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ARTICLE INFO ABSTRACT

Handling Editor: Mira Matthews Venosa-Notarchirico is a musealized Lower Paleolithic site in southern Italy (Basilicata), where a human femoral
shaft was discovered in 1985. The fossil specimen can be evaluated in the new light of excavations started in

Keywords: 2016, which provide a more updated and extensive picture of the site, including the crucial Ar/Ar date of 661-

Human evolution

614 ka for the human specimen. This makes the fossil diaphysis from Venosa-Notarchirico (Vn-H1) the oldest
Middle Pleistocene

fossil hominin found so far in the Italian peninsula, associated with the earliest evidence of genuine Acheulean in

Europe . . . . .
3D morphology Eur.ope. In thlS. paper, we re‘port a compa.ratlve morphometric aTlalyms of this femur, as well‘as a pe?leopat.ho-
Paleopathology logical reappraisal of the periosteal alteration that affects the specimen, supported by an unpublished histological
Bone micro-anatomy analysis. Vn-H1 represents the proximal two-thirds of a right femur lacking the epiphyseal region. We argue it
Early Acheulean belonged to an immature individual, possibly a juvenile (late adolescent). Its features suggest that the specimen
may refer to an archaic (i.e., non-modern) human species, also showing morphological differences compared to
fossil samples of the Neanderthal lineage. We also support the identification of a pathological condition affecting
Vn-H1, particularly evident in some preserved portions of the mid-shaft as described here. Its etiology is dis-
cussed after differential diagnosis, which led us to suggest an alteration of inflammatory origin, viewed as a
nonspecific periosteal response. This pathology may have been roughly concomitant with the death of the

individual.

1. Introduction one of us (MHM), with the aim of examining the stratigraphic levels
underlying the hitherto known sequence. In this perspective, starting
The Paleolithic site of Notarchirico in the Venosa basin (Basilicata, from layer F, dated to 670 thousand years BP (ka), there are four units
southern Italy; Fig. 1) was discovered in 1979 and excavated for more dated by A40/A39 and ESR that are still under excavation (i.e., layers G,
than thirty years under the direction of the late Marcello Piperno (e.g., H, I1 and I2), which include archaeological material (Pereira et al.,

Piperno, 1999). In 2016, new excavations started under the direction of 2015; Moncel et al., 2020, 2023).

* This work is dedicated to the memory of the late prof. Marcello Piperno, who passed away in February 2022 at the age of 76; he spent many years of his
outstanding activity to the excavation, analysis and musealization of the prehistoric site of Venosa-Notarchirico.
* Corresponding author.
** Corresponding author.
E-mail addresses: marie-helene.moncel@mnhn.fr (M.-H. Moncel), giorgio.manzi@uniromal.it (G. Manzi).
1 Authors that contributed equally to this work: Ileana Micarelli, Simona Minozzi, Laura Rodriguez.
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The stratigraphic sequence of Notarchirico is now defined by a 7 m
thick deposit of volcanic sediments derived from the Vulture Volcano’s
eruptions, whose layers are interposed with those documenting human
presence in an ancient phase of the Middle Pleistocene. The stratigraphy
of the site includes two marine isotope stages (MIS), the interglacial MIS
17 (from layers I2 to the base of layer F; see Fig. 1c) and the glacial event
MIS 16 (from layer F to the top of the sequence) (Piperno, 1999; Moncel
et al., 2020).

This time frame also corresponds to the maximum period of activity
of the nearby volcano. The lithology and sediments of the whole
sequence, referred to MIS 16 and MIS 17, are composed of volcano-
derived and non-volcanic sands, crossing with layers of pebbles (Ray-
nal et al., 1999; Lefevre et al., 2010; Pereira et al., 2015). Fluvial pro-
cesses governed this sedimentation, and volcaniclastics do not represent
direct inputs, being in a secondary deposition. Some layers (a, A, B, C, F
and I2) are lag deposits with a dense accumulation of cobbles and
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pebbles (referred to as “pavements”).

From the Paleolithic record - spanning a period of almost 100.000
years — it is inferred that the site was occupied repeatedly, for short
periods during interglacial and glacial events, between 614 + 12 ka and
695 + 6 ka (Pereira et al., 2015; Moncel et al., 2020), by Acheulean
toolmakers. Thus, the basal level of the entire sequence (level 12) — yet
showing evidence of human occupation — has been A40/A39 dated to a
very early age for an Acheulean site in Europe (Moncel et al., 2020).

