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Abstract

The analysis of traumatic injuries in human skeletal remains from archaeological contexts offers important challenges for
the reconstruction of past populations’ behaviors. In this study, a sample of 303 buried skeletons retrieved from the Etrus-
can necropolis of Spina (Ferrara, Italy) and dated back to the 5th to the 3rd century BC, were macroscopically analyzed
for traumatic injuries. The sample consisted of 38% males, 22% females, and 40% undetermined individuals. Subadults
represented 25% of the entire sample. The aim of this study was to collect and describe new data on antemortem and
perimortem injuries in the Spina Etruscans, bringing a new perspective to the understanding of social behaviors in this
population. In the sample of Etruscans examined 16 individuals showed evidence of one injury and two individuals of two
injuries. The analysis revealed 18 cases of antemortem trauma and 2 cases of perimortem trauma. No traumatic injuries
were detected among subadults, while men and women presented different types of traumas: women were more prone to
stress fractures involving the spine, whereas men were affected by antemortem and perimortem inflicted traumas, sug-
gesting a division of labor and a major exposition of the latter to interpersonal violence. The reduced presence of sharp
force traumas found exclusively in males (3 cases, 1.3% of the adult sample) is basically consistent with archaeological
and historical data that described this site as a free port without an explicit history of violence.

Keywords Antemortem trauma - Perimortem trauma - Interpersonal violence - Stress fractures - Paleopathology -
Etruscans

Introduction

Trauma is one of the most common pathological condi-
tions found in human skeletal remains(Roberts and Man-
chester 1995; Paine et al. 2007; Wedel and Galloway 2014).
The term trauma refers to any wound or injury to the body
caused by the application of an external force; it can involve
bones (fracture), joints (dislocation), or soft tissues. In the
last case, only traumas involving also periosteum, liga-
ments, and tendons that leave marks on the skeleton could
be identifiable. From a causative point of view, trauma can
be distinguished as accidental (deriving from hazards of
day-to-day life), inflicted (linked to interpersonal violence
and aggression), or caused by other pathological conditions
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(e.g. osteoporosis) and senescence, or derived from repeated
mechanical stress (Roberts and Manchester 1995; Lovell
1997; Ortner 2003; Rubini and Zaio 2011). Moreover, it
is important to distinguish between antemortem and peri-
mortem traumas, as they have different socio-cultural impli-
cations. Antemortem traumas occur during the life of an
individual as shown by the presence of bone remodeling and
healing (callus, osteoperiostitis, etc.) (Sauer 1998; Cohen et
al. 2014; Sciano et al. 2020). These traumas did not result
in immediate death and can inform on the level of social
support and familial care, the presence and availability of
treatment, the eventual occurrence of complications (Rob-
erts and Manchester 1995; Judd and Redfern 2011; Mant et
al. 2021; De Luca et al. 2023). Perimortem traumas occur
at or near the moment of death and are characterized by the
absence of evidence of healing and fracture margins hav-
ing characteristics associated with breaks on fresh bone.
This pattern also allows to distinguish perimortem from
postmortem traumas occurring on dry bones (Jordana et al.
2013; Ribeiro et al. 2020; Smith 2021). Different types of
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behavior lead to characteristic patterns of skeletal injuries,
and the analysis of these patterns in ancient populations can
therefore inform on the historical, environmental, and cul-
tural factors associated with these behaviors (Tremblay and
Reedy 2020; Mant et al. 2021; Osterholtz et al. 2023). In
particular, the study of traumatic injuries in human skeletal
remains from archaeological contexts can thus inform about
many aspects of past societies: their environment and living
conditions, general health status, economy and subsistence
base, level of physical and occupational activity, social
organization and occupational roles, in addition to the even-
tual presence of interpersonal violence and aggressiveness
(Judd and Redfern 2011; Martin and Harrod 2012; Redfern
et al. 2017; Pasini et al. 2019). Indeed, injuries may have
been caused by accidental agents related to lifestyle and
work activity, or there may be intentional injuries caused by
assault, fighting, execution, sacrifice, and surgery (Owens
2007). In particular, the investigation on inflicted traumas
offers important challenges in the reconstruction of some
aspects of past societies, as it often allows recognizing the
weapons used and the manner of their employment, becom-
ing thus a direct source for assessing violence and warfare in
the past, often not obtainable by other means (Owens 2007).

In this study, we addressed the issue of skeletal trauma in
an Etruscan population analyzing their occurrence with age,
sex, and anatomical area affected. Despite the limitations
resulting from the poor state of preservation of Etruscan
remains, we are confident of making an original contribution
to the knowledge of this population, reaching to highlight,
through the analysis of skeletal traumas, aspects related to
daily life and any violent episodes that occurred during the
Iron Age in the Etruria Padana.

