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Gli scavi all’Arma dell’Aquila (Finale Ligure, Savona): le ricerche e i materiali degli scavi del Novecento
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VITALE S. SPARACELLO, CHIARA PANELLI, STEFANO ROSSI, IRENE DORI, 
ALESSANDRA VARALLI, GWENAËLLE GOUDE, SACHA KACKI, 

CAROLINE PARTIOT, CHARLOTTE A. ROBERTS and JACOPO MOGGI-CECCHI

ARCHAEOTHANATOLOGY AND PALAEOPATHOLOGY OF THE 
BURIALS AND “SCATTERED HUMAN REMAINS” FROM 

ARMA DELL’AQUILA (FINALE LIGURE, SAVONA)

RIASSUNTO – In questo capitolo vengono riesaminati i resti scheletrici umani dell’Arma dell’Aquila  rinvenuti da C. Richard e V. 
Chiappella durante le campagne di scavo del 1938 e 1942. La revisione delle informazioni sulle sepolture viene integrata con quelle 
desunte dallo studio dei numerosi “resti sparsi umani” rimasti sinora inediti. Sono stati registrati i dati osteologici e le note originali che 
accompagnavano i materiali (con la data esatta del ritrovamento); questi dati sono stati successivamente incrociati con le informazioni 
ricavate dai diari di scavo. Questo ha consentito di ricostruire la distribuzione spaziale e i contesti stratigrafici di deposizione dei resti 
umani,  permettendo una più completa descrizione dei comportamenti funerari in questo sito. L’analisi antropologica si è focalizzata 
sulle evidenze paleopatologiche al fine di delineare lo stato di salute di questo gruppo umano neolitico.

ABSTRACT – This chapter reviews the available anthropological and archaeothanatological information on the Neolithic skeletal 
series from Arma dell’Aquila, and adds data deriving from the study of the scattered human remains (“resti sparsi umani”) that were 
retrieved during the 1938 and 1942 excavations by C. Richard and V. Chiappella, but were never studied until now. The osteological 
information and the original notes accompanying the material (indicating the exact date of the finding) were catalogued and cross-ref-
erenced with the excavation diaries. This allowed for the recovery of some information on the spatial and stratigraphic depositional 
context of the human remains, and led to a more complete description of funerary behaviours at the site. The anthropological analysis 
focused on the palaeopathological evidence, in order to provide insights on the health status of this Neolithic group.

Parole chiave – Neolitico, Resti umani, Comportamenti funerari, Evidenze paleopatologiche, Stato di salute
Keywords – Neolithic, Human remains, Funerary behaviours, Palaeopathological evidence, Health status

1.  THE ARMA DELL’AQUILA BURIALS

After initial excavations in 1934 by Giovanni Andrea Silla, burials and scattered human remains from 
the rock shelter of Arma dell’Aquila were unearthed under the direction of two excavators: Frederic Hosmer 
Zambelli (1936) and Camillo Richard (1938 and 1942, with the fundamental contribution of Ms. Virginia 
“Ginetta” Chiappella; De Pascale and Stefani, 2018). One burial of an adult woman was discovered by 
Zambelli (Zambelli, 1937), while the seven burials (one of which was double) excavated by Richard (Richard, 
1942; Arobba et al., 1987) contained four adults, two children, and two neonatal individuals. This is contra 
Richard (1942: 76), who counted five adults and one child; the confusion is because he indicated that the child 
in Tomba III was a “giovane”, i.e. a juvenile). The two neonatal individuals were given up for “lost” (Parenti 
and Messeri, 1962), but we found them among the “scattered human remains”. Table 1 shows the denomina-
tions used for the Arma dell’Aquila burials in this paper (Z1 for the Zambelli burial, and R1-8 for Richard’s 
burials), a disambiguation of the previous denominations, and some anthropological and chronological infor-
mation. The skeletal remains unearthed by Zambelli and Richard are curated in the Museo Archeologico del 
Finale (Finale Ligure, Savona).
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2. THE “SCATTERED HUMAN REMAINS”

Both Zambelli and Richard collected a number of human remains at the site that were scattered and com-
mingled with animal bones and artefacts. Although their presence was reported (Parenti and Messeri, 1962), 
they have never been the subject of a detailed study. In this chapter, we focus on the scattered remains found 
by Richard, for which some information on the spatial/stratigraphic position is available from the diaries (De 
Pascale and Stefani, 2018). Those remains, together with artefacts and faunal bones, were collected in num-
bered bags. Unfortunately, over the years the material was probably transferred in clean bags, and during this 
process the original numeration reported in the diaries has been lost. However, some of the new bags included 
the original labels indicating the date of the find, and in some cases the layer, or “focolare” (“hearth” sensu 
Richard, see below), of the provenience. Through cross-referencing of the skeletal material with the observa-
tion provided in the excavation diaries, as well as with the surviving labels, it was possible to approximately 
spatially and stratigraphically position some of these “scattered human remains” (see next section). The os-
teological analysis allowed for the attribution of some of the remains to Richard’s burials (Table 2), and for 
the recognition of at least nine new individuals (labelled with the acronym “RS”, “resti sparsi”, i.e. “scattered 
remains”, followed by a progressive numeration; Table 3).

The attribution of the remains to the same individual was based on age at death, size, and morphology of 
the skeletal elements, articulating/conjoining fragments, and in some cases on pathology (e.g. the pathological-
ly thin bones of RS6, see below). The individuals in Table 3 should be considered nevertheless as a minimum 
number of individuals when more than one skeletal element is present.

1 
 

Individual1
PARENTI and 

MESSERI, 1962 
denomination

RICHARD, 1942 Excavator Sex Age 
class Skeletal composition Dentition2 AMS date cal BC 2σ 3

Z1 I Tomba V4 Zambelli F Adult

Neurocranium (f); splanchnocranium (f); clavicle (d/i); scapula (f/f); 
sternum (i); humerus (i/i); radius (i/i); ulna (i/i); carpals (4i/3i); 
metacarpals (4i/4i); hand phalanges (15i); ribs (>10ff); cervical 

vertebrae (2d); thoracic vertebrae (8d); lumbar vertebrae (5d); os coxa 
(i/i); sacrum (d); femur (i/i); tibia (i/i) fibula (i/i); patella (i/i); tarsal 

(1f12i/1i); metatarsals (1d/-); foot phalanges (4i)

ULI1, ULI2, ULC, ULP1, ULP2, ULM1, 
ULM3

URI1, URI2, URC, URP1, URP2, URM1, 
URM2, URM3

LLI1, LLI2, LLC, LLP1, LLP2, LLM1, 
LLM2, LLM3

LRI1, LRI2, LRC, LRP1, LRP2, LRM1 

Combined 
(OxA-V-2365-37; GrN-

17730)

4720-4550 (95.4%)

R1 II Tomba I, 
scheletro n. 1 Richard M Adult

Neurocranium (d); splanchnocranium (d); mandible (i); clavicle (i/-); 
scapula (f/f); humerus (f/d); radius (i/f); ulna (f/i); carpals (1i/1i); 

metacarpals (1i/4i); thoracic vertebrae (1i2f); lumbar vertebrae (5d); ribs 
(>10ff); os coxa (f/f); sacrum (d); femur (d/d); tibia (f/d); fibula (d/d); 

patella (-/i); tarsals (3i/-); fragments (ff)

ULI2, ULC, ULP2, ULM1, ULM2, ULM3
URM1, URM2

LLI1, LLI2, LLC, LLP1, LLM2
LRI1, LRC, LRP1, LRP2, LRM1, LRM2

OxA-V-2365-36

5361-5220 (95.4%)

R2 III Tomba II, 
scheletro n. 2 Richard M Adult

Neurocranium (d); splanchnocranium (d); mandible (d); clavicle (f/f); 
scapula (f/f); humerus (ff/f); ulna (d/d); radius (f/i); carpals (5d/5d); 

metatarsals (5d/3d); hand phalanges (10d); thoracic vertebrae (>10ff); 
lumbar vertebrae (>5ff); ribs (ff); os coxa (-/ff); femur (ff/f); tibia (d/ff); 

fibula (-/ff); patella (f/f); tarsals (3f/3f); metatarsals (1d/5d); foot 
phalanges (4i1f)

URI1, URC
LLI2, LLC, LLP1, LLP2, LLM1

LRI1, LRI2, LRC, LRP1, LRP2, LRM1

Combined 
OxA-V-2365-35; GrA-

38258

5208-5003 (95.4%)

R3 IV Tomba III, 
scheletro n. 3 Richard M? Adult

Neurocranium (ff); mandible (f); clavicle (d/-); scapula (f/f); sternum 
(f); humerus (d/-); ulna (i/i); radius (d/f); metacarpals (4d/-); ribs (f); 

cervical vertebrae (1i); lumbar vertebrae (1f)

LL1, LLI2, LLC, LLP1, LLP2, LLM1, 
LLM2

LRI1, LRI2, LRP2, LRM1, LRM2, LRM3

Combined
(OxA-V-2365-34; OxA-
V-2365-33; GrA-38328;

GrA-38257)

5071-4962 (86.9%)
5202-5176 (8.5%)

R4 1 (Richard 4, 
Fin)

Tomba III, 
scheletro n. 4 Richard IND Infans

5-7 y.o.

Neurocranium (f); splanchnocranium (f); clavicle (f/-); scapula (f/f); 
humerus (f/-); radius (-/i); ribs (>10ff); thoracic vertebrae (ff); lumbar 

vertebrae (ff); os coxa (ff/ff); tibia (i/-); fibula (i/-)

ULdi1, ULdm1, ULdm2 
(ULI1, ULI2, ULC, ULP1, ULP2, ULM2)

URdm2
LLdm1, LLdm2
(LLP1, LLM2)

_

R5 V Tomba IV, 
scheletro n. 5 Richard F Adult

Neurocranium (i); splanchnocranium (i); mandible (i); clavicle (i/i); 
scapula (d/d); sternum (d); humerus (i/i); radius (i/i); ulna (i/i); carpals 

(1i/1i); metacarpals (3i/4i); ribs (>10f); cervical vertebrae (7d); thoracic 
vertebrae (12d); lumbar vertebrae (5d); os coxa (d/d); femur (i/i); tibia 
(i/i); fibula (i/i); tarsals (6i/5i); metatarsals (4i/4i); foot phalanges (8i)

ULC
URC, URM1, URM2

LLI2, LLC, LLP1, LLP2, LLM1, LLM2
LRI2, LRC, LRP1, LRP25

OxA-V-2365-32

5083-4956 (62.9%)
5139-5091 (9.9%)

5208-5144 (22.7%)

R6 Sepoltura n. 5 "Sepoltura
del Fanciullo" Richard IND Infans

2-4 y.o. Almost complete skeleton still partially to excavate

ULdc, ULdm1, ULdm2 (ULM1)
URdm1, URdm2 (URM1)

LLdi1, LLdi2, LLdc, LLdm1, LLdm2 
(LLM1)

LRdi1, LRdc, LRdm1, LRdm2 (LRM1)

OxA-V-2365-31

5646-5536 (94.1%)
5658-5651 (1.3%)

R7

“two skeletons 
of newborns that 

were mostly 
lost” 6

“due neonati” Richard IND Perinata
l

Neurocranium (d); splanchnocranium (d); hemimandible (i/i); humerus 
(i/i); ulna (i/i); radius (f/i); clavicle (i/-); scapula (-/i); ribs (>10if); ilium 

(i/i); femur (i/i); tibia (i/i); fibula (i/i).

(ULdm1)
(URdi2)

(LLdi1, LLdi2, LLdm1)
(LRdi1, LRdi2, LRdm1)

N/A

R8

“two skeletons 
of newborns that 

were mostly 
lost”

“due neonati” Richard IND Perinata
l

Neurocranium (d); splanchnocranium (d); hemimandible (i/-); humerus 
(i/i); ulna (-/i); radius (i/-); clavicle (i/-); scapula (-/i); ribs (>10if); 
vertebral body (1i); vertebral arches (17i); ilium (i/i); ischium (-/i); 

femur (i/i); tibia (i/i); fibula (i/-); hand/foot bones (8i)

- N/A

Table 1 – Catalogue of the burials reported in the literature for Arma dell’Aquila, with a disambiguation of the previous denominations. 
1 Denomination of the burials used in this study. 2 Teeth legend: I: incisor; P: premolar; M: molar; U: upper; L: lower; R: right; L: left; 
d: deciduous; capital letters: indicate the maxilla or mandible tooth and the permanent tooth (e.g. URI1: upper right first incisor), lower 
case letters: indicate the deciduous tooth (e.g. URdi1: upper right first deciduous incisors); in parentheses non-erupted but visible teeth. 
3 Radiocarbon determination are set out in Mannino et al. (2018); when multiple dates were available for one individual, they were 
combined prior to calibration using R-combine function of the OxCal platform. Calibration was performed using the IntCal13 curve in 
OxCal v. 4.3.2. 4 Zambelli 1 is indicated as Tomba V (Richard, 1942: 60, Fig. 2; 5 Formicola pers. comm., 2018). 6 The remains of the 
perinatal individuals were found in the box of the commingled human remains.
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Table 2 – Skeletal elements belonging to the burials in Table 1 found among the commingled human remains, their labels, and the 
information available from the excavation diaries about their provenience. 1 Teeth legend: I: incisor; P: premolar; M: molar; U: upper; 
L: lower; R: right; L: left; d: deciduous; capital letters: indicate the maxilla or mandible tooth and the permanent tooth (e.g. URI1: upper 
right first incisor), lower case letters: indicate the deciduous tooth (e.g. URdi1: upper right first deciduous incisors); in parentheses non-
erupted but visible teeth. 2 Their approximate spatial colocation is based on the sections of the site (sections 1-6) from Richard (1942), 
which are reported in Figure 1. 3 The approximate stratigraphic collocation is based on the stratigraphy drawn in Richard (1942), see 
also Figure 2. 4 One metacarpal probably belonging to Richard Burial 3 was found in the burial reconstruction of Richard Burial 5, 
probably due to an error during the assembling of the display.

1 
 

Burial Skeletal elements1 Label (translated) Bag and/or reference in 
excavation diaries (translated) 

Spatial 
Position2 

Stratigraphic 
position (“hearth”)3 

R1 

URM2 “5° hearth?” N/A unknown 5°? 

Thoracic vertebrae (1f) “28/11/1942 - Second layer below 5° 
hearth” N/A unknown below 5° 

Clavicle (-/i); hand phalanx 
(6i) no information about provenience POSSIBLE: 5-6 August 1938 bag N°38: “Material coming from the 5° hearth south of the first burial. Some 

human element: 1 clavicle, 1 parietal fragment, some phalanges” S1 5° 

Foot phalanx (1i) “Arma dell’Aquila 05-09-1942 - VI hearth” N/A unknown 6° 

Metacarpals (2i/-); metatarsals 
(2i/3i); tarsals (1i/1i) no information about provenience N/A unknown unknown 

Neurocranium (4f); cervical 
vertebrae (7f); thoracic 

vertebrae (4f) 
no information about provenience N/A unknown unknown 

R2 

Neurocranium (>10ff); 
splanchnocranium (2f); URI2; 

URC 

“29 August 1938”; “Human bones - burial 
of the child (?)”; “burial of the child - these 

bones were found isolated before the 
discovery of the child's skeleton and we 

understood it was a burial” 

Bag N° 54. “Material from the 6° hearth and from the soil immediately below. Complete skeleton of a child. 
(...) Remains of adults and newborns.” S3 6° 

Cervical vertebrae (1f); hand 
phalanx (1i); femur (ff); 

metatarsals (2i/-); foot phalanx 
(2i) 

 
“29 July 1938 - 5° hearth” 

Bag N° 24. “5° hearth. Material from the area above tombs 2-3-4-5 and north from them, in correspondence 
with the exploration pit. Found some human bones, i.e. a femur and a tibia belonging, possibly to a disturbed 

burial. Very interesting a fragment of child maxilla with canines very [worn?], similarly to the previous 
skeletons” 

S3-4 5° 

Tarsals (1i/-) “Fourth layer below the 5° hearth” 30 
September 1942 

“There is (…) an ilium that seems human with a very big acetabulum, while the ischium is proportionally less 
developed; there are metacarpals and phalanges, a humeral head (which do not see human, but may be), many 

bones of newborn, fragments of rib and long bone diaphyses (of a bird?) empty inside and with very thin 
walls” 

unknown below 5° 

Splanchnocranium (1f); 
cervical vertebrae (1i); rib 
(>10ff); various fragments 

(>10ff) 

no information about provenience N/A unknown unknown 

R34 Metacarpals (-/1i) N/A N/A unknown unknown 

R4 

Clavicle (-/i); radius (-/f); 
fibula (-/f) 

“29 July human bones in relation with the 
5° hearth (burial?)” 

Bag N° 24. “5° hearth. Material from the area above tombs 2-3-4-5 and north from them, in correspondence 
with the exploration pit. Found some human bones, i.e. a femur and a tibia belonging, possibly to a disturbed 

burial. Very interesting a fragment of child maxilla with canines very [worn?], similarly to the previous 
skeletons”. 

S3-4 5°? 

ULM2 “11 August 1938 5° hearth tooth” Bag N° 46. “Material coming from the 5° hearth in correspondence with the second burial. (…) a crown of 
human tooth statu nascendi” S2 5° 

URdm2 

“29 August 1938”; “Human bones - burial 
of the child (?)”; “burial of the child - these 

bones were found isolated before the 
discovery of the child’s skeleton and we 

understood it was a burial” 

Bag N°54. “Material from the 6° hearth and from the soil immediately below. Complete skeleton of a child. 
(...) Remains of adults and newborns.” S3 6° 

LLM2 “9 August 1938 -  6° hearth” Bag N° 41. “Material coming from the 6° hearth in correspondence with the fourth burial.” S3-4 6° 

Ulna (f/-) “5° hearth?” N/A unknown 5°? 