The documents of human occupation consist of lithic assemblages
associated with faunal remains of various mammal species, including
Elephas antiquus (Moncel et al., 2020). Regularly over the sequence,
during about 100.000 years, hominins selected various calcarenite
limestone pebbles to make bifaces and large cutting tools (LCTs)
(Moncel et al., 2019, 2020; Santagata et al., 2020), as well as small
nodules of chert for producing tiny flakes retouched by marginal or
denticulated retouched on one edge or the entire perimeter (Moncel
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657231 ka
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Fig. 1. Geographical location of Venosa Notarchirico in the northernmost Basilicata region, southern Italy (A). The femoral shaft Vn-H1 (shown in posterior view, B)
was discovered in 1985 in the upper levels of the stratigraphy (level alpha of Unit 1, 1-4); it is compared here to a complete human femur from the Middle
Pleistocene of Europe (F-XIII from At- SH) and inserted (C) in the stratigraphic sequence of the Notarchirico Paleolithic site (see legend in Moncel et al., 2023). In
figure (D, E) there is also an example of the Acheulean handaxes that have been found (Moncel et al., 2023) and a recent image of the musealized site, viewed from its

basal side (oriented north).
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et al.,, 2023). The small tool component comprises small, retouched
flakes, thick convergent retouched tools and becs. Small cubic nodules
are also directly retouched by abrupt retouches. Bifaces and LCTs are
present in only some layers, possibly depending on the extension of the
excavated areas and/or the activities practised in situ and/or local cul-
tural traditions (Rineau et al., 2022). Preliminary micro-wear analyses
suggest, in some cases, domestic activities (Moncel et al., 2020). So far,
no clear evidence of anthropic scavenging on animal carcasses has been
recorded.

This site is unique within Europe in displaying, at the same time, a
very early Acheulean lithic assemblage and several occupation phases,
with or without handaxes. The systematically excavated 15 layers of
Venosa-Notarchirico represent, at present, the most extended sequence
of human occupation for this age, at least in Southern Italy, combined
with the clear evidence of hominin occupations. In this regard, the
absence of Acheulean sites in Western Eurasia before 700 ka must be
underlined (Di Vincenzo and Manzi, 2023), with the single exception of
the Spanish site of La Boella, dated to 900 ka, which has yielded some
crudely-made handaxes due to either a local evolution or a punctual
occurrence of an early Acheulean (Ollé et al., 2023; Vallverda et al.,
2014). Nonetheless, there are no other traces of in situ evolution or
diffusion of bifacial assemblages in Europe until sites dated around 700
ka, where evidence of an Acheulean with symmetrical and full-volume
bifaces is abruptly observed, one of the oldest and systematically exca-
vated of these sites is Venosa-Notarchirico.

In this context, it was in 1985 that the shaft of a fossil human femur
was discovered in the upper part of the volcanic layers (see Fig. 1;
Piperno, 1999); it will be referred hereinafter to as Vn-H1. Initially, the
specimen was attributed to an age of 500 ka. However, the new exca-
vations and analyses at the site have dated the femur by Ar/Ar to an age
bracketed between 661 and 614 ka (Pereira et al., 2015); thus, Vn-H1
the oldest hominin fossil found so far within the Italian peninsula (e.
g, Buzi et al., 2021) and among the oldest after MIS 18-16 in Europe (Di
Vincenzo and Manzi, 2023; Hu et al., 2023).

A previous study of the bone assigned the femur to an adult female,
with morphological affinities to Homo erectus (Belli et al., 1991). This
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taxon, however, has never been recognized in Europe at least so far.
Therefore, given the renewed interest in the human femoral shaft from
Venosa-Notarchirico, we decided that a reappraisal of its features was
required. Our study, therefore, includes a detailed comparative
morphometric study and a histological analysis of the specimen. The
latter, in particular, is aimed to determine univocally the etiology of the
pathological alteration that occurred to the diaphysis of this femur.

2. Material and methods

The human specimen from Venosa-Notarchirico (Vn-H1, Fig. 2)
consists of a large fragment approximately 20 cm long of a right femoral
shaft, extended roughly between the subtrochanteric (surgical neck)
level and a portion distal to the mid-shaft. It includes approximately
85%-35% of the standard levels defined by Ruff and Hayes (1983). The
proximal and the distal fractures are irregular (Fig. 2c). A small fragment
from the distal region of the femur was removed for histological
assessment in the late 1980s (Belli et al., 1991). The thin sections are no
longer available for reassessment, while photos of these cross-sections
have been recovered and are available for investigation (see
Figs. 6-8). As Fig. 5d shows, only the region with the periosteal lesion
was sectioned for histological evaluation.