The site of Spina

The site of Spina was a flourishing commercial port,
founded at the beginning of the 6th century BC by Etruscans
at the Po River’s delta to establish commercial trades with
Greeks in the Upper Adriatic, and in use till the end of the
3rd century BC, when hydrological changes and political
upheavals made it to lose its main function (Patitucci Uggeri
and Uggeri 1993; Torelli 1993). The site is located on the
Italian coast of the Upper Adriatic at the Po River’s delta
(Fig. 1). The Spina necropolis was discovered at the begin-
ning of the last century and excavated in several phases
from the 1920s to 1960s, returning to date more than 4000
graves, with a dual ritual involving both incinerations and
inhumations. Most of the studies were focused on the analy-
sis of extraordinary grave goods composed of fine Greek
pottery, golden jewelry, and exotic ornaments such as glass
paste and amber; human skeletal remains have only recently
been the focus of some anthropological studies (Masotti et
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al. 2013, 2020; Manzon et al. 2014; Manzon and Gualdi-
Russo 2016; Gualdi-Russo et al. 2017, 2020; Manzon et
al. 2017). The profile of the society that emerges from the
study of the grave goods is that of a rich business class that
pretended to represent itself in the afterlife as part of the
Greek aristocracy: most graves are equipped with the so-
called “symposium set”, representing the last symposium
that the deceased aristocrat offered to his/her peers (Mal-
nati 1993; Torelli 1993). Still, human skeletal remains offer
direct biological evidence of some aspects of this popula-
tion’s life and activities, not necessarily coinciding with
those depicted by grave goods.

Materials and methods

In this study, human skeletal remains from the Etruscan
necropolis of Spina (Ferrara, Italy) were anthropologically
analyzed. The sample consists of 303 human skeletons
unearthed during the 1920 and 1960 archaeological exca-
vation campaigns of Spina necropolis. The preservation
of skeletal material is quite poor because of the marshy
habitat of the site and the poor archaeological methodolo-
gies at the time of excavation. Sex and age at death were
determined using classical anthropological methods. Spe-
cifically, sex was determined using a visuala ssessment of
sexually dimorphic traits of the skull (nuchal crest, mastoid
process, supra-orbital margin, glabella, mental eminence),
mandible, and pelvis (pubic bone shape, shape of the subpu-
bic concavity, greater sciatic notch morphology, preauricu-
lar sulcus, medial aspect of the ischio-pubic ramus, ventral
arc)(Acsadi and Nemeskeri 1974; Ferembach et al. 1980;
Buikstra, J. E. Ubelaker 1994; Walker 2008) through a deci-
sion table approach (Ferembach, 1980). Moreover, a metric
assessment using measurements of the post-cranial skeleton
(Demoulin 1972; Krogman and Iscan 1986; MacLaughlin
and Oldale 1992; Bass 1995; Cattaneo and Grandi 2004;
Riihli et al. 2006; Gualdi-Russo 2007), and of the pelvis
(ischium-pubic index; Schultz 1930). Age at death was esti-
mated using standard anthropological methods taking into
account ectocranial suture obliteration, dental attrition, and
grade of remodeling of the pubic symphysis, the auricular
surface of the ilium, and medial end of the 4th rib for adults
(Ferembach et al. 1980; Lovejoy 1985; Meindl and Lovejoy
1985; Ubelaker 1989; Iscan et al., 1984, Brooks and Suchey
1990; Rios and Cardoso 2009) For age at death estimation
of subadults we considered the development and fusion
of primary and secondary ossification centers, long bone
lengths, and tooth development and eruption (Schaefer et al.
2009; Ubelaker 1989).

All complete or fragmented bones were examined. Assess-
ment of traumatic injuries involved their identification and
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Fig.1 Geographical localization of the site of Spina (Ferrara, Italy). The dashed line in the drawing at the top right indicates the coastline of Etruria

Padana during the 5th century BC)

localization, defining the timing (antemortem, perimortem)
and type of lesion (inflicted, accidental, degenerative, etc.)
(Lovell 1997; Sauer 1998; Sciano et al. 2020). Postmor-
tem traumas were excluded from the analysis. Each trauma
was observed macroscopically under powerful illumination
and through a magnifying glass. We distinguished between
perimortem and postmortem trauma by color, fracture
type, and edge shape according to Kimmerle & Baraybar
(Kimmerle and Baraybar 2008), and several forensic stud-
ies (among others: (Sauer 1984, 1998; Pasini et al. 2018;
Ribeiro et al. 2020; Sciano et al. 2020, 2021). We performed
fracture diagnoses based on the diagnostic elements estab-
lished according to anatomopathological criteria (Aufderhe-
ide and Rodriguez-Martin; Roberts and Manchester 1995;
Lovell 1997; Sauer 1998; Ortner 2003; Kremer et al. 2008;
Lewis 2008; Siegel and Saukko 2012). For all antemortem

and perimortem trauma, the type and mechanism of injury
were evaluated, and the proximate cause and dynamic of
traumatic lesions were discussed to identify the ultimate
cause of injury strictly linked to behavior (Lovell 1997).
The state of preservation of the pathological individuals was
evaluated and reported through the Anatomical Preserva-
tion Index (API) and the Bone Representation Index (BRI)
(Bello et al. 20006).

