. Elite and non-elite individuals  

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

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

The elite subsample was composed of 35 subadults and 98 adults and juveniles, out of which 51 

were males, 22 were females and 60 could not be sexed.  

Age classes in 
years (x) 

Number of individuals (Dx) 

Elite Non-elite 

Total M F ND Total M F ND 

Perinatal 1 - - 1 2 - - 2 

Infant I (0-6) 27 - - 27 11 - - 11 

Infant II (7-12) 3 - - 3 4 - - 4 

Juvenile (13-19) 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 

e0
x 31.5 - - - 31.7 - - - 

Table 15 Sex, age at death and life expectancy at birth (e0
0) of the elite and non-elite subsample. 

The masculinity index (M1=231.8) and sex ratio (70% vs 30%) of the elite subsample does not differ 

substantially from the values yielded when assessing the whole population. Most of the elite females 
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died between 40-59 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 20-39 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 

(X2=4.561, df=4, p=0.35). For the subadult sample, the Infans I category exhibited considerably 

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

The non-elite subsample was represented by 19 subadults, and 74 adults and juveniles (Table 15), 

whereby most of these were males (n=43) and only a few individuals were classified as females 

(n=17), not- determinable adults (n=17) or subadults (n=19). 

Similar as for the elite sub-sample, also the non-elite group displayed a significant disproportion 

between the sexes, i.e., MI= 252.9 and sex ratio 72% to 28%. Non-elite females 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%). Non-elite males on the other hand displayed similar patterns as elite 

males, with most deaths associated 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 significant (X2=4.228, df=4, p=0.38). The 

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

of individuals from 0-6 years, 15.4% of individuals from 7-12 years and 7.7% of individuals that died 

around the time of birth.  

6.2.1.2. Palaeodemographic parameters 

In consideration of the incompleteness of the skeletal sample, i.e., only 185 graves were studied 

anthropologically and most of the Säben-Sabiona hill is yet to be excavated, the population size 

based on the present anthropological data was calculated using the formula outlined in the 

materials and methods chapter. As a thorough archaeological investigation, which includes a full 

excavation of the whole Säben-Sabiona hill is still outstanding and archaeological sources only 

provide an estimate of the number of 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 associated with this site 

of importance. Over a cemetery occupation timespan of 400 years (5th-8th centuries A.D.) producing 

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

inhabitants.  

Mortality tables were initially calculated 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 Q10=0.02<Q15=0.07 and Q0=0.14>Q15=0.07. To assess whether elite and non-elite 

individuals had contrasting lifestyles, thus, were exposed to different risks, e.g., higher mortality 

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

For elite individuals, life expectancy at birth (e0
0) was estimated to be 31.5 years with mean age at 

death of 31.7 years (Table 16). The mean age at death of non-elite individuals was 32.7 years and 

with e0
0 being 31.7 years, non-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 as this can indicate changes in population dynamic processes, e.g., conflict, 

mobility, infanticide, age-specific diseases, etc. (Foreman et al., 2018; Grupe et al., 2005). 

x a Dx dx lx qx Lx Tx Ŝɕ 

0-4 5 20.50 15.4 100.00 0.15 461.47 3144.99 31.45 

5-9 5 10.00 7.5 84.59 0.09 404.14 2683.52 31.73 

10-14 5 1.50 1.1 77.07 0.01 382.52 2279.39 29.58 

15-19 5 5.33 4.0 75.94 0.05 369.67 1896.87 24.98 

20-26 7 10.17 7.6 71.93 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 

35-41 7 23.17 17.4 52.69 0.33 307.89 641.01 12.16 

42-49 7 19.17 14.4 35.28 0.41 196.49 333.11 9.44 

50-57 7 15.67 11.8 20.86 0.56 104.82 136.62 6.55 

58+ 7 12.08 9.1 9.09 1.00 31.80 31.80 3.50 

Total  133.00    3144.99   
Table 16 Mortality table for elite individuals buried at Säben-Sabiona. 

x a Dx dx lx qx Lx Tx Ŝɕ 

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 

10-14 5 3.00 3.2 83.87 0.04 411.29 2267.20 27.03 

15-19 5 7.00 7.5 80.65 0.09 384.41 1855.91 23.01 

20-26 7 7.00 7.5 73.12 0.10 485.48 1471.51 20.13 

27-34 7 11.58 12.5 65.59 0.19 415.55 986.02 15.03 

35-41 7 19.42 20.9 53.14 0.39 298.88 570.47 10.74 

42-49 7 15.42 16.6 32.26 0.51 167.79 271.59 8.42 

50-57 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 non-elite individuals buried at Säben-Sabiona. 

Whereas for non-elite individuals, ex decreased gradually with advancing age, the life expectancy for 

elite individuals was higher for those aged 5-9 years, with ex being 31.7 years, rather than at 0-4 

years of age with ex being 31.5 years (Figure 9). From e10-14 onwards 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 life expectancy 
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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 classes (t=3.585, 

df=9, p=0.006), e.g., for e10-14 29.6 years versus 27.03 years, for e15-19 25 years versus 23 years, etc. At 

e20-26 the difference in life expectancy for elite and non-elite was lowest with 21.2 years versus 20.1 

years, thus between 20-26 years, elite individuals only outlived non-elite individuals by about one 

year. By e50-57 both groups displayed similar life expectancies with 6.55 years for elites and 6.62 years 

for non-elites, at e58+ both groups were only expected to live for another 3.5 years. 

 
Figure 9 Life expectancy (ex) of elite and non-elite individuals at Säben-Sabiona. 

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 individuals 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, yet this was not found 

to be the case, i.e., burial location did not influence bone preservation and 18.8% of elite and 15.1% 

of non-elite individuals were non-determinable adults. This implies that socioeconomic difference, 

that may have manifested themselves since early childhood appear to be the most plausible 

explanation for the observed divergence.  

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

ŦƻǊ ŜƛǘƘŜǊ ǎŜȄΣ ȅŜǘΣ ŦƻǊ ōƻǘƘ ǎŜȄŜǎΩ ƭƛŦŜ ŜȄǇŜŎǘŀƴŎȅ ǾŀƭǳŜǎ Ŧƻr the 15-19 age group are available (Figure 

10). For the total sample it was found that for the 15-19 (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 27-34 (15.6 years, males; 16 years, females), 35-41 

(11.1 years, males; 11.9 years, females), 42-49 (8.4 years, males; 10.1 years, females) and 50-57 age 
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categories (6.1 years, males; 7.4 years, females). For the 58+ year age category both sexes featured 

identical life expectancies (3.5 years each). 

At e15-19 the females of the elite group had a slightly higher life expectancy than males (26 years 

versus 25.6 years), whereas for the non-elite group the opposite was true, 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 15 to 19 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 non-elite males. This aligns well with the above-mentioned notion 

about better living conditions of elites, which generally also increases life expectancy of females, 

more so than that of males. Out of both groups, elite females appear to have had the highest life 

expectancy at all ages, followed by elite males and non-elite males, whereby non-elite females had 

the lowest life expectancies up to 42-49 years of age. On average, elite females lived 3.2 years longer 

than their non-elite counterparts, the differences between the male samples were substantially 

lower with average of only 0.3 years. In fact, for e42-49 and e50-57 elite males displayed lower life 

expectancies than non-elite males, i.e., 8.35 years versus 8.4 years (non-elites lived 0.05 years 

longer) and 5.8 years versus 6.6 years (non-elites lived 0.87 years longer). 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. 

 
Figure 10 Life expectancy of elite and non-elite males and females from the early mediaeval 
cemetery of Säben-Sabiona. 

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 0-4 years, decreased then to almost 0% at 10-14 years 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 0-4 years of age, whereby elite individuals 

(qx=0.15) were slightly more likely to die at this age than non-elite individuals (qx=0.12). Also, at 5-9 

years of age, elite individuals displayed higher qx values, i.e., qx=0.09 versus qx=0.05. For both groups, 

individuals aged 10-14 displayed the lowest probability of dying with qx=0.01 for elites and qx=0.04 

for non-elites (Figure 11). The present pattern follows a normal mortality rate in human populations. 

 
Figure 11 Probability of dying (qx) of elite and non-elite individuals. 

At all ages in the adult sample, non-elite 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 qx= 0.41 for elites and qx=0.51 for non-elites, suggesting that non-elite 

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

Like life expectancy, also the probability of dying at different ages from 15-19 years onwards was 

calculated for both sexes (Figure 12). Females generally displayed a higher probability of dying for 

the 15-19 (12% for females versus 5% for males), 20-26 (12% for females versus 6% for males), 27-34 

(19% for females versus 17% for males) and 35- 41 age categories (38% for females versus 36% for 

males), whereas males had higher chances of dying in the 42-49 (49% for males versus 40% for 

females) and 50-57 age categories (63% for males versus 44% for females). At 15-19 years, non-elite 

females exhibited the highest probability of dying (21%), followed by non-elite males (6%) and both 

elite sexes (5% respectively). The higher probabilities of dying for non-elite females prevailed for the 

20-26 age category (14%) as well as the 35-41 and 42-49 age categories (43% and 62%). Only at 27-

34 years of age, elite females displayed a slightly higher chance of dying than non-elite females (19% 
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versus 18%). Yet, especially between 35-57 years, elite females exhibited the lowest probabilities of 

dying (i.e., 35%, 28%, 38%). With 68%, elite males featured the highest probability of dying at 50-57 

years. 

