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Abstract
Crucifixion is a cruel method of execution. This capital punishment was perfected during the Roman Empire. Despite being a
frequent practice, there is only one well-documented anthropological case of crucifixion in the world at the Jerusalem burial cave
(Giv’at ha-Mivtar, first century AD). We found a particular lesion on the foot of a skeleton from an isolated Roman burial
discovered by excavation in 2007 in northern Italy. Here we suggest crucifixion as a possible cause of the lesion, but this
interpretation is complicated by the poor preservation of the bone surfaces and the damage and holes in other skeletal parts.
To assess the biological identity of the deceased and the possible effects of ante-mortem violence on this subject, we performed an
integrated (anthropological, taphonomic, and genetic) analysis of the remains. Burials showing evidence of violence or deviant
burials may shed new light on past human societies. In this case, our interdisciplinary approach provides insight into a particular
form of capital punishment.

Keywords Osteoarcheology . Taphonomy . Ancient DNA . RomanAge . Italy

Introduction

The study of special burials, with bodies buried unusually or
showing evidences of capital punishments, can help us under-
stand the social and religious beliefs of ancient societies, pro-
viding clues Bto how the ancients treated their misfits^ (Balter
2005). In Roman society, burials were generally performed
following ethical and legal principles (iusta sepultura), except
when individuals had committed heinous actions during their
life. Iusta sepultura of the deceased was commonly practiced
both by inhumation or cremation. Otherwise, Romans thought
that the deceased could not leave the world of the living,
becoming a restless spirit (umbra errans). The latter case
could involve no or hasty burial rituals (as in the case of an
executed person), prone burials, mutilations and ligatures, and

nailing of the corpses to prevent the return of the dead into the
world of the living after being transformed into Lemures, wan-
dering and vengeful spirits (Ortalli 2010).

Crucifixion was a brutal form of execution practiced for
almost a thousand years (Retief and Cilliers 2003). The
Romans learnt the crucifixion procedure from the
Carthaginians and used it until it was abolished by
Constantine the first (fourth century AD). The Romans
perfected crucifixion as a form of torture to produce a slow
death with maximal pain. The method preferred by the
Romans did not involve tying the condemned person to the
beam (Edwards et al. 1986), but rather the use of nails. This is
reported by Latin writers and by a Roman inscription (Bove
1967; Cantarella 2005) indicating the legal rules to crucify
delinquent slaves with the use of ropes to whip them and nails
to attach them to the cross. Before the victim was hung from a
cross until he died, he had to be scourged with wooden staves
or a short whip (flagrum or flagellum). The cross consisted of
an upright post (stipes) and a horizontal crossbar (patibulum)
(Edwards et al. 1986). After the condemned man had carried
the patibulum on his shoulders to the site of crucifixion, his
arms were fixed by iron nails driven through the wrists (as the
hands could not support the body weight). At this point, the
patibulum and the victim were lifted onto the stipes and the
feet were nailed to the stipes or to a wooden footrest
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(suppedaneum). Different methods were described for the last
procedure: the feet could be nailed separately to the two sides
of the stipes or both to the front of the stipes using a single
nail. The victims usually died after a few days on the cross
from various physiological causes (Tenney 1964; Maslen and
Mitchell 2006). Death could be expedited in different ways:
by breaking the bones of the legs below the knees
(crucifragium) or by a blow to the sternal region with a club
or stabbing the heart with a spear. After the victim’s death, the
corpse was left on the cross to be devoured by predators,
although it could be removed later for burial by the family if
permission was granted.

Despite the high number of crucifixions during the Roman
period, crucifixion evidence has probably been overlooked by
anthropologists because the nails were commonly salvaged
after death and the bones with lesions were more easily frac-
tured and destroyed. To date, the calcaneus with the nail still
lodged in it from a Jerusalem burial cave (Giv’at ha-Mivtar,
first century AD) represents the only case described in the
international literature (Haas 1970), as another case from the
Mendes harbor on the Nile was reported only indirectly
(Aufderheide and Rodrìguez-Martìn 1998).