2.1. Comparative samples

For morphological and metrical comparisons, we use data about the
Pleistocene fossil record derived from both original specimens collected
by the authors and from the literature. Our comparative sample includes
data from the original specimens from the European Lower Pleistocene
site of Gran Dolina (TD-6 level) (Carretero et al., 1999), dated 800-900
ka (Moreno et al., 2015), and from the Middle Pleistocene site of Sima de
Los Huesos (At-SH), dated 430 ka, (Arsuaga et al., 2014, 2015), both in
the Sierra de Atapuerca. The sample from At-SH includes adults and
non-adult individuals, overall juvenile (ie., adolescent) individuals
(Rodriguez et al., 2018; Garcia-Gonzalez et al., 2016). In At-SH site, over
7000 human fossils have been recovered, representing at least 29

Fig. 2. The femur from Venosa-Notarchirico (Vn-H1), various views of the shaft: a) anterior; b) lateral; c¢) posterior, ¢’) proximal, c") distal (after the histological
sampling); d) medial. The distal fragment shaded in grey (defined by a dotted line) was removed in the late *80s for histological analyses. In (e), the specimen is
anatomically placed between approximately 35% (distally) and 85% of an adult human femur.
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individuals based on dental remains, with the majority being adoles-
cents or young adults (Arsuaga et al., 2015; Bermudez de Castro et al.,
2021). Although, up to now, there has been no association between
adolescent dental individuals and those represented by femora, the age
distribution based on non-adult femoral remains is entirely consistent
with that obtained from dental remains of non-adult individuals (Gar-
cia-Gonzalez et al., 2016). Furthermore, the state of fusion of most of the
SH non-adult femora clearly indicates that they are in the adolescent
period. Thus, the most plausible scenario is that these femora belong to
these dental individuals. Thus, the sample from At-SH includes adults
and those belonging to adolescent individuals (Rodriguez et al., 2018;
Garcia-Gonzalez et al., 2016). The information on other European, Asian
and African Pleistocene femora is derived from the literature (Table 2).
For the diaphyseal cross-section analysis, besides the original fossils
from At-SH, we have also measured a sample of recent femora of adult
and adolescent individuals from the Medieval archaeological sample of
San Pablo Monastery (SPM, Burgos), housed in the Laboratorio de
Evoluciéon Humana at the University of Burgos (Garcia-Gonzalez et al.,
2024).

2.2. Cross-sectional geometric properties

The cross-sectional shape and thickness of the bones reflect their
robustness and rigidity in different planes and axes. To perform this
analysis, a series of cross-sectional parameters were measured on Vn-H1
as well as in the At-SH and the recent SPM samples, following Ruff et al.
(1993): total subperiosteal area (TA); cortical subperiosteal area (CA; a
measure of resistance to axial loads); maximum (Imax) and minimum
(Imin) second moments of area (to assess bending rigidity in the refer-
ence planes); polar second moment of area (J; an indication of resistance
to torsion and overall rigidity) and section moduli at bone mid-shaft (Z;
to measure bending and torsional strength and where Zp represents the
cross-sectional torsional strength). Cross-sections parameters — at the
80%, 65% and 50% levels of biomechanical length — were obtained
using Moment-Macro for ImageJ following Ruff and Hayes (1983) and
Trinkaus and Ruff (2012); see https://www.hopkinsmedicine.org/
fae/mmacro.html.

Since Vn-H1 is filled with cemented sediment and is also affected by
pathological bone apposition in the periosteum (see below), a CT scan
was performed to isolate its cortical shell virtually. Tomographic scan-
ning of the Vn-H1 femur was carried out at Casa di Cura PIO XI (Rome,
Italy), using a GE medical systems/revolution CT scanner with an energy
of 100 kV and 250 mAs, an image size of 512 x 512 pixels, a slice
thickness of 1.250 mm, and a pixel size of 0.625 mm. For comparison,
CT-scans of the Middle Pleistocene At-SH and recent SPM samples were
performed at the University of Burgos (Spain), using a YXLON Compact
X-Ray industrial multi-slice computed-tomography scanner, with an
energy of 160 kV and 4 pA, a collimated slice thickness of 0.5 mm and an
inter-slice spacing of 0.3 mm. The CT images were obtained as a 1024 x
1024 matrix of 32-bit Float format with a pixel size of 95 pm, and
visualized using the software package Mimics 21.0v (Materialise, 2009).
The digital mesh of Vn-H1 is available upon request.