Sacrum (f) no information about provenience N/A unknown unknown 

R5 

Metacarpals (1i/-); hand 
phalanx (1i); patella (-/i) “11 September 1938 6° hearth” 

Bags N° 60-61. “Material coming from the niche east of the pit. The darker bones were within the 7° hearth, 
the lighter ones from the sandy soil below. (...) Material from the 6° hearth in correspondence with the first 

burial.” 
S4 6°-7° 

Metacarpals (-/1i); Foot 
phalanx (1i) “6° hearth “ N/A unknown 6° 

Foot phalanx (1i) “7° hearth 1942” N/A unknown 7° 

R6 

Neurocranium (1f); scapula (-
/i); cervical vertebrae (3f); 

thoracic vertebrae (5f); lumbar 
vertebrae (6f); sacral vertebrae 

(6f); ribs (>10f) 

“Burial of the child - bones found inside the 
cranium of the child” 

Bag N° 54. “Material from the 6° hearth and from the soil immediately below. Complete skeleton of a child. 
(...) Remains of adults and newborns.” S3 6° 

Metacarpal (1i) “29 September 1942 - 5° hearth” 

“In the mass of interstadial filling, some rare pottery shard and bone was found (...) North of hearth D a 
human fibula was found, below the hearth and in contact with the whiteish soil. In the third white layer below 

the 5° hearth a fragment of human tibia was found (proximal third) (...) a human atlas (...) a human 
metacarpal.” 

unknown below 5° 

Thoracic vertebrae (1f) 
“human bones fetus n°2, between the 4° 
and the 2° burial at the entrance of the 

cave” 

9 August 1938. “Two skeletons of newborns. The first was below one of the boulders of the fourth burial, the 
second against a boulder below the vault at the entrance of the cave.” S2-3 below 6° 

Metatarsal (1i) “1 September 1938 5° hearth?” Bag N° 52. “Material from the 6° hearth. Some remains of newborn (…) Continued the excavation in the pit 
of the burial [Tomba 4] east of the pit.” S4 6° 

Cervical vertebrae (1f); 
metatarsals (1i) “5° hearth” N/A unknown 5° 

Tarsals (-/1i) no information about provenience POSSIBLE: bag N° 27. “one human calcaneus 30 July 1938 (…) 6° hearth first step” S3-4 6°-7° 

Ilium (i/i); ischium (i/i); pubis 
(i/i); metatarsals (2i); ribs (iff) no information about provenience N/A unknown unknown 

R7 Ulna (i/-) “6° hearth 13 October 1942” N/A unknown unknown 

R8 

Humerus (-/i) “29 September 1942 - 5° hearth” 

“In the mass of interstadial filling, some rare pottery shard and bone was found (...) North of hearth D a 
human fibula was found, below the hearth and in contact with the whiteish soil. In the third white layer below 

the 5° hearth a fragment of human tibia was found (proximal third) (...) a human atlas (...) a human 
metacarpal.” 

unknown below 5° 

Ulna (1i/-) 
“All the strata from the 1° to the 6° hearth - 
9 October 1942” and “5-6 layer under the 

6° hearth - 9 October 1942” 
N/A unknown unknown 

Hemimandible (i/-); no indication of provenience unknown unknown unknown 
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1 
 

Individual Skeletal 
Elements1 

Age/Sex/ 
AMS date 
cal BC 2σ 2 

Label 
(translated) 

Bag and/or reference 
in excavation diaries (translated) 

Spatial 
Position3 

Stratigraphic 
Position 

(“hearth”)4 

RS1 

Neurocranium (4f) 

Infans c. 0-6 mo; 
IND 

no information about provenience N/A unknown unknown 

Neurocranium (1f) “Human bones 5° hearth south of 
the first burial 5-6- August 1938” 

Bag N°38: “Material from the 5° hearth, south of the first burial. Some 
human remains: a clavicle, a parietal fragment, some phalanges.” S1 5° 

Neurocranium (3f) 

29 August 1938; “Human bones - 
burial of the child (?)”; “burial of 
the child - these bones were found 

isolated before the discovery of 
the child's skeleton and we 
understood it was a burial” 

Either Bag N° 48. “Material from the soil below the first and second 
burial (...) against the east rock wall, the 5° layer ends. Below it, a few 
human bones were found (...) including bones belonging to a newborn 
cranium.” or Bag N°54. “Material from the 6° hearth and from the soil 

immediately below. Complete skeleton of a child. (...) Remains of 
adults and newborns.” 

S1-2 or 3-4 6° 

Thoracic vertebrae (1f) “5° hearth” N/A unknown 5° 

Ulna (-/i) “2-3 October 1942 - 6° hearth” N/A unknown 6° 

Humerus (i/-) “child bones” N/A (but bones found in box with Richard 1) unknown unknown 
Hemimandible (i/-);  

(LLdi1, LLdi2, LLdc, LLdm1) “child bones” N/A (but bones found in box with Richard 1) unknown unknown 

RS2 

Neurocranium (1f) 

 
Infans c. 1-2 yo; 

IND; 
(OxA-2365-51) 

4686-4501 (95.4%) 

“Human bones 5° hearth 28 July 
1938” 

Bag N°19-20 “The material in this bag comes from the 4° hearth, in the 
extreme north of the cave.” S5 4° 

Neurocranium (2f) “Human bones 6° hearth 2 August 
1938” 

Bag N°32. “Some human remains among which fragments of a 
cranium and a tibia (...) found sort of a niche east of the pit (...) it is a 

niche in the rock wall, in which the soil does not touch the rock, but left 
a noticeable space.” 

S4 6° 

Neurocranium (2f); cervical vertebrae (f) “Human bones 5° hearth 4 August 
1938” 

Bag N°33. “Material from the 6° hearth north of the exploration pit (...) 
Some human remains: fragment of right maxilla of a child, and 

fragments of human cranium. Fragments of burnt bones (...) some 
neonatal remains.” 

S4-S5 5° or 6° 

Neurocranium (1f) “Human bones 6° or 7° hearth 12 
September 1938” 

Bags N° 60-61. “Material coming from the niche east of the pit. The 
darker bones were within the 7° hearth, the lighter ones from the sandy 
soil below. (...) Material from the 6° hearth in correspondence with the 

first burial.” 

S4 6° or 7° 

Ulna (-/f) “2-3 September 1942 - 6° hearth” 

“There is (…) an ilium that seems human with a very big acetabulum, 
while the ischium is proportionally less developed; there are 

metacarpals and phalanges, a humeral head (which do not see human, 
but may be), many bones of newborn, fragments of rib and long bone 

diaphyses (of a bird?) empty inside and with very thin walls” 

unknown 6° 

Radius (f/-); URdi1 “6° hearth 13 October 1942” unknown unknown 6° 

Cervical vertebrae (f) “7° hearth” unknown unknown 7° 

RS3 

Splanchnocranium (f); URdm1, URdm2 

(URI1, URI2, URC, URP1, URM1) 

Infans c. 4-6 yo; 
IND; 

(OxA-2365-50) 
5644-5528 (95.4%) 

“Human bones 5° hearth 4 August 
1938” 

Bag N°33. “Material from the 6° hearth north of the exploration pit (...) 
Some human remains: fragment of right maxilla of a child, and 

fragments of human cranium. Fragments of burnt bones (...) some 
neonatal remains.” 

S4-S5 6° 

Hemimandible (-/i); LRdm1, LRdm2 
(LLI1, LLC, LRI1, LRM1) 

“Fourth layer below the 5° hearth 
30 September 1942” “A fragment of a child mandible” unknown below 5° 

Splanchnocranium (f) 

“29 August 1938”; “Human bones 
- burial of the child (?)”; “burial 
of the child - these bones were 

found isolated before the 
discovery of the child’s skeleton 

and we understood it was a 
burial” 

Bag N°54. “Material from the 6° hearth and from the soil immediately 
below. Complete skeleton of a child. (...) Remains of adults and 

newborns.” 
S4-S5 6° 

Neurocranium (f) “26 July 1938 5° hearth” Bags N° 1-5. “All the material collected in the five bags comes from 
the hearth above the [first] burial, i.e. N°5.” S1-2 5° 

Cervical vertebrae (2i); ribs (1i) “29 September 1942 - 5° hearth” 

“In the mass of interstadial filling, some rare pottery shard and bone 
was found (...) North of hearth D a human fibula was found, below the 

hearth and in contact with the whiteish soil. In the third white layer 
below the 5° hearth a fragment of human tibia was found (proximal 

third) (...) a human atlas (...) a human metacarpal.” 

unknown below 5° 

Neurocranium (>10f) “7° hearth (below the boulders 
delimiting the fourth burial)” 

Bag N° 50. “Material coming from the 7° hearth below the two 
boulders delimiting the fourth burial.” S3-4 7° 

Neurocranium (2f) “7° hearth below the fourth burial 
30 July 1938” 

Bag N°28. “Material coming from the 7° hearth below the fourth burial 
(...) remains of neurocranium very white in color.” S3-4 7° 

RM1 “5° hearth human tooth” unknown unknown 5° 

Humerus (f/-); ulna (-/i); femur (-/d) 

“All the strata from the 1° to the 
6° hearth - 9 October 1942” and 
“5-6 layer under the 6° hearth - 9 

October 1942” 

unknown unknown unknown 

Radius (-/i) no information about provenience unknown unknown unknown 

RS45 

Neurocranium (>10f); splanchnocranium 
(1ff); mandible (f); cervical vertebrae (1i); 

ULdc, ULdm2, URdm2 
 LLdc, LLdm1, LLdm2, LRdm1 

(ULI1, ULP1, ULP2, ULM1, ULM2, URI1, 
URC) 

(LLI1, LLI2, LLM1, LRC, LRP2, LRM1, 
LRM2) Infans c. 5-7 yo; 

IND 

“26 July 1938 5° hearth” Bags N° 1-5. “All the material collected in the five bags comes from 
the hearth above the [first] burial, i.e. N°5.” S1   5° 

ULC, URM1, URM2 

29 August 1938; “Human bones - 
burial of the child (?)”; “burial of 
the child - these bones were found 

isolated before the discovery of 
the child’s skeleton and we 
understood it was a burial” 

Either Bag N° 48. “Material from the soil below the first and second 
burial (...) against the east rock wall, the 5° layer ends. Below it, a few 
human bones were found (...) including bones belonging to a newborn 
cranium.” or Bag N°54. “Material from the 6° hearth and from the soil 

immediately below. Complete skeleton of a child. (...) Remains of 
adults and newborns.” 

S1-2 or 3-4 6° 

Hand phalanx (1i); ilium (f/f); ribs (1f); tibia 
(ff); metatarsals (1i). no information about provenience unknown unknown unknown 

RS5 

Metatarsals (-/1i1ff) 

Adult; 
IND 

“Second layer below the 5° 
hearth” 

“There is (…) an ilium that seems human with a very big acetabulum, 
while the ischium is proportionally less developed; there are 

metacarpals and phalanges, a humeral head (which do not see human, 
but may be), many bones of newborn, fragments of rib and long bone 

diaphyses (of a bird?) empty inside and with very thin walls” 

unknown below 5° 

Metatarsals (1i/-) “at the base of the 6° hearth - 5 
November 1942” unknown unknown 6° 

Metatarsal (1i/-) 
“little hearth at the northern 

extremity of the white layer” 27-
30 September 1942 

“Second layer below the 5° hearth (…) a human metacarpal” unknown below 5° 

Carpals (1i/-); metacarpals (1i/-); hand 
phalanx (1i); metatarsals (1f/1i); ribs 

(>10ff); os coxa (-/6f) 
“Sixth layer below the 5° hearth” 

“There is (…) an ilium that seems human with a very big acetabulum, 
while the ischium is proportionally less developed; there are 

metacarpals and phalanges, a humeral head (which do not see human, 
but may be), many bones of newborn, fragments of rib and long bone 

diaphyses (of a bird?) empty inside and with very thin walls” 

unknown below 5° 

Tibia (f/f) no information about provenience unknown unknown unknown 
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7 
 

RS6

Humerus (f/f); ulna (f/f); radius (-/f); 
scapula (ff/ff); cervical vertebrae (3f); 

metacarpals (1i); hand phalanges (1i1f); ribs 
(>10ff); thoracic vertebrae (10ff); lumbar 

vertebrae (3f); ischium (-/d); pubis (f); 
femur (f/f); tibia (f/f); fibula (f/f)

Infans c. 2-3 yo;
IND

"Sixth layer below the 5° hearth"

"There is (…) an ilium that seems human with a very big acetabulum, 
while the ischium is proportionally less developed; there are 

metacarpals and phalanges, a humeral head (which do not see human, 
but may be), many bones of newborn, fragments of rib and long bone 

diaphyses (of a bird?) empty inside and with very thin walls".

unknown below 5°

Metatarsals (1i) "1 September 1938 5° hearth?"
Bag N° 52. "Material from the 6° hearth. Some remains of newborn 

(…) Continued the excavation in the pit of the burial [Tomba 4] 
east of the pit."

S4 5° or 6°

Hand phalanx (3f) no information about provenience unknown unknown unknown

RS75

Mandible (f); 
LLdm1, LLdm1, LLM1

(LLI1, LRI1, LRI2)
Infans c. 5-7 yo; IND

"29 August 1938"

Either Bag N° 48. "Material from the soil below the first and second 
burial (...) against the east rock wall, the 5° layer ends. Below it, a few 
human bones were found (...) including bones belonging to a newborn 
cranium." or Bag N°54. "Material from the 6° hearth and from the soil 

immediately below. Complete skeleton of a child. (...) Remains of 
adults and newborns."

S1-2 or 3-4 6°

Humerus (f/-); femur (f/-); metatarsals (1i); 
phalanx (1i)

"All the strata from the 1° to the 
6° hearth - 9 October 1942" and 
"V-VI layer under the 6° hearth -

9 October 1942"

unknown unknown unknown

RS8

Neurocranium (1f)

Perinatal; IND

"Human bones 6° or 7° hearth 12 
September 1938"

Bags N° 60-61. "Material coming from the niche east of the pit. The 
darker bones were within the 7° hearth, the lighter ones from the sandy 
soil below. (...) Material from the 6° hearth in correspondence with the 

first burial. "

S4 6°-7°

Ulna (i/-) "9 August 1938 - 6° hearth" Bag N° 41. "Material coming from the 6° hearth in correspondence 
with the fourth burial." S3-4 6°

Radius (-/i) "6° hearth 13 October 1942" unknown unknown 6°

RS9

Femur (-/3f); tibia (-/f); tarsals (-/1i)

Adult, IND

"29 July human bones in relation 
with the 5° hearth (burial?)"

Bag N° 24. "5° hearth. Material from the area above tombs 2-3-4-5 and 
north from them, in correspondence with the exploration pit. Found 
some human bones, i.e. a femur and a tibia belonging, possibly to a 
disturbed burial. Very interesting a fragment of child maxilla with 

canines very [worn?], similarly to the previous skeletons".

S3-4 5°?

Humerus (ff); small fragments "Small hearth below the 5° hearth 
28 September 1942" unknown unknown below 5°

Scapula (-/ff)

29 August 1938; "Human bones -
burial of the child (?)"; "burial of 
the child - these bones were found 

isolated before the discovery of 
the child's skeleton and we 
understood it was a burial"

Either Bag N° 48. "Material from the soil below the first and second 
burial (...) against the east rock wall, the 5° layer ends. Below it, a few 
human bones were found (...) including bones belonging to a newborn 
cranium." or Bag N°54. "Material from the 6° hearth and from the soil 

immediately below. Complete skeleton of a child. (...) Remains of 
adults and newborns."

S1-2 or 3-4 6°

Clavicle (-/i). "Fourth layer below the 5° 
hearth" 30 September 1942

"There is (…) an ilium that seems human with a very big acetabulum, 
while the ischium is proportionally less developed; there are 

metacarpals and phalanges, a humeral head (which do not see human, 
but may be), many bones of newborn, fragments of rib and long bone 

diaphyses (of a bird?) empty inside and with very thin walls".

unknown below 5°

Cervical vertebrae (1f); rib (1f); tarsals 
(1i/1d1f); metatarsals (4i/1i); foot phalanges 

(2i/-)

"All the strata from the 1° to the 
6° hearth - 9 October 1942" and 
"V-VI layer under the 6° hearth -

9 October 1942"

unknown unknown unknown

Humerus (ff/-); fibula (f/-) no indication of provenience unknown unknown unknown

8 
 

RS5 or RS9
or RS- new6 LLI2 Adult, IND "10 August 1938 between the 5° 

and 7° hearth"

Bag N° 43. "In the space between the second burial and the 7° hearth, 
the soil contained pottery shards and bones. Some adult and newborn 

human remains. Between the 5° and the 7° hearth, but close to the 7°."
S2 Between 5° and7°

Z1 or RS3
or RS-new6 Metatarsal (-/1i) Adult, IND "Sixth layer below the 5° hearth" unknown unknown below 5°

Z1 or RS3
or RS-new6 Metatarsal (1i/-) Adult, IND "First small hearth below the 5° 

hearth 9 October 1942" unknown unknown below 5°

Uncertain6 Neurocranium (2f) IND "Arma dell'Aquila" not readable unknown unknown unknown

Uncertain7 Cervical vertebrae (ff) Adult, IND "under the first Paleolithic hearth" unknown unknown below 1° paleo?