In this paper, we report on a Roman isolated burial (US
664) discovered in the Po Valley at the La Larda locality in
Gavello near Rovigo (northern Italy) during the laying of a
pipeline (2006–2007) involving the skeleton of an adult indi-
vidual with particular lesions on the right calcaneus. To better
understand the trauma, we analyzed this bone in detail to
determine the time of occurrence and to give an interpretation.
We traced the biological profile of the individual using anthro-
pological and genetic methods following a bioarcheological
approach: osteological and archeological data, mortuary con-
text provide a fundamental contribution to understanding the
social role of the victim and the violence pattern in past pop-
ulations (Martin and Harrod 2015). The results provide evi-
dence of a possible brutal mode of death.

Materials and methods

Archeological context and anthropological analysis

The Gavello skeleton (US 664) was found by archeologists in
the Po Valley near Rovigo (locality La Larda of Gavello of
Veneto region, northern Italy) and was given to the University
of Ferrara for anthropological analyses. It was discovered dur-
ing preventive excavations carried out between the years 2006
and 2007 under the supervision of Soprintendenze
Archeologiche del Veneto e dell’Emilia Romagna for the con-
struction of a methane pipeline in the Po Plain along 83 km on
the route between Cavarzere, Venice, and Minerbio, Bologna.
The layout of the pipeline twisted and turned through an ex-
tended flat country, mostly involved in agricultural works, but

with a high archeological risk. In the Gavello area, a Bronze
Age settlement called Larda I was discovered during the years
1998–2003. As a result, three pits (no. 8, 9a, and 9b) were
excavated and documented along the pipeline trench. In Pit
no. 9b, the stratigraphical sequence at the lowermost levels
highlighted the evidence of an anthropic embankment related
to the Bronze Age site Larda I, covered by a series of thick
alluvial beds that testified the abandonment of the area up until
the Roman Age. In this period, the area was exploited for
agrarian development (ager hatriensis) and the deposits
showed deep plow furrows and some archeological remains
referable to the Roman Age (fragment of roman bricks and
tiles: tegulae and imbrices). The burial was discovered within
these layers and it was dated to the Roman period by
archeological methods (stratigraphy), as attempts at radiocar-
bon dating of the human bones were unsuccessful because of
their poor preservation. The burial area was not chosen ran-
domly since it consists of a hump following the profile of an
ancient man-made structure (the remains of a Bronze Age
embankment in the underlying layers). The material consists
of a single individual: the skeleton was highly fragmented and
the skull damaged during the digging works. Examination of
the skeleton revealed an intentional lesion in the right calca-
neus. The location of the grave (reported in the map in Fig. 1)
indicates an isolated burial. The body was buried directly in
the ground without grave goods. It was a primary deposition
with a northeast-southwest orientation. The individual was
found in a supine position with the upper limbs at his side
and the lower limbs outstretched.

The skeletal remains consist of cranial fragments (18 teeth
present), fragments of ribs and vertebrae, both coxal bones
(incomplete), fragments of long bones (all incomplete except
the left femur), and some bones of the hand and foot.

The age at death and sex of the individual were assessed by
standard anthropological methods (Acsádi and Nemeskéri
1970; Ferembach et al. 1980; Brothwell 1981; Lovejoy 1985;
Lovejoy et al. 1985; Buikstra and Ubelaker 1994). The sex of
the individual was also confirmed by genetic analysis.

Anthropometric measurements were collected according to
standard methodology (Martin and Saller 1957-1962) and
stature was estimated from the long bones according to liter-
ature (Manouvrier 1892; Trotter and Gleser 1952, 1958, 1977;
Sjøvold 1990; Ruff et al. 2012).

Taphonomy

A taphonomic analysis was carried out on all the skeleton’s
periosteal surfaces with the aid of a × 15 magnifying lens and
a LEICA SD6 stereomicroscope equipped with a digital cam-
era for image acquisition to establish the degree of preserva-
tion and to recognize any lesion that could be related to cru-
cifixion (green fractures, peri-mortem injures) or other modi-
fications (i.e., carnivores, root-etching, carrion insect galleries/
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holes). 3D images of the hole in the calcaneus were carried with
Hirox Digital Microscope KH-7700 (University of Siena)
(Boschin and Crezzini 2012; Moretti et al. 2015). The degree
of preservation was recorded according to the Behrensmeyer’s
scale (Lyman 1994: 356). The analysis of long bone fractures
was performed using the classification of Villa and Mahieu
(1991) and Marshall reported by Lyman (1994) with the aim
of identifying the timing of fracturing (peri-, post- mortem).

