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Abstract 20 

This study offers a combined analysis of long bone mechanical properties (cross-sectional 21 

geometry, CSG), upper limb enthesopathies (ECs) and external auditory exostoses (EAE) among 22 

Neolithic people from Liguria (Italy). Previous CSG studies have suggested a high degree of 23 

mobility in mountainous terrain and sexual dimorphism in the upper limbs, with males more 24 

oriented towards uni-manual activities and females performing strenuous bimanual tasks. The 25 

aims of the study were to: 1) increase the sample size of the CSG study via the acquisition of 26 
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surface 3D models; 2) provide a solid chronological framework through direct dating, to allow 27 

for subsampling of individuals dated to the Impresso-Cardial Complex (ICC, c. 5800-5000 BCE) 28 

and the Square Mouthed Pottery Culture (SMP, c. 5000-4300 BCE); 3) integrate the results of 29 

CSG with information on ECs of the humeral epicondyles; 4) assess possible marine activities 30 

through analysis of EAEs. Results from the CSG analysis confirm previous studies, with no 31 

significant diachronic change. ECs in the humeral medial epicondyle parallel CSG adaptations: 32 

males tend to display more changes, especially unilaterally. Only one individual from the ICC 33 

period shows bilateral EAE, suggesting that marine activities were not prevalent. This study adds 34 

to our knowledge on activity patterns in the Neolithic in Liguria, and shows that integrating 35 

structural adaptations with information from specific entheseal alterations and exostoses can 36 

improve reconstructions of past habitual activities. 37 

Abstract French 38 

Nous avons analysé conjointement les propriétés mécaniques des os longs (géométrie des 39 

sections transverses, CSG), les enthésopathies des membres supérieurs (ECs) et les exostoses 40 

auditives externes (EAE) chez les sujets néolithiques de Ligurie. Des études antérieures des CSG 41 

ont suggéré une grande mobilité en terrain montagneux et un dimorphisme sexuel important pour 42 

les membres supérieurs, les hommes étant davantage orientés vers des activités uni-manuelles et 43 

les femmes effectuant préférentiellement des tâches bimanuelles pénibles. Nous avons 1) 44 

augmenté la taille de l'échantillon de l'étude des CSG par l'acquisition de modèles 3D de surface 45 

; 2) fourni un cadre chronologique solide grâce à de nouvelles datations radiocarbones AMS 46 

directes, permettant un sous-échantillonnage d'individus datés du complexe Impresso-Cardial 47 

(ICC, c. 5800-5000 BC) et de la culture des Vases à Bouche carrée céramique à bec carré (SMP, 48 

c. 5000-4300 BC) ; 3) intégré les résultats sur les CSG avec des informations sur les ECs des 49 

épicondyles de l’humérus; 4) évalué les activités marines possibles par l'analyse des EAE. Les 50 

résultats de l'analyse des CSG confirment les études antérieures, sans changement diachronique 51 

significatif. Les résultats pour les ECs dans l'épicondyle médial sont similaires à ceux pour les 52 

CSG du membre supérieur : les hommes ont tendance à avoir plus de changements, surtout 53 

unilatéralement. Un seul individu (daté de l’ICC) présente une EAE bilatérale, ce qui suggère des 54 

activités marines peu répandues. En plus d'enrichir nos connaissances sur les schémas d'activité 55 

dans le Néolithique ligurien, cette étude montre que l'intégration des adaptations structurelles 56 
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avec les informations sur les ECs et les EAE peut améliorer les reconstructions des activités 57 

habituelles dans le passé. 58 

Keywords: habitual activities, subsistence patterns, cross-sectional geometry, entheseal changes, 59 

enthesopathies, external auditory meatus exostosis 60 

Mots-clés : Activités quotidiennes ; modes de subsistance ; géométrie des sections transverses 61 

des diaphyses ; changements enthésiques ; enthésopathies ; exostoses du conduit auditif externe. 62 

 63 

1. Introduction 64 

The evaluation of plastic, epigenetic activity-related morphological adaptations (structural bone 65 

properties) and alterations (entheseal changes) in skeletal remains from archaeological contexts 66 

provides insights into sociocultural phenomena such as subsistence changes, craft specialization, 67 

the origins and development of sexual division of labour and social inequalities [1]. Among these 68 

sociocultural phenomena, the Neolithic Transition, i.e. the adoption of a production economy 69 

based on the domestication of plants and animals, is “one of the fundamental structural processes 70 

of human history” [2,3], and dramatically changed several aspects of the human experience, 71 

particularly habitual subsistence-related physical activity. This subsistence shift has been the 72 

focus of several studies aiming to reconstruct activity patterns, which generally show a decrease 73 

in mobility among farmers when compared to earlier hunter-gatherers (reviews in [4-7]). 74 

However, the Neolithisation of Europe was probably a mosaic of different processes of 75 

replacement and integration, frontiers and “leap-frog” movements, growth and collapse, 76 

coexistence and warfare (e.g. [8-13]). Therefore, the skeletal consequences of the adoption of the 77 

Neolithic lifestyle are best explored at a micro-regional level [14]. Few regions in Europe show 78 

such a concentration of prehistoric sites from the Upper Palaeolithic to the Metal Ages as 79 

western Liguria (north-western Italy): Neolithic funerary sites are especially numerous and 80 

concentrated mostly around the municipality of Finale Ligure, where hundreds of karstic caves 81 

can be found within a radius of a few kilometres. After the early arrival of the Neolithic 82 

Impresso-Cardial Complex (ICC; c. 5800-5000 cal BC; [15-17]), Liguria saw the spread of the 83 

Square Mouth Pottery (SMP; 5000-4300 cal BC; [16,18-20]), and later was the access road for 84 

the diffusion of the Chassean in northern Italy from France (4300-3700 cal BC; [18,21]). This 85 
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small strip of land between the mountains and the sea is therefore a pivotal region for our 86 

understanding of the cultural and biological dynamics that came into play during the spread and 87 

establishment of the Neolithic way of life in the western Mediterranean (e.g. [15,16, 22-25]).  88 

Consequently, the functional adaptations of Ligurian Neolithic people have been the subject of 89 

several studies, especially via biomechanical analysis of long bones using the cross-sectional 90 

geometry method (CSG; review in [26,27]). For the lower limb, one of the main results of 91 

previous studies has been the discovery that the “sedentism” of Neolithic communities did not 92 

actually result in a low level of mobility, at least as inferred from lower limb biomechanics: 93 

Ligurian Neolithic individuals retained CSG properties that were more similar to those shown by 94 

Late Upper Palaeolithic hunters than by later agriculturalists, suggesting a high degree of 95 

mobility in a mountainous landscape [28,29,31,32,33]. These studies also showed evidence of 96 

significant sexual dimorphism in the degree of asymmetry of the upper limb, with males more 97 

asymmetrical, and females more symmetrical, than in modern industrialized groups and other 98 

agriculturalists [28,29,32,33]. This diverging pattern has been interpreted as indicative of a 99 

division of subsistence tasks between the sexes, in which the most strenuous and repetitive 100 

activities performed were mostly bi-manual for females, and mostly uni-manual for males [28]. 101 

This has been tentatively associated with subsistence activities that are apparent in the 102 

archaeological record, the most prominent of which may have been cereal processing using large 103 

bi-manual querns ([33,34,35]) and woodworking and fodder harvesting with polished stone 104 

hatchets [28,33]. 105 

The Ligurian skeletal series was ideal to study human micro-regional adaptations, thanks to the 106 

small area from which it was unearthed. However, its chronological framework is more 107 

problematic. Most Neolithic layers had been excavated from the mid-19th century [36], in caves 108 

that, in some cases, showed evidence of human occupation from the Late Pleistocene to Roman 109 

times (e.g. [37,38]). Following the archaeological methods of the time [39], burials, and 110 

especially scattered human remains, were often excavated without keeping an accurate record of 111 

their spatial and stratigraphic positions. Probably due to the poor quality of the historic 112 

documentation, few burials were considered worthy of direct dating, and the individuals were 113 

labelled as likely/probably/possibly “Neolithic” or “Middle Neolithic” (which corresponds to the 114 

SMP culture in Liguria) depending on the material available about the associated culture. This 115 
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limited the number of individuals that could be included in previous bioarchaeological studies, 116 

and the lack of a more precise chrono-cultural attribution has constantly prevented 117 

anthropologists from providing more than general insights into Ligurian “Neolithic” biocultural 118 

adaptations. 119 

To begin to overcome the limitations of the skeletal series and its documentation, two research 120 

projects (see Acknowledgements section) performed a comprehensive re-assessment of the 121 

Ligurian material, including individual burials, partially disturbed burials and assemblages of 122 

scattered human remains. Depending on the completeness of the material, the study collected the 123 

information available on the biological profile (sex, age, pathology, osteometric and non-metric 124 

traits, dental anthropology), as well as funerary information (e.g. [39]). In addition, the study 125 

undertook complete direct dating of the Ligurian skeletal collection attributed to the Neolithic (c. 126 

180 AMS dates), adding to the results from other recent studies [23,24,39,40]. The results of the 127 

dating campaign are reported in detail in another paper [41], but they indicate that the skeletal 128 

remains generally attributed to the Neolithic in Liguria span the period from the earliest 129 

Neolithic human occupation in the area through to the sixth and fifth millennium BCE, and in 130 

some cases belong to the Metal Ages or to historic times. For example, the double burial from 131 

Boragni, previously attributed to the Neolithic [42] and used in previous CSG research 132 