 
Figure 12 Probability of dying for elite and non-elite 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, both elite and non-elite individuals featured parietal foramina 

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 9ƭƛǘŜ Ϟ ƴ ό҈ύ Non-ŜƭƛǘŜ Ϟ ƴ ό҈ύ 

Metopic suture 6 (4.5) 6 (6.5) 

Coronal ossicles 2 (1.5) 2 (2.2) 

Squama-parietal 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 non-metric traits 8 (6) 4 (4.3) 

Table 18 Crude frequency of inherited cranial non-metric traits at Säben-{ŀōƛƻƴŀΦ Ϟ ƴҐ ƴǳƳōŜǊ of 

individuals featuring non-metric traits, %= percentage of N, N= total number of elite/non-elite 

individuals. 
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Acquired or activity-related non-metric traits werŜ Ƴƻǎǘƭȅ ǊŜŎƻǊŘŜŘ ƛƴ ǘƘŜ ŦŜƳǳǊΣ ƛΦŜΦΣ tƻƛǊƛŜǊΩǎ ŦŀŎŜǘ 

(16.5%), and tibia, i.e., lateral squatting facets (16.5%), for elite individuals (Table 19, Figure 13). 

9ǾŜƴ ǘƘƻǳƎƘ ǘƘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ tƻƛǊƛŜǊΩǎ ŦŀŎŜǘǎ ǿŀǎ ǎƭƛƎƘǘƭȅ ƘƛƎƘŜǊ ƛƴ ǘƘŜ ƴƻƴ-elite sample (21.5%), 

this difference was not statistically significant (X²= 0.891, df= 1, p= 0.345).  

Non-metric trait 9ƭƛǘŜ Ϟ ƴ ό҈ύ Non-ŜƭƛǘŜ Ϟ ƴ ό҈ύ 

Scapula- Bipartite acromion 3 (2.3) 1 (1.1) 

Humerus- Septal aperture 4 (3) 3 (3.2) 

Os coxae- Preauricular sulcus 11 (8.3) 8 (8.6) 

Femur- tƻƛǊƛŜǊΩǎ ŦŀŎŜǘ 22 (16.5) 20 (21.5) 

Tibia- lateral squatting facets 22 (16.5) 13 (14) 

Tibia- medial squatting facets 19 (14.3) 9 (9.7) 

Other non-metric traits 11 (8.3) 10 (10.8) 

Table 19 Crude frequency of acquired postcranial non-metric traits at Säben-{ŀōƛƻƴŀΦ Ϟ ƴҐ ƴǳƳōŜǊ 
of individuals featuring non-metric traits, %= percentage of N, N= total number of elite/non-elite 
individuals. 

     
CƛƎǳǊŜ мо !ύ tƻƛǊƛŜǊΩǎ ŦŀŎŜǘ ƻƴ ǘƘŜ right femur from SK230; B) Lateral squatting facet on the right tibia 
from SK52. 

6.2.3. Osteometry  

6.2.3.1. Stature 

Eighty-eight individuals (38.9%) featured long bones suitable for stature calculation (Appendix 9), 62 

of these were males, 22 were females (Table 20) and four were not determinable. Males (167.8cm± 

3.5cm) were on average taller than females (156.8cm± 3.6cm), which is consistent with the global 

data, i.e., males are typically up to 10cm taller than females (Carson, 2022; Deheeger et al., 2002; 

Hermanussen, 2013).  
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Sex 
Pearson 

1899 

Trotter and Gleser  Mean 
stature 1952 1977 

Females 155±3.1 156.4±3.7 159.2±3.9 156.8±3.6 

Males 166.6±3.1 166.7±4.0 170.3±3.4 167.8±3.5 

Mean stature 160.8±3.1 161.6±3.9 164.6±3.6 162.3±3.6 

Table 20 Stature estimates of the whole sample; all measurements are in centimetres. 

When splitting the population into an elite and non-elite 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 non-elite group, i.e., 162.6cm± 3.4cm versus 160.9cm± 3.4cm, at a non-statistical level (Table 21 

and Table 22; t= 1.212, df= 85, p= 0.229). The sex related differences in body height as registered 

when analysing the whole population were also observed in the subsamples. Here it was noted that 

elite females and males were on average about 2cm taller than their non-elite counterparts. 

Sex 
Pearson 

1899 

Trotter and Gleser  Mean 
stature 1952 1977 

Females 154.7±3.1 155.7±3.4 158.1±3.7 156.2±3.4 

Males 168.1±3.0 167.8±3.9 171.3±3.3 169.1±3.4 

Mean stature 161.4±3.1 161.8±4.1 164.7±3.5 162.6±3.4 

Table 21 Stature estimates of elite individuals; all measurements are in centimetres. 

Sex 
Pearson 

1899 

Trotter and Gleser  Mean 
stature 1952 1977 

Females 153.6±3.1 154.4±3.4 156.6±3.7 154.8±3.4 

Males 166.2±3.0 165.7±3.9 168.9±3.3 166.9±3.4 

Mean stature 159.9±3.1 160.0±3.7 162.8±3.5 160.9±3.4 

Table 22 Stature estimates of non-elite individuals; all measurements are in centimetres. 

6.2.3.2. Body weight, body mass index (BMI) and osseous 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 slightly larger body weight and BMI than non-elite 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 resulted in a BMI 

of 24.9. The observed sex-related differences are congruent with the commonly accepted notion, 

that on average, males tend to be larger and heavier than females. Elite females exhibited a higher 

body weight (60.5kg) and BMI (25.2) than their non-elite counterparts (59kg and 24.5). With a body 

weight of 70.9kg 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 meaningful.  
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Sex 
Body weight in kg BMI OFI 

Elite Non-elite 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 and non-elite individuals. 

The OFI could be calculated from 27 individuals yielding an OFI of 37.2. When separating these into 

elite and non-elite individuals, the OFI of the former is identical to the average of the whole 

population, most likely due to the higher number of elite individuals (n=20 versus n=7), whereas the 

OFI of non-elites 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 mass is known to differ among the 

sexes and larger body frame indices are commonly associated with males, the present data are 

consistent with the anthropological consensus. Both non-elite females (36.8) and males (38) 

exhibited slightly larger OFI values than elite females (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 non-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 name suggests, robusticity 

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, especially 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) (Table 24). Statistically 

significant differences between elite and non-elite individuals were not found (right humerus- t= 

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

Hum- 
Robusticity 

9ƭƛǘŜ Ϟ όммύ Non-ŜƭƛǘŜ Ϟ όпύ ¢ƻǘŀƭ ǎŀƳǇƭŜ Ϟ όмрύ 

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 were calculated based on the data of the whole elite, non-elite, and total 
sample Ϟ όƴύҐ ƴǳƳōŜǊ of individuals available for humerus robusticity index estimations. 
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Data for both sexes were only available for the elite subsample. The right humerus was more robust 

in elite males and non-elite 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 non-elite individuals the left side (12.7) appeared to be slightly more robust 

than the right side (12.6, Table 25). However, these variations of left (t= 0.337, df= 36, p= 0.738) and 

right (t=0.228, df=37, p= 0.821) femoral robusticity between elite and non-elite individuals was not 

statistically significant. 

Femur- 
Robusticity 

9ƭƛǘŜ Ϟ όнлύ Non-ŜƭƛǘŜ Ϟ όуύ ¢ƻǘŀƭ ǎŀƳǇƭŜ Ϟ όнуύ 

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 of the total sample and both subsamples, 
whereby the mean scores were calculated based on the data of the whole elite, non-elite, and total 
sample Ϟ όƴύҐ ƴǳƳōŜǊ of individuals available for femur robusticity index estimations. 

Regardless of subsample, males always exhibited higher femoral robusticity scores than females. 

Non-elite individuals appeared to be more robust than elite individuals. In elite males, no difference 

between left and right was observed. Non-elite males on the other hand featured a higher score in 

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 non-elite females (12.7 versus 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 non-elite individuals, the right tibia (20.8 and 20.6) was more robust than 

the left (20.6 and 20.1). However, the tibiae of elite individuals appeared to be slightly more robust 

than those of non-elite individuals. The differences in tibial robusticity between the two subsamples 

were not found to be statistically significant (right tibia- t= -1.083, df=28, p=0.288; left tibia- t=-

0.718, df=33, p=0.478). 