Uncertain7 Ulna (i/-) c. 3-4 yo

"All the strata from the 1° to the 
6° hearth - 9 October 1942" and 
"5-6 layer under the 6° hearth - 9 

October 1942"

unknown unknown unknown

Uncertain8 Humerus (-/i); tibia (i/-) Perinatal, IND N/A unknown unknown unknown

Uncertain8 Tibia (d/-) 0-6 mo N/A unknown unknown unknown

Table 3 – Individuals reconstructed from the commingled human skeletal remains (“Resti Sparsi”). 1 Teeth legend: I: incisor; P: premolar; M: molar; U: upper; L: lower; R: right; L: left; d: 
deciduous; capital letters: indicate the maxilla or mandible tooth and the permanent tooth (e.g. URI1: upper right first incisor), lower case letters: indicate the deciduous tooth (e.g. URdi1: 
upper right first deciduous incisors); in parentheses non-erupted but visible teeth. 2 Their approximate spatial collocation is based on the sections of the site (sections 1-6) from RICHARD 
(1942), which are reported in Figure 1. 3 The approximate stratigraphic collocation is based on the stratigraphy drawn in RICHARD (1942), see Figure 2. 4 Radiocarbon determination are set out 
in MANNINO et al. (2018). Calibration was performed using the IntCal13 curve in OxCal v. 4.3.2.5 There are certainly at least two individuals in the 5-7 year old age class, based on teeth, 
including their size/morphology. However, the neurocranial and postcranial elements attributed here to RS4 may belong, in part or totally, to RS7. 6 These entries may belong to one burial or 
RS individual missing the skeletal element, or may belong to a new individual. 7 Uncertain stratigraphic collocation – possibly not Neolithic. 8 May not belong to the Arma dell’Aquila 
assemblage.

Table 3 – Individuals reconstructed from the commingled human skeletal remains (“Resti Sparsi”). 1 Teeth legend: I: incisor; P: 
premolar; M: molar; U: upper; L: lower; R: right; L: left; d: deciduous; capital letters: indicate the maxilla or mandible tooth and the 
permanent tooth (e.g. URI1: upper right first incisor), lower case letters: indicate the deciduous tooth (e.g. URdi1: upper right first 
deciduous incisors); in parentheses non-erupted but visible teeth. 2 Their approximate spatial collocation is based on the sections of the 
site (sections 1-6) from Richard (1942), which are reported in Figure 1. 3 The approximate stratigraphic collocation is based on the 
stratigraphy drawn in Richard (1942), see Figure 2. 4 Radiocarbon determination are set out in Mannino et al. (2018). Calibration was 
performed using the IntCal13 curve in OxCal v. 4.3.2.5 There are certainly at least two individuals in the 5-7 year old age class, based 
on teeth, including their size/morphology. However, the neurocranial and postcranial elements attributed here to RS4 may belong, in 
part or totally, to RS7. 6 These entries may belong to one burial or RS individual missing the skeletal element, or may belong to a new 
individual. 7 Uncertain stratigraphic collocation – possibly not Neolithic. 8 May not belong to the Arma dell’Aquila assemblage. 

3.  STRATIGRAPHIC/SPATIAL/THANATOLOGICAL  INFORMATION

The map of the site presented in Fig. 1 is based on the original plan published in the Bullettino di 
Paletnologia Italiana (Richard, 1942: 56) and on drawings from the excavation diaries. The position of indi-
viduals R1-5 is reported in Richard (1942: 56), while the location of Z1 and R6-8 is more tentative and based 
on the original drawings from the excavation diaries. Richard also provided six sections drawn transversely to 
the long axis of the site, indicated on the map by the number 1 to 6 (Fig. 1). Here it is used as a reference for an 
approximate positioning of the scattered skeletal elements on the map (section 1 through 6 are indicated with 
an “S” in Tables 2 and 3).

No photographic documentation or drawing of the burial found by Zambelli could be retrieved (De Pascale 
and Stefani, 2018). However, Richard reports the position of the large boulder that was used as one of the walls 
(the “headstone”) of Z1 stone cist (see below), which allowed for an approximate positioning of the burial in Fig. 1.

Richard reports that the “Sepoltura del Fanciullo” R6 was extracted with a block of soil from a niche 
“east” of the exploration pit “H” located in the map (Fig. 1). Drawings also allow for an approximate position-
ing of the skeletons of the two perinatal individuals (R7-8).
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Fig. 1 – Plan of the Richard 1938 and 1942 excavation area, indicating the position of the burials R1-5, and the approximate position 
of Z1, and R6-8 (redrawn after Figure 1 in Richard, 1942: 56 and after sketches in the excavation diaries; the drawings of the burials 
are based on excavation pictures).
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In 1938, Richard explored a portion of the deposit at the extreme north-east of the excavation area that 
was spared from Zambelli’s campaigns, and identified five dark carbonaceous layers rich with artefacts and 
fauna, which were recognized as “hearths” (“focolari”) or “cultural layers”, alternated with “sterile”, white, 
and powdery layers. During Richard’s excavations, a fifth, sixth, and seventh “hearth” were exposed. The fifth 
and seventh of those layers extended over the entirety of the trench, while the sixth was interrupted above 
burial R2. Richard suggests that the pit of Zambelli’s burial was cut into the fifth layer, while all the burials 
he discovered were deposited at an earlier time, before the formation of the sixth layer, which was not cut by 
burials, but was later partially eroded in the portion covering R1. Later, the fifth layer formed sloping towards 
R1 (Starnini and Biagi, 2018: Fig. 32). 

Burials R1-5 were found at the same level (Fig. 2), except for R6 which was found “slightly lower” 
(Richard, 1942: 77). One of the burials of the perinatal individuals R7-8 (unfortunately it is impossible to 
determine which) was found below one of the boulders enclosing R5, while for the other the field notes are not 
clear. Richard’s interpretation about the emplacement of burials is substantiated by the direct dating performed 
on the skeletons, which indicate that R1 is roughly contemporaneous – if not slightly older – than R2-5, while 
Z1 belongs to a later phase, and R6 is the oldest burial (Table 1; Fig. 3).

Fig. 2 – A reworking of the “stereographic view” created by C. Richard (see Fig. 9 in Richard, 1942: 77). The image was obtained by 
overlapping and redrawing all the available archaeological sections (Figures 3-8 in Richard, 1942). The horizontal positioning of the 
burial along the NW-SE axis was obtained from the planimetric data (see Fig. 1), while the vertical position is an estimate based on the 
published information (Richard, 1942) and the excavation diaries.

The scattered human remains were found throughout the trench, within and between the “cultural layers” 
(Tables 2 and 3). The spatial and stratigraphic information available in the field notes is rather imprecise and 
sometimes contradictory, and the terminology used is often not consistent. Considering the setting of the exca-
vation and the quality of the documentation, only very general inferences about the depositional and post-dep-
ositional processes regarding the human remains can be made. The scattered human remains belonging to 
burials R1-6 were found in sediment covering the burials (fifth and sixth “hearth”) or deeper against the rock 
wall (Table 2), and commingled with the remains belonging to other individuals (Tables 2 and 3). 

Among the scattered human remains that were recognized as new individuals (RS1-9), two fragments 
were dated, one belonging to RS2, and one belonging to RS3 (Table 3). The fragment of neurocranium belong-
ing to RS2 was labelled as indicating its provenience from the sixth layer, but its direct date (4690-4490 cal 
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BC) is more compatible with burial Z1 (4720-4550 cal BC), whose emplacement took place after the formation 
of the fifth layer. In addition to this incongruence, some skeletal fragments from a residue of the fourth layer, 
at the extreme north end of Richard’s excavation area, appear compatible with this individual.   

However, when reading the field notes, it appears clear that the bone element that was directly dated was 
found in a recessed niche against the wall of the exploration pit, where layers overlapped and material from 
upper layers had probably slipped down. The other fragment of neurocranium that was dated (5650-5520 cal 
BC) comes from the seventh layer below the boulders enclosing R5, and appear compatible with scattered 
skeletal elements from the sixth layer.

Overall, the few taphonomic inferences that can be made suggest the movement of bones both horizon-
tally and vertically in the excavated deposit. While the movement upward of scattered skeletal elements can 
be expected when the sediments and burials are disturbed by later activity (weathering and gnawing is present 
in several skeletal elements), the finding of elements from upper layers in lower sediment is probably because 
the excavation was performed alongside the rock shelter, in an area that in Neolithic times was presumably the 
far end of a cave which later collapsed (Richard, 1942: 54). Here, the strata tend to slope and superimpose 
towards the rock wall, and the sediment probably slipped and was commingled and re-deposited due to erosive 
processes – possibly including water runoff (Richard, 1942: 59); this was especially so when recessed niches 
were present in the rock, as testified by individual RS2. Finally, in the 1930s excavation methods were not 
comparable with modern standards, and it is possible that layers – especially against the rock wall – were not 
correctly identified, which would bias the results. As a result, even when the layer of provenience was record-
ed, the information is often not completely reliable.

In general, the disturbances that partially or completely disturbed the burials at Arma dell’Aquila appear 
either due to the morphology present and erosive processes related to the deposit, or due to animal and anthrop-
ic activity at the site (but see discussion below about R3 and R4). Accordingly, the scattered human remains are 
mostly representative of infants and children, which are more vulnerable to disturbances (Bello et al., 2006), 
and the severity of the burial disturbances appears to be inversely correlated with the presence of boulders 
protecting the inhumations (see below). 

Fig. 3 – Multiplot diagram of 2σ calibrated radiocarbon date ranges (cal BC) from human bone samples. Radiocarbon determina-
tion are set out in Mannino et al. (2018); when multiple dates were available for one individual (Table 1), they were combined 
prior to calibration using R-combine function of the OxCal platform. Calibration was performed using the IntCal13 curve in 
OxCal v. 4.3.2
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4.  FUNERARY CONTEXT INFORMATION

The burial excavated by Zambelli (Z1) consisted of a crouched inhumation of an adult woman lying 
on her left side in a stone cist, which is considered a typical funerary treatment for the Square-Mouthed 
Pottery Culture in Liguria (Del Lucchese, 1997). Accordingly, the direct AMS date performed on Z1 (Table 
1; Mannino et al., 2018) falls within the period in which this culture was attested in Liguria (ca 5000-4300 cal 
BC; Pearce, 2013; Branch et al., 2014).   

The funerary structure was built with two long flat stone slabs along the sides, one shorter at the feet of the 
person, and two slabs as a cover; a boulder closed the cist on the remaining side (Richard, 1942). The skeleton 
was stained with red ochre, while it is uncertain whether any of the elements found in the filling of the grave – 
two potsherds, a deer molar, and an unretouched flint flake – were intentionally placed (Richard, 1942 contra 
Zambelli). The orientation of the burial was not reported, and no field picture is available.

The burials excavated by Richard were aligned NE-SW, and were generally oriented N-45°E, except for 
one of the neonatal individuals, which was oriented E-W (Richard, 1942: 77). The aligned burials for which a 
precise orientation is available (R1-5) were oriented in contraposition, i.e. head against head, and feet against 
feet, including the presumed double burial Tomba III containing R3 and 4 (Fig. 4). As a result, although bur-
ials R1-4 lay on their left side, they faced alternatively east or west. Burial R5, although consistent with this 
orientation pattern, did not lie on either left or right sides but was supine, and the post-depositional movement 
of the skull makes it impossible to determine which direction it was facing (see below).

Fig. 4 – Portion of Richard 1938 and 1942 excavation area highlighting the orientation feet-against-feet, head-against-head of the R1-
R5 burials. The burials R1-R4 are all crouched on their left side, resulting in an alternation of burial facing NE and SW.

Individual R1 was an adult male, lying crouched on his left side (Fig. 5). The skeleton was well preserved 
and almost complete. His head rested on a large boulder, while at his feet a flat slab emerged vertically from 
the ground (Fig. 6). It is difficult to assess whether this slab was intentionally placed there, although Richard 
claims that it predated the deposition of the individual (Richard, 1942: 58). While the body appears to have 
decomposed in a filled space, post-depositional processes partially disturbed the superior portion of the skel-
eton: the right humerus, two fragments of ribs, and a thoracic vertebra were found close to the burial but not 
articulated, as is clearly visible from the excavation picture. Additionally, the lumbar vertebrae appear rotated, 
with their anterior aspects facing upwards (Fig. 5). Neither grave goods or ochre are reported for this burial 
(Richard, 1942: 79), but residues of red ochre appeared to be present on several bones, especially on the parts 
that were protected from weathering due to their anatomical position, and on the hands (Fig. 7).
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Fig. 5 – The burial Richard 1 at the time of discovery.

Fig. 6 – Western portion of the Richard 1938 and 1942 excavation area, showing the relative position of Richard 1 and 2 at the time of 
discovery, and the position of the vertical stone slab near Richard 1.
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The burial of R2 was unearthed ca 2 m NE of R1 (Fig. 6). Although the skeleton was fragmentary, incom-
plete and poorly preserved, it was possible to determine that the individual was lying crouched on his left side, 
with the head resting on a small stone slab (Fig. 8; Richard, 1942: 59). The sex of this adult individual has 
been estimated as male based on cranial features, given the incompleteness of the pelvic bones (Parenti and 
Messeri, 1962). The skeleton showed traces of red ochre, especially on the right portion of the cranium, and 
no grave goods were found, although Richard mentions that a large potsherd with a handle was found “caught” 
below the stone where the head rested (Richard, 1942: 59 and 79).

Fig. 7 – Proximal hand phalanx of Richard 1 showing residual staining with ochre.

Fig. 8 – a) The burial Richard 2 around the time of discovery; b) The burial Richard 6 around the time of discovery, after removal of 
the block of soil.
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The third burial found by Richard contained individuals R3 and R4, an adult and a child (ca 5-7 years old) 
buried in contraposition, feet against feet. Although highly incomplete and fragmentary, it could be determined 
based on the elements that appeared to be in place (e.g. the left arm and right forearm of R3) that they were 
both lying on their left side and facing opposite directions, with R4 in a crouched position (Figs. 4 and 9). 
According to Richard (1942: 79), the crania of both individuals were slightly raised, a circumstance that it is 
difficult to confirm by analysing the field pictures (Fig. 9). Nevertheless, a stone is clearly visible north of R3’s 
cranial fragments, being actually part of one of the boulders that enclosed R5 (see below).

Regarding the depositional and post-depositional events, R3-4 has been described as a “double burial” 
(Richard, 1942), which apparently was later heavily disturbed: both R3 and R4 have missing or displaced 
bones, and several bones belonging to R4 have been found among the “scattered remains” (Table 2). One de-
tail may suggest the possibility of a sequential burial: R3 is the most disturbed among the individuals found 
in the primary deposit: only portions of the upper limbs appeared to be in the correct anatomical position, and 
no bones from the pelvic girdle or lower limb are present. However, it is the only burial to which none of the 
scattered skeletal elements could be attributed (but see below regarding one metacarpal). The lower limb bones 
attributed to RS5 and RS9 (Table 3) appear incompatible with R3 in terms of size, robustness, and morphology, 
and do not present evidence of degenerative joint disease present in R3 (see below). In addition, RS5 and RS9 
included upper limb elements that overlapped with those present in R3 (Table 1 and 3). In contrast with R3, the 
skeleton of R4 was more complete albeit fragmentary, being all the regions of the body represented (Table 1). 
In addition, R4 lay where R3 limbs would have been if R3 was crouched, suggesting a sequential deposition 
which completely disturbed the lower portion of R3. On the other hand, it should be noted that the exact orig-
inal position of R3’s lower limb could not be determined precisely based on the preserved elements in place. 
Bone elements from the rest of the skeleton may still reside in the unexplored portion of the deposit (Figs. 1 
and 9). Another argument against the sequential burial hypothesis would be the fact that R4’s tibia and fibula 
appeared to lay below some of the filling of the grave left in place by the excavators, over which some bones 
of R3’s left hand resided (Fig. 9). However, the hand phalanges do not seem to be in anatomical connection, 
suggesting that the exact arrangement of the hand bones was possibly an artefact created by the excavators for 
the picture. Examples of obviously reconstructed hands and feet are present for R1 (Fig. 5), where a metacarpal 
can be seen in place of a phalanx, and for R5 (see below), where both feet were poorly reconstructed, and a 
metacarpal was put in place of a metatarsal. This right metacarpal probably belongs R3, and it is unfortunate 
that a precise spatial position of this bone cannot be reconstructed, because it would contribute to clarifying the 
post-depositional processes at the site. The artefacts present in the field pictures do not completely invalidate 
all the information on the deposition of the skeletons, but suggest caution when considering the finer details. 
In the case of R3-4 burial, it is plausible that the sediment was left in place because R3’s hand bones resided 
above R4’s legs. Overall, we favour the hypothesis of a double burial that was later heavily disturbed.

Fig. 9 – The double burial of Richard 3 and 4 at the time of discovery.
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Individual R5 is an adult female and is the most complete and best preserved in the skeletal series. This 
is due to the fact that it was the most protected from later disturbances, being wedged in a v-shaped niche 
between two large boulders (Fig. 10). The position is different when compared to the other burials at Arma 
dell’Aquila: the individual is lying on her back, the arms are crossed over the chest, and the lower limb is hy-
perflexed over the chest. It is difficult to judge by the only picture available, but it appears that the left lower 
limb lays over the left humerus and right forearm. It cannot be determined whether the mandible – which 
according to Richard was resting on its left side – resided in anatomical position. While the lumbar vertebrae 
are severely displaced, several vertebrae, especially the thoracic and the lower cervical, are still articulated. 
The cranium is rotated from its original position, as Richard described: “the position of the cranium, instead of 
being concordant with the one of the mandible, was inverted; not only that, but the cranium was turned over, 
at the point that the left parietal was in contact with the mandible” (Richard, 1942: 62). Richard suggested 
that it is the result of later mortuary activity by people who removed and then re-placed the cranium (Richard, 
1942: 62). Given the excavations methods of the time, possible disturbances of the filling of the grave directly 
above the cranium were not recognized or recorded. However, an alternative explanation may be that the cra-
nium originally resided higher up, and some void or perishable material was present behind R5’s upper torso. 
The body may have been bundled or constricted within a bag, and placed slightly erect. Given that ligaments 
between cervical joints C3-C5 break down rapidly (Duday, 2009), the thoracic spine and the lower cervical 
vertebrae may have reached their final position – still articulated in one piece – independently from the crani-
um. Unfortunately, as mentioned above, the position of smaller bone elements including those of the hands and 
the feet visible in Fig. 10 is not reliable because it was clearly reconstructed by the excavators. The absence 
of additional details on the original position of R5’s skeletal elements at the time of excavation prevents from 
making further inferences.