[30,33,43], actually dates to the Byzantine Period (1460±30 BP; 553-648 CE; Lyon-14599). The 133 

vast majority of the burials and skeletal remains fall chronologically within the period in which 134 

the Square Mouthed Pottery culture (SMP) has been attested in Liguria (c. 5000-4300 cal BCE; 135 

Table 1), with a small but significant presence of individuals belonging to an earlier phase (c. 136 

5800-5000 BC, [39]). Thanks to direct dating, this new study was able to include individuals 137 

(complete and partial skeletons) that are certainly Neolithic, and to create subsamples based on 138 

the various chrono-cultural phases of the Neolithic in Liguria. 139 

Furthermore, the new chronological framework makes it possible to assess whether the 140 

functional adaptations and behavioural correlates inferred by previous studies still hold when 141 

using a better defined and homogenous Neolithic skeletal collection from the SMP, and whether 142 

any diachronic change can be detected during the Neolithic. For the lower limb, the hypothesis 143 

of high degrees of mobility has important implications in terms of Neolithic adaptive strategies, 144 

logistic mobility and energy expenditure [7]; for the upper limb, sexual dimorphism and the 145 
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hypothesized division of labour tap into issues of societal organization and identity, in addition 146 

to land use and energy expenditure to process food [33,34,35]. Confirmation is therefore needed 147 

that these results were not influenced by the inclusion in the sample of individuals from earlier 148 

pioneering Neolithic communities, or from the Metal Ages, for which technological/societal 149 

changes and a greater reliance on pastoralism have been proposed [43]. 150 

In addition, the project collected data on certain entheseal changes (ECs) that appear to correlate 151 

with habitual physical activity and are therefore ideal for integration with previous studies. 152 

Entheseal changes (ECs) are visible alterations on the skeleton at sites of tendon or ligament 153 

attachment, both fibrous (tendon or ligament attaching directly to the bone) and 154 

fibrocartilaginous (tendon or ligament attaching through transitional zones of a different 155 

composition) [44,45]. ECs have been associated with activity patterns in bioarchaeological 156 

studies, but their reliability as indicators of past behaviour is debated. It has been shown that a 157 

significant part of this issue is related to the methods used and the nature of the entheses under 158 

study [44,46-48]. Several factors have been mentioned by biological anthropologists to explain 159 

the occurrence of ECs at fibrocartilaginous sites, but three main causes can be identified from the 160 

medical literature (see [44] for a discussion): age (enthesopathies are more frequent in older 161 

individuals, especially after the age of 50), micro and macrotraumas, and systemic diseases 162 

(mainly DISH and spondyloarthropathies). Among the ECs that appear to correlate best with 163 

habitual activities, the one involving the medial epicondyle of the humerus could be related to 164 

strenuous uni-manual activities, especially those associated with the throwing motion [49-52]: 165 

ECs indeed appear to be frequent among prehistoric groups for which hunting involving 166 

throwing techniques has been hypothesized [51,52]. Given the divergent pattern of asymmetry 167 

by sex shown in the Neolithic Ligurian people described above, the study of ECs of the humeral 168 

epicondyle could provide further insights into the behavioural correlates of these upper limb 169 

adaptations and alterations. 170 

Another bone alteration that may be relevant to draw inferences on behavioural correlates are the 171 

external auditory exostoses (EAEs), which are osseous exostoses that form in the external 172 

auditory canal as a result of an irritation of the periosteum. Several conditions can be responsible 173 

for this trait, but contact with cold water appears to be the main cause, and their prevalence and 174 

degree of expression has therefore been linked to the use of aquatic resources (for a review of the 175 
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medical and anthropological literature, see [53,54]). EAE can be considered as one of the most 176 

informative of activity-related skeletal morphologies: it has a very well-known etiology, the 177 

amount of available clinical data is substantial, and it is possible to compare frequencies between 178 

current and past populations, with only minor methodological problems [54]. Although 179 

archaeological and faunal evidence suggest continuous use of marine resources throughout the 180 

Neolithic, a particular emphasis on terrestrial resources and on the use of the mountainous 181 

territory has been proposed for Liguria, based on dietary [55,56], zooarchaeological [57] and 182 

biomechanical evidence (see above). A low prevalence of EAEs would therefore be expected 183 

among Ligurian Neolithic people. 184 

The overall purpose of the study was therefore to 1) perform a new CSG analysis with the 185 

benefit of the new chronological framework, and test whether past behavioural inferences still 186 

hold; 2) integrate the results from ECs, verifying whether these alterations support or contrast 187 

with structural bone adaptations; 3) propose new considerations on land vs marine oriented 188 

subsistence activities through the analysis of EAEs. 189 

2. Materials and Methods 190 

A total of 57 skeletons from eight nearby Ligurian sites (Finalese and Val Pennavaire; Figure 1) 191 

was included in this study, although the sample size is smaller depending on the specific analysis 192 

and on the completeness of the remains (Table 1, see also the Excel file named Supplementary 193 

Information Tables A). Because EAEs can develop during adolescence [54], individuals from c. 194 

12 years old upwards were included in the study of this trait, while only individuals with fused 195 

long bone epiphyses were included in the CSG and ECs study. The osteometric measurements of 196 

two additional Ligurian Neolithic individuals were taken from the literature [42] to determine 197 

their sex via Discriminant Function Analysis (see below). Most individuals are directly dated to 198 

either the sixth or fifth millennium BCE; for the few individuals where dating failed or could not 199 

be done, the new chronological framework allows for a more robust chrono-cultural attribution 200 

based on contextual archaeological evidence, such as the presence of the stone cist for the Square 201 

Mouthed Pottery burials (Table 1; [41]). 202 

[Figure 1 (1.5 column) and Table 1 about here] 203 
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The attribution of an individual to the “adult” age class was based on the completeness of 204 

epiphyseal fusion and dental maturation, integrated with dental wear [58]. The appearance of the 205 

pubic symphysis and auricular surface of the ilium was also considered [59-61]. Age at death of 206 

immature individuals was based, when possible, on dental maturation and eruption [62-64], and 207 

skeletal fusion [65-67], integrated when necessary with bone measurements [65,68]. 208 

The biological sex of the adult individuals in this study was re-assessed for all individuals via 209 

cranial and pelvic morphology, using the standards collected in Buikstra et al. [69], mandibular 210 

ramus flexure [70], and Bruzek [71] for the pelvic traits. Compared to previous studies, sex 211 

determination was changed for only one individual (Pollera 6246) , from male to female (cf. 212 

Table 1 with [32]). For 13 individuals, the fragmentary nature of the remains did not allow 213 

attribution based on pelvic and/or cranial features, and sex was assessed via Discriminant 214 

Function Analysis (DFA) using the postcranial osteometric measurements of the individuals 215 

whose sex was determined from pelvic traits (e.g. [72-75]). Forward and backward stepwise 216 

selection of variables was undertaken for each individual where the sex was uncertain, and the 217 

preferred model was chosen based on discriminant power, significance, number of individuals 218 

used for the equation and number of variables included in the model. Due to the remarkable level 219 

of sexual dimorphism displayed by the Ligurian sample, the DFA produced models with a 220 

classification rate ranging from 90-100%, and the posterior probabilities for attribution to a given 221 

sex was >87% for the 13 uncertain individuals. All the osteometric measurements and equations 222 

are given in Supplementary Information Tables A. 223 

Biomechanical analysis of functional postcranial adaptations via the cross-sectional geometry 224 

method (CSG) is based on the notion that bone tissue optimizes to its mechanical environment so 225 

as to maintain physiological strains within normal limits [26,27]. Bone tissue is deposited in the 226 

shaft’s cross-section where mechanical loads require it to prevent strain in excess of the elastic 227 

limit, whereas below a certain strain threshold, the bone tissue is reabsorbed. By analyzing the 228 

cross-sections of the diaphysis, it is therefore possible to obtain variables that correlate with 229 

torsional bone rigidity (polar moment of area: J). Although the complexity of the factors 230 

influencing mechanical bone competence should always be taken into account when interpreting 231 

CSG results [26], it is generally assumed that variations in CSG properties correlate with activity 232 

levels and types, once the effect of body size is factored out to obtain a measure of “robusticity” 233 
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[27]. Recent experimental evidence on modern athletes has substantially confirmed this rationale 234 

[76,77,78]. Integration of quantitative data derived from CSG with ethnographic and 235 

archaeological information has therefore been widely used to draw inferences about past 236 

subsistence strategies, degrees of mobility and other habitual activities [6,7,79]. 237 

For this comprehensive re-assessment of the skeletal series, all of the preserved long bones were 238 

scanned in 3D, using the DAVID SLS-3 structured light scanner, to make a new assessment of 239 

structural diaphyseal properties. CSG properties for 20 individuals were added in this study (cf. 240 

Table 1 with[28,29,30,32,33,43]), and cross-sections were reconstructed (35% and 50% from the 241 

distal end for the humeri, and 50% for the femur and tibia) from the surface scans, which were 242 

positioned virtually according to the reference planes following Ruff [80]. The cross-sections 243 

were obtained using the “slice” function in Netfabb Standard 2018 for PC (copyright Autodesk 244 

2017), and the CSG properties calculated using a version of the SLICE program [81] adapted as 245 

a macro routine inserted in Scion Image release Beta 4.03. The “Solid CSG” method was used to 246 

estimate actual CSG properties from the periosteal contour via regression equations (provided in 247 

[43,82]), as justified in previous research [82-84]. All raw CSG data are given in Supplementary 248 