Tibia- 
Robusticity 

9ƭƛǘŜ Ϟ όмтύ Non-ŜƭƛǘŜ Ϟ όоύ ¢ƻǘŀƭ ǎŀƳǇƭŜ Ϟ όнлύ 

R L R L R L 

Males 21.3 20.7 20.6 20.1 20.95 20.6 

Females 20 19.6 - - 20 19.6 

ND - - - - - - 

Mean 20.8 20.3 20.6 20.1 20.8 20.3 

Table 26 Tibia robusticity 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 elite, non-elite, and total sample Ϟ 

(n)= number of individuals available for tibia robusticity index estimations. 
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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 by non-elite males and 

elite females had the lowest scores. Regardless 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, for the right 

femur a larger platymeric index could be calculated (89.5 versus 88.5). Such a laterality difference 

was only observed for the non-elite subsample (82.2 versus 81.4) but not for elite individuals (89.6 

for both sides). Even though elite individuals generally displayed higher platymeric scores than non-

elite individuals, these data were not statistically significant (right femur- t= -0.125, df=61, p=0.901; 

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

Femur- 
Platymeric 

9ƭƛǘŜ Ϟ όолύ Non-ŜƭƛǘŜ Ϟ όмфύ Total ǎŀƳǇƭŜ Ϟ όпфύ 

R L R L R L 

Males 89.3 89.3 91.4 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 81.4 89.5 88.5 

Table 27 Femur platymeric 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 elite, non-elite, and total 

sample Ϟ όƴύҐ ƴǳƳōŜǊ of individuals available for femur platymeric index estimations. 

When assessing the total sample, males tended to have higher, but statistically insignificant, 

platymeric scores than females (right femur- t= 0.553, df=60, p=0.582; left femur- t= -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 the non-elite 

subsample (74.5 versus 73.7) a higher platycnemic score was registered for the left tibiae (80.6 

versus 79.6). Overall, non-elite individuals had higher platycnemic scores than elite individuals, yet 

these variations were not statistically significant (right tibia- t= 0.697, df=55, p=0.489; left tibia- t=-

1.074, df=55, p=0.288).  
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Tibia- 
Platycnemic 

9ƭƛǘŜ Ϟ όнтύ Non-ŜƭƛǘŜ Ϟ όмрύ ¢ƻǘŀƭ ǎŀƳǇƭŜ Ϟ όпнύ 

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 elite, non-elite, and total 

sample Ϟ όƴύҐ ƴǳƳōŜǊ of individuals available for tibia platycnemic index estimations. 

The data of the total sample suggested higher, but statistically insignificant, platycnemic scores for 

females than males (right tibia- t= 0.585, df=53, p=0.561; left tibia- t= -0.107, df=54, p=0.915), this 

was also found in the non-elite 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. Palaeopathological profile  

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

individuals. The observed disorders affected mainly the skeleton (n=163) but also masticatory 

apparatus and dentition (n=117). Forty-three percent of the studied sample exhibited both skeletal 

and dental disorders (n=98). Both elite (71% and 53%) and non-elite (74% and 51%) individuals 

featured similarly high prevalence rates of skeletal and dental disorders. 

6.3.1. Dental abnormalities 

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 apparatus was 87.3% (n=117, Figure 14, Appendix 10 and 

16).  

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

hypoplasia (n=16) were less common (Figure 15).  

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

When splitting the sample into an elite and non-elite group, 85.5% of the elite (71 out of 83) and 

90.4% of the non-elite (47 out of 52) featured dental alterations. The observed frequencies were not 

statistically significant (X2=1.457, df=2, p=0.483). In terms of lesion prevalence order, both 

subsamples follow the already outlined pattern, i.e., mostly dental wear, dental calculus, etc., 

however, on a whole, non-elite individuals exhibited these alterations much more frequently than 

those classed as elite individuals (Table 29). A statistically significant relationship between social 

status, i.e., elite/ non-elite, was only found for dental caries (X2=10.864, df=2, p=0.012). 

Type of disease 9ƭƛǘŜ Ϟƴ ό҈ύ Non-ŜƭƛǘŜ Ϟƴ ό҈ύ 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) X2=1.617, df=2, p=0.446 

Periodontitis 40 (48.2) 31 (59.6) X2=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) X2=3.661, df=3, p=0.300 

Dental caries 29 (34.9) 33 (63.5) X2=8.919, df=2, p=0.012 

Linear enamel hypoplasia 8 (9.6) 8 (15.4) - 

 Table 29 Crude frequency of alterations affecting the masticatory apparatus of elite (N=83) and non-
elite individuals (N=52). For LEH no X2 test 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 similarly high rates. Following the 

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

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

subsample and not on the ethnic differentiation 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%). In 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 (97.5%) than in females (83.3%) and subadults (43.5%, Table 30).  

Adult 
age  

Subadults Females Males ND 

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 24 100.0 0 1 0.0 

Senile    1 2 50.0 0 0 0.0 0 0 0.0 

Total 10 23 43.5 10 12 83.3 39 40 97.5 5 8 62.5 

¢ŀōƭŜ ол /ǊǳŘŜ ǇǊŜǾŀƭŜƴŎŜ ǊŀǘŜǎ ƻŦ ŘŜƴǘŀƭ ǿŜŀǊ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǎŜȄ ŀƴŘ ŀƎŜ ƻŦ ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎΦ Ϟ ƴҐ 

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

available for analysis. 

Individuals that died between 20-40 years of age exhibited the highest rates of dental wear (95.7%), 

followed by the mature (92.9%) and senile (50%) age categories. For dental 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 non-elite sample featured signs of dental wear, whereby a sex estimate 

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 
age 

Subadults Females Males ND 

n N % n N % n N % n N % 

Adult-ND      0 0 0.0 0 0 0.0 0 0 0.0 

Adult      3 3 100.0 10 11 90.9 3 3 100.0 

Mature      4 6 67.7 14 15 93.3 0 0 0.0 

Senile       0 0 0.0 1 1 100.0 0 0 0.0 

Total 9 13 69.2 7 9 77.8 25 27 92.6 3 3 100.0 

Table 31 Crude prevalence rates of dental wear in relation to sex and age of non-ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎΦ Ϟ 
n= number of individuals featuring dental wear, %=percentage of N, N= total number of non-elite 
individuals available for analysis. 

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

differently distributed than that of the elite group, with senile individuals featuring the highest 

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 higher rates 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%, females). Forty-one elite individuals displayed signs of calcified plaque deposits 

on their dentition (Figure 16, Appendix 16).  

 
Figure 16 Anterior 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 these, three individuals lacked a sex or age estimate. For the remaining subsample, dental 

calculus was most frequently observed in males (77.5%), whereby females (58.3%) and subadults 

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

 Adult 
age 

Subadults Females Males ND 

n N % n N % n N % n N % 

Adult-ND    1 1 100.0 0 2 0.0 0 4 0.0 

Adult    4 6 66.7 11 14 78.6 0 3 0.0 

Mature    1 3 33.3 20 24 83.3 0 1 0.0 

Senile    1 2 50.0 0 0 0.0 0 0 0.0 

Total 3 23 13 7 12 58.3 31 40 77.5 0 8 0.0 

¢ŀōƭŜ он /ǊǳŘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ŘŜƴǘŀƭ ŎŀƭŎǳƭǳǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǎŜȄ ŀƴŘ ŀƎŜ ƻŦ ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎΦ Ϟ ƴҐ 

number of individuals with dental calculus, %=percentage of N, N= total number of elite individuals 

available for analysis. 

Mature males presented 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 adult (65.2%) individuals 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. High levels of dental calculus were mostly recorded for 

mandibular incisors and canines, i.e., in close proximity to salivary glands (Dawes, 2006). 

Thirty-one non-elite individuals had dental calculus, only 26 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 
age 

Subadults Females Males ND 

n N % n N % n N % n N % 

Adult-ND      0 0 0.0% 0 0 0.0% 0 0 0.0% 

Adult      2 3 66.7% 8 11 72.7% 1 3 33.3% 

Mature      2 6 33.3% 13 15 86.7% 0 0 0.0% 

Senile       0 0 0.0% 0 1 0.0% 0 0 0.0% 

Total 5 13 38.5% 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 of non-ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎΦ Ϟ ƴҐ 

number of individuals with dental calculus, %=percentage of N, N= total number of non-elite 

individuals available for analysis. 

In the non-elite sample, mature individuals exhibited the highest prevalence of dental calculus 

(71.4%), especially males (86.7%), followed by adults (64.7%). However, in the female sample adults 

(66.7%) featured dental calculus more frequently than mature females (33.3%). 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 

Periodontal disease was found at a prevalence of 53% in the total sample (Appendix 16), whereby 

males (75%) displayed such alterations more commonly than females (65%). Forty individuals of the 

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

than females (66.7%) and subadults (9%, Table 34). 