Fig. 10 – The burial Richard 5 at the time of discovery.

The last burial for which the original photographic documentation is available is R6, an almost complete 
child skeleton (2-4 years old) lying crouched on its left side, with the head residing in a slightly elevated posi-
tion (Fig. 8). The articulated thoracic and, partially, cervical spine, as well as the position of the ribs, suggest 
decomposition in a filled space, although the skeleton was later partially disturbed. According to the excava-
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tion diaries, the skeletal elements that “moved” consisted of some cervical vertebrae and ribs that were found 
inside the cranium, and the long bones that were “straightened out”. Richard attributes these movements to 
water runoff against the rock wall of the cave (Richard, 1942: 69).

Regarding the two neonatal individuals, Richard states that “they were buried crouched” (Richard, 1942: 
64) but also that “they were lying on the back, despite the fact that there was sufficient space to put them on 
their side” (Richard, 1942: 78). No structure was associated with the burials, but a flint flake was found with 
one of the perinatal individuals.

It is not possible to chrono-culturally define the burials found by Richard on the basis of their funerary 
characteristics. Single burials in a shallow pit, crouched and without grave goods, can be found in the Impressed 
Ware cultures from southern France (Beyneix, 1997a; 2008) and central-southern Italy (Bagolini and Grifoni 
Cremonesi, 1997), as well as in the Square-Mouthed Pottery culture burials from Northern Italy (e.g. Bernabò 
Brea et al., 2010), and in the later Chassean in France (Beyneix, 1997b; Beeching and Crubézy, 1998) and 
Italy (e.g. the Arene Candide 2 burial from Tiné excavations; Biagi and Starnini, 2016). Likewise, the posi-
tion of R5, which is an exception to the pattern shown by R1-4 and R6, is not unique: the hyperflexion of the 
limbs and, more rarely, a supine position for the burial, are found in burials from both the Impresso-Cardial 
chrono-cultural phase (review in Zemour, 2013) and the Square-Mouthed Pottery of the Po Plain (Bernabò 
Brea, 2010; 2014). In fact, variability in funerary behaviour is present throughout the Neolithic of the western 
Mediterranean. However, when considering the direct dates made on bones from Richard’s excavated burials 
and scattered skeletal remains from Arma dell’Aquila (Tables 1 and 3), it appears clear that this assemblage 
constitutes an important source of information for our understanding of biology and funerary behaviour during 
and at the end of the sixth millennium BC, a period for which little data exist in northern Italy (Provost et 
al., 2017; Zemour et al., 2017). The burials unearthed by Richard appear to belong to a phase preceding what 
seems to be the “typical” Square-Mouthed Pottery adult burial in Liguria, i.e. the crouched inhumation in a 
stone cist (Issel, 1908; Bernabò Brea, 1946; 1956; Del Lucchese, 1997), represented here by Z1.

In addition to the apparent organized alignment of the burials, the position of the body, and the lack of grave 
goods, common elements among burials consist in the placing of the head of the individual on an elevated surface 
(R1-6). The five burials placed in line and in contraposition (R1-5) seem to be “marked” by the proximity of the 
head to a rock (R1, R2, and R4) or a boulder (R5). One of the two large boulders enclosing R5 is the rock over 
which R3’s head rested. In addition, R1, which appears to have the oldest AMS date of the five burials (Table 1), 
is deposited related to a large flat stone slab raised up at his feet. Given the presence of elements possibly used 
to mark the location and position of the grave (e.g. Beyneix, 2008; Mafart et al., 2004), and the substantially 
overlapping dates obtained for (at least) R2, R3, and R5, it could be suggested that this portion of the cave was 
used as an organized funerary space towards the end of the sixth millennium BC. Burial R6 belonged to an earlier 
phase dating to the mid-sixth millennium BC, while further direct dates will clarify the chronological timeframe 
of the two neonatal individuals R7 and R8, which reportedly were found at a lower depth than R5.

Additional direct dates will also further clarify the nature of the skeletal remains in the secondary deposit. 
At this stage, they appear to pertain to all the three funerary “phases” that can be identified at Arma dell’Aq-
uila: the osteological analysis attributed some of the commingled remains to the R1-5 burials, while the two 
direct dates that were performed assign RS2 to the same “phase” as Z1, and RS3 was contemporary with R6. 
Therefore, while all of the three “phases” experienced post-depositional disturbance, there is no evidence at 
the moment of additional burials contemporary to R1-5 that were completely destroyed. This could potentially 
alter the apparent organization of the five individuals found in a line and in contraposition; again, further direct 
dating will contribute to clarifying this issue.

5.  PHYSICAL ANTHROPOLOGY AT ARMA DELL’AQUILA

It is well known that the shift to a Neolithic lifestyle, in addition to bringing about changes in subsistence 
behaviours and diet, dramatically changed human biological adaptations compared to earlier hunter-gather-
ers. The transition to a more sedentary lifestyle and to farming had an effect on diet and oral health which are 
explored in a dedicated chapter in this volume (Mannino et al., 2018), and in a section below, respectively. 
Genetic influences and changes in habitual activities related to the farming economy also had an influence on 
body proportions and biomechanical parameters (e.g. Marchi et al., 2006; 2011; Ruff et al., 2006). However, 
these themes will not be explored in this contribution. The measurements of the bones of the individuals from 
Arma dell’Aquila are already published (Parenti and Messeri, 1962), and the few additional measurements 
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taken of the scattered human remains would not add more to a picture that is better explored at a more regional 
than site-centered level.

There is clearly great potential of the skeletal remains from Arma dell’Aquila to be fruitfully studied by 
biological anthropologists, particularly with respect to exploring health and well-being of a Neolithic group 
within a well-defined and reasonably restricted chronological framework. Although other sites in the Finalese 
area have yielded a greater number of burials than Arma dell’Aquila (e.g. Arene Candide and Pollera), the 
lack of a precise chrono-cultural attribution for most of the human remains currently prevents palaeodemo-
graphic and palaeoepidemiological parameters to be considered. In fact, among the changes brought about 
by the Neolithic diffusion, one of the most relevant is that of infectious disease becoming apparently more 
prevalent, possibly due to a demographic increase and people living in close contact with each other (Cohen 
and Armelagos, 1984; Larsen, 1995; Cohen and Crane-Kramer, 2007). In particular, there is increasing ev-
idence that tuberculosis may have been a serious health concern for Neolithic people (Formicola et al., 1987; 
Canci et al., 1996; Masson et al., 2013; Sparacello et al., 2017). This should not be surprising, given that in 
the recent past tuberculosis was one of the leading causes of death (Roberts and Buikstra, 2003) and, despite 
the availability of antibiotic treatment, tuberculosis still causes millions of deaths every year (WHO, 2016). As 
described below, Arma dell’Aquila brings an important contribution to the understanding of the prevalence of 
the disease in the Neolithic of the western Mediterranean. 

5.1.  The demographic/biological profile of Arma dell’Aquila 

The osteological series of Arma dell’Aquila consists of a minimum number of 18 individuals. As is 
often the case with skeletal series of this age from a single site, the sample size is still not adequate to per-
form a complete palaeodemographic analysis. Reconstruction of mortality parameters from the recorded 
anthropological data are furthermore to been taken with caution given that burials cover a time span of 
over 1,000 years, especially when considering Zambelli 1, and that the exact chronological attribution of 
most individuals reconstructed from the commingled human skeletal remains is unknown at the moment 
(Tables 1 and 3). 

Despite these major limitations, a few general characteristics of the biological composition of the skel-
etal assemblage are worthy of consideration, and give important indications that will be further explored in 
larger studies of the area. First, it is noteworthy that both non-adult and adult bones were recovered from the 
rock shelter. Juveniles account for 61% (11/18) of the minimum number of individuals. This proportion is 
compatible with the range of values expected for an attritional mortality profile in a pre-industrial population, 
non-adult deaths accounting for about 54 to 74% of all deaths in populations where life expectancy at birth is 
between 20 and 30 years (Ledermann, 1969). Of interest is also that all non-adult bones recovered from the 
site are those of children less than 10 years of age. The total absence of individuals aged between 10 and 19 
year-old could at a first sight appears as an anomaly, but it has to be interpreted as indicating a low death rate 
in this age group. According to the data from Ledermann’s model life tables (Ledermann, 1969), only about 
4% of individuals from a same birth cohort are expected to die between those ages, regardless of the life ex-
pectancy at birth of the population. Given the small sample size, the absence of adolescents can be viewed as 
coincidental. Moreover, some of the scattered human remains that had attained maturity and have been attrib-
uted to adult individuals (RS5 and RS9) could actually belong to late adolescents.

In palaeodemographic practice, description of the biological composition of skeletal samples frequently 
involve the calculation of the juvenile index, i.e. the ratio of the number of deaths between 5 and 14 years to the 
number of adult deaths (Bocquet-Appel and Masset, 1977; Sellier, 1995; Séguy et al., 2008; Kacki, 2017). 
In this case, the absence of skeletal remains from non-adult individuals over 10 years old makes the use of such 
a demographic estimator inadequate. We propose rather to consider the ratio of individuals aged one to nine 
years old to adult individuals, an index which is in our view better adapted to the analysis of small samples. 
The numerical value of this ratio in the Arma dell’Aquila series (D_(1-9)/D_(20+) = 1.00) proves to be within 
the range of expectation for a pre-industrial population, lying more precisely between the values expected for 
a life expectancy at birth, i.e. between 20 and 25 years (i.e. 0.50 < D_(1-9)/D_ (20+) < 1.26 according data 
from Ledermann’s model life tables). Such a low life expectancy is not surprising in a Neolithic population, 
especially when considering a possible high prevalence of infectious disease in this period, which would be 
particularly apparent at Arma dell’Aquila.

In view of the probable low life expectancy of the population from which the burials derive, the number of 
individuals less than one year old appear to be small (N=4). They comprised two perinatal skeletons recovered 
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from primary burials (R7 and R8), as well as one perinatal individual (RS8) and one infant (RS1) reconstructed 
from the commingled skeletal remains.     

Their proportion in the sample (22%) is below the range of expected values for a 20-25 year life expec-
tancy at birth (i.e. 32–38% according data from Ledermann, 1969). This suggests that children under the age 
of one year are slightly underrepresented, be it due to cultural selection or to taphonomic processes. The latter 
is in our view likely to have contributed to this anomaly to some extent, considering the underrepresentation 
of very young children in most ancient cemeteries and the previous evidence that physico-chemical properties 
of infant bones make them prone to poor preservation (Guy et al., 1997; Bello et al., 2006; Djuric et al., 
2011). In this view, it is also noteworthy that most of the individuals reconstructed from the commingled skel-
etal remains are children (7 of 9), which suggests that graves of non-adults have been more frequently totally 
disturbed by taphonomic processes than those of adults.

Regarding the sex composition of the skeletal assemblage, very little can be said. Five of the seven adult 
skeletons recovered from the cave were well preserved enough to estimate sex, three of whom are males and 
two are females. This demonstrates that individuals of both sexes were buried in the rock shelter, although the 
exact proportion is unknown.

Overall, the Arma dell’Aquila skeletal series proves to have a biological composition reasonably rep-
resentative of the attritional mortality expected of a pre-industrial population with a low life expectancy. 
Although such a conclusion should be viewed with caution owing to interpretative limitations previous un-
derlined, the results at the very least demonstrate the absence of obvious anomalies in the age at death and sex 
composition of the sample. Thus, there is no clear evidence that this Neolithic population operated any age 
or sex selection when burying their dead in the cave. If the selection of the individuals to be buried at the site 
was based on pathological conditions – for example tuberculosis which appears to have had an exceptionally 
high prevalence at Arma dell’Aquila (see below) – the results discussed above suggest that the disease did not 
preferentially target a specific age class. A study of a larger sample of Neolithic individuals from this region 
will contribute to further exploring these issues.

Finally, it is worth noting that interpretations regarding the age composition of the skeletal sample would 
have been largely different considering the burials previously reported in the literature (e.g. lower proportion 
of non-adults, lower value of D_(1-9)/D_(20+) ), showing how important it is to take into account the commin-
gled human remains in anthropological assessment of human skeletal assemblages.

5.2. Health and well-being: the palaeopathological evidence

5.2.1. Zambelli 1 (Z1)

This female individual (Z1) has been described by Zambelli as gracile and affected by rickets (Richard, 
1942). However, more recent palaeopathological assessments, while confirming the short stature of this indi-
vidual (about 146 cm) relative to other females of this date (Sparacello et al., 2016), could not find any skele-
tal evidence compatible with rickets (Canci et al., 1996). In turn, the vertebral column of this individual shows 
clear signs of tuberculous spondylitis (Fig. 11; Canci et al., 1996), a manifestation of skeletal tuberculosis 
involving the progressive destruction of the trabecular bone in vertebral bodies by a pathogen belonging to the 
Mycobacterium tuberculosis complex. This, and a generalized bone porosity and rarefaction of the trabeculae, 
leads to the collapse of the spine under the normal weight bearing (Pott’s spine: Turgut, 2001). Evidence of 
skeletal tuberculosis has been found in other skeletons belonging to the Square-Mouthed Pottery Neolithic in 
this area (Arene Candide 5 excavations Bernabò Brea: Formicola et al., 1987; Pollera 21 excavations Rossi: 
Sparacello et al., 2017). Regarding the purported gracility of the bones of the skeleton, recent biomechanical 
investigations found that this individual, albeit not robust, is not an outlier in terms of robusticity, as described 
by long bone diaphyseal cross-sectional geometry (Sparacello et al., 2016).

5.2.2. Richard 1 (R1)

The skeleton of R1 shows two obvious pathological changes, a small rounded depression (ca 2 cm of 
diameter) on the left part of the frontal bone, next to the median line, and a swelling and remodelling of the 
cortical bone of the distal left radius; the origin of both alterations has been interpreted as traumatic (Canci 
and Formicola, 1997). Indeed, rounded or irregular depressions similar to the two defects of R1 have been 
interpreted as the result of an injury with a sharp or blunt weapon, in some cases exhibiting surface remodelling 
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due to the healing process (Bennike, 2003). The frontal bone thinning presented by individual R1 could also 
be identified, according to several scholars, as a completely healed “punched out” craniectomy (Alt et al., 
1997; Lillie, 1998; 2003; Alt and Jeunesse, 2006) made by drilling (Broca, 1876; 1877; Lillie, 1998; 2003). 
However, research on clinical cases and animal models cast doubts on the possibility that a gap in the cranial 
vault could be completely closed by new bone formation in adults (Shang et al., 2001; Nerlich et al., 2003; 
Thomas, 2011). Congenital and developmental defects can also produce unifocal or multifocal vault thinning 
(Kaufman et al., 1997). A re-examination of the cranium evidenced another possible lesion in the occipital 
bone (Fig. 12); however, this could be a pseudopathology due to the diffused weathering of the cranial surface 
(c.f. Mann and Hunt, 2005: 62).

The left radius shows an alteration of the normal distal metaphyseal morphology, with an indication of 
periosteal involvement leading to enlargement of the bone especially in its medial border (Fig. 13). The radio-
graph does not show a clear disruption of the cortical bone which may be indication of trauma (the radiolucent 
diagonal line is most likely due to taphonomic damage), but a permeative bone destruction and an alteration 
of the normal trabecular organization of the metaphysis, which is compatible with the early phases of pyo-
genic osteomyelitis, tuberculous osteomyelitis, and tuberculous arthritis (Palmer, 2002: 84; Vanhoenacker 
et al., 2009). However, the progression of pyogenic arthritis is rapid with abundant bone formation, which is 
not observed here (Resnick and Niwayama, 1995: 2484; Resnick and Kransdorf, 2005: 764). The medial 
enlargement of the metaphysis seems to be more compatible with the relatively slower degenerative process 
of tuberculosis arthritis of the wrist (Palmer, 2002: 114; Ortner, 2003: 245), than with a rapid and aggressive 
“solid periosteal reaction”, a phenomenon that occurs in pyogenic osteomyelitis when pus elevates the peri-
osteal envelope (Wenaden et al., 2005).

Fig. 11 – Skeletal lesions of probable tuberculous origin in Zambelli 1. a) Porosity of the vertebral body of the twelfth thoracic ver-
tebra is apparent from its inferior view; b) collapse and angular kyphosis of the vertebral column (Pott’s disease) due to the complete 
destruction of vertebral body of the fourth lumbar, and compression of the vertebral body of the fifth lumbar; c) cyst-like lesion in the 
sacrum (arrow); d) large circumferential area of bone resorption in the inferior face of the third lumbar vertebral body, exposing the 
underlying altered trabecular structure. Bone deposition and resorption is apparent on the remaining surface of the vertebral body, as 
well as porosity at the base of the transverse process.
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Fig. 12 – Cranial lesions in Richard 1. a) Circular depression in the frontal bone (rectangle), characterized by pitting of the surface; b) 
oval area of coarse pitting in the occipital bone (rectangle).