Information Tables A. 249 

The variable used to quantify overall mechanical bone strength at a given diaphyseal level is the 250 

modulus Zp section (torsional and (twice) average bending strength [85,86]). True section moduli 251 

are calculated by dividing the polar second moment of area J (torsional and (twice) average 252 

bending rigidity of the beam) by the distance from the centroid section for torsion to the 253 

outermost fibre of the section [86]. Until recently, software packages did not provide true section 254 

moduli, which were therefore approximated by dividing J by the average radius of the section or 255 

by raising J to the power of 0.73 [81,85,86]. In this study, we use the latter method, which makes 256 

the results comparable to a larger body of literature, including previous studies on the same 257 

skeletal series. Although J0.73 is proportional to rather than strictly equivalent to Zp, given the 258 

substantial equivalency of the variables, this study will refer to J0.73 as Zp, as done in previous 259 

research (e.g., [33]). 260 

The mechanical loading on long bones is a function of physical activity, bone length and body 261 

mass [86]. To obtain a measure of “robusticity”, which is assumed to correlate with the effects of 262 

activity, the estimate of overall bone strength Zp was scaled for size by dividing by mechanical 263 
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bone length (as defined in Ruff [80]) and body mass [86]. Body mass was estimated from the 264 

supero-inferior diameter of the femoral head following the guidelines in Trinkaus et al. [87]. 265 

Certain osteometric measurements for the determination of the appropriate level of the cross-266 

section and for standardization had to be estimated via regression equations based on the rest of 267 

the sample, as commonly done in studies of this kind (e.g. [87,88]). The regression equations for 268 

each estimated measurement are provided in Supplementary Information Tables A. 269 

In order to characterize the prevalent use of one arm in activities causing strain, the degree of 270 

humeral bilateral asymmetry in J was calculated using the formula [(JH – JL)/JL]×100 (where JH 271 

and JL are the higher and lower values of J between the two humeri, respectively) and expressed 272 

as a percentage, following previous studies [32,33,89,90]. The resulting value represents an 273 

absolute (non-directional) asymmetry. Asymmetry was calculated from the absolute values of J 274 

(i.e. not standardized by body size), because any prior size standardization would be elided. 275 

Given their correspondence with mobility levels [76,78,91], lower limb CSG shape indices were 276 

also analyzed. For the femur, the ratio between Ix (second moment of area in the anteroposterior 277 

plane) and Iy (second moment of area in the mediolateral plane) was considered. For the tibia, the 278 

ratio of Imax (maximum second moment of area) to Imin, (minimum second moment of area) was 279 

used. 280 

Entheseal changes (EC) in the humeral medial and lateral epicondyles were recorded. Due to the 281 

very small sample size, age-at-death is not controlled for in this study. Therefore, ECs at the 282 

lateral epicondyle were scored in order to provide a basis for comparison for the EC frequencies 283 

and distribution at the medial epicondyle. Recently, it has been found increasingly relevant to 284 

distinguish two areas for the medial epicondyle [92,93]. Thus, unlike in previous studies (i.e. 285 

[48,51,52]), the area of the medial epicondyle was divided into two zones: the area of attachment 286 

of the common flexor tendon (CFT) and the area of attachment of the anterior band of the ulnar 287 

collateral ligament (UCL). ECs at the lateral epicondyle and the area of attachment of the CFT in 288 

the medial epicondyle were scored on a 3-stage scale (A, B, C) following Villotte [46]. Several 289 

changes at the attachment of the UCL were recorded (as absent or present): erosions and 290 

cavitations of the surface, and geodes, were scored as ECG; longitudinal fissures and well-291 

defined pits with no clear interruption of the bone surface were scored as FP (see [92]:24; Figure 292 

2). One of these features was enough to consider a change as present at the UCL attachment site. 293 
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A composite variable for the whole medial epicondyle (ME) was then created, merging the data 294 

for the UCL and CFT attachment sites. EC at the ME was considered as present if any change at 295 

the attachment sites of the CFT (stage B or C) and/or at the UCL was recorded. All raw data for 296 

EC are given in Supplementary Information Tables A. Asymmetry in ECs was assessed as the 297 

difference in scores between left and right sites for a given variable in a given individual. 298 

Differences between the sexes in terms of the number of asymmetrical individuals were assessed 299 

using Fisher’s exact test. Differences between left and right sides within each sex in the 300 

presence/absence or aggregated score of a certain trait were also assessed using Fisher’s exact 301 

test, although the independence assumption does not hold for paired humeri. 302 

[Figure 2 (2 columns) about here] 303 

EAEs were investigated through visual inspection of the auditory meatus under appropriate 304 

lighting, and recorded using a scoring system of the extent of occlusion previously applied by 305 

biological anthropologists (e.g. [94-97] and by clinicians (e.g. [98,99]).  All raw data for EAEs 306 

are given in Supplementary Information Tables A. 307 

The comparative samples for CSG properties consist of European Late Upper Palaeolithic (c. 308 

20,000-10,000 BCE) and Italian Iron Age (Orientalizing-Archaic Period, c. 800-500 BCE, 309 

Abruzzo region) individuals collected during previous research [31,33,79,88,100,101]. 310 

3. Results 311 

3.1. Cross-sectional geometry 312 

Figures 3 and 4 show the main upper and lower limb CSG properties of the Ligurian sample, 313 

divided by sex and by chronological phases (c. 5800-5000 BCE: Impresso-Cardial Complex, 314 

ICC; c. 5000-4300 BCE: Square Mouthed Pottery, SMP). Note that the only individual dated to 315 

the Chassean (c. 4300-3700 BCE), for which only the left humerus could be analyzed, was not 316 

included in the figures. Raw data by individual are given in Supplementary Information. 317 

Although the sample size of the ICC individuals does not allow for a clear recognition of 318 

diachronic trends, their values are within the range of variability of SMP individuals for all the 319 

variables, in both the upper (Figure 3) and lower limbs (Figure 4). 320 

[Figures 3 and 4 (both 2 columns) about here] 321 
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Figure 5 and Table 2 show the comparison between upper limb CSG properties of SMP males 322 

and females when compared to Late Upper Palaeolithic hunter-gatherers and Iron Age agro-323 

pastoralists. A diachronic trend of increasing robusticity in both humeri can be observed in 324 

males, although the SMP sample is not significantly different to LUP and IRON (Table 2). 325 

Humeral mid-distal bilateral asymmetry in SMP males is significantly lower than in LUP, but 326 

not significantly different to that in IRON males. Conversely, SMP females have the lowest 327 

asymmetry, although the comparison with IRON females is not significant at the α = 0.05 level 328 

after correcting for multiple comparisons (Table 2). Sexual dimorphism in the SMP sample is 329 

significant for right humeral robusticity and humeral bilateral asymmetry, with males showing 330 

higher values than females. 331 

[Figure 5 (2 columns) and Table 2 about here] 332 

Figures 6 and 7 and Table 2 show the comparison between lower limb CSG properties of SMP 333 

males and females when compared to Late Upper Palaeolithic hunter-gatherers and Iron Age 334 

agro-pastoralists (for this study the SMP individual Bergeggi 2 was not included, due to lower 335 

limb bending deformities probably due to rickets). No significant difference in femoral 336 

robusticity is present among the diachronic samples, while SMP females have higher tibial 337 

robusticity than IRON females (Figure 6, 7 and Table 2). A trend of temporally declining shape 338 

indices is observable in both the femur (Figure 6) and tibia (Figure 7), the decrease being 339 

particularly marked between SMP and IRON individuals especially. Both sexes in the SMP 340 

sample have significantly higher femoral shape indices than their IRON counterparts after 341 

correcting for multiple comparisons (Table 2). Sexual dimorphism in the SMP sample is 342 

significant for the shape indices of both the femur and tibia, the males showing higher values 343 

than females (Table 2). 344 

[Figures 6 and 7 (both 1.5 column) about here] 345 

3.2 Humeral entheseal changes 346 

Table 3 shows the results of the evaluation of entheseal changes in the medial and lateral 347 

epicondyle of the humerus. For the lateral epicondyle, in both sides and in both sexes, ECs are 348 

frequent (ca. 50% of the lateral epicondyles present stage B or C). No significant difference in 349 

the pattern of stage frequency could be detected, whether comparing sides within or between 350 
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sexes. When considering individuals that could be examined bilaterally, the stage of ECs in the 351 

lateral epicondyle generally shows symmetry between sides (Table 3). 352 

[Table 3 about here] 353 

Results for the medial epicondyle differ from the lateral epicondyle in many ways. When 354 

considering the area of attachment of the CFT, no individual in the SMP or larger Ligurian 355 

Neolithic sample shows stage C. Stage B appears to be more represented in the right CFT area in 356 

males, but no variation by side or by sex is statistically significant. However, when considering 357 

individuals that could be examined bilaterally, males have consistently higher scores in the right 358 

CFT area when compared to females, which are more symmetrical. This result is significant at 359 

the α = 0.05 level after pooling the SMP and ICC individuals (Table 4). 360 

[Table 4 about here] 361 

Changes at the UCL attachment site are present in both sexes, but especially on the right side in 362 

males. Males have more lesions than females on the right side, but not on the left. Asymmetrical 363 

individuals are significantly more frequent in males than in females (Table 5) 364 