 Adult 
age 

Subadults Females Males ND 

n N % n N % n N % n N % 

Adult-ND    1 1 100.0 0 2 0.0 0 4 0.0 

Adult    4 6 66.7 12 14 85.7 0 3 0.0 

Mature    2 3 66.7 18 24 75.0 0 1 0.0 

Senile    1 2 50.0 0 0 0.0 0 0 0.0 

Total 2 23 9 8 12 66.7 30 40 75.0 0 8 0.0 

¢ŀōƭŜ оп /ǊǳŘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ǇŜǊƛƻŘƻƴǘƛǘƛǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǎŜȄ ŀƴŘ ŀƎŜ ƻŦ ǘƘŜ ŜƭƛǘŜ ǎŀƳǇƭŜΦ Ϟ ƴҐ 

number of individuals with periodontal disease, %=percentage of N, N= total number of elite 

individuals available for analysis. 

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

adult individuals (69.6%) featured periodontal disease. With 85.7%, adult males had highest 

periodontitis frequency, which was followed by mature males with 75% (Figure 17). In females, the 

periostitis prevalence pattern was somewhat similar, with more than half of the assessed adult 

(66.7%), mature (66.7%) and senile females (50%) exhibiting 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. 

 
Figure 17 Anterior view of the mandible from SK210, displaying dental calculus (black arrow) 
deposits and periodontal disease (white arrow). 
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Even though statistically insignificant, with a prevalence of 60%, non-elite individuals featured a 

substantially higher rate of periodontitis. In terms of sex distribution, 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 subadults were much higher than that of the elite sample (Table 35).  

Adult 
age  

Subadults Females Males ND 

n N % n N % n N % n N % 

Adult-ND      0 0 0.0 0 0 0.0 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 0 0.0  1 0.0 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 the non-ŜƭƛǘŜ ǎŀƳǇƭŜΦ Ϟ ƴҐ 
number of individuals with periodontal disease, %=percentage of N, N= total number of non-elite 
individuals available for analysis. 

The periodontal distribution in relation to overall age showed that the highest frequencies of 

periodontitis were observed in mature individuals (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%), followed by 

mature males (73.3%) and adult and mature females (66.7%), respectively. In terms of periodontitis 

severity, an analogous pattern to elite individuals was observed, i.e., mostly featuring severe levels 

of alveolar absorption and mainly affecting premolars 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, calculus, and periodontal disease (Appendix 10). However, out of the 

assessed alveoli (N=2652), 12.4% (n=328) exhibited AMTL (Figure 18). For 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 antemortem tooth loss (black arrow), 
and two carious lesions (white arrows). 

In the elite subsample, 39.8% individuals exhibited AMTL on 11.2% of their dentition, which is lower 

than what was recorded for the non-elite sample, with a crude prevalence of 51.9% and a true 

prevalence of 20.1%. The difference in the prevalence of AMTL between elite and non-elite 

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%, X2= 71.714, df=2, p< 0.001, Table 36). 

¢ŀōƭŜ ос tǊŜǾŀƭŜƴŎŜ ǊŀǘŜǎ ƻŦ !a¢[ ƛƴ ǘƘŜ ŜƭƛǘŜ ǎǳōǎŀƳǇƭŜΦ Ϟ ¢twҐ ǘǊǳŜ ǇǊŜǾŀƭŜƴŎŜ ǊŀǘŜΣ /twҐ ŎǊǳŘŜ 

prevalence rate n= number of teeth/elite individuals featuring AMTL, %=percentage of N, N= total 

number of teeth/ elite individuals assessable. 

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 female sample, the highest true prevalence rates 

were registered for senile (62.5%, Figure 19) and mature females (18.8%). No data were available for 

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

a true prevalence level. 

 
Figure 19 Inferior view of the edentulous maxilla from SK118. 

Also in the non-elite subsample, AMTL appeared more commonly in females (87.5%) than males 

(60.7%) or subadults (15%, Table 37). With a true prevalence rate of 38.7%, females were affected 

significantly more than males (16.6%, X2= 33.431, df=2, p< 0.001). 

Table 37 Prevalence rates of antemortem tooth loss in the non-ŜƭƛǘŜ ǎǳōǎŀƳǇƭŜΦ Ϟ ¢twҐ ǘǊǳŜ 
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prevalence rate, CPR= crude prevalence rate n= number of teeth/ non-elite individuals featuring 

AMTL, %=percentage of N, N= total number of teeth/non-elite individuals assessable. 

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

advancing age, although mature individuals (31.3%) featured a higher true prevalence 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 individuals featured the highest crude prevalence rate (100%), yet, on a 

dental level, 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 present sample with a crude prevalence of 28.4% 

(n=38) and a true prevalence of 4.3% (n=114, Appendix 10). Both in elite (24.1%, crude; 3.9%, true) 

and non-elite individuals (38.5%, crude; 4.8%, true; Figure 20). 

 
Figure 20 Left lateral view of the mandible from SK208, exhibiting three periapical lesions (black 
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 identified in male 

(6.1%) than in female (1.7%) maxillae/mandibles (X2= 28.892, df=2, p< 0.001). 
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¢ŀōƭŜ оу tǊŜǾŀƭŜƴŎŜ ǊŀǘŜǎ ƻŦ ǇŜǊƛŀǇƛŎŀƭ ƭŜǎƛƻƴǎ ƛƴ ǘƘŜ ŜƭƛǘŜ ǎǳōǎŀƳǇƭŜΦ Ϟ ¢twҐ ǘǊǳŜ ǇǊŜǾŀƭŜƴŎŜ ǊŀǘŜΣ 

CPR= crude prevalence rate n= number of teeth/elite individuals featuring periapical lesions, 

%=percentage of N, N= total number of teeth/ elite individuals assessable. 

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

(50%), than mature (39.3%) or adult individuals (26.1%). True prevalence rates, however, indicate 

that mature individuals (6.1%) exhibited higher rates than adult (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 females (3.1%). 

In the non-elite 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 than males (X2= 17.162, df=2, p< 0.001). 

Table 39 Prevalence rates of periapical lesions in the non-ŜƭƛǘŜ ǎǳōǎŀƳǇƭŜΦ Ϟ ¢twҐ ǘǊǳŜ ǇǊŜǾŀƭŜƴŎŜ 

rate, CPR= crude prevalence rate n= number of teeth/non-elite individuals featuring periapical 

lesions, %=percentage of N, N= total number of teeth/ non-elite individuals assessable. 

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%). 
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6.3.1.6. Dental caries 

Even though 46.3% of the studied individuals featured carious lesions on their dentition, true caries 

prevalence 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%, true). Only 34.9% of the elite individuals featured 

signs of caries, whereby the true prevalence rate was 6.4%. A much higher crude (63.5%) and true 

(10.6%) caries prevalence was recorded for non-elite individuals (Figure 21). 

 
Figure 21 Left lateral view of the mandible from SK101, displaying three carious lesions on the buccal 
surfaces of the 1st, 2nd and 3rd left molar (black arrows) as well as periodontitis (white arrow). 

In the elite sample, males appear to have been more prone to developing caries (52.5% crude 

prevalence and 9% true prevalence rates), than females (41.7% and 4%) or subadults (9% and 2%, 

Table 40). Based on the Chi-square test the observed true caries prevalence in relation to sex was 

not statistically significant (X2=5.399, df=2, p=0.067).  
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Table 40 PrevaƭŜƴŎŜ ǊŀǘŜǎ ƻŦ ŘŜƴǘŀƭ ŎŀǊƛŜǎ ƛƴ ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎΦ Ϟ ¢twҐ ǘǊǳŜ ǇǊŜǾŀƭŜƴŎŜ ǊŀǘŜΣ /twҐ 
crude prevalence rate n= number of teeth/elite individuals featuring caries, %=percentage of N, N= 
total number of teeth/ elite individuals assessable. 

A similar pattern was observable for the crude prevalence rates of non-elite 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 (16.4%, X2=4.174, df=2, p=0.124). 

Table 41 Prevalence rates of dental caries in non-ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎΦ Ϟ ¢twҐ ǘǊǳŜ ǇǊŜǾŀƭŜƴŎŜ ǊŀǘŜΣ /twҐ 
crude prevalence rate n= number of teeth/non-elite individuals featuring caries, %=percentage of N, 
N= total number of teeth/ non-elite individuals assessable. 

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%). Non-elite individuals 

displayed a gradual increase in caries 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 caries prevalence was slightly 

different. The elite subsample featured a true caries prevalence rate of 8% in adult and 7.7% in 

mature teeth as opposed to 4.2% in the senile dentition. Non-elite individuals exhibited the highest 

true caries prevalence rates in the mature age 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 caries. This was 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 non-elite 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) or a complete 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 perforating 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 of 70). With 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 (1.15) or second molar (1.12). Similar to elite 

individuals, in the non-elite subsample, molars, particularly the first and second molar were most 

commonly affected by caries. Yet, for non-ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎΩ ǎǳǇŜǊŦƛŎƛŀƭ ŎŀǊƛŜǎ όнп ƻǳǘ ƻŦ трύ ǿŜǊŜ 

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) or second molar (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) of the assessable 

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 15.4% for non-elites) and true prevalence rate of LEH (i.e., 2.2% for elites and 

3.4% for non-elites) was slightly higher in non-elite 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 prevalence rates between the sexes were found to be statistically 

significant (X2= 21.777, df=4, p< 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 

substantially 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 years to 1.8 years and 4.2 years to 

4.9 years, respectively. 