Fig. 13 – Radial lesions in Richard 1. a) The distal portion of the left radius of Richard 1 displays an enlargement of the metaphysis 
and an alteration of the periosteal surface when compared to the right side (arrows); b) the radiograph shows the thinning and elevation 
of the cortical bone in the medial aspect (arrows) and unorganized trabeculae suggesting an active osteomyelitis (radiograph courtesy 
of Vincenzo Formicola). The oblique fracture resulting in a radiolucent line is due to taphonomic damage; c) close-up of the left radial 
metaphysis, evidencing the enlargement of the metaphysis, and a lesion in the radio-ulnar articular facet (arrows).
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The diagnosis of osteoarticular tuberculosis is supported by the bony changes observed in the vertebral col-
umn, which is the skeletal area most affected by the disease (Resnick and Niwayama, 1995: 2462; Ortner, 2003: 
228). The thoracic and lumbar vertebral bodies of R1 show porosity, perforating lesions which appear to be of 
granulomatous origin, and alterations in the organization of cancellous bone, with greater trabecular separation 
and increased trabecular thickness than normal (Fig. 14; Coqueugniot et al., 2015; Sparacello et al., 2017). 
One thoracic vertebra shows a fracture suggestive of an incipient compressive collapse of the vertebral body 
under the normal weight bearing (cf. Sparacello et al., 2017), while there was evidence of kyphosis in the lum-
bar vertebrae in place of the (normal) lordosis expected in this part of the spine (Fig. 14). Overall, the pattern of 
vertebral lesions is similar to what observed in the skeleton of Z1, and suggests incipient tuberculous spondylitis.

Fig. 14 – Vertebral lesions in Richard 1. a) Porosity of the vertebral body in mid-thoracic vertebra (T6-T8) is apparent from its superior 
view. The right portion displays a compression fracture (rectangle) suggesting incipient collapse of the body; b) taphonomic damage in 
the same vertebra as (a) exposed the underlying altered trabecular structure, with ample lacunae and thickened trabeculae (arrows); c) ky-
phosis of the lumbar tract in place of the normal lordosis; d) lytic lesions of possible granulomatous origin in the anterior aspect of another 
mid-thoracic vertebral body (arrows); e) the superior surface of the fifth lumbar vertebra and its margin displays erosive lesions (arrow).
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5.2.3.  Richard 2 (R2)

The skeleton of R2 is characterized by a sequela of pathological alterations. Several small (< 1 cm of 
diameter) circular and oval, smooth-walled, lytic cysts-like lesions were present on the articular and juxta-ar-
ticular surfaces of the phalanges, carpo-metacarpal, tarso-metatarsal, knee and ankle joints, some of which 
were partially affected by weathering. The most unequivocal lesion was observed in the medial distal condyle 
of the left femur (Fig. 15). The maxilla displayed a circular area of resorption above the canine fossa, in the 
absence of periapical abscesses, and a fistula (Fig. 16). The right ilium shows a large oval area of resorption, 

Fig. 15 – Cyst-like lesions in Richard 2 (rectangles). a) Articular surface of the medial distal condyle of the left femur; b) juxta-articular 
cyst in the proximal hand phalanx; c) lateral distal condyle of the right femur; d) articular surface of the medial condyle of the left tibia.
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Fig. 16 – Other lesions in Richard 2. a) Circular area of bone resorption in the left maxilla (arrow), with possible fistula; anterior and 
posterior views; b) alteration of the axillary margin of the right scapula, bilateral alteration of the scapular fossa (rectangle), and circular 
cyst-like lesion in the left scapula (arrow); c) large oval area of resorption (rectangle), thinning and perforation of the flat bone, and 
disappearance of the trabecular bone in favour of a thin lamina in the right ilium, possibly secondary to psoas abscess. 
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thinning and perforation of this flat bone, and disappearance of the trabecular bone in favour of a thin lamina 
(Fig. 16). The scapulae present altered, roughened laminar surfaces, and an oval cyst-like lesion in the ventral 
surface. Two cervical vertebrae were found among the scattered skeletal remains, but associated with a portion 
of the maxilla, hand and feet bones which certainly belonged to R2. They present a cribriform and moth-eaten 
appearance, with lesions of possible granulomatous origin, and extreme porosity (Fig. 17). Unfortunately, no 
thoracic or lumbar vertebral bodies were preserved.

The appearance of R2’s cervical vertebrae could be due to osteoarthritis (cf. Ortner, 2003: 555), however 
alterations appear to be mainly lytic, and the vertebral body is severely osteoporotic with thickened trabecular 
structure (Fig. 17). In addition, there is no evidence of hyperostosis, eburnation, or marginal osteophytes in 
other joints (except for the temporo-mandibular joint), suggesting lack of polyarticular osteoarthrosis.

Subchondral and juxta-articular cysts and geodes are common non-neoplastic lesions, which are due to 
mucoid degeneration of connective tissue, and can be associated with osteoarthritis (Resinck et al., 1977; 
Olvi et al., 2015). Lesions in the articular surfaces can be due to osteochondritis disseccans (Resnick et al., 
1995). Multiple cyst-like lesions in the joints can be due to sarcoidosis (Vardhanabhuti et al., 2012), mycosis 

Fig. 17 – Cervical vertebrae C3 (a) and C4 (b) from the “scattered remains” attributed to Richard 2, showing osteoporosis, bone remod-
elling, and erosive lesions (arrow). The micro-CT scan of C4 shows altered trabecular structure with ample lacunae.
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(Ortner, 2003: 330), and tuberculosis (Elmi et al., 2013). Cyst-like lesions in the scapula have been reported 
in cases of tuberculosis (Tripathy et al., 2010). The oval lesion in the ventral surface of the ilium was most 
likely due to a mass pressing against this bone, such as a large bladder stone (D’Alessio et al., 2005) or more 
likely a psoas abscess (Shields et al., 2012).

Although each lesion could have been due to independent factors, the involvement of multiple skeletal 
elements by lesions that are mostly lytic in nature – or apparently due to masses of soft tissue pressing on 
bones (e.g. the maxillary and iliac lesions) – is compatible with a systemic disease such as metastatic cancer or 
multifocal musculoskeletal tuberculosis (Santini-Araujo et al., 2015: 919; Ye et al., 2016; Sparacello et al., 
2017). The involvement of cervical vertebrae is not common in TB (Resnick and Niwayama, 1995: 2463), but 
not unique in the archaeological record of the Neolithic of Liguria (Sparacello et al., 2017). In disseminated 
tuberculosis (Wang et al., 2007), multiple cyst-like lesions are more common in children, but often present 
in adults (Malik et al., 2009). Tuberculosis of the scapula is described as extremely rare in the clinical liter-
ature, although it is more common in areas where the disease is endemic, and is usually associated with other 
forms of tuberculous osteomyelitis (Srivastava and Srivastava, 2006; Jain et al., 2009; Singh et al., 2009; 
Jagtap et al., 2013). Involvement of the ilium and sacroiliac joint is usually considered as secondary to Pott’s 
disease with a psoas abscess, or gastrointestinal tuberculosis (Kremer and Wiese, 1930; Sorrel and Sorrel-
Dejerine, 1932: 501; Aufderheide and Rodríguez Martin, 1998: 139; Roberts and Buikstra, 2003: 98). In 
contrast, the paranasal sinuses are considered a rare, but mostly primary, site of tuberculous infection (Ortner, 
2003: 228; Sanehi et al., 2008; Kant et al., 2013; Kim et al., 2014).

Another skeletal defect in R2 consists of a sagittal depression (ca 30 by 35 mm) that involves both parietal 
bones (Fig. 18). As apparent from the section of the surface 3D scan, the depression corresponds to a thinning 
of the diploe with preservation of the internal and external tables. The morphology of the depression is similar 
to what Broca (1876; 1877) described historically as a “symbolic trepanation”, i.e. an interrupted craniectomy 
preferentially made by scraping. However, no cut or scrape marks were observed, and no periosteal reaction is 
present. In addition, the layering of the cranial vault appears normal, albeit thinner, in the areas where it can be 
observed thanks to a taphonomic fracture. This would tend to exclude a recent attempt at trepanation or a trau-
matic origin. A very old and completely healed blunt force traumatic lesion could cause a similar depression, 
but the regularity of the lesion and the perfectly centred position appear more suggestive of a developmental 
defect such as a congenital thinning of the diploe (Camp and Nash, 1944; Kaufman et al., 1997; Yiu Luk et 
al., 2010). Pathological conditions like parietal osteoporosis can produce a thinning of the diploe (Lisowski, 
1967), but most of the cases reported are bilateral. Paget’s disease can also produce focal regions of bone re-
sorption during its initial phase, but the absence of other pathognomonic deformations does not support this 
diagnosis (Roodman and Windle, 2005). Finally, it is unlikely that the lesion is due to tuberculosis, given 
the absence of periosteal reaction (cf. Ortner, 2003: 247–253); however, there is a possible link between 
developmental disturbances early in life and later susceptibility to tuberculosis infection (Mansukoski and 
Sparacello, 2018), as well as cranial developmental defects and intrauterine infections (Kaufman et al., 
1997).

5.2.4.  Richard 3 (R3)

The adult individual in the presumably double burial is represented by few skeletal elements (Table 1). 
The upper limb bones present a characteristic morphology, with relatively large articular surfaces and rugged 
entheses. Porosity, marginal osteophytes and juxta-articular cyst-like lesions involve the articular surfaces of 
the upper limb long bones, metacarpals and hand phalanges, and a fragment of the third lumbar vertebra, sug-
gesting polyarticular degenerative joint disease. This, coupled with a different preservation, prevented comple-
mentary elements belonging to the scattered human remains to be assigned to R3 (see above). The sternum has 
a “lacy” or “wicker basket” appearance (Mann and Tuamsuk, 2013). Similar sternal lesions have been used in 
the past to diagnose respiratory diseases, especially pulmonary tuberculosis (Tayles and Buckley, 2004), but 
no significant association was recently found in a documented collection (Sanchez, 2014).

5.2.5.  Richard 5 (R5)

The pathological lesion apparent in R5 consists of a large oval depression (ca 8 by 6 cm) on the occipital 
bone presenting two small crenulated perforations (Fig. 19). The margins of the defect are bevelled at the 
expense of the external table, which has become extremely thin. The contours of the perforation are irregular 
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but defined, but possibly in part enlarged by taphonomic damage, and the layering of the cranial vault is not 
visible.

As outlined above, the etiology of holes and depressions on the skull can be varied, including trauma and 
surgical intervention. The lesion in R5 has been interpreted as resulting from trepanation by scarification or 
scraping, the thin central surface being due to the operation not reaching the inner table (Canci and Formicola, 
1997: 83). Indeed, it appears unlikely that the craniectomy was complete and occupied the whole space of the 
lesion, with extensive new bone formation developing a “plate” out of the internal table post-operatively, as 
proposed in several cases (Alt et al., 1997; Verano, 2003; Alt and Jeunesse, 2006; Han and Chen, 2007; 
Nikita et al., 2013). Recent studies on trepanation healing cast doubts on the possibility of a new-bone plate 
formation covering the entirety of perforations of this size (Nerlich et al., 2003; Thomas, 2011). In fact, the 
osteogenic activity appears to be limited on the cranial vault on adult individuals, due to the reduced influence 
of mechanical stimulation (Sevitt, 1981). A thinning due to a mass-occupying-lesion was proposed (Messeri, 
1958; Arobba et al., 1987). In addition to the possibilities above, the irregular but defined contours of the 
opening could be related to a seepage of cerebrospinal fluid resulting from a non-traumatic cause such an intra 
cranial tumor or a congenital defect (Lyer, 1979; Kaufman et al., 1997; Partiot et al., 2017).

Fig. 18 – Cranial lesions in Richard 2. a) Semi-circular depression in the sagittal suture involving both parietals (rectangle); b) coronal 
cross-section of the cranial vault at the level of the lesion, obtained by the surface-scan 3D model; c) lateral view of the lesion.
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5.2.6.  Richard Scattered Remains 5 (RS5)

A few bones from the scattered human remains were assigned to an adult individual of undetermined sex, 
both on the basis of compatible size, morphology, and a whitish appearance (Table 3). The bones, especially 
the ribs, were commingled with the remains of RS6, which share a similar preservation condition (see below). 

Two skeletal elements present pathological alterations. A fragment of the right os coxa displays diffuse 
porosity and periosteal bone remodelling at the level of the inferior gluteal line, which suggests periostitis (Fig. 
20). Similar lesions can be observed in cases of hip osteoarthritis (Ortner, 2003: 551), including tuberculous 
arthritis (e.g. Aufderheide and Rodríguez Martin, 1998: 138; Ortner, 2003: 236). However, the acetab-
ulum does not show major bony changes: some porosity is present in its superior aspect, while the degree of 
marginal osteophytosis cannot be fully assessed due to taphonomic damage (Fig. 20). Differential diagnoses 
include Paget’s disease (osteitis deformans), pyogenic osteomyelitis (Resnick and Niwayama, 1995), rheuma-
toid arthritis (Aufderheide and Rodríguez Martin, 1998: 141), and metastatic cancer (Ortner, 2003: 543). 
The other bony change observable in RS5 consists in an area of periosteal bone formation in the medial aspect 
of the left tibial diaphysis (Fig. 20). The full extent of the lesion cannot be determined due to taphonomic 
damage. Periostitis can be primary, due to trauma and infection, or part of a disease syndrome such as syphilis, 
leprosy, chronic skin ulcer (Ortner, 2003: 208), and tuberculosis (Masson et al., 2013). Overall, the presence 
of non-pathognomonic lesions does not allow for a more precise diagnosis.

5.2.7.  Richard Scattered Remains 6 (RS6)

The remains of RS6 were found commingled with the bones of RS5, and present a similar coloration. Age at 
death was estimated to be 2-3 years based on the stage of fusion of the vertebral bodies and neural arches (Table 3). 
This individual was affected by a systemic disease that disrupted normal development: the diaphysis of long bones 
was abnormally narrowed, the cortices are extremely thin, and the trabecular structure is exceptionally rarefied 

Fig. 19 – Cranial thinning in the occipital bone of Richard 5 (rectangle).
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(Figs. 21 and 22). Interestingly, the possibility that the bones belonged to a bird was entertained in the excavation 
diaries (Table 3). Despite the thin cortices and apparent osteoporotic bones, no clear evidence of bowing of limbs or 
ante mortem fractures was present, including compression fractures of the vertebral bodies. This suggests that the 
individual may have been on bed-rest for most of the time before his/her death. However, RS6 is not complete, and 
fractures may have been present in elements that were not retrieved or did not preserve to be studied.

The differential diagnosis for this condition is problematic in absence of genetic testing, but the possi-
bility of “brittle bone disease”, i.e. osteogenesis imperfecta, should be considered. This congenital disease 
causing a defective formation of type 1 collagen has been divided in various “types” (Marini, 2013), some 
of which can be fatal, with an overall incidence of 1 in 20-50,000 births. Consequently, the disease has been 
diagnosed rarely in the bioarchaeological record (Wells, 1964; 1965; Gray, 1969; Cope and Dupras, 2011). 
Contrary to what can be seen in the available bone fragments belonging to RS6, these individuals display the 
plethora of ante mortem fractures and long bone deformation which are typical of the disease. The only in-
dividual similar to RS6 that was questionably diagnosed as experiencing osteogenesis imperfecta, possibly 
Type IV, is an adolescent from the late prehistoric site (ca 1400-1500 AD) of Juhle in Maryland (Ortner, 
2003: 494). However, Brothwell and Browne (2002) point out the lack of fractures in that skeleton and 
propose a form of muscular dystrophy, which has an incidence of ca 1/3,300 births. Other categories of 
disease that lead to bone atrophy due to immobilization and disuse can be congenital (e.g. spinal muscular 
atrophy; Vestergaard et al., 2001), neoplastic, traumatic, or infectious, such as poliomyelitis (infantile spi-
nal paralysis; Suzuki et al., 1984). However, few cases result in generalized and symmetrical paralysis, and 
even Duchenne type muscular dystrophy leads to skeletal atrophy after many years (Emery, 2002). Indeed, 
the youngest examples discussed by Brothwell and Browne (2002) are seen in early adolescents, and 
therefore much older than RS6.

Tuberculosis can systemically affect bone growth and development via the hypothalamic–pituitary–ad-
renal (HPA) axis function, because it causes an immune response and thus promotes the release of cytokines 
(Bozza et al., 2007; Etna et al., 2014). These in turn could lead to reduced bone growth due to cortisol se-
cretion (Walsh, 2015). In addition, tuberculosis interferes with protein absorption (Schwenk and Macallan, 
2000). The effect of the systemic hindering of skeletal development in individuals affected by tuberculosis 
has been little explored (Sparacello et al., 2016; Mansukoski and Sparacello, 2018). Further research is 
necessary to untangle whether tuberculosis infection in early life may lead to similar cases of skeletal atrophy.

Fig. 20 – Skeletal alterations in the individual n° 5 from Richard’s “scattered remains”. a) Coarse porosity and periosteal bone reaction 
in the anterolateral portion of the right ilium (rectangle); b) active periostitis in the left tibial diaphysis.
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Fig. 21 – Extreme skeletal gracility in fragments of long bones of the individual n°6 from Richard’s “scattered remains”. a) Upper limb: 
from left to right, the two paired humeri, the two paired ulnae, and the right radius; b) lower limb: from left to right, the two paired 
femora, the two paired tibiae, and one fibula.



170 –

5.3. Dental-alveolar pathological conditions

In bioarchaeology, teeth are seminal due to the amount of information they can provide, and because they 
are the skeletal elements that best preserve. Dental development, through mineralization and eruption, provides 
the main method for the assessment of the age at death in subadult remains (Garn et al., 1960; Demirjian, 
1986; Smith, 1991). Metabolic stress during development, due to dietary deficiencies or disease, can hinder 
mineralization leading to defects in the enamel (hypoplasia) that are permanently recorded in teeth (El-Najjar 
et al., 1978; Skinner and Goodman, 1992). In fact, contrary to the rest of the skeleton, teeth do not undergo 
remodelling throughout life. Alterations on dental surfaces are permanent and may provide information on 
the diet (e.g. dental wear: Molnar, 1972), health status, and culturally-mediated dental modifications of past 
populations.