[Table 5 about here] 365 

When the CFT and UCL scores are aggregated, obtaining the “any change” variable for the 366 

medial epicondyle (ME any change), the pattern is similar to that described above: males show 367 

more changes especially on the right side, and asymmetrical individuals are more frequent in 368 

males than in females (Tables 6 and 7). However, the results are no longer statistically 369 

significant, probably due to the smaller sample size, when considering only individuals for which 370 

both the CFT attachment site and the anterior band of the UCL could be scored (Table 6). When 371 

aggregating the scores for individuals to which at least one score could be attributed, the results 372 

are statistically significant in the SMP sample (Table 7). 373 

[Tables 6 and 7 about here] 374 

No significant difference in humeral robusticity (both mid-distal and midshaft Zp) or humeral 375 

bilateral asymmetry (mid-distal and midshaft HUMBA), as described by CSG data, could be 376 

detected between the subsamples based on sex and the medial/lateral epicondyle stage of 377 

entheseal change (Supplementary Information Tables B). However, SMP individuals (pooled 378 
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sexes) with asymmetrical CFT stages of entheseal change tend to have more robust right and left 379 

humeri as described by mid-distal Zp (T-test p < 0.05; Supplementary Information Table B-2). 380 

Furthermore, in both in the pooled Ligurian Neolithic sample and the SMP sample, individuals 381 

with changes at the UCL (pooled sexes) show more robust right and left humeri as described by 382 

mid-distal Zp (T-test p < 0.05), and more asymmetrical humeri as described by the mid-distal 383 

bilateral asymmetry in Zp (T-test p < 0.05; Supplementary Information Tables B-3 and B-4). 384 

Although the significance of these results is mostly due to the observed sexual dimorphism in 385 

robusticity and asymmetry (Table 2) and in the higher prevalence of changes in the UCL in 386 

males (Table 5), it may be noticed that the same pattern is present by sex, although the results are 387 

not statistically significant (Figure 8). 388 

Furthermore, a correspondence between changes in the UCL (ECG or ECG+FP) and humeral 389 

robusticity, asymmetry and laterality can be inferred from the categorized scatterplots (Figure 9). 390 

More robust and asymmetrical individuals will tend to have changes in the UCL, and the only 391 

individual with ECG on the left humerus is also the most asymmetrical left-dominant individual 392 

(Figure 9a). When considering the aggregate score for the medial epicondyle (ME any change) 393 

the correspondence between entheseal changes and CSG robusticity and laterality is less 394 

apparent, when considering only individuals for which both CFT and UCL could be scored 395 

(Figure 9c, and see above), and when including individuals to which only one score could be 396 

attributed (Figure 9d). 397 

[Figures 8 and 9 (both 1.5 column) about here] 398 

3.3 external auditory canal exostosis (EAE) 399 

Among the 30 individuals that could be observed for EAE (Supplementary Information Table 400 

A), only one male individual dating to the sixth millennium BCE (Arma dell’Aquila 1 Richard) 401 

displays slight bilateral EAEs (Figure 10). 402 

[Figure 10 (1.5 column) about here] 403 

4. Discussion 404 

This study aimed to reassess functional adaptations in the Ligurian Neolithic skeletal series, 405 

based on the new chronological framework recently provided by direct dating [39,41]. In 406 
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addition to verifying whether the inferences on subsistence-related activity patterns made in the 407 

past using CSG (e.g. [28,30]) still hold, this study added new observations on certain entheseal 408 

changes that appear to correlate with habitual physical activity, located in the distal humerus 409 

[46,92] and in the external auditory meatus [54,97]. 410 

The direct dating results confirm that most of the skeletal series from Liguria overlap 411 

chronologically with the Square Mouthed Pottery culture (SMP), c. 5000-4300 BCE, i.e. the 412 

“Middle Neolithic” of Liguria [41]. With the new chronological framework, it became possible 413 

to attribute several individuals to this period, for which direct dating had failed or which could 414 

not be sampled, based on funerary treatment (e.g. Arene Candide 6PE, Arene Candide II BB, 415 

Pollera 32PE; [41]). On the other hand, certain individuals included in previous studies could no 416 

longer be assigned to the Neolithic (e.g. Boragni), or were assigned to a cultural tradition earlier 417 

than the SMP within the Impresso-Cardial Complex (ICC; e.g. most of the individuals from 418 

Arma dell’Aquila; [39]). Despite the exclusion of these individuals from the SMP sample, the 419 

Ligurian “Middle Neolithic” sample size for CSG analysis is still slightly larger than in previous 420 

studies, thanks to the inclusion of CSG data from 20 additional individuals that were excluded 421 

from previous analyses due to the lack of chrono-cultural attribution. 422 

The characterization of functional adaptations of Ligurian SMP people does not change 423 

significantly based on this revised sample, which confirms the validity of previous observations 424 

and inferences on subsistence patterns [28-30,32,33]. The small size of the ICC sample does not 425 

allow for inferences on diachronic trends; however, most ICC individuals do not seem to deviate 426 

from the variability of the SMP sample. Lower limb CSG properties are still compatible with 427 

high levels of mobility in rugged terrain [30,31], showing values that are closer to Late 428 

Palaeolithic hunter-gatherers than later protohistorical agro-pastoralists. This further highlights 429 

how subsistence activities, particularly logistic mobility, among early agro-pastoralists in this 430 

region may have differed from later, more specialized forms of pastoralism [33]. However, more 431 

studies on controlled athlete vs sedentary samples are necessary to fully understand how different 432 

types of mobility influence femoral and tibial robusticity and lead to specific cross-sectional 433 

shapes (cf. our results with [76,78]). 434 

The degree of asymmetry in humeral mid-distal mechanical rigidity of SMP males, around 20%, 435 

is lower than that shown by LUP hunters, whose subsistence activities probably included a 436 



16 
 

substantial amount of throwing [88], and later Iron Age agro-pastoralists, who performed uni-437 

manual sword training [33,79,100]. However, SMP male asymmetry is still relevant when 438 

compared to “physiological” asymmetry (8-12%; [77,89]), and especially when compared to 439 

SMP females, which show the lowest asymmetry among the comparative groups. The three 440 

females in the ICC sample show very low levels of mid-distal humeral asymmetry (between 2-441 

4%), suggesting that this trait was shared among Neolithic females in Liguria (less relevant for 442 

behavioural inferences is their relatively higher asymmetry at midshaft of the humerus, which is 443 

often influenced by the shape of the deltoid tuberosity [79]). Previous studies have suggested a 444 

possible causal relationship between the diverging pattern of asymmetry in males and females 445 

and the division of labour (see Introduction). However, caution is needed when inferring division 446 

of labour based on sexual dimorphism in structural properties, given the possible influence of 447 

hormonal factors and body size (34,88). In this research, the focus was on determining whether 448 

CSG and ECs in the humerus produced compatible results. 449 

Both CSG and ECs have been widely used in the past to draw inferences about activity patterns, 450 

although many studies have warned against simplistic interpretations of results given the number 451 

of concomitant factors that influence mechanical bone competence, entheseal appearance and 452 

other “markers of activities” (e.g. [26,102,103]). In particular, age and body size appear to be 453 

confounding factors for both methods. For CSG, mechanical properties seem to mostly reflect 454 

levels of activity during the pre- and peri-pubertal periods, while the extent of remodelling due to 455 

activity in later life is debated [26,27,104]. In addition, senescence does influence CSG 456 

properties, due to continued periosteal apposition to mechanically compensate for medullary 457 

expansion (especially in males; [105,106]). These limitations are presumed to have a relatively 458 

minor impact on the inferences about habitual activity and subsistence drawn from 459 

bioarchaeological samples, since it is assumed that individuals in prehistoric societies 460 

participated in subsistence activities as from late childhood, and died before reaching senescence. 461 

Hormonal and genetic factors may nevertheless confound behavioural interpretations [34,107]. 462 

In contrast, for ECs, the whole correlation with activity patterns is brought into question once 463 

age and body size are taken into account (e.g. [108-110]). Studies integrating CSG and ECs 464 

results for bioarchaeological reconstructions of activity patterns have at best found a general 465 

correspondence between the two methods (e.g. [111]), and more detailed tests between ECs 466 

scores and CSG values have failed to provide a consistent association [110,112-114]. This study 467 
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has found similar results: individuals with higher scores in medial and lateral humeral epicondyle 468 

ECs are not consistently more robust. However, rather than expecting a general correspondence 469 

between EC scores and CSG robusticity, it is possible that specific entheseal changes, and 470 

especially their asymmetry, may be indicative of certain habitual activities. 471 

The shape of the humeral medial epicondyle appears to have an influence on the pronation-472 

supination range during elbow flexion and extension [115], and ECs in this area have been 473 

associated with trauma resulting from powerful extensions of the forearm, possibly related to 474 

throwing [49,50-52]. Prehistoric groups, especially Upper Palaeolithic hunters, often appear to 475 

show lesions in this area [51,52]. Among Upper Palaeolithic hunters, throwing has also been 476 

considered to be one of the main factors determining the remarkable degree of asymmetry in 477 

humeral mechanical rigidity, which is comparable or greater than that shown in professional 478 

tennis players or, indeed, throwers (e.g. [88]). A relationship between ECs in the medial 479 

epicondyle and CSG properties, particularly asymmetry, was therefore expected. Accordingly, in 480 

this study there is agreement between the inferences that could be drawn based on CSG and 481 

medial epicondyle ECs: males tend to be more asymmetrical than females, and tend to have 482 

lesions on the right side more frequently. In addition, although the sample size is small, there 483 

appears to be, within sexes, a correspondence between the presence of lesions in the dominant 484 

arm, in the anterior band of the UCL, and the level of humeral asymmetry. This relationship 485 

seems to be consistent with the laterality of CSG asymmetry: the only individual with somewhat 486 

relevant left-sided asymmetry is also the only individual with an erosion in the left anterior band 487 

of the UCL. However, this possible correspondence between biomechanical properties and ECs 488 

becomes less discernible when aggregating other entheseal changes in the medial epicondyle, 489 

further suggesting that, among ECs, erosions in the UCL may be particularly relevant for 490 

reconstructing activity. The very small sample size, however, makes these considerations 491 

speculative. Further research using a large sample with known activity is necessary to confirm 492 

the results found here.  493 

In the Neolithic Ligurian sample, only one case of bilateral EAE (grade 1) has been recorded, in 494 

an individual from the ICC, Arma dell’Aquila 1. It is difficult to discuss frequencies of EAEs in 495 

a small sample [54]: although the total sample of Neolithic crania is 30, only three other 496 

individuals from the ICC period could be examined for EAE, and only unilaterally 497 
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(Supplementary Information Table A). More archaeological and biochemical data on Neolithic 498 