To highlight the mid-shaft cortical distribution pattern of Vn-H1, we
performed a mapping of bone cortical thickness with BoneJ Plugin
implemented in ImageJ (Hildebrand and Riiegsegger, 1997; Dougherty
and Kunzelman, 2007). This mapping was also used for the Arago lower
limb bones by Chevalier and Lumley (2022a,b). As a rule, a pathological
external bone in the CT images can be identified as a lower-density bone
in the outer perimeter, and usually can be easily distinguished from both
the outer border effect and the cortical limit. At the original distal
fracture level of Vn-H1, the pathologic bone is visible and easier to see
with the naked eye (Fig. 5d). On the contrary, at the 80%, 65%, and 50%
shaft levels, the altered pathological surface is very thin, and its
low-density signal in the CT images is very weak. We believe that the
pathology does not alter the original external or internal cross-sectional
shape at these levels, and the cross-sectional parameters can be
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calculated with confidence.

2.3. Age at death of Vn-H1

The age at death of isolated bones of fossil specimens is difficult to
assess; as a matter of fact, in most cases just the mature or immature
status is indicated. Nevertheless, as histomorphometric, cross-sectional
geometric and gross morphological traits change with age, even the
mature or immature status could be important for accurate comparative
purposes.

Although it is almost impossible to make a firm decision based on
external dimensions, the growth trajectory of cross-sectional parameters
can help us in concluding a general age estimation for Vn-H1. Growth-
related changes in size and shape of femoral cross-sections have been
extensively studied. This enquiry has shown that during infancy and
childhood there is a net gain of cortical bone, mostly influenced by
changes in mechanical loadings caused by locomotor development
(Cowgill, 2010; Gosman et al., 2013; Swan et al., 2020). During
adolescence, the effect of steroid lead to cortical bone being added at
both surfaces in both sexes, which could result in a medullary contrac-
tion (Frisancho et al., 1970; Garn, 1970; Chevalley et al., 2009). We have
compared the mentioned cross-section parameters in fossil and recent
specimens in order to investigate the possible age at death of Vn-H1.

At this moment only, photos of femoral micro-anatomy are available
for assessment (see Fig.. 5¢ and 6a-c, 7a,b), still we can provide sub-
jective assessment of the micro-anatomical features. This kind of ob-
servations provides an idea of the extent of both the modeling (woven
bone production) and remodeling (secondary osteons formation) pro-
cesses occurred to this specimen. These micro-anatomical features are
useful in assessing a general age-at-death estimation (sub-adult or adult)
and the state of lesion formation. To complete an attempt to describe the
histological nature of the femoral cross-section, we determined if the
following features are present or absent (Table 1). These are typical
features used in histological evaluations to determine the general state
of dry bone remodeling and modeling in long bones.

2.4. Paleopathological investigation

A previous description of Vn-H1 (Belli et al., 1991) highlighted the
occurrence of bone neoformation localized on some portions of the
diaphysis, diagnosed as periostitis and attributed the bone apposition to
infection, perhaps caused by an injury to the thigh. In such a framework,
a small fragment of the distal end of the bone (see Fig. 2) was removed in
the late 1980s to obtain thin slices for histological examinations; the
relevant images of this preparation (see various figures further on) had
not published, but have fortunately been preserved in the laboratory of
one of us (GF). The original slides have now been carefully re-examined
under a 100-400x light microscope and a comprehensive photographic
documentation has been obtained.

Table 1
Histological features and cortical bone regions.

Histological feature References

McFarlin et al. (2016)

Frost (1985), Parfitt et al. (1987), Stout and
Paine (1992)

Frost (1985), Parfitt et al. (1987), Stout and
Paine (1992)

Robling and Stout (1999)

Robling and Stout (1999), Gocha et al. (2018)
Robling and Stout (1999), Gocha et al. (2018)
McFarlin et al. (2016)

McFarlin et al. (2016)

McFarlin et al. (2016)

Frost (1985)

Frost (1985)

Frost (1985)

Primary osteons
Intact secondary osteons N. On

Fragmentary secondary osteons N.
On. Fg.

Howship’s Lacuna

Double zonal osteon

Drifting osteon

Banded osteon

Woven bone

Primary lamellar bone

Periosteal envelope

Haversian envelope

Cortical-Endosteal envelope
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In order to evaluate the pathology through macroscopic observations
and histology, we thus performed a new examination of the femur,
combining this observation with the analysis of the micro-anatomical
features visible on the preserved histological images of the small frag-
ment sampled after the discovery (Belli et al., 1991). A new description
of the outer cortical shaft surface and a discussion of both the
micro-anatomy and the histological features of the cortical bone are
reported here, while a review of the paleopathological literature for a
differential diagnosis of this bone formation is also discussed. In doing
so, we rely on the work of Weston (2012), who refutes some of the
findings (specific histology features used to diagnose lesion origins in
bone) by Schultz (2001).