Dento-alveolar pathological conditions – such as caries, periodontal diseases, calculus, and ante mortem 
tooth loss – provide a picture of oral health, which correlates with the changes in diet that occurred with the 
Neolithic transition, with the passage to a diet rich in carbohydrates (Larsen et al., 1991; Hillson, 2000; 
2001). Usually, they are associated with poor oral hygiene, high carbohydrate consumption, genetic factors, 
and increase with age. In particular, tooth decay, or caries, is an oral infectious disease that involves the dem-
ineralization of the dental hard tissue (enamel, dentine, and cementum) by acids produced by bacterial fermen-
tation of dietary carbohydrates, especially sugars (Larsen, 2006). Caries are among the factors – including 
traumatic events, severe wear, and other diseases – that can cause tooth loss during life, abscesses, and peria-
pical osteitis. These are inflammations of the periodontal tissues that surround and support the tooth. Calculus 
consists in accumulations of both mineral salts and organic remains on the teeth surfaces, which is associated 
with a basic pH of the saliva. Consequently, it occurs more frequently on teeth surfaces closest to the salivary 
ducts (lingual surfaces for lower anterior teeth; buccal surfaces for upper posterior teeth) (Hillson, 2000).

To date, few studies have taken into account the dental remains from Neolithic Liguria (e.g. Formicola, 
1986). In this study, teeth have been used to determine the age at death in the subadult sample both from the 
burials and from the scattered human remains (Tables 1 and 3) using the schemes proposed by Ubelaker 
(1989), Smith (1991) and AlQahtani et al. (2010). In addition, we recorded the presence/absence of teeth 
affected by cavities, ante mortem tooth loss (AMTL), abscesses, and calculus. We reported the results by indi-
vidual, which have been considered affected if at least one tooth showed one of these pathological conditions. 
Among the scattered remains, only one permanent lower incisor (LLI1) belonging to an adult was found. The 
deciduous and permanent dentition belonging to subadults (R4, R6, R7 – Table 1; RS1, RS2, RS3, RS4, RS7 

Fig. 22 – Extreme skeletal gracility in the individual n° 6 from Richard’s “scattered remains”. a) Vertebral column: from top to bottom, 
thoracic vertebral bodies, thoracic neural arches, and lumbar neural arches; b) fragments of the left and right scapular neck, showing 
the extremely sparse trabecular organization.
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– Table 3) did not show any of the pathological condition described above. Therefore, only the results for the 
burials excavated by Zambelli and Richard are reported in Table 4.

Results indicate that all individuals with preserved dentition (n=5) had caries, and in four individuals mul-
tiple caries were present in upper and lower posterior teeth, especially molars. All individuals lost at least one 
tooth in life, with the exclusion of R3 for which only the mandible was preserved. Ante mortem tooth loss was 
localized exclusively in the posterior dentition, suggesting that this pathological condition was associated with 
cariogenic factors. Tooth decay could also have been the cause of the numerous abscesses and periapical ostei-
tis that were present in the posterior dentition of the entire sample, with the exception of R5. Only R1 presented 
a periapical osteitis in the anterior dentition (buccal1 surface of the URI1). All adult individuals present small 
calculus deposits covering less than half of the tooth surface. At the end of this section, we briefly describe the 
dental pathological conditions for each individual.

9 
 

Individual Sex Age 
class

Number of 
upper teeth

Number of 
lower teeth Caries AMTL Abscess Calculus

Z1 F Adult 15 14 Present Present Present Present
R1 M Adult 8 11 Present Present Present Present
R2 M Adult 2 11 Present Present Present Present
R3 M? Adult - 13 Present Absent Present Present
R5* F Adult 4 10 Present Present Absent Present

Table 4 – Arma dell’Aquila: Individuals affected by caries, ante mortem tooth loss (AMTL), abscesses, and calculus * (FORMICOLA pers. comm., 2018).
Table 4 – Arma dell’Aquila: Individuals affected by caries, ante mortem tooth loss (AMTL), abscesses, and calculus * (Formicola 
pers. comm., 2018).

A previous study on Neolithic samples from Liguria (Formicola, 1986), had shown differences in the fre-
quency of caries between males and females, with the latter being more affected. This suggested a differential 
access to certain food items, possibly related to differences in subsistence activities between sexes. When ex-
trapolating from the Ligurian Neolithic sample used in that study the Arma dell’Aquila individuals, the sample 
becomes too small to perform a statistical analysis of sex-based differences. However, in the Arma dell’Aquila 
sample the frequency of dento-alveolar pathologies appears high, which is in agreement with a worsening of 
oral health conditions with the transition to a diet based on cereals. Future analyses will include these results 
in a larger comparative framework.

5.3.1.  Zambelli 1 (Z1)

This individual presented caries on molars of both jaws (URM22, URM3, ULM3, LLM2 and LLM3) and 
only one tooth was lost in life (LRM3). A periapical osteitis was observed on LRM2. Calculus deposits cover 
many of the lingual and buccal surfaces of the following teeth: URI1, URI2, URC, URP1, URM1, URM3, 
ULC, ULP1, ULM1, ULM3, LRI2, LRC, LRP1, LRP2, LRM1, LLI1, LLI2, LLC, LLP1, LLM1, LLM2, and 
LLM3. These deposits always cover less than half of the non-occlusal tooth surface (Fig. 23).

5.3.2.  Richard 1 (R1)

This individual presented two teeth affected by caries (URM2 and LLP1) and two abscesses (bucco-mesi-
al3 root of ULM1; root apex of URI1, buccal surface). URP2 and LLM1 were lost ante mortem. In the maxilla, 
the calculus is present on URM1, URM2, ULC, ULP2, ULM1, ULM2 and the deposits are mostly located 
on the buccal surfaces of the crown. In the mandible, the calculus is presents on LRI1, LRC, LRP1, LRP2, 
LRM1, LRM2, LLI1, and LLM2. It is mostly concentrated on the buccal and lingual surfaces of the crowns. 
——————————
1 Buccal: surface facing the cheeks and lips. Lingual: surface facing the tongue.
2 Teeth legend: I: incisor; P: premolar; M: molar; U: upper; L: lower; R: right; L: left; d: deciduous; capital letters: indicate the maxilla 
or mandible tooth and the permanent tooth (e.g. URI1: upper right first incisor), lower case letters: indicate the deciduous tooth (e.g. 
URdi1: upper right first deciduous incisors).
3 Mesial: surface of the tooth towards the median line that divided both jaws in two hemiarcates. Distal: the most posterior aspect of 
the tooth opposite to the mesial.
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Some roots of these teeth present deposits of calculus, which indicates a retraction of the alveolar margin. The 
inner part of the mandible of this individual had a marked bone swelling extending from the canines to the first 
molars of the both sides, which aetiology is uncertain but may be related to occlusal stress and poor oral health 
(Leonard et al., 2014; Fig. 23).

5.3.3.  Richard 2 (R2)

This individual presented caries in most of the mandibular teeth (LRLI1, LRC, LRP1, LRM1, LLP1, 
LLP2, and LLM1). On the left side, caries completely destroyed the crowns, leaving only the roots (Fig. 23). 
The maxilla is broken and fragmentary but it was possible to notice the ante mortem tooth loss of several 
teeth (URP1, URP2, ULP1, ULP2, ULM1, and ULM2). In the mandible, the AMTL was visible on LLM2. 
Alveolar resorption was partial for LRM2 and LLM1, for which the space occupied by the mesial was still 
visible. Abscesses and periapical osteitis were present on the root apex of URC, on the mesial roots of LM1 
(both sides), and on LRM2 (all located on buccal surfaces). Few teeth presented calculus deposits, which were 
located on the lingual surfaces of the crowns of LRP1, LLI2, and LLC.

5.3.4.  Richard 3 (R3)

This individual presented only the dentition of the mandible that is affected by caries (LRM2, LRM3, 
LLP1, LLM1, and LLM2). A periapical osteitis is located on the root apex of the LLC, buccal surface. There 
was no ante mortem teeth loss. Deposits of calculus are located on buccal and lingual surfaces of roots of LRI1, 
LRI2, LRM2, LLI1, LLI2, LLC, LLP1, and LLP2. 

5.3.5.  Richard 5 (R5)

This individual presented only LLM1 affected by a caries that destroyed the occlusal, mesial and buccal 
surfaces of the crown. It was possible to notice the ante mortem tooth loss of several teeth, especially maxillary 
(URP1, ULP1, ULP2, ULM1, ULM2, LRM1, LRM2). LLC presented deposit of calculus (Formicola pers. 
comm., 2018). 

6.  CONCLUDING REMARKS

The history of anthropological research in Liguria is almost as old as the discipline itself (De Pascale, 
2008; Formicola and Holt, 2015). Although the discoveries of the 19th and early 20th century contributed to 
giving Liguria a central place in the debate on the Upper Palaeolithic and Neolithic peopling of the western 
Mediterranean (e.g. Formicola, 1987; 1995; Formicola et al., 1990; 2005), the methodology used to record 
the findings cannot be compared with the recording standards used today, even in cases of exceptional fore-
sight (Maggi, 1997). In addition, attempts to create a complete anthropological/burial database (e.g. Parenti 
and Messeri, 1962; Delfino, 1981) were hindered over the decades by the dispersion in various museums of 
the collections, some of which were never retrieved, or have been recently re-discovered (Moggi-Cecchi, 
2014; Panelli and Rossi, 2015). 

The lack of complete knowledge regarding the effective number, and biological profile, of the Ligurian 
human remains, as well as of their precise chrono-cultural attribution, has constantly prevented anthropologists 
from making more than general inferences about the Neolithic lifestyle, diet and health, and the demograph-
ic profile of these people. This study is part of a renewed attempt towards collecting and organizing all the 
available osteological data from the extant Neolithic skeletal series from Liguria, re-analysing the available 
documentation from past excavations, and cross-referencing the resulting information with a refined chronolo-
gy obtained from new direct radiocarbon dates. Although the sample size from Arma dell’Aquila is very small 
at the moment to make definitive conclusions on the micro-evolutionary processes involved with Neolithic 
biocultural adaptation, some interesting initial results can be highlighted. 

The previously unrecognized importance of the Arma dell’Aquila site in the context of the early Neolithic 
peopling of northern Italy and the western Mediterranean has been highlighted by the results of direct dating 
of the skeletons there (Mannino et al., 2018, and Table 1). The individual buried in a stone cist (Zambelli 
1) was dated to 4730-4550 cal BC, well within the chronological boundaries of the Square-Mouthed Pottery 
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Fig. 23 – Examples of dental pathological conditions at Arma dell’Aquila. a) Zambelli 1: caries on the occlusal surfaces of LLM2, 
LLM3, URM2, URM3 (rectangle); b) Richard 1: caries on the occlusal surface of LLP1 and on the distal surface of URM2. Antemortem 
tooth loss of LLM1 (rectangle), and bone enlargement of the buccal side of the mandible (mandibular torus) from the canines to the 
first molars of both sides (arrow). Deposits of calculus on the mesial surface of URM2 (arrow); c) Richard 2: caries on LLP1, LLP2, 
LLM1, and LRM1. Alveolar resorption partial in LLM1 and LRM2 (rectangle). Fragment of upper right jaw with the AMTL of URP1, 
and URP2 (arrow). Marked tooth wear in URI1 and URC.
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chrono-cultural phase, providing further evidence that this type of funerary behaviour may have been “typical” 
for this period in Ligurian caves. 

In contrast, five of the burials discovered by Richard, Richard 1 through 5, appear to be chronologically 
situated in an earlier phase (Fig. 3), and indeed display some consistent differences in funerary behaviour, 
notably the absence of grave goods and a stone cist. Furthermore, they appear aligned in a line and oriented 
feet-against-feet, head-against-head, and evidence points towards the presence of stone elements marking the 
location and position of their graves. However, more research is necessary to understand whether it is possi-
ble to discern clear differences in funerary behaviour based on Neolithic chrono-cultural phases in Liguria: 
crouched burials in a simple pit and without grave goods may also have been common in the Square-Mouthed 
Pottery phase, as seen elsewhere in northern Italy (e.g. Bernabò Brea et al., 2010). Nevertheless, in addition 
to contributing to untangling this issue, the five burials in the alignment currently constitute the earliest evi-
dence of an apparently organized funerary space in the Neolithic of northern Italy. Finally, the “Sepoltura del 
Fanciullo” (Richard 6), dated to 5650-5540 cal BC, well within the Impresso-Cardial complex timeframe, is 
presently the oldest burial from the Neolithic of Liguria, and therefore of northern Italy. 

In addition to the burials, a box containing “scattered remains” from Richard’s excavations was analysed 
for the first time. Through osteological analysis we were able to identify at least nine new individuals, as 
well as attributing several scattered elements to the burials unearthed in the 1938 and 1942 excavations. The 
cross-referencing of these data with the excavation diaries contributed to the reconstruction of the nature of 
the deposit and of the post-depositional processes that occurred at the site. For example, it is clear that all the 
burials were disturbed in various degrees by erosive processes and later human and animal activity at the site, 
and that the archaeological layers against the rock wall at the site were commingled.

By recognizing new individuals, the study improved our understanding of the biological composition of 
the assemblage, overturning the previously apparent observation that the assemblage was skewed towards 
adults. Although the skeletal series still constitutes a small sample for making any definitive palaeodemo-
graphic reconstruction, the first preliminary remarks point towards an absence of selection of the individuals 
to be buried, and suggest that the assemblage is compatible with an attritional profile representing a population 
with low life expectancy. This result needs to be confirmed through further research, but it is particularly im-
portant considering the palaeopathological observations made at Arma dell’Aquila.

Two adults from Richard’s alignment of burials (R1 and R2) show lesions which are suggestive of oste-
oarticular tuberculosis, particularly vertebral involvement as well as other skeletal alterations (e.g. periostitis, 
osteoarthritis, maxillary abscesses, and cranial lesions) that may contribute to our understanding of the Neolithic 
manifestation of this disease. Another adult individual (RS5) shows lesions that are non-pathognomonic, but 
compatible with tuberculous infection. The possibility that at least two individuals from the five belonging to 
the alignment may have been affected by tuberculosis is particularly relevant for the palaeoepidemiology of this 
disease. In fact, it should be taken into account that skeletal involvement occurs in only 2-5% of the cases of 
untreated active tuberculosis (e.g. Resnick and Niwayama 1995; Holloway et al., 2011), and it is rarely seen in 
the bioarchaeological record (Roberts and Buikstra, 2003). For example, at Neolithic Çatalhöyük (Turkey) no 
clear case is documented despite the recovery of over 500 burials (Knüsel pers. comm., 2017). The prevalence 
of this disease may therefore have been exceptionally high in the Neolithic of Liguria, although a better palae-
odemographic characterization is necessary in order to translate lesion frequency into estimates of prevalence. 
Nevertheless, the results from Arma dell’Aquila expand the chronological range of potential cases of tuberculosis, 
given that the previous published cases in the area date to the later Square-Mouthed Pottery chrono-cultural phase 
(Formicola et al., 1987; Canci et al., 1996; Sparacello et al., 2017). Finally, in agreement with a scenario of a 
highly infectious environment, three individuals display manifest or potential developmental disturbances. One 
child displays a rare condition of extreme gracility of all bones, compatible with a severe congenital, neoplastic, 
or infectious related systemic disturbance in the skeletal development. Two individuals show cranial vault thin-
ning of uncertain etiology, which may be related also to a developmental defect. Future research will explore the 
palaeoepidemiology of tuberculosis in the Neolithic of Liguria, and will attempt to identify possible risk factors 
for this population, for example proximity with livestock or dairy consumption.

Overall, the results of the anthropological and archaeothanathological studies performed at Arma 
dell’Aquila constitute a significant improvement of our understanding of funerary practices and health 
and well-being in the Neolithic, and contribute towards exploring biocultural adaptations and competitive 
advantages/disadvantages of a Neolithic way of life. Results demonstrate that efforts towards a rigorous 
re-analysis and a refining of the chronology of the skeletal remains from old excavations can be fruitful, and 
encourages future studies following the same multidisciplinary approach.



 – 175

Acknowledgements and funding statement
The authors thank the Soprintendenza Archeologia Belle Arti e Paesaggio per la città metropolitana di Genova e le province di Imperia, 
La Spezia e Savona for the permission to conduct this work. For patient assistance during data collection and collaboration during the 
analysis, we thank the Director Daniele Arobba, the Curator Andrea De Pascale, and all the staff of the Museo Archeologico del Finale. 
Thanks to Christopher Knüsel, Sébastien Villotte, Giuseppe “Cisque” Vicino, Maria Tagliafico, and Vincenzo Formicola for their im-
portant scientific input. Vincenzo Formicola also kindly provided some data on dental anthropology and X-rays.
This study has received financial support from the French State in the framework of the “Investments for the future” Program, IdEx 
Bordeaux, reference ANR-10-IDEX-03-02, and from the European Union’s Horizon 2020 research and innovation programme under 
the Marie Skłodowska-Curie grant agreement No 752626.

R E F E R E N C E S

AlQahtani, S.J., Hector, M.P. and Liversidge, H.M. 2010 – The London atlas of human tooth and eruption. American Journal of 
Physical Anthropology, 142: 481–490.