Perforations and holes have been analyzed taking in account
that such peri- and post-mortem modifications can be provided
by Canids and mostly by dogs both in forensic outdoor context
(Haglund et al. 1988, 1989, 1993; Haglund 1997a;Moraitis and
Spiliopoulou 2010) and archeological contexts (Bindford 1981;
Colard et al. 2014; Fisher 1995; Haynes 1980; Hill 1979;
Milner and Smith 1989; Selvaggio and Wilder 2001; Willey
and Lynn 1989). Taphonomic modifications can be originated

Fig. 1 Locality of the site (a, b) and the burial (c) discovered near Gavello in the Po Plain (Italy) (grave photo credit: Soprintendenza archeologia, belle
arti e paesaggio per le province di Verona, Rovigo e Vicenza)
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by other animals such as rodents (Haglund 1997b; Patel 1994)
and insects (Pittoni 2009) or by wounds and injuries caused by
traumas (Kanz and Grossschmidt 2006; Quatrehomme and
Iscan 1997).

Genetic analysis

Among the elements recovered, only three fragments of ver-
tebrae were chosen by the molecular anthropologists for the
genetic analysis. As suggested by the archeologists, these
bone fragments were better preserved and less handled than
the other elements. To obtain reliable results, the genetic anal-
ysis was conducted following the most stringent criteria pro-
posed for ancient DNA studies (Cooper and Poinar 2000;
Paäbo et al. 2004; Willerslev and Cooper 2005) and per-
formed in the Molecular Anthropology laboratory of the
University of Florence, exclusively dedicated to ancient
DNA analysis. DNA extraction was attempted on all three
vertebrae fragments. To prevent contamination from prior
handling, the specimens were cleaned by removing the exter-
nal surface with a Marathon Multi 600 micro-drill with dis-
posable tools, UV-irradiated (254-nm wavelength) in a cross-
linker on each side for 45 min and subsequently ground into a
fine powder with the micro-drill. DNAwas extracted from the
bone powder by means of a silica-based protocol (Rohland
and Hofreiter 2007). At least two independent extracts were
obtained from each specimen.Multiple negative controls were
included for each extraction. Subsequently, amplification,
cloning, and sequencing were carried out following protocols
designed for highly degraded samples and published by
Caramelli et al. (2007).

After cloning, the HVS-1 sequences obtained were aligned
and compared across clones in order to define the consensus
sequence. This consensus sequence was then compared to the
revised Cambridge Reference Sequence (rCRS) (Anderson
et al. 1981; Andrews et al. 1999) in order to define the
HVS-1 mutational motif. HaploGrep was used for fast and
automatic classification of mtDNA haplogroup (Kloss-
Brandstätter et al. 2011). To exclude the presence of modern
contamination, HVS-1 sequences of those involved in the
project were determined.

On each aDNA extract, six amplifications were performed
by multiplex PCR for molecular sex determination. Starting
from 2 μl of extracted DNA, two loci were amplified by mul-
tiplex PCR, as proposed by Caramelli et al. (2007).

Results

Anthropological and taphonomic analyses

The skeleton belonged to an adult male buried in a supine
position in a large pit, oriented northeast-southwest (Fig. 1).

The estimated age at death based on the auricular surface of
the ilium (Lovejoy et al. 1985) was 30–34 years (19–44 years
according to other traditional anthropological methods).

According to the BIndex of sexualisation^ (Acsádi and
Nemeskéri 1970; Ferembach et al. 1980), the individual of
the Gavello burial was a man, even though there was a low
degree of sexual dimorphism (+ 0.20 score for pelvis features;
+ 1.43 score for cranial features). The anthropological sex
diagnosis was confirmed by the genetic analysis. His stature,
estimated on the basis of the length of the left femur (the only
substantially complete long bone) was 156.5 ± 3.7 cm
(159 cm according to Manouvrier’s tables), below the mean
value of 165.5 cm (Manouvrier method) for adult males in
another Roman necropolis in the Po Valley (Casalecchio di
Reno, Bologna, second-fifth century AD) (Belcastro and
Giusberti 1997). Beyond individual variability, a different or-
igin of this subject and/or inadequate nutrition during growth
(malnutrition) could have influenced stature. His build was
gracile. The linea aspera was poorly marked on both femora.
Based on the ratios of osteological measurements, the femur
was stenomeric, with weak robusticity and no pilaster.