Ligurian people are needed to understand whether this result could be compatible with a greater 499 

focus on marine resource use in the ICC Neolithic. No significant consumption of fish protein 500 

during the ICC and SMP periods has been proposed in light of the collagen isotopic composition 501 

of human bone [40,55,56]. However, archaeological and faunal evidence (e.g. shells, fish bones, 502 

fishing hooks, shell blow horns) are evidence of the continuous use of marine resources 503 

throughout the Neolithic [116]. In addition, EAE may be due to causes other than frequent 504 

contact with cold water, including infection, eczema, trauma and other pathological conditions 505 

affecting the normal homeostasis of the external ear canal [117,118]. Finally, the absence of 506 

EAE does not exclude aquatic activities. However, it should be noted that in populations for 507 

which isotopic data has indicated significant reliance on aquatic resources, EAEs tend to be very 508 

frequent and the occlusion of the ear canal is sometimes severe (i.e.; grades 2 or 3) 509 

[54,94,97,119], which is not the case here. The results, although caution is necessary given the 510 

small sample size, seem compatible with a subsistence scenario where marine resource use was 511 

of relatively minor importance.   512 

5. Conclusions 513 

This study performed a re-assessment of long bone structural properties in the Neolithic Ligurian 514 

skeletal series, in the light of the new chronological framework produced by direct dating and 515 

new data derived by 3D scanning of the entire assemblage of long bones. As well as considering 516 

the plastic adaptation of the diaphyses, this study included an interpretative scenario with new 517 

data from skeletal alterations that are considered to be correlated with habitual activities. The 518 

analysis included entheseal changes in the humeral epicondyles, which have been associated 519 

with vigorous exertion of the upper limb, including the throwing motion, and the presence of 520 

exostoses in the external auditory meatus, which are considered to be an indicator of aquatic 521 

activities. 522 

The biomechanical analysis results confirm previous studies: the data for lower limbs suggest 523 

high mobility; the upper limb is robust in both sexes, but males show significantly higher 524 

humeral asymmetry than females. No diachronic change was apparent when considering the 525 

subsampling based on chrono-cultural complexes within the Neolithic. Entheseal alterations in 526 

the humeral medial epicondyle are consistent with the results obtained from structural 527 
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adaptations: males tend to show more changes than females, especially unilaterally on the more 528 

mechanically robust side. In addition, individuals with lesions in the medial epicondyle tend to 529 

have higher asymmetry. This result is potentially important because studies on adaptations and 530 

alterations have often failed to produce consistent results. However, the sample size is very 531 

small, and more research is necessary to confirm this correspondence between results derived 532 

from structural adaptations and bone alterations. 533 

Only one individual from the sixth millennium BCE shows bilateral external auditory meatus 534 

exostosis, supporting the archaeological evidence suggesting that marine activities were not 535 

prevalent during the Neolithic in Liguria. However, again, the sample size is too small, and 536 

further evidence is necessary to investigate this issue. 537 

This study has added to our knowledge on activity patterns in the Neolithic in Liguria, and 538 

supports the careful integration of data on structural adaptations with information from specific 539 

entheseal alterations and exostoses to draw inferences about past habitual activities. 540 
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Tables 883 

 884 

Individual ID Analysis Age 
Class 

Age 
Dental 

Age 
Postcr. Sex AMS date 

cal. 95.4% 

Chrono-
cultural 

attribution 
Acqua o Morto 251+254 CSG*, EAE Adult 30-50 U M 4797-4695 SMP 
Acqua o Morto 252+253 CSG*, ECs Adult 30-50 U F 5301-5073 ICC 

Arene Candide 6PE 3 
Perrando CSG, ECs Adult 30-50 30-50 M 

failed (prob. V 
mill. BCE) 

(5657-4620)1 
SMP 

Arene Candide 1 Tinè CSG*, EAE Late adol. 15-18 15-17 M 4704-4374 SMP 

Arene Candide 2 Tinè CSG, EAE, 
ECs Adult 30-50 30-50 M 5209-5011 ICC 

Arene Candide 6622.1FI + 
6730.2FI 

CSG*, EAE, 
ECs Adult U U F 5208-5000 ICC 

Arene Candide 6730.1FI CSG*, ECs Young Adult U 20-30 F 4688-4540 SMP 

Arene Candide 7PE CSG, EAE, 
ECs Adult 30-50 30-50 M 4767-4586 SMP 

Arene Candide 8PE CSG, EAE, 
ECs Adult 30-50 30-50 M 4708-4555 SMP 

Arene Candide II BB CSG*, ECs Adult U U F failed (prob. V 
mill. BCE) SMP 

Arene Candide III BB CSG, EAE, 
ECs Adult 30-50 30-50 M 4800-4619 SMP 

Arene Candide IV BB (+ 
6726FI + 6730.7FI) 

CSG, EAE, 
ECs Young Adult 20-30 20-30 F 4766-4558 SMP 

Arene Candide IX BB CSG, EAE, 
ECs Adult 30-50 30-50  F 4779-4611 SMP 

Arene Candide VI BB CSG, EAE, 
ECs Adult 30-50 U M 4581-4457 SMP 

Arene Candide VII BB CSG, EAE, 
ECs Adult 30-50 30-50 F 4778-4603 SMP 

Arma dell'Aquila 1 Richard CSG, EAE, 
ECs Adult 30-50 30-50 M 5361-5221 ICC 

Arma dell'Aquila 1 Zambelli CSG, EAE, 
ECs Adult 30-50 U F 4723-4551 SMP 

Arma dell'Aquila 2 Richard CSG, EAE, 
ECs Adult >50 U M 5213-5010 ICC 

Arma dell'Aquila 3 Richard CSG*, ECs Adult 30-50 U M 5202-4962 ICC 
Arma dell'Aquila 5 Richard CSG, EAE Adult 30-50 U F 5208-4956 ICC 
Arma dell'Aquila RS5 CSG* Adult U U U 5750-5645 ICC 
Arma dell'Aquila RS9 CSG* Adult U U F 5206-4911 ICC 

Bergeggi (IV) 3573 + 3573bis EAE Adult U 30-50 F failed (prob. V 
mill. BCE) SMP 

Bergeggi 1 Modigliani EAE Adolescent 13-19 
(12-15?) 12-13 U 4527-4370 SMP 

Bergeggi 2 Modigliani CSG*, EAE, 
ECs Young Adult 20-30 30-50 M 4680-4494 SMP 

Bergeggi 3 Modigliani CSG, ECs Adult U U F 4488-4364 SMP 
Bergeggi 4 Modigliani + 
PE01177, 6893FI CSG, ECs Young Adult U 17-19 M 4680-4494 SMP 

Bergeggi 5 Modigliani CSG, EAE Adult U U F 4539-4374 SMP 

La Matta 01085 EAE Young Adult 20-30 U M? n/a (prob. V mill. 
BCE) SMP 
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La Matta 01086 EAE Adolescent 11.5-
12.5 U U n/a (prob. V mill. 

BCE) SMP 

Nasino 1 CSG*, EAE, 
ECs Late adol. 13-19 16-20 M 4232-4000 Chassean 

Pian del Ciliegio Adult CSG, ECs Young Adult 20-30 20-30 M 4690-4544 SMP 
Pipistrelli 3_El Muerto N3 CSG*, ECs Adult >20 U M 4723-4614 SMP 
Pipistrelli 5 dep23.I.28 Cirillo CSG*, ECs Adult U U M 5016-4844 SMP 
Pipistrelli 6 dep 23.II.41 
Angelina CSG*, ECs Adult U 30-50 M 4995-4810 SMP 

Pollera 1 Tiné CSG, EAE, 
ECs Young Adult 20-30 20-30 F 4712-4552 SMP 

Pollera 10PE CSG, ECs Young Adult U 20-30 M 4701-4550 SMP 
Pollera 110a CSG*, ECs Adult U U F 4690-45442 SMP 
Pollera 110b CSG* Adult U U F 4690-45442 SMP 

Pollera 12PE CSG, EAE, 
ECs Adult 30-50 30-50 F 4794-4687 SMP 

Pollera 13PE CSG, EAE, 
ECs Adult 30-50 30-50 M 4686-4527 SMP 

Pollera 14PE CSG, EAE, 
ECs Adult 30-50 30-50 F 4786-4616 SMP 

Pollera 1PE Issel-Morelli EAE Adolescent 10-12 <11 U 4786-4616 SMP 
Pollera 22PE CSG*, ECs Adult U 30-50 M 4786-4616 SMP 