Alt, K.W. and Jeunesse, C. 2006 – Blutiges Ritual oder medizinische Indikation? Reflexionen über die älteste Schädeltrepanation 
Mitteleuropas aus Ensisheim, Elsass (Frankreich). In: Piek, J. and Terberger, T. (eds.) Frühe Spuren der Gewalt - 
Schädelverletzungen und Wundversorgung an prähistorischen Menschenresten aus interdisziplinärer Sicht. Beiträge zur Ur- und 
Frügeschichte Mecklenburg-Vorpommerns. Landesamt für Kultur und Denkmalpflege, Schwerin: 51–60.

Alt, K.W., Jeunesse, C., Buitrago-Téllez, C.H., Wächter, R., Boës, E. and Pichler, SL. 1997 – Evidence for stone age cranial 
surgery. Nature, 387: 360.

Arobba, D., Biagi, P., Formicola, V., Isetti, E. and Nisbet, R. 1987 – Nuove osservazioni sull’Arma dell’Aquila (Finale Ligure – 
Savona). Atti della XXVI Riunione Scientifica dell’Istituto Italiano di Preistoria e Protostoria. Parenti, Firenze: 541–551.

Aufderheide, A. and Rodríguez Martin, C. 1998 – The Cambridge encyclopedia of human paleopathology. Cambridge University 
Press, Cambridge.

Bagolini, B. and Grifoni Cremonesi, R. 1994 – Il Neolitico italiano: facies culturali e manifestazioni funerarie. Bullettino di 
Paletnologia Italiana, 85 (III): 139–170.

Barbian, L.T. and Sledzik, P.S. 2008 – Healing Following Cranial Trauma. Journal of Forensic Sciences, 53: 263–268.

Beeching, A. and Crubézy, E. 1998 – Les sépultures chasséennes de la vallée du Rhône. In: Guilaine, J. (ed.) Sépultures d’Occident 
et genèses des mégalithismes (9000 – 3500 avant notre ère). Séminaire du Collège de France. Editions Errance: 147–164.

Bello, S.M., Thomann, A., Signoli, M., Dutour, O. and Andrews, P. 2006 – Age and sex bias in the reconstruction of past popula-
tion structures. American Journal of Physical Anthropology, 129: 24–38.

Bennike, P. 2003 – Ancient Trepanations and Differential Diagnoses: A Re-evaluation of Skeletal Remains from Denmark. In: Arnott, 
R., Finger, S. and Smith, C.U.M. (eds.) Trepanation – History, Discovery, Theory. Swets & Zeitlinger Publishers, Lisse, The 
Netherlands: 95–115.

Bernabò Brea, L. 1946 – Gli scavi nella Caverna delle Arene Candide Parte I. Gli strati con ceramiche. Collezione di Monografie 
Preistoriche ed Archeologiche, I. Istituto di Studi Liguri, Bordighera.

Bernabò Brea, L. 1956 – Gli scavi nella caverna delle Arene Candide (Finale Ligure) Parte prima: gli strati con ceramiche. Vol 2°: Campagne 
di scavo 1948-50. Istituto internazionale di Studi Liguri, Collezioni di Monografie Preistoriche ed Archeologiche, Bordighera.

Bernabò Brea, M., Maffi, M., Mazzieri, P. and Salvadei, L. 2010 – Testimonianze funerarie della gente dei Vasi a Bocca Quadrata 
in Emilia occidentale. Archeologia e antropologia. Rivista di Scienze Preistoriche, 60: 63–126.

Bernabò Brea, M., Maffi, M., Mazzieri, P., Salvadei, L. and Tirabassi, I. 2014 – Le necropoli VBQ in Emilia. In: Bernabò Brea, 
M., MAggi, R. and Manfredini, A. (eds.) Atti del Convegno Il Pieno Neolitico in Italia. Finale Ligure (8–10 Giugno 2009). 
Istituto Internazionale di Studi Liguri, Bordighera: 303–314.

Beyneix, A. 1997a – Les sépultures cardiales et épicardiales de France méridionale. Bulletin de la Société Préhistorique Française, 
94: 191–196.

Beyneix, A. 1997b – Les sépultures Chasséennes du sud de la France. Zephyrus, 50: 125–178.



176 –

Beyneix, A. 2008 – Mourir au Néolithique ancien en France Méditerranée. L’anthropologie, 112: 641–660.

Biagi, P. and Starnini, E. 2016 – La cultura della Ceramica Impressa nella Liguria di Ponente (Italia Settentrionale): distribuzione, cron-
ologia e aspetti culturali. In: Del neolític a l’edat del bronze en el Mediterrani occidental. Estudis en homenatge a Bernat Martí 
Oliver. Servicio de Investigación Prehistórica del Museo de Prehistoria de Valencia. Serie de Trabajos Varios, 119: 35–49. València.

Bocquet, J.-P. and Masset, C. 1977 – Estimateurs en paléodémographie. L’Homme, 17 (4): 65–90.

Bozza, V.V., D’Attilio, L., Mahuad, C.V., Giri, A.A., Del Rey, A., Besedovsky, H., Bottasso, O. and Bay, M.L. 2007 – Altered cor-
tisol/DHEA ratio in tuberculosis patients and its relationship with abnormalities in the mycobacterial-driven cytokine production 
by peripheral blood mononuclear cells. Scandinavian Journal of Immunology, 66: 97–103.

Branch, N.P., Black, S., Maggi, R. and Marini, N.A. 2014 – The neolithisation of Liguria (NW Italy): an environmental archaeolog-
ical and palaeoenvironmental perspective. Environmental Archaeology, 19 (3): 196–213.

Broca, P. 1876 – Sur les trépanations préhistoriques. Bulletins de la Société d’anthropologie de Paris, 11: 236–256.

Broca, P. 1877 – Sur la trépanation du crâne et les amulettes crâniennes à l’époque néolithique. Ernest Leroux Editeur, Paris.

Brothwell, D. and Browne, S. 2002 – Skeletal atrophy and the problem of the differential diagnosis of conditions causing paralysis. 
Antropologia Portuguesa, 19: 5–17.

Camp, J.D. and Nash, L.A. 1944 – Developmental thinness of the parietal bones. Radiology, 42: 42–47.

Canci, A. and Formicola, V. 1997 – Una sintesi sui principali aspetti d’interesse paleopatologico nel materiale preistorico del Finalese. 
In: Atti della Tavola rotonda Paleopatologia e ricostruzione delle condizioni di vita e di salute delle popolazioni del passato. 
Finale Ligure, 25 maggio 1996. Quaderni del Museo Archeologico del Finale, 3: 23–28.

Canci, A., Minozzi, S. and Borgognini Tarli, S. 1996 – New evidence of tuberculous spondylitis from Neolithic Liguria (Italy). 
International Journal of Osteoarchaeology, 6: 497–501.

Cohen, M.N. and Armelagos, G.J. 1984 – Paleopathology at the origins of agriculture. Academic Press, Orlando.

Cohen, M.N. and Crane-Kramer, M.M. 2007 – Editor’s summation. In: Cohen, M.N. and Crane-Kramer, M.M. (eds.) Ancient 
Health - skeletal indicators of agricultural and economic intensification. University Press of Florida, Gainesville.

Cope, D. and Dupras, T. 2011 – Osteogenesis imperfecta in the archaeological record: an example from Dakhleh Oasis, Egypt. 
International Journal of Paleopathology, 1: 188–199.

Coqueugniot, H., Dutailly, B., Desbarats, P., Boulestin, B., Pap, I., Szikossy, I., Baker, O., Montaudon, M., Panuel, M., 
Karlinger, K., Kovacs, B., Kristof, L.A., Palfi, G. and Dutour, O. 2015 – Three–dimensional imaging of past skeletal TB: 
From lesion to process. Tuberculosis, 95: S73–S79.

Delfino, E. 1981 – Liguria Preistorica – sepolture dal Paleolitico Superiore all’Età del Ferro in Liguria e nell’area ligure. Sabatelli 
Editore, Savona.

Del Lucchese, A. 1997 – The Neolithic burials from Arene Candide: the Bernabò Brea-Cardini excavation. In: Maggi, R., Starnini, E. 
and Voytek, B.A. (eds.) Arene Candide: a functional and environmental assessment of the holocene sequence (excavations Bernabò 
Brea-Cardini 1940-1950). Memorie dell’Istituto Italiano di Paleontologia Umana, Nuova Serie 5: 605–609. Il Calamo, Roma.

Demirjian, A. 1986 – Dentition. In: Falkner, F. and Tanner, J.M. (eds.) Human growth - a comprehensive treatise. Plenum Press, 
New York: 198–269.

De Pascale, A., 2008 – Le prime esplorazioni nelle caverne ossifere del Finalese: tracce, ipotesi e scoperte ad opera di Issel, Perrando, 
Morelli, Rovereto, Rossi, Amerano. In: De Pascale, A., Del Lucchese, A. and Raggio, O. (eds.) La nascita della Paletnologia 
in Liguria. Istituto Internazionale di Studi Liguri, Bordighera: 223–248.

De Pascale, A. and Stefani, M. 2018 – Scoperte e ricerche all’Arma dell’Aquila (Finale Ligure, Savona): dalla segnalazione di G.B. 
Amerano allo scavo del 1942. In: Biagi, P. e Starnini, E. (a cura di) Gli Scavi all’Arma dell’Aquila (Finale Ligure, Savona): 
Le Ricerche e i Materiali degli Scavi del Novecento. Società per la Preistoria e Protostoria della Regione Friuli-Venezia Giulia, 
Quaderno 15: 13–43. Print and Graph, Ronchi dei Legionari (GO).

Djuric, M., Djukic, K., Milovanovic, P., Janovic, A. and Milenkovic, P. 2011 – Representing children in excavated cemeteries: the 
intrinsic preservation factors. Antiquity, 85 (327): 250–262.

Duday, H. 2009 – The archaeology of the dead – lectures in archaeothanatology (translated by Cipriani, A.M. and Pearce, J.) Oxbow 
Books, Oxford.



 – 177

Elmi, A., Tabrizi, A. and Tolouei, F.M. 2013 – Skeletal tuberculosis presenting as small cystic lesion in the medial femoral condyle. 
Archives of Bone Joint Surgery, 1 (2): 112–115.

El-Najjar, M.Y., DeSanti, M.V. and Ozebek, L. 1978 – Prevalence and possible etiology of dental enamel hypoplasia. American 
Journal of Physical Anthropology, 48: 185–192. 

 
Emery, A. E. 2002 – The muscular dystrophies. The Lancet, 359 (9307): 687–695.

Etna, M.P., Giacomini, E., Severa, M. and Coccia, E.M. 2014 – Pro-and anti-inflammatory cytokines in tuberculosis: A two-edged 
sword in TB pathogenesis. Seminars in Immunology, 26: 543–551.

Formicola, V. 1986 – The dentition of the Neolithic sample from Western Liguria (Italy). Ossa, 13: 97–107.

Formicola, V. 1987 – Neolithic transition and dental changes: the case of an Italian site. Journal of Human Evolution, 16: 231–239.

Formicola, V. 1995 – X-linked hypophosphatemic rickets: a probable Upper Paleolithic case. American Journal of Physical 
Anthropology, 98: 403–409.

Formicola, V., Frayer, D.W. and Heller, J.A. 1990 – Bilateral absence of the lesser trochanter in a Late Epigravettian skeleton from 
Arene Candide. American Journal of Physical Anthropology, 83: 425–437.

Formicola, V. and Holt, B.M. 2015 – Tall guys and fat ladies: the Grimaldi’s Upper Paleolithic burials and figurines in an historical 
perspective. Journal of Anthropological Sciences, 93: 71–88.

Formicola, V., Milanesi, Q. and Scarsini, C. 1987 – Evidence of spinal tuberculosis at the beginning of the fourth millennium BC 
from Arene Candide cave (Liguria, Italy). American Journal of Physical Anthropology, 72: 1–6.

Formicola, V., Pettitt, P.B., Maggi, R. and Hedges, R. 2005 – Tempo and mode of formation of the Late Epigravettian necropolis of 
Arene Candide cave (Italy): direct radiocarbon evidence. Journal of Archaeological Science, 32: 1598–1602.

Garn, S.M., Lewis, A.B. and Polacheck, D.L. 1960 – Interrelations in dental development. I. Interrelationships within the dentition. 
Journal of Dental Research, 39: 1049–1055.

Gray, P. 1969 – A case of osteogenesis imperfecta, associated with dentinogenesis imperfecta, dating from antiquity. Clinical Radiology, 
20: 106–108.

Guy, H., Masset, C. and Baud, C.-A. 1997 – Infant Taphonomy. International Journal of Osteoarchaeology, 7: 221–229.

Han, K. and Chen, X. 2007 – The archaeological evidence of trepanation in early China. Bulletin of the Indo-Pacific Prehistory 
Association, 27: 22–27.

Hillson, S. 2000 – Dental pathology. In: Katzenberg, M. and Saunders, S. (eds.) Biological Anthropology of the Human Skeleton. 
Wiley-Liss, New York: 249–286.

Hillson, S. 2001 – Recording dental caries in archaeological human remains. International Journal of Osteoarchaeology, 11: 
249–289.  

Holloway, K.L., Henneberg, R.J., de Barros Lopes, M. and Henneberg, M. 2011 – Evolution of human tuberculosis: A sys-
tematic review and meta-analysis of paleopathological evidence. HOMO - Journal of Comparative Human Biology, 62: 
402–458.

Issel, A. 1908 – Liguria Preistorica. Atti della Società Ligure di Storia Patria, vol. XL. Genova.

Jagtap, S.A., Sonawane, D.V. and Saraogi, A.A. 2013 – Isolated tuberculosis of scapula in a young adult. International Journal of 
Mycobacteriology, 2: 114–117.

Jain, D., Jain, V.K., Singh, Y., Kumar, S. and Mittal, D. 2009 – Cystic tuberculosis of the scapula in a young boy: a case report and 
review of the literature. Journal of Medical Case Reports, 3: 7412.

Kacki, S. 2017 – Influence de l'état sanitaire des populations du passé sur la mortalité en temps de peste: contribution à la paléoépidé-
miologie. Bulletins et Mémoires de la Société d’Anthropologie de Paris, 29 (3-4): 202–212.

Kant, S., Srivastava, R., Verma, A.K., Singh, H.P., Singh, S., Ranganath, T.G. and Anand, S. 2013 – Maxillary sinus tuberculosis: 
various presentation. The Indian Journal of Chest Diseases & Allied Sciences, 55 (3): 175–177.

Kaufman, M.H., Whitaker, D. and McTavish, J. 1997 – Differential diagnosis of holes in the calvarium: application of modern 
clinical data to palaeopathology. Journal of Archaeological Science, 24: 193–218.



178 –

Kim, K.Y., Bae, J.H., Park, J.S. and Lee, S.-S. 2014 – Primary sinonasal tuberculosis confined to the unilateral maxillary sinus. 
International Journal of Clinical and Experimental Pathology, 7 (2): 815–818.

Kremer, W. and Wiese, O. 1930 – Die Tuberkulose der Knochen und Gelenke des Beckens. Ihre Pathologie, Diagnostik, Therapie und 
Ihre Soziale Bedeutung. In: Brauer, L. and Ulrici, H. (eds.) Die Tuberkulose und Ihre Grenzgebiele in Einzeldarstellungen. 
Springer, Berlin, 8: 191–200.

Larsen, C.S. 1995 – Biological changes in human populations with agriculture. Annual Review of Anthropology, 24: 185–213.

Larsen, C.S. 2006 – The agricultural revolution as environmental catastrophe: implications for health and lifestyle in the Holocene. 
Quaternary International, 150: 12–20.

Larsen, C.S., Shavit, R. and Griffin, M. 1991 – Dental caries evidence for dietary change: an archaeological context. In: Larsen, C.S. 
and Kelley, M.A. (eds.) Advances in Dental Anthropology. Wiley-Liss, New York: 179–202.

Ledermann, S. 1969 – Nouvelles tables-types de mortalité. Institut National d'Études Démographiques, Travaux et documents n° 53. 
Presses universitaires de France, Paris.

Léonard, A., Bayle, P., Murail, P. and Bruzek, J. 2014 – Oral exostoses: an assessment of two hundred years of research. Bulletins 
et mémoires de la Société d’Anthropologie de Paris, 26: 1–22.

Lillie, M.C. 1998 – Mesolithic and Neolithic populations of Ukraine: indications of diet from dental pathology. Current Anthropology, 
37: 135–142.

Lillie, M.C. 2003 – Cranial Surgery: The Epipalaeolithic to Neolithic Populations of Ukraine. In: Arnott, R., Finger, S. and Smith, 
C.U.M. (eds.) Trepanation - History, Discovery, Theory. Swets & Zeitlinger Publishers, Lisse, The Netherlands: 175–188.

Lisowski, F.P. 1967 – Prehistoric and early historic trepanation. In: Brothwell, D. and Sandison, A.T. (eds.) Diseases in Antiquity. A 
survey of the diseases, injuries and surgery of early populations. Thomas, Springfield: 651–672.

Lyer, G.V. 1979 – Cerebrospinal fluid rhinorrhoea from massive osteolysis of the skull. Journal of Neurology, Neurosurgery, and 
Psychiatry, 42: 767.

Mafart, B., Baroni, I. and Onoratini, G. 2004 – Les restes humains de la grotte de l’Adaouste du Néolithique ancien final (Bouches 
du Rhône, France): Cannibalisme ou rituel funéraire. BAR International Series, 1303. Archaeopress, Oxford: 289–294.

Maggi, R. 1997 – Summary: a modern excavation carried out fifty years ago. In: Maggi, R., Starnini, E. and Voytek, B.A. (ed.). 
Arene Candide: a functional and environmental assessment of the Holocene sequence (Bernabò Brea-Cardini 1940–50). 
Memorie dell’Istituto Italiano di Paleontologia Umana, Nuova Serie 5: 635–642. Il Calamo, Roma.