Statistical analysis

Relative frequencies of the detected traumas were finally
calculated on the total number of individuals for the total
sample and in each sex group. The relative frequencies of
antemortem and perimortem traumas were calculated based
on the total number of individuals with trauma and divided
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by sex. Frequencies of traumatic myositis ossificans (TMO)
are calculated on skeletons having at least one bone of one
limb preserved; frequencies of osteocondritis dissecans
(OD) are calculated on skeletons having at least one major
joint surface preserved.

In order to analyze the prevalence trend with age of the
detected types of trauma, we grouped the subjects into the
three following age categories according to Buikstra and
Ubelaker’s classification (Buikstra and Ubelaker 1994):
subadults (<20 years old); young adults (20-35 years);
middle/old adults (> 35 years).

Statistical comparisons between adult age classes were
also made within each sex, to test any sex-specific patho-
logical trend with aging.

The differences in the frequencies of pathologies among
age groups and between sexes were assessed with the chi-
square test or Fisher’s exact test, when appropriate.

The level of significance was set at p <0.05.

The statistical analyses were performed using MedCalc
Statistical Software version 14.8.1 (MedCalc Software
bvba, Ostend, Belgium).

Results
Biological profiles

The distribution of the analyzed sample by sex and age is
reported in Table 1.

Our analysis revealed that the majority of individuals
examined were aged>35 years and of male sex. In par-
ticular, male individuals were almost twice as numerous
as female individuals, although it is necessary to point out
the high number of individuals for whom sex could not be
evaluated, especially in subadults. The state of preservation
was in general poor, with a BRI value of less than 50% in
77.8% of the pathological individuals (Table 1 SM).

Traumatic lesions

Table 2 presents the frequencies of the traumatic lesions
by age and sex. Of the 303 individuals, 18 had at least one

Table 1 Sex and age distribution in the Etruscan sample

lesion, thus indicating a low trauma prevalence (8.0%) in
this sample. No evidence of trauma was found in subadults
(age <20 years), therefore they are not included in the table.
As regards sex differences, 6.1% of females and 12.8% of
males presented at least one injury (first part of Table 2),
but the comparison was not statistically significant. The
majority of trauma was found in middle and old adults in
both males and females, but the difference is not significant.
Rates for each detected type of trauma according to timing
were reported in Table 2 second part (antemortem and peri-
mortem trauma). Soft-tissue traumas, such as TMO-OD,
were considered antemortem traumas.

Out of 20 cases of trauma, 18 were ante-mortem (90.0%),
and 2 were perimortem (18.2%). In particular, evidence
of antemortem traumas was found in 8.0% of the adult
sample, with a non-significant difference between females
and males. Among the antemortem traumas, we found five
cases of stress fractures at the spine, involving 1 male and
4 females, and three cases of antemortem inflicted trauma,
involving exclusively males. The other antemortem trauma
were five cases of TMO and five cases of OD. The five
cases of TMO involved exclusively adult males (5.1% of
the total male adult sample). Instead, the five cases of OD
involved one female (2.2% of the total female adult sample
with at least one major joint surface preserved) and four
males (4.6% of the total male adult sample). Evidence of
perimortem traumas was found in two adult males (1.8% of
total adult males; 0.9% of the total adult sample). No cases
of perimortem trauma were found in females. The recorded
traumas are listed and described below according to the tim-
ing of injury (antemortem or perimortem traumas) and the
mechanism of injury (accidental trauma, repeated stress,
inflicted trauma, etc.) (Fig. 2).

Ante-mortem trauma and related mechanisms

The eight antemortem traumas found in the sample included
5 cases of spinal fractures (1 male and 4 female individuals),
2 cases of blunt-force trauma to the skull (both males), and
1 case of sharp force trauma on a right tibia (male). Of the 5
cases of spinal fractures detected, 2 involved cervical verte-
brae, and 3 the lumbar spine (Fig. 3). The cervical fractures

Age Males Females ND sex TOT.
N % N % N % N %

<20 6 7.7 1 1.3 71 91.0 78 25.7
20-35 29 475 25 41.0 7 11.5 61 20.1
>35 54 62.7 28 32.5 4 4.7 86 28.4
ND adults 26 333 13 16.7 39 50.0 78 25.7
Tot. adults' 109 48.4 66 29.3 50 222 225 74.3
Total? 115 38.0 67 22.1 121 39.9 303 100