State of preservation Analyses of the bone surfaces revealed
poor preservation, referred to stages 2 and 3 of Behrensmeyer’s
scale (stage 2- flaking of outer surface exfoliation, cracks pres-
ent and crack edge angular; stage 3- rough homogeneously
altered compact bone tissuewith exposure of Haversian canals,
crack edges rounded). The surfaces are white and widely im-
pregnated with manganese and iron oxides. They are strongly
damaged by soil acidity, with diffuse erosion affecting 90% of
the cortical surface. The most external layer of the bone tissue
is preserved only in some small areas (millimetric) that do not
retain any diagnostic traces.

Comparative morphology: description of the lesions We ob-
served several lesions on bones without traces of an osseous
reaction. If these signs indicate he was victim of a violence, he
did not survive it. Descriptions of the observed skeletal lesions
may be found below.

– Right calcaneus: Only the posterior part up to the
sustentaculum talii is preserved. We observed a lesion
passing through the entire width of the calcaneus under
the sustentaculum. The perforation (length 24 mm)
(Fig. 2) shows a regular round hole passing from the
medial side (diameter 9 mm) to the lateral one (diameter
6.5 mm). The pattern of the cross-sectional lesion is linear
in the first part, turning slightly downward in the last part.
The presence of an ellipsoidal depressed fracture on the
medial side, but not on the lateral, suggests that the injury
was inflicted peri-mortem and the blow was inflicted
from medial to lateral, causing a breakthrough in the im-
pact area (entry point).

Archaeol Anthropol Sci
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– Other bones of the feet: No other similar lesion was ob-
served on the skeleton, probably because the left calcane-
us was missing. The right talus is fragmented in align-
ment with a lesion with a cross-sectional direction and
without any evidence of impact, but only the postero-
lateral portion is preserved. Although we cannot exclude
that this damage is a residue of a through hole in the
unfragmented bone, we will not attempt to interpret the
lesion because of the bone’s poor state of preservation.
The well preserved left talus shows only a 7 × 3 mm
scratch on the upper surface. The distal epiphysis of the
left first metatarsal presents a small hole (3-mm diameter)
passing obliquely through the bone (Fig. 3a), that has
been interpreted as root-etching.

– Other bones: Although interpretation of the other skeletal
remains is difficult owing to their generally poor preser-
vation, the various fractures identified on the long bones
appear to be post-depositional (Marshall’s classification),
characterized by different shapes, edges, and locations.
The long bone epiphyses present strongly eroded ends,
a condition that cannot be attributed to carnivore gnawing
because of the lack of any pitting, scoring, or furrows.
However, damage on the coxal bone and femur (left side)
is interesting. On the coxal bone, there is a hole close to
the ischial tuberosity on the left (Fig. 3b). There is also an
oval etching on the left femoral neck close to the head of
the femur (dimensions about 27 × 16 mm) (Fig. 3c).
These modifications have been interpreted as possible
insect actions.

Genetic analysis

DNAwas extracted from all three vertebrae fragments. Owing
to the presence of DNA inhibitors in the extracts, two different
dilutions (1:20 and 1:50) of each extract were performed be-
fore setting up the PCR amplification. Each PCR product was
cloned. To obtain the mitochondrial profile from the bone
fragments, 5 clones from each PCR product for a total of 15
colonies per extract were sequenced. After comparison of se-
quences across clones, nucleotide substitutions observed in
only one clone were eliminated as considered Taq-
polymerase errors or cloning artifacts. Reproducible mtDNA
sequences were obtained from three vertebral fragments with
no contamination observed in the extraction and PCR blanks.
Three hundred sixty mtDNA sequence nucleotides were ob-
tained, corresponding to positions 16,024–16,384 of the pub-
lished revised Cambridge Reference Sequence (rCRS). Then
the consensus sequences obtained from each skeletal element
were compared to each other and they appeared identical. The
vertebrae profiles differed from the rCRS for one nucleotide
position. They showed a C to T substitution at nucleotide

position 16,294. This change was observed in all clones of
the three different skeletal elements. All samples showed an
H haplogroup, the most common mtDNA haplogroup in
Europe and also common in North Africa and the Middle
East. People who worked on this project were mtDNA geno-
typed in a specific forensics laboratory in Florence and the
results led us to exclude the presence of modern DNA
contamination.