Pollera 30PE CSG, EAE, 
ECs Adult 30-50 30-50 M 4689-4543 SMP 

Pollera 31PE CSG* Adult U 30-50 M 4701-4548 SMP 

Pollera 32PE CSG, ECs Adult U 30-50 M failed (prob. V 
mill. BCE) SMP 

Pollera 33PE CSG, EAE, 
ECs Adult 30-50 30-50 F 4711-4555 SMP 

Pollera 34PE EAE Adolescent 13-19 11-16 U 4723-4558 SMP 

Pollera 6246PE CSG, EAE, 
ECs Adult 30-50 30-50 F 4650-4462 SMP 

Pollera 6673.6FI CSG* Adult U U U 4879-4724 SMP 
Pollera 6690bis.3FI CSG*, ECs Young Adult U 20-30 F 4794-4687 SMP 

Arene Candide 6621.1 Osteometrics 
only Adolescent 13-19 12-16 F 4726-4557 SMP 

Arene Candide 
6634.1+6626.1+6730.2tris 

Osteometrics 
only Adult U U F 4792-4688 SMP 

Arene Candide I BB 6731.1FI 
+ 6627.2FI 

Osteometrics 
only Adolescent U 13-17 U 4690-4544 SMP 

Arene Candide V BB Osteometrics 
only Adolescent c. 15 14-16 U 4720-4557 SMP 

Pipistrelli 4_dep23.III.73_76 Osteometrics 
only Young Adult 20-30 20-30 F 5207-4909 ICC 

Table 1 – Individuals from the Neolithic in Liguria included in this study, indicating the analyses 885 
performed for each. Asterisks indicate the individuals for which CSG data was collected for this study (cf. 886 
the last CSG sample [32]). A more detailed list of individuals examined for this study, including their 887 
uncalibrated date and the museum where they are preserved, is available as Supplementary Information 888 
(excel file “Supplementary Information Tables A”).See also [41]. 889 

CSG: cross-sectional geometry; EAE: external auditory exostoses; ECs: entheseal changes; U: sex 890 
undetermined; M: male; F: female; SMP: Square Mouthed Pottery; ICC; Impresso-Cardial Complex. 891 
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1 date from previous studies with large error (see excel file “Supplementary Information_raw data by 892 
analysis”). 2 Date belongs to PO 110c, individual found in close association with PO 110a-b. 893 

Table 1 – Individus néolithiques de Ligurie inclus dans l’étude, avec pour chacun d’eux une indication 894 
des analyses effectuées. Une liste plus détaillée, incluant les données radiocarbones non-calibrées et les 895 
lieux de conservation, est disponible dans l’annexe Table A. Voir également [41]. 896 

U: sexe indeterminé; M: homme; F: femme; 1 date provenant d’études antérieures avec une large erreur 897 
(voir l’annexe “Supplementary Information_raw data by analysis”). 2 Date associée à PO 110c, un 898 
individu trouvé en étroite relation avec PO 110a-b. 899 

 900 
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LUP SMP IRON SMP-LUP SMP-IRON 

Males n mean SD n mean SD n mean SD HSD1 HSD 

Zphumerus R 13 52.03 7.13 15 54.41 9.71 124 58.82 10.29 NS NS 
Zphumerus L 13 42.28 10.53 16 48.96 7.65 122 50.80 8.72 NS NS 
HUMBA 14 58.61 28.03 15 18.95 9.11 200 24.67 14.97 p < 0.0001 NS 
Zp femur 18 106.24 10.53 13 102.90 14.47 144 101.62 15.05 NS NS 
Ix/Iy femur 18 1.40 0.25 13 1.30 0.17 156 1.07 0.18 NS p < 0.0001 
Zp tibia 16 109.41 15.78 13 105.82 19.29 94 102.11 16.67 NS NS 
Imax/Imin tibia 16 2.85 0.64 13 2.63 0.30 97 2.36 0.47 NS NS 
Females n mean SD n mean SD n mean SD HSD HSD 

Zphumerus R 4 49.24 8.06 11 45.20 4.30 53 48.69 6.92 NS NS 
Zphumerus L 5 48.15 7.51 13 46.28 5.00 52 46.71 6.11 NS NS 
HUMBA 4 12.53 2.81 12 6.4 5.66 97 13.81 10.64 NS p < 0.05 
Zp femur 7 96.75 13.39 12 94.81 11.40 68 93.75 13.71 NS NS 
Ix/Iy femur 11 1.26 0.27 12 1.15 0.17 71 0.99 0.18 NS p < 0.05 
Zp tibia 5 101.17 8.45 13 97.31 15.75 39 86.04 13.73 NS p < 0.05 
Imax/Imin tibia 6 2.14 0.27 13 2.34 0.32 41 2.11 0.40 NS NS 
Sexual  
Dimorphism 

 
LUP 

  
SMP 

  
IRON 

   

Zphumerus R 
 

NS2 
  

p < 0.01 
  

p < 0.0001 
   

Zphumerus L 
 

NS 
  

NS 
  

p < 0.01 
   

HUMBA 
 

p < 0.01 
  

p < 0.001 
  

p < 0.0001 
   

Zp femur 
 

p < 0.1 
  

NS 
  

p < 0.001 
   

Ix/Iy femur 
 

NS 
  

p < 0.05 
  

p < 0.01 
   

Zp tibia 
 

NS 
  

NS 
  

p < 0.0001 
   

Imax/Imin tibia 
 

p < 0.05 
  

p < 0.05 
  

p < 0.01 
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Table 2 – Main CSG properties of the Ligurian Neolithic sample (SMP: Square Mouthed Pottery), and of 
the comparative samples (LUP: European Late Upper Palaeolithic; IRON: Orientalizing-Archaic 
Samnites from Abruzzo, Italy), by sex. The raw CSG data per individual are given in Supplementary 
Information Tables A. R: right; L: left. 1 Tukey’s Honest Significant Difference, post-hoc test of ANOVA 
among groups (LUP-SMP-IRON) by sex. 2 T-test between sexes, by period. NS: non-significant. 

Table 2 – Principales propriétés géométriques les collections squelettiques néolithiques de Ligurie (SMP: 
culture des Vases à Bouche carrée) et des échantillons de comparaisons (LUP : fin du Paléolithique 
supérieur européen ; IRON : Age du Fer des Abruzzes, Italie centrale) suivant le sexe. Les données brutes 
par individu sont disponibles dans l’annexe Table A. R : droite ; L : gauche. 1 test des étendues de Tukey, 
Analyse de variance post-hoc (LUP-SMP-IRON) par sexe. 2 T-test suivant le sexe, par période. NS: non 
significatif. 
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 LE Left 
Fisher Exact test 

M vs F  
(A vs B+C) 

 A B C  

Males 6 (8) 3 (4) 2 (3) NS 
Females 5 2 1  

 LE Right 
Fisher Exact test 

M vs F 
(A vs B+C) 

 A B C  

Males 4 4 (5) 1 NS 
Females 4 (5) 3 2  

 Fisher Exact test R vs L 
(A vs B+C)  

Males NS  
Females NS  

 LE Asymmetry Fisher Exact test  
(R+L vs NO) 

 L R NO  

Males 0 0 6 NS 
Females 0 1 6  

 

Table 3 – Number of individuals showing entheseal changes (ECs) in the lateral epicondyle (common 
extensor origin) of the humerus in the Ligurian Neolithic sample, by sex. Numbers and p-values outside 
of parentheses refer to the SMP sample, numbers and p-values inside the parentheses refer to the pooled 
Neolithic sample. LE: lateral epicondyle. Scores: A, no change; B, minor changes; C, major changes. L: 
left; R: right; NO: no asymmetry; M: males; F: females. 

Table 3 – Nombre d’individus présentant un changement enthésique (ECs) au niveau de l’épicondyle 
latéral (origine commune des extenseurs) de l’humérus dans l’échantillon néolithique de Ligurie, suivant 
le sexe. Les nombres et valeurs p. à l’extérieur des parenthèses font référence à l’échantillon SMP, celles 
entre parenthèses font référence à l’échantillon total. LE: épicondyle latéral. Scores: A, pas de 
changement; B, changements mineurs ; C, changements majeurs. L: gauche; R: droit; NO: pas 
d’asymétrie; M: hommes; F: femmes. 
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 CFT Left 
Fisher Exact test 

M vs F 
(A vs B+C) 

 A B C  

Males 7 (9) 3 0 NS 
Females 6 (7) 2 0  

 CFT Right 
Fisher Exact test 

M vs F 
(A vs B+C) 

 A B C  

Males 4 6 0 NS 
Females 5 (6) 4 0  

 Fisher Exact test R vs L 
(A vs B+C)  

Males NS  
Females NS  

 CFT ASYMM 
Fisher Exact test 

M vs F 
(R+L vs NO) 

 L R NO  

Males 0 4 2 p < 0.1 (p < 0.05) 
Females 0 1 6 (7)  

 

Table 4 – Number of individuals showing entheseal changes (ECs) in the area of attachment of the 
common flexor tendon (CFT; medial epicondyle of the humerus) in the Ligurian Neolithic sample, by 
sex. Numbers and p-values not in parentheses refer to the SMP sample, numbers and p-values in 
parentheses refer to the pooled Neolithic sample. Scores: A, no change; B, minor changes; C, major 
changes. L: left; R: right; NO: no asymmetry; M: males; F: females. 