ITot. adults: total adult sample (“20—35" + “>35” years + Unknown age adults); >Total: total sample (sub-adults +adults). ND: not determinable
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affected 2 female individuals: the former, found in a 40-49
years old female (individual 11 A), had a complete verti-
cal fracture at the middle of the left articular process of C2,
with remodeling and osteoarthritis on the residual surface
and on the odontoid process; the latter, found in a 25-30
years old female (individual 1287 VT), had a complete frac-
ture at the left pedicle of C4, completely remodeled with
the neo-formation of an accessory articular surface on it.
In the same case, two Schmorl nodes and osteoarthritis on
the upper endplate of the vertebral body and the right supe-
rior articular process were observed (Fig. 3C). Both lesions
are cervical spondylolysis and are interpretable as fatigue
fractures at the cervical column (Levy 1968; Ortner 2003;
Puisto et al. 2008). The found evidence of lumbar injuries
involved a male individual of >50 years of age (individ-
ual 94D), showing an incomplete vertical fracture on the
right superior articular process of L3 (Fig. 3B); the lesion
has healed, as shown by the callus on the posterior (non-
articular) aspect of the facet, with a slight indentation of the
broken edge of the articular process; the body of L3 was
fractured postmortem, though evidence of a Schmorl node
was appreciable on the residual part of the upper endplate.
No other lumbar vertebra of Individual 94D was present but
a lower thoracic vertebra and C7 were preserved, showing
imprints of the tip of inferior articular processes of the miss-
ing C6 on the arch at pars interarticularis. These features,
and the evidence of osteoarthritis on articular processes of
the preserved vertebrae, suggest the presence of compres-
sive forces acting on the spine (Yang and King 1984). The
other two cases of lumbar fractures were found in 2 female
individuals, one 20-35 years of age and the other 4044
years of age, showing spondylolysis at LS. The former
(individual 33 A) had complete asymmetrical spondylolysis
at the right lamina of L5 (Fig. 3A). The defect consists of
a complete separation between the vertebral body and the
corresponding arch of the vertebra due to a fracture occur-
ring at the pars interarticularis (Cunha and Pinheiro 2016).
A functional remodeling involving also L4 was present:
both vertebrae L5 and L4 had deviated spinous processes
toward the left (laterolisthesis) and hypertrophy on the left
side of the arch. This type of modification is a consequence
of adaptation to reduce mechanical stress on the fractured
side (the right), with the following hypertrophic growth of
the opposite one (the left), now bearing the brunt of stresses
generated in the arch after the unilateral separation, and is
reported to be typical of complete asymmetrical spondy-
lolisthesis (Merbs 1983; Jinkins 2004). This evidence and
the fact that the broken edges of L5 showed considerable
remodeling indicate that the break was long-standing (Ort-
ner 2003). The latter female individual (1363 VT) with sym-
metrical spondylolysis, followed by spondylolisthesis at
vertebra L5, was previously described (Manzon et al. 2014).

11.0

222

<
o
©

%
9.8
10.5
3.8
8.0
100
100

18
15

Tot
Tot
61
86
78
225
18
18

%
0
0
0
0

ND sex
Tot
7
4
9
0
0
0
0
0
0
0
0
0

P value®
0.674
0.712
0.538
0.303
1.000
1.000
0.067
1.000
1.000

%

8
7.1
0
6.1
100
100
100

Females
Tot

25

28

13

66

%
13.8
13.0
11.5
12.8
100
75.0
100
92.9
25.0
14.3

14
13

Males
Tot
29
54
26
109
4

7

3

1

4

7

3

1

>35

ND adults
Tot. adults
Tot. adults

20-35
>35

Tot. adults
Note Tot: number of assessable individuals; n: number of affected individuals; dash: feature undetectable. ND: not determinable; *Comparison between males and females performed through

Fisher’s exact test

Age class
20-35
20-35
>35

ND adults
ND adults

Table 2 Frequencies of individuals with trauma from the Etruscan sample by sex and age

Trauma

General pattern
Trauma timing
Ante-mortem
peri-mortem
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Type of traumas

w

N

[y

Traumatic Osteocondritis
myositis ossificans dissecans

1 ]
|
Soft tissue injuries

Spinal fractures

Blunt force
trauma

Females

= Males

Sharp force
trauma

Inflicted injuries

Sharp force
trauma

Ante-mortem trauma

Fig. 2 histograms representing the trauma divided by type, timing, and sex

Regarding the 3 putative cases of antemortem inflicted
trauma, 2 were depressed fractures on the skull (blunt force
trauma) (Fig. 4). One of the observed blunt force trau-
mas involved a 35-50 years old male (individual 1264a
VT) showing an oval-shaped depression 14X 16 mm wide
1-2 mm deep involving the left parietal bone with minor
involvement of the right parietal in the obliterated sagittal
suture. The fracture probably involved only the external
cortex and the diploe, as no evidence of callus was pres-
ent on the inner vault, and had completely healed without
evidence of post-traumatic septic complication (Fig. 4A).
The location and characteristics of the injury suggest that
its cause was a blow from above (Roberts and Manchester
1995; Kremer et al. 2008; Kremer et al., 2009). The other
case was 45-50 years-old male (92D), presenting a depres-
sion on the left parietal, near the obelion, 1 cm left to the
level S3 line of the sagittal suture (Fig. 4B); also, in this
case, the fracture probably did not penetrate the diploe and
healed without any major complications, as suggested by
the absence of traces of inflammatory processes (Aufderhe-
ide and Rodriguez-Martin; Orschiedt et al. 2003). The same
individual was affected also by Legg-Calvé-Perthes disease
on the left femoral head (Manzon et al. 2017).