Due to the low degree of sexual dimorphism, it was neces-
sary to confirm the anthropological sex diagnosis by genetic
analysis. Therefore, the molecular sex determination of all
skeletal elements was attempted. Multiplex DNA sex identi-
fication results indicated that the bone samples belonged to a
male, according to the previous morphological analysis.

Discussion and conclusions

Based on the marks on the Gavello skeleton, we will discuss
the evidence supporting the hypothesis of crucifixion as well
as alternative explanations. The practice of crucifixion using
nails would result in skeletal evidence, especially on the talus
and calcaneus. Because of the poor preservation of the bone
surfaces, greatly altered by post-depositional and diagenetic
factors, the traces found on the Gavello skeleton are of great
interest but difficult to interpret. Hence, it is necessary to dis-
tinguish the diagnostic elements that can be related to traumat-
ic actions and to exclude those that represent traces of different
phenomena. Crucifixion lesions other than those on the heel
bones might be observed on long bones in the case of
crucifragium, i.e., breaking of the condemned man’s legs. In
the present case, the fragmented tibiae do not show any evi-
dence of peri-mortem breakage: thus, crucifragium did not
occur. Various interpretations could be advanced regarding
the lesions of different morphology observed in other areas
of the skeleton. The main biological factors that can produce
superficial galleries, scores, punctures, and/or borings in the
bones are root/fungi etching and activities of carnivores and
carrion insects (Coleoptera larvae, Diptera larvae, and
Hymenoptera) (Brothwell 1981; Maat 1993; Pittoni 2009).
Usually, these marks are concentrated inmore or less extended
areas and if the action was strong, they can deeply damage the
cortical tissue. The osseous modifications affecting this skel-
eton are mostly due to soil acidity that destroyed the outer
bone surface. The lesions are located in distant parts of the
skeleton and differ in size and shape. Therefore, they cannot
be attributed to a single factor and are likely related to different
isolated actions (from possible root-etching on the metatarsal
to possible insect actions on the ischium and femoral neck)
(Fig. 3a–c).

The only hole showing a typical pressing mark that can
be reasonably analyzed and interpreted is the injury in the
right heel. The margins of the hole present a broken area
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only on one side (medial), which could correspond to the
entry point of the nail. On the lateral side of the heel, the

hole’s margins are slightly eroded and no fracture lines
are visible.

Fig. 2 Gavello (RO): the right calcaneus. A single perforation passes
through the bone under the sustentaculum (a). An ellipsoidal depressed
fracture (b, c) on the mesial side is documented, showing breakthrough in
the impact area (d). The round section of the hole is clearly visible (c, e).
In the lateral side, the edges of the groove are not well preserved and they

do not bear any impact damage, suggesting the exit point (g, round
section in proximity of the exit point). a (bar scale 1 cm); b, c, d, f (bar
scale 1 mm; images at stereomicroscope LEICA SD6 Lab
Archeozoology); (e, g 3D images Hirox University of Siena)