 
Figure 23 Left antero-lateral view of the mandible from SK174, exhibiting several linear enamel 
hypoplasias on the left mandibular canine (black arrow). 

Non-elite individuals displayed a fairly similar LEH 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%) significantly (X2= 7.133, df=2, p=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 individuals (2.1%), 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 hypoplasia developed at 1.7 years and the latest at 5.6 years, one 

lesion each. 

6.3.2. Skeletal abnormalities 

Seventy-two 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), metabolic disorders (n=86, Appendix 18) and 

infectious disease (n=71, Appendix 19). Trauma (n=37, Appendix 20) was more common than 

congenital (n=17) or neoplastic conditions (n=13, Appendix 21). Seventy-five individuals featured 

skeletal abnormalities that could not be classified in the above-mentioned categories (see Appendix 

22).  

Figure 24 Crude frequency of pathological conditions at Säben-Sabiona. 

The prevalence of the identified conditions was slightly lower in elite (71%) than non-elite individuals 

(74%), although not at a significant level (X2=0.239, df=2, p=0.887). The distribution of the individual 

disorders varied between the two subsamples. Non-elite individuals featured higher rates of joint 

(58% versus 55%), metabolic (43% versus 37%) and infectious diseases (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 mainly osteoarthrosis (n=124), whereby the appendicular 

ǎƪŜƭŜǘƻƴ όƴҐммфύ ǿŀǎ ƳƻǊŜ ŎƻƳƳƻƴƭȅ ŀŦŦŜŎǘŜŘ ǘƘŀƴ ǘƘŜ ǎǇƛƴŜ όƴҐусύΦ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ǿŜǊŜ 

registered in 55 individuals and 25 cases featured a defined erosive lesion on their joint surface that 

was identified as osteochondrosis dissecans. From an ethnic/archaeological perspective the 

individuals identified as Roman featured higher rates of osteoarthrosis (54.5% versus 44.4%), 

ǎǇƻƴŘȅƭƻŀǊǘƘǊƻǎƛǎ όпрΦр҈ ǾŜǊǎǳǎ ннΦн҈ύ ŀƴŘ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ όнтΦо҈ ǾŜǊǎǳǎ ннΦн҈ύ ǘƘŀƴ ǘhose with 

allochthonous grave goods. All more detailed skeletal palaeopathological analyses will focus on 

previously mentioned separation of the sample in elite and non-elite, rather than based on the 

ethnic differentiation using the recovered grave goods. Non-elite individuals displayed 

osteoarthrosis in appendicular skeleton (54.8% versus 49.6%), spondyloarthrosis (39.8% versus 

осΦм҈ύ ŀƴŘ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ όнсΦф҈ ǾŜǊǎǳǎ ннΦс҈ύ ƳƻǊŜ ŦǊŜǉǳŜƴǘƭȅ ǘƘŀƴ ǘƘŜƛǊ ŜƭƛǘŜ ŎƻǳƴǘŜǊǇŀǊǘǎΦ 

Osteochondrosis dissecans was found to be more common in elite individuals (9.7% versus 12.0%). 

Furthermore, there was one case of diffuse idiopathic skeletal hyperostosis (SK230) in the non-elite 

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 (70.2%) followed by 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% (n=51) featured osteoarthritic alterations on their appendicular joints. A 

performed Chi-square test showed that the difference in prevalence of osteoarthrosis and between 

the two subsamples was not statistically significant (X2=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 

determinable individuals (6 out of 29, 20.7%) featured signs of OA. Overall, osteoarthrosis increased 

in frequency with advancing age, i.e., 22.2% in juveniles (2 out of 9), 80% in adults (20 out of 25), 

84.6% in mature (33 out of 39) and 100% in senile individuals (3 out of 3). This was also true when 

looking at the incidence rates of females (50% juvenile, 71.4% adult, 87.5% mature, 100% senile) yet 

for males, OA was found in 33.3% of juveniles, followed by 86.2% in mature, 93.3% in adult and 

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

of OA was also assessed at an anatomical level (Table 42).  
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{ŜȄϞ όbύ 
!ƴŀǘƻƳƛŎŀƭ ƭƻŎŀǘƛƻƴ Ϟ ƴ ό҈ύ 

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 Säben-{ŀōƛƻƴŀΦ Ϟ ƴҐ ƴǳƳōŜǊ of individuals with OA, %=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 limb, and the 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, males (52.9%, 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% and 64.6% versus 62.7%).  

 
Figure 25 Right os coxae from SK118, displaying thinning 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 83.7% (36 out of 43), males had OA more 

frequently than females (70.6%, 12 out of 17) or not determinable adults (18.8%, 3 out of 16). These 

prevalence rates were very similar to those of the elite sample, yet elite females had higher OA 

frequencies. Looking at overall OA distribution in relation to age, a gradual increase in OA frequency 

was observable for adults (63.6%, 14 out of 22), mature (81.5%, 22 out of 27) and senile individuals 

(100%, 1 out of 1), except that the prevalence of OA in juveniles (55.6%, 5 out of 9) exceeded 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 sample, OA 

frequency increased more gradually from juvenile (66.7%) to adult (78.6%), mature (88.9%) and 

senile (100%) Also, for non-elite individuals the prevalence of OA was assessed in relation to sex and 

anatomical location (Table 43). 

{ŜȄϞ όbύ 
!ƴŀǘƻƳƛŎŀƭ ƭƻŎŀǘƛƻƴ Ϟ ƴ ό҈ύ 

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 (23.5) 4 (23.5) 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 Säben-{ŀōƛƻƴŀΦ Ϟ ƴҐ ƴǳƳōŜǊ of individuals with OA, %=percentage of N, N= total 

number of non-elite 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 (35.5%) and shoulder (28.9%), 

whereby the elbow (27.6%) had the lowest prevalence of OA in this subsample. Non-elite males 

always featured higher frequencies than non-elite females, regardless of joint location. 
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Figure 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 head-neck border (red arrow), a strongly pronounced iliofemoral ligament (white arrow) 
and M. iliopsoas insertion 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. On average, the examined elite individuals featured 

mild to moderate OA scores (1.5). The male and female (n=56) subsamples were assessed for 

differences in lesion severity between sex and age. Both sexes had an average OA score of 1.5 (1.5, 

elites; 1.6, non-elites). The severity of bone deterioration worsened with increasing age. Elite 

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 substantially higher mean 

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 scores than elite females (1.9 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, ankle). Severity 

differences in laterality were observed for all joints apart from the wrist, whereby for the shoulder 

(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 alterations. For 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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Figure 27 A) Superior view of the right radius from SK121D, displaying eburnation 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 visible M. biceps brachii (white arrow) 
and interosseous membrane insertion site (red arrow). 

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

more severely than those of elite individuals (t=0.153, df=114, p=0.878). In contrast, non-elite 

females (1.3) tended to have slightly lower OA scores than elite females (1.5), whereas the average 

OA score of non-elite males (1.6) was higher than that of elite males (1.5). Regardless of sex, OA 

severity increased with advancing age. Same as elite individuals, also the non-elite 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 (1.3) or ankles (1.1). 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 identical 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 registered for right ankles (1.5) than left ankles 

(1.4). 

 
Figure 28 Anterior view of the distal epiphysis of the left 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 a non-metric trait. 

6.3.2.1.2. SpondyƭƻŀǊǘƘǊƻǎƛǎ ŀƴŘ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ 

Degenerative lesions on the vertebrae linked to osteoarthrosis were found in 47.7% (n=85) of the 

assessed adult and juvenile sample (N=178). Forty-seven percent of the assessed elite individuals (48 

out of 102) and 49% of the non-elite individuals (37 out of 76) had spondyloarthrosis (X2=1.273, 

df=2, p=0.529). 

For both, elite (Table 44) and non-elite individuals (Table 45), males were more often affected by 

spondyloarthrosis than females. Elite and non-elite males (64.7% and 65.1%) had almost the same 
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frequency of spondyloarthrosis, whereas non-elite females (52.9%) showed signs of osteoarthritic 

changes more frequently than elite females (40.9%). 

Age  

Females Males ND Total 

n N % n N % n N % n N % 

Juvenile 0 2 0.0 1 3 33.3 0 4 0.0 1 9 11.1 

Adult-ND 1 3 33.3 1 3 33.3 4 20 20.0 6 26 23.1 

Adult 3 7 42.9 9 15 60.0 1 3 33.3 13 25 52.0 

Mature 4 8 50.0 21 29 72.4 1 2 50.0 26 39 66.7 

Senile 1 2 50.0 1 1 100.0 0 0 0.0 2 3 66.7 

Total 9 22 40.9 33 51 64.7 6 29 20.7 48 102 47.1 

Table 44 Crude prevalence rates of spondyloarthrosis in relation to sex and age of the elite 
ǎǳōǎŀƳǇƭŜΦ Ϟ ƴҐ ƴǳƳōŜǊ of individuals featuring spondyloarthrosis, %= percentage of N, N= total 
number of elite individuals. 