An antemortem sharp force trauma was found on the ante-
rior border of the right tibia of a 20-35 years man (1304a
VT), showing a scarring cortical hollow 12 mm length and
1 mm width accompanied by a diffuse osteo-periostitis on
the surrounding diaphysis of the bone, probably result-
ing from the periosteum reaction to injury (Fig. 4C). The
characteristics of the lesion with a smooth V-shaped profile
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Peri-mortem trauma

suggest that the weapon used was a knife rather than a
sword, as the last weapon usually leaves a mark displaying
one smooth wall and one straighter and roughened (Lewis
2008).

Perimortem trauma and related mechanisms

The two perimortem inflicted traumas found in the sample
are both sharp-force trauma, involving in one case the 2nd
and 3rd lumbar vertebra of a middle adult male, and the
other the right femur of a> 50 years-old male. The former
(individual 135D) was probably the result of a stabbing
wound inflicted to the abdomen probably by a dagger that
completely pierced it reaching the spine. The absence of
bone remodeling suggests that this trauma was probably the
cause of death of the individual. More on this case has been
reported previously(Gualdi-Russo et al. 2020) (Fig. 5B).
The latter sharp wound involved the posteromedial aspect
of the diaphysis of the right femur of an old adult male (indi-
vidual 116Da), with an oblique direction from above down-
wards. The cut-mark had a V-shaped Section. 1.4 mm deep
maximum and a deep bottom and jagged edges due to splin-
tering of the cortical bone surface during the sliding of the
blade (Fig. 5A). The characteristics of the cut marks, with
one sharp edge (the upper) and one straighter and roughened
due to detachment of bone flakes (the lower) indicate that
it was made on the fresh bone and suggest that the weapon
used was, also in this case, a sword or a dagger, handled by
a right-handed opponent that stabbed the victim from the
back in an oblique direction from top right to bottom left
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Fig. 3 A: Example of antemortem trauma of the spine in the verte-
bra L5 in individual 33 A VP. In the left a view of the vertebra from
above with the detail of the fracture on the right lamina (white and red
arrows) with consequent spondylolisthesis toward the left and hyper-
trophy of the left side (triangle). in the right a detail of remodeling on
the fracture point (white and red arrows) in the vertebra seen from the

toward the inner thigh of the individual (Lewis 2008; Sie-
gel and Saukko 2012). Moreover, another cut mark, very
close to the other but with a different direction (from proxi-
mal to distal direction), leads to the assumption that the
weapon was embedded into the thigh and then extracted.
Using a knife in close combat is excluded, as this weapon
leaves a cut mark having different characteristics (Lewis
2008; Cohen et al. 2014). Done its location on the postero-
medial shaft of the femur the arteria femoralis may have

backside. C: Case of incomplete vertical fractures in the right superior
articular process of the vertebra L3 of the individual 94D (male, old
adult). D: Case of ante-mortem trauma in a cervical vertebra (C4) of
the individual 1287 VT (25-30 years old female) showing a complete
fracture at the left pedicle (red arrows) and two Schmorl nodes on the
upper side of the body (white arrows)

been involved, leading to the rapid death of the individual.
However, even though no other trauma was found on the
skeleton, we cannot exclude that the cause of death should
have been another wound, or belt during the same episode
of violence, possibly involving some vital organs.
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Fig. 4 A: Case of blunt force trauma on the skull in a 35-50-year-old
male (individual 1264a VT). B: Case of blunt force trauma on the left
parietal of the skull in a 45-50-year-old male (individual 92 VT). C:

Soft tissue trauma

Soft tissue injuries can be recognized on human skeletal
remains from a new bone formation within the damaged
soft tissue, as in the case of TMO. This condition was found
in 3.5% of the adult sample, in particular 5 adult males
(individuals 83 Ab, 90 D, 1256 VT, 1314 VT, 1396 VT).
No sub-adult and no woman were affected (Table 2). Two
individuals were OA, two indeterminate and one MA. Four
out of five TMO were localized in the lower limbs (3 in
the femur and one in the right tibia), whereas just in one
individual the trauma was found in the right humerus (1256
VT). In almost all cases TMO is associated with periostitis
and in one cases also with osteitis (90D).

The other condition recognized in Spina’s findings was
OD, due to fragmentation and disruption of articular carti-
lage and possibly the underlying subchondral bone.