Table 4 – Nombre d’individus présentant un changement enthésique (ECs) au niveau de l’insertion 
commune des fléchisseurs de l’humérus (CFT) dans l’échantillon néolithique de Ligurie, suivant le sexe. 
Les nombres et valeurs p. à l’extérieur des parenthèses font référence à l’échantillon SMP, celles entre 
parenthèses font référence à l’échantillon total. Scores: A, pas de changement; B, changements mineurs ; 
C, changements majeurs. L: gauche; R: droit; NO: pas d’asymétrie; M: hommes; F: femmes. 
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 UCL_Left Fisher Exact 
test M vs F  

 A P  
Males 11 (16) 1 p = NS 

Females 11 (12) 1  

 UCL_Right Fisher Exact 
test M vs F  

 A P  

Males 3 (6) 7 p < 0.05 
(p < 0.1) 

Females 10 (11) 2  

 Fisher Exact 
test R vs L  

Males p < 0.01 (p < 0.01)  
Females NS  

 UCL ASYMM  

 L R NO Fisher Exact test M vs F 
(R+L vs NO) 

Males 0 6 2 (5) p < 0.01 
(p < 0.05) Females 0 1 10 (11) 

 

Table 5 – Number of individuals showing erosions/cavitations/geodes and/or fissures/well-defined pits 
(ECG+FP) in the anterior band of the ulnar collateral ligament in the Ligurian Neolithic sample, by sex. 
Numbers and p-values not in parentheses refer to the SMP sample, numbers and p-values in parentheses 
refer to the pooled Neolithic sample. A: no change; P: trait is present; L: left; R: right; M: males; F: 
females. 

Table 5 – Nombre d’individus présentant une érosion/cavité/ géodes et/ou une 
fissure/dépression(ECG+FP) au niveau de l’insertion du fascia antérieur du ligament collatéral médial 
dans l’échantillon néolithique de Ligurie, suivant le sexe. Les nombres et valeurs p. à l’extérieur des 
parenthèses font référence à l’échantillon SMP, celles entre parenthèses font référence à l’échantillon 
total. Scores: A, pas de changement; P, changements present. L: gauche; R: droit; NO: pas d’asymétrie; 
M: hommes; F: femmes. 

  



39 
 

 

 ME any change 
Left 

Fisher Exact 
test M vs F   

 A P   
Males 7 (9) 3 NS  

Females 4 (5) 2   

 ME any change 
Right 

Fisher Exact 
test M vs F   

 A P   
Males 1 (2) 8 NS  

Females 3 (4) 6   

 Fisher Exact 
test R vs L  

Males p < 0.05 (p < 0.05)  
Females NS  

 ME any change ASYMM  

 L R NO Fisher Exact test M vs F 
(R+L vs NO) 

Males 0 5 1 
NS 

Females 0 2 4 (5) 
 

Table 6 – Number of individuals showing any entheseal change in the common flexor attachment site 
(scored B or C in Table 4) or in the anterior band of the ulnar collateral ligament (ECG or FP) in the 
Ligurian Neolithic sample, by sex. The table includes data exclusively from individuals for which both 
areas could be examined. Numbers and p-values not in parentheses refer to the SMP sample, numbers and 
p-values in parentheses refer to the pooled Neolithic sample. L: left; R: right; M: males; F: females. 

 

Table 6 – Nombre d’individus présentant un changement enthésique au niveau de l’origine commune des 
flechisseurs (score B ou C dans le tableau 4) ou au niveau de l’insertion du fascia antérieur du ligament 
collatéral médial (ECG ou FP) dans l’échantillon néolithique de Ligurie, suivant le sexe.Le tableau inclus 
uniquement les individus pour lesquels les deux zones ont pu être examinées. Les nombres et valeurs p. à 
l’extérieur des parenthèses font référence à l’échantillon SMP, celles entre parenthèses font référence à 
l’échantillon total. L: gauche; R: droit; NO: pas d’asymétrie; M: hommes; F: femmes. 
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 ME any change 
Left 

Fisher Exact 
test M vs F   

 A P   
Males 9 (14) 3 NS  

Females 11 (12) 3   

 ME any change 
Right 

Fisher Exact 
test M vs F   

 A P   
Males 2 (5) 10 NS  

Females 6 (7) 6   

 Fisher Exact 
test R vs L  

Males p < 0.05 (p < 0.05)  
Females NS  

 ME any change ASYMM  

 L R NO 
Fisher Exact test M vs 

F 
(R+L vs NO) 

Males 0 7 1 (4) 
p < 0.05 (p < 0.1) 

Females 0 3 9 (10) 
 

Table 7 – Number of individuals showing any entheseal change in the common flexor attachment site 
(scored B or C in Table 4) or in the anterior band of the ulnar collateral ligament (ECG or FP) in the 
Ligurian Neolithic sample, by sex. The table include data from all individuals for which at least one area 
could be examined. Numbers and p-values not in parentheses refer to the SMP sample, numbers and p-
values in parentheses refer to the pooled Neolithic sample. L: left; R: right; M: males; F: females. 

 

Table 7 – Nombre d’individus présentant un changement enthésique au niveau de l’origine commune des 
flechisseurs (score B ou C dans le tableau 4) ou au niveau de l’insertion du fascia antérieur du ligament 
collatéral médial (ECG ou FP) dans l’échantillon néolithique de Ligurie, suivant le sexe.Le tableau inclus 
tous les individus pour lesquels au moins une zone a pu être examinée. Les nombres et valeurs p. à 
l’extérieur des parenthèses font référence à l’échantillon SMP, celles entre parenthèses font référence à 
l’échantillon total. L: gauche; R: droit; NO: pas d’asymétrie; M: hommes; F: femmes. 
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Figures 

 

Figure 1 – Geographical location of the Finalese area in Liguria (northwestern Italy), and 
location of the cave sites included in this study: 1) Arene Candide; 2) La Matta; 3) Pollera; 4) 
Arma dell’Aquila; 5) Pipistrelli; 6) Pian del Ciliegio; 7) Bergeggi; 8) Nasino. 

Figure 1 – Localisations de la zone de Finale Ligure en Ligurie (Nord-Ouest de l’Italie) et des 
sites inclus dans cette étude : 1) Arene Candide; 2) La Matta; 3) Pollera; 4) Arma dell’Aquila; 5) 
Pipistrelli; 6) Pian del Ciliegio; 7) Bergeggi; 8) Nasino. 
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Figure 2 – Bony defects at the medial epicondyle, in the site of attachment of the anterior fascia 
of the ulnar collateral ligament. A) Individual Arene Candide 7 PE, despite the concretion 
obscuring part of the site, clearly shows a cavitation of the cortical surface and the formation of a 
geode, and was scored 1 for ECG. B) Individual Pollera 30, showing a fissure and well-defined 
pits in the area, but no interruption of the cortical surface. Scored 0 for ECG, 1 for ECG+FP. 

Figure 2 – Défauts osseux au niveau de l’épicondyle médial, dans la zone d’insertion dufascia 
antérieur du ligament collatéral médial. A) Individu Arene Candide 7 PE, qui en dépit de la 
concrétion qui recouvre la zone montre clairement un relief négatif au niveau de la surface et la 
formation d’une géode, avec un score 1 pour ECG. B) Individu Pollera 30, qui présente une 
fissure et des dépressions clairement visibles, mais sans rupture de la surface. Scoré 0 pour ECG, 
1 pour ECG+FP.   
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Figure 3 – Boxplots showing the main cross-sectional geometric (CSG) properties of the upper 
limb in the Ligurian Neolithic skeletal series, subdivided by chronological phase. The boxes 
indicate the standard error, the whiskers indicate two standard deviations from the mean. ICC: 
Impresso-Cardial Complex (c. 5800-5000 BCE); SMP: Square Mouthed Pottery (c. 5000-4300 
BCE). F: females (circles); M: males (triangles); U: undetermined sex (squares). A) Mid-distal 
size-standardized right humeral robusticity; B) mid-distal size-standardized left humeral 
robusticity; C) midshaft size-standardized right humeral robusticity; D) midshaft size-
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standardized left humeral robusticity; E) mid-distal humeral asymmetry in torsional rigidity (J) 
expressed as percentage; F) midshaft humeral asymmetry in torsional rigidity (J) expressed as 
percentage. All raw data are given in Supplementary Information Tables A. 

Figure 3 – Boites à moustaches montrant les principales propriétés géométriquesdes sections 
transverses (CSG) du membre supérieur pour les collections squelettiques néolithiques de 
Ligurie, par phase chronologique. La boite indique l’erreur standard et les moustaches montrent 
deux écart-types.  ICC: complexe impresso-cardial (c. 5800-5000 BCE); SMP: culture des Vases 
à Bouche carrée (c. 5000-4300 BCE). F: femmes (cercles); M: hommes (triangles); U: sexes 
indéterminés (carrés). A) Robustesse humérale droite à mi distale de diaphyse, standardisée sur 
la taille; B) Robustesse humérale gauche à mi distale de diaphyse, standardisée sur la taille ;C) 
Robustesse humérale droite à mi diaphyse, standardisée sur la taille ; D)Robustesse humérale 
gauche à mi diaphyse, standardisée sur la taille ; E) Asymétrie humérale du moment polaire de 
l’aire (J) à mi distal de diaphyse exprimée en pourcentage ; F) Asymétrie humérale du moment 
polaire de l’aire (J) à mi diaphyse exprimée en pourcentage. Toutes les données brutes sont 
disponibles dans l’annexe Table A.  
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Figure 4 – Boxplots showing the main cross-sectional geometric (CSG) properties of the lower 
limb in the Ligurian Neolithic skeletal series, subdivided by chronological phase. The boxes 
indicate the standard error, the whiskers indicate two standard deviations from the mean. ICC: 
Impresso-Cardial Complex (c. 5800-5000 BCE); SMP: Square Mouthed Pottery (c. 5000-4300 
BCE). F: females (circles); M: males (triangles); U: undetermined sex (squares). A) Midshaft 
size-standardized femoral robusticity; B) mid-distal femoral shape index Ix/Iy; C) midshaft size-
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standardized tibial robusticity; D) midshaft tibial shape index Imax/Imin; E) midshaft size-
standardized fibular robusticity; F) midshaft fibular shape index Imax/Imin. All raw data are given 
in Supplementary Information Tables A. 