Age 

Females Males ND Total 

n N % n N % n N % n N % 

Juvenile 1 4 25.0 0 3 0.0 0 2 0.0 1 9 11.1 

Adult-ND 0 3 0.0 2 7 28.6 0 7 0.0 2 17 11.8 

Adult 3 3 100.0 8 14 57.1 0 5 0.0 11 22 50.0 

Mature 5 7 71.4 17 18 94.4 0 2 0.0 22 27 81.5 

Senile 0 0 0.0 1 1 100.0 0 0 0.0 1 1 100.0 

Total 9 17 52.9 28 43 65.1 0 16 0.0 37 76 48.7 

Table 45 Crude prevalence rates of spondyloarthrosis in relation to sex and age of the non-elite 
ǎǳōǎŀƳǇƭŜΦ Ϟ ƴҐ ƴǳƳōŜǊ of individuals featuring spondyloarthrosis, %= percentage of N, N= total 
number of non-elite 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 

consistent for both sexes of the elite sample and for non-elite males, yet non-elite females exhibited 

osteoarthrosis in their spine most frequently as adults (100%). 

In terms of prevalence distribution within the spine, for both subsamples the thoracic section 

featured most incidents of spondyloarthrosis, i.e., 41.2% of elites and 36.8% of non-elites, followed 

by the lumbar region (37.3% of elite and 32.9% of non-elite individuals, Table 46 and 47). Possibly 

linked to the slightly higher rates of spondyloarthrosis in the lumbar region, elite individuals (28.4%) 

featured such alterations more commonly on S1 than non-elite individuals (23.7%). In the cervical 

vertebrae, spondyloarthrosis was more frequently registered in the non-elite sample (30.3%, Figure 

29a) than the elite sample (26.5%, Figure 29b). 
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Ϟ όbύ 
!ƴŀǘƻƳƛŎŀƭ ƭƻŎŀǘƛƻƴ Ϟ ƴ ό҈ύ 

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) 

Table 46 Crude prevalence rate of spondyloarthrosis in relation to sex and location of elite 
ƛƴŘƛǾƛŘǳŀƭǎΦ Ϟ ƴҐ ƴǳƳōŜǊ of individuals featuring spondyloarthrosis, %= percentage of N, N= total 
number of elite individuals. 

Ϟ όbύ 
!ƴŀǘƻƳƛŎŀƭ ƭƻŎŀǘƛƻƴ Ϟ ƴ ό҈ύ 

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 of non-elite 
ƛƴŘƛǾƛŘǳŀƭǎΦ Ϟ ƴҐ ƴǳƳōŜǊ of individuals featuring spondyloarthrosis, %= percentage of N, N= total 
number of non-elite individuals. 

  
Figure 29 Osteophytic lipping (black and white arrows) A) Anterior view of C1 to C7 from SK86; 
B) Anterior view of C1 to C7 from SK162. 

 

Regardless of location on the spine, elite and non-elite males had higher rates of 

spondyloarthrosis than females. In the elite sample, the differences between the sexes were 

more pronounced in the lumbar (31.8% for females and 54.9% for males) and thoracic region 



106 

(36.4% for females and 60.8% for males), whereby non-elite males and females almost displayed 

identical or fairly similar frequencies 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 severe alterations on their vertebrae than the non-elite 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 spondyloarthrosis score of 

1.8 and elite males of 2.35, whereas the mean spondyloarthrosis score of non-elite females was 

1.7 and 1.78 for non-elite males. A gradual increase in severity with advancing age was recorded 

for both subgroups. Only for elite males, mature individuals (2.3) 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 2.1 for non-elites, 

Figure 29) and lumbar vertebrae (1.95 for elites and 2 for non-elites, Figure 31). With 1.8 for 

elite individuals and 1.5 for non-elite individuals, the sacrum had the lowest scores. For the most 

part, males featured more severe lesions, yet, in the elite sample, elite females (2.5) had higher 

scores than elite males (2.2) for the cervical spine. In the non-elite sample, females (2.1) 

displayed slightly more severe alterations in their thoracic vertebrae than their male (2) 

counterparts and for the lumbar spine, both sexes had identical scores (2).  
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Figure 30 A) Left lateral view of T1 to T6 from SK185, exhibiting 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 to 6 from SK185 (accessory lumbar vertebrae), exhibiting 
osteophytic bridging between L5 and L6; B) Anterior view of L1 to L5 from SK170A, featuring 
osteophyte formation.  
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¢ƘŜ ǘƻǘŀƭ ŦǊŜǉǳŜƴŎȅ ƻŦ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ƛƴ ǘƘŜ ŀŘǳƭǘ ŀƴŘ ƧǳǾŜƴƛƭŜ ǎŀƳǇƭŜ ǿŀǎ олΦф҈ όƴҐррύΦ 

{ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ŦƻǊ ол ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎ ŀƴŘ нр ƴƻƴ-elite individuals. These were 

not statistically significant (X2=1.405, df=2, p=0.495) 

Males (43.6%) were 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 non-elite individuals (44.2% of males and 35.3% of females, Table 49). Yet, the 

differences between the sexes were less substantial in the non-elite sample.  

Age  

Females Males ND Total 

n N % n N % n N % n N % 

Juvenile 1 2 50.0 0 3 0.0 0 4 0.0 1 9 11.1 

Adult-ND 1 3 33.3 0 3 0.0 2 20 10.0 3 26 11.5 

Adult 0 7 0.0 5 15 33.3 1 3 33.3 6 25 24.0 

Mature 1 8 12.5 16 29 55.2 1 2 50.0 18 39 46.2 

Senile 1 2 50.0 1 1 100.0 0 0 0.0 2 3 66.7 

Total 4 22 18.2 22 51 43.1 4 29 13.8 30 102 29.4 

¢ŀōƭŜ пу /ǊǳŘŜ ǇǊŜǾŀƭŜƴŎŜ ǊŀǘŜǎ ƻŦ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǎŜȄ ŀƴŘ ŀƎŜ ƛƴ ǘƘŜ ŜƭƛǘŜ 
ǎǳōǎŀƳǇƭŜΦ Ϟ ƴҐ ƴǳƳōŜǊ of ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎ ŦŜŀǘǳǊƛƴƎ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎΣ ҈Ґ ǇŜǊŎŜƴǘŀƎŜ ƻŦ bΣ N= 
total number of elite individuals. 

Age  

Females Males ND Total 

n N % n N % n N % n N % 

Juvenile 0 4 0.0 2 3 66.7 0 2 0.0 2 9 22.2 

Adult-ND 0 3 0.0 2 7 28.6 0 7 0.0 2 17 11.8 

Adult 2 3 66.7 5 14 35.7 0 5 0.0 7 22 31.8 

Mature 4 7 57.1 9 18 50.0 0 2 0.0 13 27 48.1 

Senile 0 0 0.0 1 1 100.0 0 0 0.0 1 1 100.0 

Total 6 17 35.3 19 43 44.2 0 16 0.0 25 76 32.9 

¢ŀōƭŜ пф /ǊǳŘŜ ǇǊŜǾŀƭŜƴŎŜ ǊŀǘŜǎ ƻŦ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǎŜȄ ŀƴŘ ŀƎŜ ƛƴ ǘƘŜ ƴƻƴ-elite 
ǎǳōǎŀƳǇƭŜΦ Ϟ ƴҐ ƴǳƳōŜǊ of non-ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎ ŦŜŀǘǳǊƛƴƎ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎΣ ҈Ґ percentage of N, 
N= total number of non-elite individuals. 

Lƴ ōƻǘƘ ǎǳōǇƻǇǳƭŀǘƛƻƴǎ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ōŜŎŀƳŜ ƳƻǊŜ ǇǊŜǾŀƭŜƴǘ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ŀƎŜΦ Lƴ ǘƘŜ ŜƭƛǘŜ 

group, females showed the highest frequencies in the senile but also in the juvenile age category 

(50.л҈ ǊŜǎǇŜŎǘƛǾŜƭȅύΣ ǿƘŜǊŜŀǎ ŦƻǊ ƳŀƭŜǎ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ǿŜǊŜ ǊŜƎƛǎǘŜǊŜŘ ƳƻǊŜ ŎƻƳƳƻƴƭȅ ƛƴ ǘƘŜ 

senile age category (100%).  For non-ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎΣ ŦŜƳŀƭŜǎ ŘƛǎǇƭŀȅŜŘ ǘƘŜ ƘƛƎƘŜǎǘ {ŎƘƳƻǊƭΩǎ 

node prevalence as adults (66.7%) and males as seniles (100%). Yet, the non-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%). 