This lesion was found on 5 individuals (1 female and 4
males), each at one different joint (Table 3; Fig. 1 SM). In
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Case of sharp trauma on the left tibia, accompanied by reactive osteo-
periostitis, in a 20-35-year-old male (individual 1304a VT)

the case of individual 145Ab, the small sequestrum of bone
2 mm in diameter was still attached to the condyle surface
of the left femur. This trauma was present in 3.5% of the
adult sample preserving at least one major joint surface of
the appendicular skeleton, with a more than twofold rate in
males (4.6%) than females (2.2%) (Table 2). Among males,
the prevalence was found higher in young adults (8.7%)
than older adults (2.2%).

Discussion

This study aimed to analyze the prevalence of trauma in
the Etruscan skeletal population of Spina, with particular
attention to antemortem and perimortem trauma and type
of trauma. In the analyzed sample, no subadult exhibited
lesions referring to trauma, whereas a total of 20 adults were
affected. Unlike other studies that have shown children’s
involvement in interpersonal violence (Fibiger 2013; Lewis



Archaeological and Anthropological Sciences (2024) 16:95

Page 9 of 15 95

Fig. 5 A: Case of perimortem sharp force trauma in the right femur
of an old adult male (individual 116 Da), from backward. The trauma
involved the posteromedial aspect of the diaphysis. The red arrows

Table 3 Individuals affected by Osteocondritis Dissecans (OD) and
impaired joints

Ind. ID Sex Age Joint surface

11A female 40-50 Right humerus —trochlea
31Aa male 25-35 Left scapula — glenoid fossa
39A male 25-35 Right scapula —glenoid fossa
145 Ab male unknown Left femur — lateral condyle
135D male 35-49 Left coxal — acetabulum

Right coxal — acetabulum

indicate the two cut marks. B: Case of a peri-mortem sharp force
trauma in vertebra L3 with the evident cut mark in the superior side
of the vertebra

2014; Osterholtz et al., 2017), we found an absence of trau-
matism in Spina subadults. This pattern is also confirmed
in other studies on ancient populations (Djuri¢ et al. 2006;
Roksandic et al. 2006; Owens 2007; Jiménez-Brobeil et al.
2009, 2014), but may also be due to problems of preserva-
tion or complete obliteration of injuries by modeling and
remodeling associated with normal growth (Ortner 2003).
The percentage of trauma in the Etruscan population of
Spina did not reach 10% of the population. However, we
must consider that the number is probably underestimated
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due to poor skeletal preservation. Higher frequencies of
traumatic injuries have been reported in cases of violent
conflicts (e.g., 30-44% in cranial remains from the late
Neolithic in Ukraine)(Madden et al. 2018). The compari-
son of data from Spina with those from the coeval Etruscan
necropolis of Pontecagnano, in Southern Italy, shows that
trauma rates seem quite low, suggesting that inhabitants of
Spina engaged in behaviors with no particular risk in every-
day life. Robb (Robb 2014), analyzing a sample of 56 skele-
tons from Pontecagnano, found trauma rates, on average, at
16.7% (25.0% among males and 14.2% among females) for
the period 7th -5th century BC, and 35.5% (51.9% among
males and 6.7% among females), in the period 5th -3rd cen-
tury BC, thus suggesting an increased number of traumatic
lesions through times, especially in males.

In our sample, the detected types of traumas include 5
antemortem stress fractures on the vertebral column, 3 ante-
mortem inflicted traumas (2 blunt traumas on the skull and
one sharp force trauma on a tibia), 2 perimortem inflicted
traumas due to sharp wounds (one involving the vertebral
column and one a right femur). It should be noted that blunt
force traumas are very complex to interpret as they are char-
acterized by a large variety of fracture patterns, that often do
not reflect the size and shape of the weapon used (usually
a cudgel, a mace, a hammer, or a sling stone) (Cohen et al.
2014). Sharp—force trauma, on the other hand, indicates any
injury produced by bladed instruments including penetrat-
ing wounds (stab or puncture wounds), cut marks or incised
wounds, and chop wounds (cleft/notch), which involve both
penetration and incision. In this case, the particular patterns
of the cut marks allow for understanding the type of weapon
and the direction of the trauma (Cohen et al. 2014; Lewis
2008; Strong and Fibiger 2023; Moreno-Ibanez et al., 2024).