Figure 4 – Boites à moustaches montrant les principales propriétés géométriques des sections 
transverses (CSG) du membre inférieur pour les collections squelettiques néolithiques de 
Ligurie, par phase chronologique. La boite indique l’erreur standard et les moustaches montrent 
deux écart-types.  ICC: complexe impresso-cardial (c. 5800-5000 BCE); SMP: culture des Vases 
à Bouche carrée (c. 5000-4300 BCE). F: femmes (cercles); M: hommes (triangles); U: sexes 
indéterminés (carrés).A) Robustesse fémorale à mi diaphyse, standardisée sur la taille ; B) Indice 
de forme (Ix/Iy) du fémur à mi distal de diaphyse ; C) Robustesse tibiale à mi diaphyse, 
standardisée sur la taille ; D) Indice de forme (Imax/Imin) du tibia à mi diaphyse ; E) Robustesse 
fibulaire à mi diaphyse, standardisée sur la taille ; F) Indice de forme (Imax/Imin) de la fibula à mi 
diaphyse. Toutes les données brutes sont disponibles dans l’annexe Table A.  

 

 

Figure 5 – Boxplots showing diachronic changes in humeral cross-sectional geometric (CSG) 
properties from the European Late Upper Palaeolithic (LUP), through the Square Mouthed 
Pottery Neolithic of Liguria (SMP), to the Orientalizing-Archaic Iron Age of Abruzzo, central 
Italy (IRON), by sex. The boxes indicate the standard error, the whiskers indicate 1.96 × SE. A) 
Mid-distal size-standardized right humeral robusticity; B) mid-distal size-standardized left 
humeral robusticity; C) mid-distal humeral asymmetry in torsional rigidity. 

Figure 5 – Boites à moustaches montrant les variations diachroniques des propriétés 
géométriques des sections transverses (CSG) de l’humérus suivant le sexe. LUP : fin 
Paléolithique supérieur européen ; SMP : culture des Vases à Bouche carrée ; IRON : Age du Fer 
des Abruzzes, Italie centrale. La boite indique l’erreur standard et les moustaches montrent 1,96 
* l’erreur standard. A) Robustesse humérale droite à mi distale de diaphyse, standardisée sur la 
taille; B) Robustesse humérale gauche à mi distale de diaphyse, standardisée sur la taille ;C) 
Asymétrie humérale du moment polaire de l’aire (J) à mi distal de diaphyse. 
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Figure 6 – Boxplots showing diachronic changes in femoral cross-sectional geometric (CSG) 
properties from the European Late Upper Palaeolithic (LUP), through the Square Mouthed 
Pottery Neolithic of Liguria (SMP), to the Orientalizing-Archaic Iron Age of Abruzzo, central 
Italy (IRON), by sex. The boxes indicate the standard error, the whiskers indicate 1.96 × SE. A) 
Midshaft size-standardized femoral robusticity; B) mid-distal femoral shape index Ix/Iy. 

Figure 6 – Boites à moustaches montrant les variations diachroniques des propriétés 
géométriques des sections transverses (CSG) du fémur suivant le sexe. LUP : fin du 
Paléolithique supérieur européen ; SMP :culture des Vases à Bouche carrée ; IRON : Age du Fer 
des Abruzzes, Italie centrale. La boite indique l’erreur standard et les moustaches montrent 1,96 
* l’erreur standard. A) Robustesse fémorale à mi diaphyse, standardisée sur la taille ;B) Indice de 
forme (Ix/Iy) du fémur à mi distal de diaphyse. 

 

 

 

Figure 7 – Boxplots showing diachronic changes in tibial cross-sectional geometric (CSG) 
properties from the European Late Upper Palaeolithic (LUP), through the Square Mouthed 
Pottery Neolithic of Liguria (SMP), to the Orientalizing-Archaic Iron Age of Abruzzo, central 
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Italy (IRON), by sex. The boxes indicate the standard error, the whiskers indicate 1.96 × SE. A) 
Midshaft size-standardized tibial robusticity; B) midshaft tibial shape index Imax/Imin. 

Figure 7 – Boites à moustaches montrant les variations diachroniques des propriétés 
géométriques des sections transverses(CSG) du tibia suivant le sexe. LUP : fin du Paléolithique 
supérieur européen ; SMP :culture des Vases à Bouche carrée ; IRON : Age du Fer des Abruzzes, 
Italie centrale. La boite indique l’erreur standard et les moustaches montrent 1,96 * l’erreur 
standard. A) Robustesse tibiale à mi diaphyse, standardisée sur la taille ;B) Indice de forme 
(Imax/Imin) du tibia à mi de diaphyse. 
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Figure 8 – Boxplots showing differences in mid-distal humeral bilateral asymmetry in torsional 
rigidity in subsamples based on the presence/absence of erosions/cavitations/geodes (ECG) or 
ECG plus fissures/well-defined pits at the medial epicondyle, in the site of attachment of the 
anterior fascia of the ulnar collateral ligament. The boxes indicate the standard error, the 
whiskers indicate 1.96 × SE. A) ECG presence/absence, pooled Ligurian Neolithic sample, 
pooled sexes; B) ECG presence/absence, SMP sample, pooled sexes; C) ECG presence/absence, 
SMP sample, males; D) ECG presence/absence, SMP sample, females; E) ECG+FP 
presence/absence, pooled Ligurian Neolithic sample, pooled sexes; F) ECG+FP 



50 
 

presence/absence, SMP sample, pooled sexes; G) ECG+FP presence/absence, SMP sample, 
males; H) ECG+FP presence/absence, SMP sample, females. 

Figure 8 – Boites à moustaches montrant les différences d’asymétrie humérale du moment 
polaire de l’aire (J) à mi distal de diaphyse suivant la présence ou l’absence 
d’érosions/cavité/géodes (ECG) ou d’ECG associées à des fissures ou des dépressions au niveau 
de l’épicondyle médial, dans la zone d’insertion dufascia antérieur du ligament collatéral médial. 
La boite indique l’erreur standard et les moustaches montrent 1,96 * l’erreur standard. A) 
présence ou absence d’ECG, échantillons néolithiques et sexes confondus ; B) présence ou 
absence d’ECG pour l’échantillon SMP, sexes confondus ; C) présence ou absence d’ECG pour 
l’échantillon SMP, hommes ; D) présence ou absence d’ECG pour l’échantillon SMP, femmes ; 
E) présence ou absence d’ECG+FP, échantillons néolithiques et sexes confondus ; F) présence 
ou absence d’ECG+FP pour l’échantillon SMP, sexes confondus ; G) présence ou absence 
d’ECG+FP pour l’échantillon SMP, hommes ; H) présence ou absence d’ECG+FP pour 
l’échantillon SMP, femmes. 

 

 

Figure 9 – Scatterplot of right humeral torsional rigidity (J) on left humeral torsional rigidity of 
the Ligurian Neolithic skeletal series, categorized on the basis of presence/absence and side of 
occurrence of A) ECG; B) ECG+FP; C) any change in the ME (UCL or CFT), considering only 
individuals for which both regions could be scored; D) any change in the ME (UCL or CFT), 
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considering also individuals for which only one region could be scored (see methods). The solid 
line indicates isometry. AA (black solid circles): left: trait absent, right: trait absent; 0A (black 
circles) left: site not observable, right: trait absent; A0 (black squares) left: trait absent, right: site 
not observable; 0P (red squares) left: not observable, right: trait present; PP (solid red triangles): 
left: trait present, right: trait present; AP (red triangles): left: trait absent, right: trait present; PA 
(red diamonds) left: trait present, right: trait absent; P0 (solid red diamonds) left: trait present, 
right: not observable. 

Figure 9 – Diagramme bivarié du moment polaire de l’aire (J) à mi distal de diaphyse du côté 
gauche par rapport au côté droit pour les collections néolithiques, catégorisées sur la base de la 
présence ou de l’absence et de la latéralité de A) ECG ; B) ECG+FP ; C) tous les changements 
au niveau du ME (UCL ou CFT) en ne considérant seulement que les individus pour lesquels les 
deux zones peuvent être enregistrées ; D) tous les changements au niveau du ME (UCL ou CFT) 
en considérant tous les individus (voir la section méthode). La ligne indique l’isométrie. AA 
(cercles noirs pleins) : trait absent à gauche, trait absent à droite ; 0A (cercles noirs) : trait non 
observable à gauche, absent à droite ; A0 (carrés noirs) : trait absent à gauche, non observable à 
droite ;   0P (carrés rouges) : : trait non observable à gauche, présent à droite ; PP (triangles 
rouges pleins) : trait présent à gauche ; trait présent à droite ; AP (triangles rouges) : trait absent à 
gauche ; présent à droite ; PA (losanges rouges) : trait présent à gauche ; absent à droite ; P0 
(losanges rouges pleins) : trait présent à gauche et non observable à droite.  

 

Figure 10 – Slight (score 1) bilateral external auditory canal exostosis (EAE) in the individual 
n°1 from Arma dell’Aquila, excavations Richard. A: left side; B: right side. 

Figure 10. Exostose du canal auditif externe bilaterale légère (score 1) chez l’individu n°1 
d’Arma dell’ Aquila, fouilles Richard. A : côté gauche ; B : côté droit.  