¢ƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ŀŎǊƻǎǎ ǘƘŜ ǎǇƛƴŀƭ ǎŜƎƳŜƴǘǎ ǿŀǎ ǎƻƳŜǿƘŀǘ ǎƛƳƛƭŀǊ ǘƻ ǘƘŀǘ ƻŦ 

spondyloarthrosis with thoracic vertebrae (24.7%, Figure 32a) and lumbar vertebrae (14.6%, 

Figure 32b) being most often involved.  
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CƛƎǳǊŜ он {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ !ύ LƴŦŜǊƛƻǊ ǾƛŜǿ ƻŦ ¢у ŦǊƻƳ {YмснΤ .ύ {ǳǇŜǊƛƻǊ ǾƛŜǿ ƻŦ [о ŦǊƻƳ {Yммс-
125B.  

The overall differences between elite and non-elite individuals were rather low (Table 50 and 

рмύΦ 9ƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ŘƛǎǇƭŀȅ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ǎƭƛƎƘǘƭȅ ƳƻǊŜ ŦǊŜǉǳŜƴǘƭȅ ƻƴ ǘƘŜ 

lumbar spine (14.7% versus 14.5%), whereas more non-elite individuals featured such lesions on 

the cervical vertebrae (2.6% versus 1.0%). Especially for the thoracic and lumbar vertebrae, 

males were more frequently affected than females, regardless of group. In the elite group, males 

always outnumbered females and in the non-ŜƭƛǘŜ ƎǊƻǳǇΣ ŦŜƳŀƭŜǎ ŜȄƘƛōƛǘŜŘ {ŎƘƳƻǊƭΩǎ ƴodes on 

their cervical vertebrae (5.9% versus 2.3%) and S1 (5.9% versus 4.7%) more commonly than 

males. 

Ϟ όbύ 
!ƴŀǘƻƳƛŎŀƭ ƭƻŎŀǘƛƻƴ Ϟ ƴ ό҈ύ 

Cervical Thoracic Lumbar Sacrum 

Females (22) 0 (0) 3 (13.6) 2 (9.1) 0 (0) 

Males (51) 1 (2.0) 19 (37.3) 12 (23.5) 3 (5.9) 

ND (29) 0 (0) 3 (10.3) 1 (3.4) 0 (0) 

Total (102) 1 (1.0) 25 (24.5) 15 (14.7) 3 (2.9) 

¢ŀōƭŜ рл /ǊǳŘŜ ǇǊŜǾŀƭŜƴŎŜ ǊŀǘŜǎ ƻŦ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǎŜȄ ŀƴŘ ƭƻŎŀǘƛƻƴ ƛƴ ǘƘŜ ŜƭƛǘŜ 
ǎŀƳǇƭŜΦ Ϟ ƴҐ ƴǳƳōŜǊ of ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎ ŦŜŀǘǳǊƛƴƎ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎΣ ҈Ґ ǇŜǊŎŜƴǘŀƎŜ ƻŦ bΣ bҐ ǘƻǘŀƭ 
number of elite individuals.  
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Ϟ όbύ 
!ƴŀǘƻƳƛŎŀƭ ƭƻŎŀǘƛƻƴ Ϟ ƴ ό҈ύ 

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 rates of {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǎŜȄ ŀƴŘ ƭƻŎŀǘƛƻƴ ƛƴ ǘƘŜ ƴƻƴ-
ŜƭƛǘŜ ǎŀƳǇƭŜΦ Ϟ ƴҐ ƴǳƳōŜǊ of non-ŜƭƛǘŜ ƛƴŘƛǾƛŘǳŀƭǎ ŦŜŀǘǳǊƛƴƎ {ŎƘƳƻǊƭΩǎ ƴƻŘŜǎΣ ҈Ґ ǇŜǊŎŜƴǘŀƎŜ ƻŦ 
N, N= total number of non-elite individuals. 

6.3.2.1.3. Osteochondrosis dissecans 

Osteochondrosis dissecans 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 the non-elite subsample this pattern 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 females (50.0%), male juveniles (33.3%) and 

adults (26.7%). On the contrary, for non-elite individuals, this condition was most prominent in 

female (50.0%) and male (33.3%) juveniles. 

When assessing the true prevalence rate, 51 articular surfaces featured lesions associated 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 for non-elites). The articular facets of 

the vertebrae (n=15), phalanges (n=10) and 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). Non-elite individuals had most lesions on their phalangeal joint surfaces (n=6).  



Daniela Tumler, 2023 
 

111 
 

 
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 adult and juvenile 

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 of 76). In the elite sample, females (81.8%) presented higher overall 

frequencies than males (78.4%) and not determinable individuals (24.1%, Table 52). 

Table 52 Crude prevalence rates of entheseal changes in relation to sex and age in the elite 
ǎǳōǎŀƳǇƭŜΦ Ϟ ƴҐ ƴǳƳōŜǊ of elite individuals featuring 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 juveniles (both had 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 adults (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 females, non-elite individuals 

exhibited a slightly different pattern (Table 53).  

Table 53 Crude prevalence rates of entheseal changes in relation to sex and age in the non-elite 
ǎǳōǎŀƳǇƭŜΦ Ϟ ƴҐ ƴǳƳōŜǊ of elite individuals featuring entheseal changes, %= percentage of N, 
N= total number of non-elite individuals. 

Senile individuals featured 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% adults. Non-elite females 

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 to the anatomical location of the observed EC, both subgroups featured the highest 

frequencies in the hip joints, whereby the non-elite group was more commonly affected, i.e., 

51.0% for elite (Table 54) and 52.6% in non-elite individuals (Table 55). 

{ŜȄϞ όbύ 
!ƴŀǘƻƳƛŎŀƭ ƭƻŎŀǘƛƻƴ Ϟ ƴ ό҈ύ 

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 Säben-{ŀōƛƻƴŀΦ Ϟ ƴҐ 
number of 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 differences on a joint level, showed that elite females 

outnumbered elite males in the incidence rate of EC at the hips (72.7% versus 62.7%) and ankles 

(68.2% versus 62.7%). 

For both sexes, the M. pectoralis major enthesis was most often affected (49% males, 40.9% 

females), followed by the M. deltoideus (47.1% males, 36.4% females), M. biceps brachii (47.1% 

males, 31.8% females) and M. subscapularis (47.1% males, 36.4% females) insertion site. 

In non-elite individuals, 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 opposed to elite individuals, in 

the non-elite group, the frequencies of EC in males always exceeded that of females, regardless 

of the type of joint. 

{ŜȄϞ όbύ 
!ƴŀǘƻƳƛŎŀƭ ƭƻŎŀǘƛƻƴ Ϟ ƴ ό҈ύ 

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 (23.5) 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 Crude frequency of entheseal changes in the non-elite sample of Säben-{ŀōƛƻƴŀΦ Ϟ ƴҐ 
number of non-elite individuals featuring EC, %= percentage of N, N= total number of non-elite 
individuals. 

The frequency of individual entheseal involvement for non-elite individuals was different to that 

of the elite sample, with divergent rates for both sexes. In males, the Lig. costoclavicularis 

(39.5%) and M. deltoideus insertion sites (39.5%) on the clavicle were most commonly affected, 

followed by the M. deltoideus enthesis on the humerus (34.9%), the M. biceps brachii enthesis 

on the radius (34.9%) and the M. pectoralis insertion site on the humerus (32.6%). On the 

contrary, females exhibited entheseal changes most frequently on the insertion sites of the M. 

pectoralis major on the humerus (35.3%), M. deltoideus on the humerus (35.3%) and M. 

pronator teres on 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 severity (t=0, df=94, p=1). Elite and non-

elite males and females showed small differences in their severity scores, whereby females had 

less pronounced EC scores than males. Elite males had the same score as non-elite males, both 

2.1, and elite females (1.9) featured a higher score than non-elite females (1.7). In relation to 
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age, severity scores increased with advancing age for both sexes in non-elites, and for males in 

elite individuals. For elite females the highest EC scores were recorded for mature females (2.1), 

followed by senile 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 (Table 56). They 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). 

Sex 
Anatomical location 

Shoulder Elbow Wrist Hip Knee Ankle 

Female 2 1.4 1.4 2 1.7 2.1 

Male 2.3 1.7 1.9 2.4 2.3 2.2 

Average 2.15 1.55 1.65 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 versus 2.1) displayed more severe alterations 

on the right side, and those associated with the wrist (2.1 versus 2), the hip (2.4 versus 2.2) and 

knee (2.4 versus 2.3) had higher entheseal scores on the left. Left and right elbows and ankles 

were equally severe affected. Both sexes featured the highest upper limb EC scores in the M. 

pectoralis major insertion site of the humerus (2.3 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 SK147, exhibiting 
pronounced M. pectoralis major (black arrow) and M. deltoideus insertion sites (white arrow). 