The only type of trauma found among females is a stress-
induced fracture on the vertebral column (spondylolysis and
spondylolisthesis) involving both the cervical vertebra and
lumbar spine. For cervical injuries- especially those involv-
ing C1-C4 -, forces caused by the twisting of the neck while
the head is immobilized — causing injury at the point of
greatest rotational mobility- or pressing down on the head
and cervical column can be suggested. These injuries are
reported to be typical of people carrying loads on the head,
such as grain porters, or as a consequence of compressive
impact force on the top of the head (Capasso et al. 1999).
On the other hand, spondylolysis in the lumbar spine is con-
sidered a consequence of habitual physical stress (Merbs
1983, 2002; Lovell 1997; Earl 2002; Mays 2006a, b; Jimé-
nez-Brobeil et al. 2009; Cunha and Pinheiro 2016; Plomp
et al. 2022). The prevalence of the condition among Spina
females suggests that in the site women in particular were
involved in strenuous occupational activities stressing the
spine such as carrying and transporting heavy loads on the
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back (causing lumbar stress fractures) or on the head (caus-
ing cervical stress fractures) (Merbs 1983, 2002; Earl 2002).
The partial fracture at the superior articular process of L3
in a man could be interpreted as evidence of spondylolysis
at an initial stage, and then healed (Merbs 2002). Given its
location at L3 and its vertical direction, we suggest in fact
for this atypical type of fracture the same etiology as for
spondylolysis, with repetitive shearing stresses involving
the lower spine in the vertical direction, not affecting the
case under study the pedicle but the articular process (Mann
et al. 1990; Magerl et al. 1994; Mann and Hunt 2013). We
cannot however exclude a diagnosis of accidental trauma,
for example, a fall from a great high or on the back, an
injury caused by a heavy object falling on the bent back,
or that the individual was thrown some distance (Magerl et
al. 1994). Unfortunately, only L3, C7, and a lower thoracic
vertebra are available for this individual, and the body of L3
is fractured postmortem; therefore, it is difficult to recon-
struct the mechanism of fracture and the involved forces.
However, the characteristics of the superior articular pro-
cesses of C7, with imprints of the tip of inferior facets of C6
on the arch of C7 at pars interarticularis, and the presence
of osteoarthritic modification on articular processes and a
Schmorl node on the upper endplate of the vertebral body
of L3, suggest the presence of compressive forces (Yang
and King 1984). On the other hand, superior articular pro-
cess degeneration and fracture can occur as a consequence
of intervertebral disk collapse and collision of the apex of
the superior articular facets and the undersurface of the pars
interarticularis (Jinkins 2004).

In the analyzed sample, males were conversely more
affected by inflicted traumas, both antemortem and peri-
mortem, suggesting that they were involved in episodes of
violence. The recorded antemortem inflicted injuries consist
of 2 blunt force traumas on the skull and one sharp force
trauma on the right tibia. Even if for the formers we can-
not exclude an accidental etiology, the characteristics and
location of the lesions make this unlikely: the presence of a
blunt force trauma on the left side of the skulls is reported in
fact to be typical of inflicted blows by a right-handed oppo-
nent in face-to-face conflict (Dawson et al. 2003; Djuri¢ et
al. 2006; Owens 2007; Siegel and Saukko 2012; Cohen et
al. 2014; Serafin et al. 2014; Pasini et al. 2019). Moreover,
for individual 92D, the involvement of the posterior part
of parietal bones may suggest a backhanded inflicted blow
while the victim was fleeing or the use of thrown objects
(e.g. sling driven pellets/slingshot stones/projectiles) (Siegel
and Saukko 2012; Cohen et al. 2014; Jiménez-Brobeil et al.
2014). In most cases of face-to-face combat, there is how-
ever considerable relative movement between the assailant
and the victim, leading to irregular wound configuration
(Siegel and Saukko 2012). Moreover, blunt force trauma is
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variable in nature and often appears, especially in healed
blows, as crushing and depression with little evidence of
the weapon used, making it difficult to identify the dynamic
of their formation (Cohen et al. 2014). Falls with the head
striking on the ground are excluded because of their posi-
tion above the hat brim line and the absence of large com-
minuted or linear fractures, expected in such cases (Kremer
et al. 2008; Messina et al. 2013; Serafin et al. 2014). The
absence of inflammatory reaction at the time of death, how-
ever, excludes for these individuals any major complica-
tions affecting the endocranium such as direct brain damage
and/or infection (Aufderheide and Rodriguez-Martin 1998;
Orschiedt et al. 2003).