Malik, S., Joshi, S. and Tank, J.S. 2009 – Cystic bone tuberculosis in children – a case series.  Indian Journal of Tuberculosis, 56: 
220–224.

Mann, R.W. and Hunt, D.R. 2005 – Photographic regional atlas of bone disease. Charles C Thomas Publisher LTD, Springfield (3rd 
Edition).

Mann, R.W. and Tuamsuk, P. 2005 – Case report: Differential diagnosis of severe diffuse skeletal pathology in an adult Thai male. In: 
Mann, R.W. and Hunt, D.R. (eds.). Photographic Regional Atlas of Bone Disease: A guide to Pathologic and Normal Variation 
in the Human Skeleton. Thomas Publisher, Springfield: 213–221.

Mannino, M.A., Talamo, S., Goude, G. and Richards, M.P. 2018. Analisi isotopiche e datazioni sul collagene osseo degli inumati 
dell’Arma dell’Aquila /Finale Ligure, Savona). In: Biagi, P. e Starnini, E. (a cura di) Gli Scavi all’Arma dell’Aquila (Finale 
Ligure, Savona): Le Ricerche e i Materiali degli Scavi del Novecento. Società per la Preistoria e Protostoria della Regione Friuli-
Venezia Giulia, Quaderno 15: 183–188. Print and Graph, Ronchi dei Legionari (GO).

Mansukoski, L. and Sparacello, V.S. 2018 – Smaller long bone cross-sectional size in people who died of tuberculosis: insights on 
frailty factors from a 19th and early 20th century Finnish population. International Journal of Paleopathology, 20: 38–44.

Marchi, D., Sparacello, V.S., Holt, B.M. and Formicola, V. 2006 – Biomechanical approach to the reconstruction of activity pat-
terns in Neolithic Western Liguria, Italy. American Journal of Physical Anthropology, 131: 447–455.

Marchi, D., Sparacello, V.S. and Shaw, C.N. 2011 – Mobility and lower limb robusticity of a pastoralist Neolithic population from 
North-Western Italy. In: Pinhasi, R. and Stock, J. (eds.) Human bioarchaeology of the Transition to Agriculture. Wiley-Liss, 
New York: 317–346.

Marini, J.C. 2013 – Osteogenesis imperfecta. In: Rosen, C.J. (ed.) Primer on the metabolic bone diseases and disorders of mineral 
metabolism. Eight edition. Wiley & Sons, Inc., New York: 822–829.



 – 179

Masson, M., Molnar, E., Donoghue, H.D., Besra, G.S., Minnikin, D.E., Wu, H.H.T., Lee, O.Y-C., Bull, I.D. and Plafi, G. 2013 – 
Osteological and biomolecular evidence of a 7000 year old case of hypertrophic pulmonary osteopathy secondary to tuberculosis 
from Neolithic Hungary. PLOS One, 8, e78252.

Messeri, P. 1958 – Note di paleopatologia sui neolitici della Liguria. Archivio per l’Antropologia e l’Etnologia, 88: 221–230.

Moggi-Cecchi, J. 2014 – Le collezioni antropologiche. Firenze University Press, Firenze.

Molnar, S. 1972. Tooth wear and culture: a survey of tooth functions among some prehistoric population. Current Anthropology, 13: 
511–526.

Nerlich, A., Peschel, O., Zink, A. and Rösing, F.W. 2003 – The pathology of trepanation: differential diagnosis, healing and dry 
bone appearance in modern cases. In: Arnott, R., Finger, S. and Smith, C.U.M. (eds.) Trepanation - History, Discovery, Theory. 
Swets & Zeitlinger Publishers, Lisse, The Netherlands: 43–51.

Nikita, E., Lahr, M.M. and Mattingly, D. 2013 – Evidence of Trephinations among the Garamantes, a Late Holocene Saharan 
Population: Evidence of Trephinations in the Sahara Desert. International Journal of Osteoarchaeology, 23: 370–377.

Olvi, L.G., Lembo, G.M., Velan, O. and Santini-Araujo, E.S. 2015 – Juxta-articular bone cyst. In: Santini-Araujo, E. (ed.) 
Tumors and tumor-like lesions of bone: for surgical pathologists, orthopedic surgeons and radiologists. Springer-Verlag, 
London: 683–699.

Ortner, D.J. 2003 – Identification of pathological conditions in human skeletal remains. Academic Press, New York (2nd Edition).

Palmer, P.E.S. 2002 – The imaging of tuberculosis. With epidemiological, pathological, and clinical correlation. Springer-Verlag, 
Berlin.

Panelli, C. and Rossi, S. 2015 – Alfred J Wall, Medico inglese dell’esercito delle Indie Orientali, e gli scavi nella Caverna delle Arene 
Candide e della Grotta Pollera (Finale Ligure). Archeologia in Liguria, Nuova Serie V (2012-2013): 300–302. Sagep Editori, 
Genova.

Parenti, R. and Messeri, P. 1962 – I resti scheletrici umani del Neolitico Ligure. Palaeontographia Italica, 50: 5–165.

Partiot, C., Bessou, M., Chavent, M., Dodré, E., Maureille, B. and Thomas, A. 2017 – Identification des cas de trépanations dans 
les populations anciennes: base de données et outil interactif de soutien au diagnostic différentiel. Bulletins et Mémoires de la 
Société d’anthropologie de Paris, 29 (3-4): 185-194.

Pearce, M. 2013 – Radiocarbon chronology for the spread of the early Neolithic north through the Tyrrhenian and Ligurian Seas area. In: 
Pearce, M. (ed.) Rethinking the North Italian Early Neolithic. Accordia Research Insititute, University of London, London: 21–84.

Provost, S., Binder, D., Duday, H., Durrenmath, G., Goude, G., Gourichon, L., Delhon, C., Gentile, I., Vuillen, M. and 
Zemour, A. 2017 – Une sépulture collective à la transition des VIe et Ve millénaires BCE: Mougins – Les Bréguières (Alpes-
Maritimes, France). Gallia Préhistoire, 57: 289–338.

Resnick, D.L. and Kransdorf, M.J. 2005 – Bone and Joint Imaging. Elsevier, Amsterdam (3rd Edition).

Resnick, D.L. and Niwayama, G. 1995 – Osteomyelitis, septic arthritis, and soft tissue infection: Organisms. In: Resnick, D.L. (ed.) 
Diagnosis of bone and joint disorders. Sounders, Philadelphia. 

Resnick, D.L., Niwayama, G. and Coutssa, R.D. 1977 – Subchondral cysts (geodes) in arthritic disorders: pathologic and radiographic 
appearance of the hip joint. American Journal of Roentgenology, 128: 799–806.

Richard, C. 1942 – Scavi nell’Arma dell’Aquila a Finale Ligure. Prima Relazione. Bullettino di Paletnologia Italiana, Nuova Serie 
V-VI: 43–100.

Roberts, C.A. and Buikstra, J.E. 2003 – The bioarchaeology of tuberculosis. University Press of Florida, Gainesville.

Roodman, G.D. and Windle, J.J. 2005 – Paget disease of bone. The Journal of Clinical Investigation, 115: 200–208.

Ruff, C.B., Holt, B.M., Sládek, V., Berner, M., Murphy, W., zur Nedden, D., Seidler, H. and Recheis, W. 2006 – Body size, body 
proportions, and mobility in the Tyrolean ‘Iceman’. Journal of Human Evolution, 51: 91–101.

Sanchez, J. 2014 – In search of a cause: an etiological analysis of manubrial porosity. MA Thesis, University of Western Ontario. 
Electronic Thesis and Dissertation Repository, 2462. http://ir.lib.uwo.ca/etd/2462.

Sanehi, S., Chandrashekhar, D., Chaudhary, N. and Venkatachalam, VP. 2008 – Tuberculosis of paranasal sinuses. Indian Journal 
of Otolaryngology and Head & Neck Surgery, 60: 85–88.



180 –

Santini-Araujo, E., Kalil, R.K., Bertoni, F. and Park, Y.-K. 2015 – Tumors and tumor-like lesions of bone. Springer, New 
York.

Schwenk, A. and Macallan, D.C. 2000 – Tuberculosis, malnutrition and wasting. Current Opinion in Clinical Nutrition & Metabolic 
Care, 3: 285–291.

Séguy, I., Buchet, L., Bringe, A., Belaigues-Rossard, M., Beurnier, P., Couvert, N. and Perraut, C. 2008 – Model life ta-
bles for pre-industrial populations: first application in palaeodemography. In: Bocquet-Appel, J.P. (ed.) Recent advances in 
Paleodemography. Springer, Dordrecht: 83–117.

Sellier, P. 1995 – Paléodémographie et archéologie funéraire: les cimetières de Mehrgarh, Pakistan. Paléorient, 21 (2): 123–143.

Sevitt, S. 1981 – Bone repair and fracture healing in man. Churchill Livingstone, Edinburgh.

Shang, Q., Wang, Z., Liu, W., Shi, Y., Cui, L. and Cao. Y. 2001 – Tissue-engineered bone repair of sheep cranial defects with autol-
ogous bone marrow stromal cells. Journal L. and Cao, of Craniofacial Surgery, 12: 586–593.

Shields, D., Robinson, P. and Crowley, T.P. 2012 – Iliopsoas abscess – a review and update on the literature. International Journal 
of Surgery, 10: 466–469.

Singh, A., Chatterjee, P., Pai, M.C. and Chacko, R.T. 2009 – Tuberculous osteomyelitis of the scapula masquerading as metastasis. 
Journal of Radiology Case Reports, 3: 27–31.

Skinner, M. and Goodman, A.H. 1992 – Anthropological uses of developmental defects of enamel. In: Saunders, S.R. and 
Katzenberg, M.A. (eds.) Skeletal Biology of Past Peoples: Research Methods. Wiley-Liss, New York: 153–175.

Smith, B.H. 1991 – Standards of human tooth formation and dental age assessment. In: Kelley, M.A. and Spencer Larsen, C. (eds.) 
Advances in dental anthropology. Wiley-Liss, New York: 143–168.

Sorrel, E., Sorrel-Dejerine, M. 1932 – Tuberculose Osseuse et Osteo-Articulaire. Masson, Paris.

Sparacello, V.S., Roberts, C.A., Canci, A., Moggi-Cecchi, J. and Marchi, D. 2016 – Insights on the paleoepidemiology of ancient 
tuberculosis from the structural analysis of postcranial remains from the Ligurian Neolithic (northwestern Italy). International 
Journal of Paleopathology, 15: 50–64.

Sparacello, V.S., Roberts, C.A., Kerudin, A. and Müller, R. 2017 – A 6,500-year-old Middle Neolithic child from Pollera 
Cave (Liguria, Italy) with probable multifocal osteoarticular tuberculosis. International Journal of Paleopathology, 17: 
67–74.

Srivastava, P. and Srivastava, S. 2006 – Tuberculosis of the scapula. Indian Journal of Surgery, 68: 27–29.

Suzuki, T., Mineyama, I. and Mitsuhaksi, K. 1984 – Paleopathological study on an adult skeleton of Jomon period from Irie shell 
mound, Hokkaido. Journal of the Anthropological Society of Nippon, 92: 87–104.

Tayles, N. and Buckley, H.R. 2004 – Leprosy and tuberculosis in Iron Age southeast Asia? American Journal of Physical Anthropology, 
125: 239–256.

Thomas, A. 2011 – Identités funéraires, variants biologiques et facteurs chronologiques : une nouvelle perception du contexte culturel 
et social du Cerny (Bassin Parisien, 4700-4300 avant J.-C.). PhD Dissertation, University of Bordeaux (unpublished).

Tripathy, S.K., Sen, R.K., Sharma, A. and Tamuk, T. 2010 – Isolated cystic tuberculosis of the scapula; case report and review of 
literature. Journal of Orthopaedic Surgery and Research, 5: 72.

Turgut, M. 2001 – Spinal tuberculosis (Pott’s disease): its clinical presentation, surgical management, and outcome. A survey study 
on 694 patients. Neurosurgical Review, 24: 8–13.

Ubelaker, D.H. 1989 – Human skeletal remains: excavation, analysis, interpretation. Taraxacum, Washington.

Vanhoenacker, F.M., Sanghvi, D.A. and De Backer, A.I. 2009 – Imaging features of extraaxial musculoskeletal tuberculosis. The 
Indian Journal of Radiology & Imaging, 19 (3): 176-186.

Vardhanabhuti, V., Venkatanarasimha, N., Bhatnagar, G., Maviki, M., Iyengar, S., Adams, W.M. and Suresh, P. 2012 – Extra-
pulmonary manifestations of sarcoidosis. Clinical Radiology, 67: 263–276.

Verano, J.W. 2003 – Trepanation in prehistoric South America: geographic and temporal trends over 2,000 years. In: Arnott, R., 
Finger, S. and Smith, C.U.M. (eds.) Trepanation - History, Discovery, Theory. Swets & Zeitlinger Publishers, Lisse, The 
Netherlands: 223–236.



 – 181

Vestergaard, P., Glerup, H., Steffensen, B.F., Rejnmark, L., Rahbek, J. and Mosekilde, L. 2013 – Fracture risk in patients with 
muscular dystrophy and spinal muscular atrophy. Journal of Rehabilitation Medicine, 33: 150–155.

Walsh, J. 2015 – Normal bone physiology, remodelling and its hormonal regulation. Surgery, 33: 1–6.

Wang, J.Y., Hsueh, P.R., Wang, S.K., Jan, I.S., Lee, L.N., Liaw, Y.S., Yang, P.C. and Luh, K.T. 2007 – Disseminated tuberculosis: a 
10-year experience in a medical center. Medicine, 86: 39–46.

Wells, C. 1964 – Bones, bodies and disease: Evidence of disease and abnormality in early man. Thames and Hudson, London.

Wells, C. 1965 – Osteogenesis imperfecta from an Anglo-Saxon burial ground at Burgh Castle, Suffolk. Medical History, 9: 88–89.

Wenaden, A.E.T., Szyszko, T.A. and Saifuddin, A. 2005 – Imaging of periosteal reactions associated with focal lesions of bone. 
Clinical Radiology, 60: 439–456.

WHO 2016 – Global Tuberculosis Report 2016.

Ye, M., Huang, J., Wang, J., Ren, J., Tu, J., You, W. and Zhu, T. 2016 – Multifocal musculoskeletal tuberculosis mimicking multiple 
bone metastases: a case report. BMC Infectious Diseases, 16: 34. 

Yiu Luk, S., Sing Fai Shum, J., Kam Wai Chan, J. and Lai San Khoo, J. 2010 – Bilateral thinning of the parietal bones: a case report 
and review of radiological features. Pan African Medical Journal, 4: 1–4.

Zambelli, F.H. 1937 – Relazione sugli scavi compiuti dal gruppo speleologico Mochi nell’Arma dell’Aquila. Letter to Prof. Graziosi 
(14 May 1937).

Zemour, A. 2013 – Gestes, espaces et temps funéraires au début du Néolithique (6ème millénaire et 1ère moitié du 5ème millénaire 
cal-BC) en Italie et en France méridionale: reconnaissance des témoins archéologiques de l’après-mort. PhD Dissertation, 
University of Nice (unpublished).

Zemour, A., Binder, D., Coppa, A. and Duday, H. 2017 – La sépulture au début du Néolithique (VIe millénaire et première moitié du 
Ve millénaire cal BC) en France méridionale et en Italie: de l’idée d’une «simple» fosse à une typologie architecturale. Bulletins 
et mémoires de la Société d’Anthropologie de Paris, 29: 94–111.

Authors’ addresses:

VITALE S. SPARACELLO; ALESSANDRA VARALLI; CAROLINE PARTIOT, PACEA - UMR 5199, Université de Bordeaux, 
Bâtiment B8, Allée Geoffroy Saint Hilaire, CS 50023 33615 PESSAC CEDEX, FRANCE
E-mails: vitale.sparacello@u-bordeaux.fr; alessandravaralli@gmail.com; caroline.partiot@u-bordeaux.fr

CHIARA PANELLI, CNRS-CEPAM UMR7264, Université Côte d'Azur, 24, avenue des Diables Bleus, F-06357 CEDEX 4 NICE; 
LASA Laboratorio di Archeologia e Storia Ambientale, DAFIST, Università degli studi di Genova, via Balbi 6, I-16126 GENOVA
E-mail: chiara.panelli@gmail.com

STEFANO ROSSI, Soprintendenza Archeologia, Belle Arti e Paesaggio per la città metropolitana di Genova e le province di Imperia, 
La Spezia e Savona, via Balbi 10, I-16126 GENOVA
E-mail: stefano.rossi@beniculturali.it

IRENE DORI, PACEA - UMR 5199, Université de Bordeaux, Bâtiment B8, Allée Geoffroy Saint Hilaire, CS 50023 33615 PESSAC 
CEDEX, FRANCE; Department of Biology, Laboratory of Anthropology, Via del Proconsolo 12, I-50122 FIRENZE
E-mail: irene.dori@u-bordeaux.fr 

GWENAËLLE GOUDE, LAMPEA - UMR 7269 Université Aix Marseille MMSH BP 647, 5 rue du Château de l'Horloge, F-13094 
AIX-EN-PROVENCE CEDEX 2
E-mail: goude@mmsh.univ-aix.fr

SACHA KACKI; CHARLOTTE A. ROBERTS, Department of Archaeology, Durham University, South Rd, GB-DH1 3LE, 
DURHAM 
E-mails: sacha.s.kacki@durham.ac.uk; c.a.roberts@durham.ac.uk

JACOPO MOGGI-CECCHI, Department of Biology, Laboratory of Anthropology, Via del Proconsolo 12, I-50122 FIRENZE
E-mail: iacopo.moggicecchi@unifi.it