In elite females this score was followed by that of the M. biceps brachii insertion site on the 

radius (2.1), the Lig. costoclavicularis insertion site on the clavicle (1.9) and the M. subscapularis 

insertion site on the humerus (1.9). Elite males had most elevated EC scores for the Lig. 

costoclavicularis (2.4) and M. deltoideus (2.1) insertion site on the clavicle, the M. deltoideus 

insertion site on the humerus (2.1) and M. biceps brachii insertion site on the radius (2.1). In the 

lower limbs, the insertion site of the M. gluteus maximus on the femur had the highest scores 

for both sexes (2.5 for females and 2.8 for males). Females also had more prominent EC scores 

for the M. soleus insertion site on the tibia (2.3), which was greater than that of males (2.2), the 

M. triceps surae insertion site on the calcaneus (2.2, Figure 35), as well as for the muscles 

attaching to the linea aspera on the femur (2.1), i.e., M. vastus medialis, M. adductor magnus 

and M. adductor longus.  
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Figure 35 Posterior view of the right and left calcaneus from SK76, displaying prominent M. 
triceps surae insertion sites. 

Males on the other hand, exhibited more pronounced alterations on the entheses of the M. 

vastus medialis, M. adductor magnus and M. adductor longus attaching to the femur (2.7), the 

M. semimembranosus, M. semitendinosus and M. biceps femoris insertion site on the os coxae 

(2.6), as well as the M. iliopsoas insertion site on the femur (2.4) and the M. triceps surae 

insertion site on the calcaneus (2.4). A full list of the average severity scores for each muscle is 

attached in appendix 23. A detailed outline and discussion of the movements carried out by each 

of these muscles can be found in the discussion section. 

In the non-elite subsample, the highest scores were reported for the muscles associated with 

the hip (2.2) and the shoulder (2.2), followed by the knee (2.15) and ankle (2.15) and with lower 

scores in the elbow (1.85) and wrist (1.45, Table 57).  

Sex 
Anatomical location 

Shoulder Elbow Wrist Hip Knee Ankle 

Female 2.3 1.9 1.4 2.1 2.1 2 

Male 2.1 1.8 1.5 2.3 2.2 2.3 

Average 2.2 1.85 1.45 2.2 2.15 2.15 

Table 57 Average severity scores of entheseal changes in relation to joint location in non-elite 
individuals. 

For the musculature of the wrist, hip, knee and ankle, non-elite males featured higher scores 

than females. However, for the shoulder and elbow, non-elite females displayed more severe 

alterations. Discrepancies were also registered in terms of laterality, whereby 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 the two sexes were also observed when examining 

individual muscles. In the upper limbs, non-elite females had more elevated scores in the M. 

pectoralis major insertion site of the humerus (2.7), this score was also higher than that of males 

at this site (2.4), M. biceps brachii insertion site on the radius (2.2) and the M. subscapularis 

insertion site of the humerus (2). Furthermore, females exhibited higher scores than males in 

the following entheses: M. supraspinatus and M. infraspinatus on the humerus (1.8 versus 1.6) 

and the muscles attaching to the medial epicondyle (1.6 versus 1.3). Females also featured 

elevated scores for the M. deltoideus on the humerus (1.7) and clavicle (1.6), and M. pronator 

teres on the radius (1.5). The most prominent entheses of non-elite males belonged to the M. 

pectoralis major (2.4) and M. subscapularis on the humerus (2.3), M. biceps brachii on the radius 

(2.3) M. deltoideus on the humerus (2.1, Figure 36) and the Lig. costoclavicularis on the clavicle 

(2).   
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Figure 36 A) Superior view of the left and right humerus from SK86, exhibiting prominent 
osteolytic and osteophytic alterations at the M. subscapularis insertion site; B) Anterior view of 
the left (superior) and right (inferior) humerus from SK86, featuring M. pectoralis major (white 
arrow) and M. deltoideus entheseal changes (black arrow); C) Anterior view of the left and right 
radius from SK86, displaying extensive modifications at the M. biceps brachii enthesis. 

In the lower limbs, both sexes displayed most severe changes in the M. gluteus maximus 

enthesis on the femur (2.6 for females and 2.7 for males, Figure 37). Non-elite females also had 

more elevated scores for M. quadriceps femoris enthesis on the patella (2.3), the M. soleus 

enthesis on the tibia (2.3), the M. triceps surae enthesis on the calcaneus (2), the M. iliopsoas (2) 

and the M. gluteus medius (2) enthesis on the femur. Whereby the entheses of the M. gluteus 

medius and M. quadriceps femoris were 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 medialis, M. adductor magnus, M. adductor longus (2.5), the insertion sites of the 

M. soleus on the tibia (2.5), those of the M. semimembranosus, M. semitendinosus and M. biceps 

femoris on the os coxae (2.4), the enthesis of the M. iliopsoas on the femur (2.2) and that of the 

M. triceps surae on the calcaneus (2.2) had the most prominent scores.   
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Figure 37 Posterior view of the left (A) and right (B) femur from SK45, showing entheseal 
changes at the M. gluteus maximus insertion site (black arrows) and along the linea aspera 
(white arrows). 

6.3.2.3. Correlation between OA and EC 

Out of the examined 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 non-elite individuals. As with most skeletal conditions, 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 alterations. Correlation analyses 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 each individual, both elite (rs= 0.501, p<.001) and non-elite individuals (rs= 

0.658, p<.001) exhibited a positive correlation between OA and EC. 
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correlation test was carried out on the whole sample (rs= 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 non-elite individuals (rs =0.599, p<.001) but not for 

elite individuals (rs =0.164, p=0.120).  

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 levels across 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 OA and age, non-elite 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.e., 2.2 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 non-elite individuals. 

Also, for entheseal changes the correlation with age was assessed. In the total sample, a 

congruent pattern between EC severity and age was observable, which was confirmed by the 

ǇŜǊŦƻǊƳŜŘ {ǇŜŀǊƳŀƴΩǎ Ǌŀƴƪ ǘŜǎǘ ǎƘƻǿƛƴƎ ŀ ǇƻǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ǾŀǊƛŀōƭŜǎ όǊs= 

0.362, p<0.001). The elite subsample featured a slightly lower correlation between age and 

entheseal severity (Figure 40), yet not at a statistically significant level (rs =0.160, p=0.127). 

 
Figure 40 Relationship between mean EC scores and age (1= juvenile, 2=adult, 3=mature, 

4=senile) and sex 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 for the adult 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 entheseal alterations (2.1). 

For the non-elite subsample, a more positive correlation between age and entheseal lesions was 

registered (Figure 41), which was also found to be statistically significant (rs =0.536, p<.001). 

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

In both sexes of non-elite individuals, a gradual increase in EC severity was noted with advancing 

age. Whereby juveniles had the lowest scores, i.e., 1.2 for females and 1.5 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 negative relationship between 

sex and OA (elite individuals rs=-0.188, p=0.178; non-elite individuals rs= -0.152, p=0.383) and EC 

(elite individuals rs= -0.336, p= 0.014; non-elite individuals rs= -0.152, p=0.383) was found. Thus, 

sex did not appear to have had a major impact on the observed severity 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 regression analysis, a positive relationship between OA and EC 

of statistical significance (rs= 0.495, p=0.001) was found. The correlation between OA and EC did 

not differ greatly when splitting the sample into elite (rs=0.441, p<.001) and non-elite individuals 

(rs=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. 

methods).  

 
Figure 42 Mean severity scores 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 substantially. Statistical 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 
region 

Elite Ϟ (n) Non-elite Ϟ (n) Total sample Ϟ (n) 

Shoulder rs= 0.364, p= 0.048 (30) rs= 0.047, p= 0.843 (20) rs= 0.243, p= 0.090 (50) 

Elbow rs= 0.204, p= 0.24 (35) rs= 0.635, p= 0.015 (14) rs= 0.324, p= 0.023 (49) 

Wrist rs= 0.084, p= 0.716 (21)
  

rs= 0.0648, p= 0.017 (13) rs= 0.305, p= 0.079 (34)  

Hip rs= 0.181, p= 0.245 (43) rs= 0.516, p= 0.007 (26) rs= 0.329, p= 0.006 (69) 

Knee rs= 0.353, p= 0.051(31) rs= 0.592, p= 0.005 (21) rs= 0.464, p<0.001 (52) 

Ankle rs= 0.048, p= 0.755 (44) rs= 0.3, p= 0.226 (18) rs= 0.127, p= 0.326 (62) 

Table 58 OA and EC correlations based on anatomical location Ϟ n= number 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. Non-elite elbow, hip, knee 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%, non-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 higher lesion rate than adult individuals, i.e., 37.5% versus 

36.6% in elites and 53.8% versus 38.8% for non-elites. The most commonly registered conditions 

were cribra cranii (42 out of 226, 18.6%), followed by cribra orbitalia (38 out of 226, 16.8%), 

femoralis (35 out of 226, 15.5%) and palatinii (26 out of 226, 11.5%). Lower frequencies were 

found for cribra humeralis (9 out of 226, 4%). Cribra cranii was found to be most prevalent in the 

elite subsample (20.3% versus 17.2%, Figure 43), whereas cribra orbitalia was more common in 

non-elite individuals (20.4% versus 15%, Figure 44). The differences in cribra cranii (X2=0.954, 

df=2, p=0.743) and cribra orbitalia (X2=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 parietal fragment from SK153A. 


















































































































































































































































