The two perimortem inflicted traumas were sword injuries
both affecting adult males > 35 years old, one at the lumbar
spine and the other at the back diaphysis of the right femur.
In both cases, the absence of healing testifies they were
inflicted perimortem. In the first case, the characteristics and
location of the wound and its direction running through the
abdomen suggest it was the cause of death (Gualdi-Russo
et al. 2020). Conversely, the blade wound on the femur of
the other individual may have been inflicted shortly before
death, which may have occurred because of this wound or
other wounds inflicted during the same episode of interper-
sonal violence to vital organs. There is, moreover, no doubt
that recognizable injuries on the skeleton represent only a
small part of the total spectrum of injuries that may have
affected a population, as most of them involve soft tissue and
are therefore lost in the archaeological record (Roberts and
Manchester 1995). These findings are particularly important
as very few weapons were found in the grave goods of more
than 4000 tombs: a javelin, a spear, the blade of a small dag-
ger made of iron preserved in fragments, and two fragments
of iron. Therefore, Spina was traditionally considered a free
port generally without weapons (Malnati 1993; Patitucci
Uggeri and Uggeri 1993). Then, the presence of sharp force
trauma in several skeletons sheds light on some unknown
aspects of the site’s history as it suggests the presence of
weapons such as swords, daggers, and knives in the site and
a certain risk of exposure to violence for men. These find-
ings seem to recall the historical data that mentioned people
from Spina as “pirates of the Adriatic Sea” or “masters of
the Adriatic Sea”, implying their great dominium on com-
mercial trades through the Adriatic, which allowed them to
build their rich thesaurus at Delfi’ sanctuary (Greece) (Brac-
cesi and Coppola 1993; Sassatelli 1993; Torelli 1993). We
would stress, however, that conclusions drawn on such a
small number of cases showing signs of violence should be
treated with great caution.

In considering the almost total absence of weapons in
the grave goods, we cannot rule out the possibility that the
attackers were not inhabitants of Spina. Also, we must keep

in mind the site’s vocation as a free port, the ideology of
the population that claimed to represent itself as Greek aris-
tocracy beyond death, and the fact that lots of Spina graves
have been the object of depredation from ancient to mod-
ern times (Gulletta 2005; Morpurgo 2020). Therefore, the
funerary treatment did not automatically reflect the life of
the inhabitants of Spina. Another important consideration
is that the inflicted trauma (both antemortem and perimor-
tem) involved exclusively males, who probably were more
exposed to intentional violence, as found also for other
coeval populations (Paine et al. 2007; Robb 2014). After all,
the connection between masculinity and war is well-estab-
lished in human history (Ferguson 2021). The low trauma
rates found at Spina compared with the coeval Etruscan
necropolis of Pontecagnano (Southern Italy) (Robb 2014)
suggest that they were likely related to individual acts of
interpersonal violence at Spina rather than warfare (Roksan-
dic et al. 2006; Jiménez-Brobeil et al. 2014). However, we
cannot exclude that some of them could be related to the
Celtic invasion of the Po Plain at the end of the 3rd century
BC, which also contributed to the site’s decline. Although
this possibility is merely hypothetical, the found blunt
force trauma may be derived from sling-driven pellets,
whose presence has been well documented by the settle-
ment excavation and related to the Celt incursion (Desantis
and Rinaldo 2020). Beyond this suggestive speculation, the
location of both individuals’ traumas on the left parietal sug-
gests the possibility of a face-to-face confrontation with a
right-handed opponent (Guyomarc’h et al. 2010; Kranioti
2015; Kremer et al. 2008).Also, the detected evidence of
TMO and OD were almost exclusive of adult males, thus
confirming that men were more exposed to muscular and
articular traumas than women, probably due to the engage-
ment in a more active daily life.

Conclusions

The main contribution of this study concerns the evidence
of a low number of traumas in the Etruscan individu-
als examined and, at the same time, the presence of some
inflicted traumas. For the first aspect, our study found that
individuals buried in the Spina necropolis were exposed to
a lower risk of injury compared to other Etruscans. In fact,
traumas caused by single random events related to work
activities were predominantly found. However, the presence
of traumas that can be interpreted as due to interpersonal
aggression that affected a few male individuals constitutes
the second important aspect. These findings are important
as accidental injuries can inform on the hazards of day-to-
day life. Whereas inflicted traumas give information on vio-
lence and aggressiveness in the past, and on weapons used
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in different times and populations. The Iron Age society
that lived in Spina is well known from an archaeological
point of view, given the great interest always aroused by
the extraordinary grave goods equipping the burials and the
recent excavation of the settlement. However, the anthropo-
logical analysis of human skeletal remains allowed obtain-
ing some new information on this population, that could
not be displayed from the material culture. In particular,
the evidence of both antemortem and perimortem inflicted
trauma found has discovered the employment of weapons
such as swords not documented before by archaeological
and historical research. The exclusive involvement of male
individuals by inflicted trauma suggests that they were more
prone than women to violence and aggressiveness, as well
as to a more active lifestyle, as documented by their prev-
alence of TMO and OD. However, the finding of fatigue
fractures at the spine in females suggests that women were
also involved in strenuous activity such as carrying and
transporting heavy loads on the head and/or on the back.
The type and location of skeletal traumas detected appear
consistent with traumas related to different occupations in
males (with mainly limb involvement) and females (with
primarily spine involvement). Although at the individual
level, the observations drawn have some relevance, the low
frequency of antemortem trauma prevents us from drawing
with confidence general indications about the lifestyle of the
Etruscan population of Spina.

Anyway, the present study provides new insights into the
Spina Etruscans, further broadening the trauma literature for
Northern Italy during the Iron Age.
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