Fig. 3 Other lesions on the
skeleton. Root-etching has
produced a through hole on a
metatarsal (a) while possible
insect actions have been detected
on a fragment of ischium (b, half
boring) and on the proximal
epiphysis of the left femur (c) that
bear an oval etching on the neck
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The position, section, and direction of the perforation are
only partly consistent with the other case of crucifixion de-
scribed previously. We observed a circular hole in the
Gavello calcaneus unlike that from Giv’at ha-Mivtar in which
a nail with a square section was used. Although the latter type
of nail was more frequent in Roman times, nails with a circular
section were also used, as reported in the literature (Rubini
et al. 1989; Banzi et al. 2009). Moreover, although the perfo-
ration runs transversely in the same posterior region of the
calcaneus in both cases, the direction of the blowwas opposite:
from medial to lateral in the Gavello heel, from lateral to me-
dial in theGiv’at ha-Mivtar heel according to a revised analysis
by Zias and Sekeles (1985). The direction of the blow is im-
portant to understand the position of the body on the cross. In
our interpretation, the type of lesion found on the right calca-
neus fromGavello is compatible with a position of the body on
the cross somewhat similar to those initially suggested for
Giv’at ha-Mivtar (Haas 1970); as reported in Fig. 4a, the body
contorted to the right with legs and feet in contact to allow a
single nail to pierce both heels; b the knees in an open position
and feet with heels overlapping and fixed on the medial side by
a single nail. In our case, also an open position with the two
heels not overlapping and fixed separately to the cross on the
medial sides by two nails may be suggested. However, since
only one calcaneus was preserved, we cannot exclude that the
crucifixion was carried out according to another scheme.
Certainly, the mode of crucifixion suggested by Zias and
Sekeles (1985) in their subsequent re-examination of Giv’at
ha-Mivtar, with each foot nailed to the cross from the lateral
to medial side of the heel, does not match the heel lesion found
in the Gavello remains. We hypothesize in our drawing that the
upper limbs were fixed to the cross by nails through the wrist,
as per ancient historical sources. However, there is no evidence
on the skeletal remains attesting to this mode of fixation, as in
the Giv’at ha-Mivtar skeleton (Zias and Sekeles 1985), and we
cannot exclude that the victim’s arms were simply tied to the
cross. In the drawing, we represented a Latin cross (crux

immissa or capitata), as the Romans used this type of cross
in the majority of cases. Otherwise, the Tau cross (crux
commissa) and, rarely, the X-shaped cross (crux decussata)
were used (Retief and Cilliers 2003; Cantarella 2005).

Thus, far we have interpreted this peri-mortem injury to the
heel as the result of crucifixion. But why should we exclude
the possibility of a deviant burial with immobilization of the
deceased with a nail? There are many examples of this burial
practice in Italy during Roman times (Ortalli 2010). However,
the absence of a coffin (the burial took place directly in the
ground) would havemade it difficult to anchor the corpse. The
absence of the nail, usually retrieved after crucifixion but nec-
essarily present if used to immobilize the deceased, points
toward the first hypothesis. In our opinion, the decisive factor
is that the injury was inflicted peri-mortem: it is difficult to
believe that an attempt to permanently fix the deceased in the
grave to prevent his return would have occurred immediately
upon his death.

In the Roman world, crucifixion was usually reserved for
slaves (servile supplicium), although it was also applied to
liberti (freed slaves), foreigners, revolutionaries, and criminals
(very rarely to Roman citizens except in the case of desertion
by soldiers) (Cantarella 2005). This man, even if a slave,
probably came from the neighboring regions, as inferred from
his genetic profile. The irregular burial context, lack of grave
goods, short adult stature, and possible evidence of torture
(Martin and Harrod 2015) suggest a condition of captivity or
slavery for the Gavello individual. Irrespective of his origin, it
should be emphasized that his burial directly in the ground, in
an isolated grave, and in a hump unequivocally indicates a
deviant burial probably related to an execrable existence
(Ortalli 2010). During the Roman times, the burial of individ-
uals deemed socially dangerous or defamed (particularly exe-
cuted people) also involved topographic marginalization.
Isolation of the burial site, as at Gavello, may have been a
consequence of the community’s refusal of the individual in
death as in life.

Fig. 4 Position of the body on the
cross. a Body twisted to the right
with a single nail piercing both
heels; b, open position of the
crucified man with the right heel
nailed on the medial side. (drawn
F. Grandi, modified by Haas
1970)
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This case of crucifixion has implications for the reconstruc-
tion of crucifixion modes, beliefs, rites, and burials practiced
in human history. Our findings, supporting the hypothesis of
an execution by crucifixion, are of great importance since
these are only the second documented case in the world of
such torture in antiquity. However, new cases are necessary to
support and clarify our findings.
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