3. Results

3.1. Gross anatomy, cross sectional morphometrics and micro-anatomical
frequencies

Proximally, the posterior surface is characterized by a deep gluteal
(hypotrochanteric) fossa and laterally by a blunt and well projected
lateral crest, which taken together produce a marked antero-posterior
(AP) flattening of the proximal shaft (platymeric femur), as evidenced
also by the compressed AP cross-section at this level (Fig. 3). The
absence of true pilaster stands out on the posterior surface, and the distal
cross-section is almost subcircular, showing thick cortical walls. In the
preserved portion, there is no signal of antero-posterior curvature of the
shaft. In most of these traits Vn-H1 resembles other archaic femora, with
reference to the human fossil record which is bracketed between the
Early Pleistocene and the emergence of Homo sapiens.

In Table 2 and Fig. 4, we give the basic external dimensions of Vn-H1
compared with other Middle and Upper Pleistocene fossil femora, and in
Table 3, the cross-sectional parameters of Vn-H1 at the three different
levels.

In absolute dimensions, Vn-H1 is one of the smallest femora of all the
fossil specimens used for comparison in this work, either when we
consider diameters or perimeters at mid-shaft or at the subtrochanteric
level. For example, only four of the femora in our comparative sample
(Table 2) have the mid-shaft perimeter below 85 mm as Vn-H1: namely,
the Tabun C1 adult Neanderthal woman, the late adolescent F-XVI from
At-SH and the Pekin II and V specimens whose age remain unknown
(Ruff et al., 2015). Moreover, in its general external dimensions, Vn-H1
is in the line of the late adolescents F-IV, F-V and F-XV from At-SH.

As shown in Fig. 3, the At-SH femurs lack a proper pilaster and, in
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possible association with this trait, show a medial cortical thickening at
mid-shaft (medial buttres in Rodriguez et al., 2018), which is also
frequent in other archaic femora (Trinkaus and Ruff, 2012; Chevalier
and Lumley, 2022a), now including Vn-H1. Chevalier and Lumley
(2022a) differentiate the pattern of cortical distribution at the femoral
mid-shaft and along the femoral diaphysis in some Pleistocene hominins
and, according to them; this pattern would be a good indicator of
evolutionary affinities. The femoral cross-section at mid-shaft in Arago
(A-141) displays roughly similar cortical bone thickness in each direc-
tion and this distribution is also present in the Zhoukoudian femora and
KNMER 1808; Chevalier and Lumley (2022a). In contrast, the femurs
from At-SH show postero-medial cortical reinforcement (ie.,
postero-medial bone cortical thickening at mid-shaft), a pattern that is
frequent in Neanderthals and some (e.g., Karain, Ehringsdorg), but not
all (e.g., Lazaret) European Pleistocene hominins. Moreover, the pattern
of Trinil and Zhoukoudian femora is close to Arago and differs to At-SH
and the Neanderthals (Chevalier and Lumley, 2022a).

The cortical bone distribution at mid-shaft of Vn-H1 is almost the
same on all sides of the mid-shaft cross section (see Fig. 3) and it has a
maximal thickness on the medial and lateral sides and the least cortical
thickness value on the anterior side. Thus, for this trait Vn-H1 is like
Zhoukoudian and Arago and different from the femora from At-SH and
of the Neanderthals. Given the chronology of Vn-H1 (661-614 ka), this
could be a relevant trait with phylogenetic meaning (e.g., Manzi, 2016;
Di Vincenzo and Manzi, 2023). Nevertheless, in our view, the develop-
mental status of the fossil specimens used in the comparisons must be
kept in mind.

The pattern of change of cortical distribution along the proximal
femoral diaphysis (80%, 65%, 50%, 35%) can be also informative in this
sense, and Chevalier and Lumley (2022a) detect what they call the spiral
distribution pattern of diaphyseal maximal cortical thickness. This spiral
originates on the proximal and medial diaphyseal region and ends
approximately at mid-shaft on the postero-medial region. Thus, they
differentiate the Homo erectus-like medial buttress, associated with
straight medial reinforcement, to the Neanderthal and At-SH poster-
o-medial buttress, associated with an oblique reinforcement (also called
spiral reinforcement). The pattern of cortical distribution along the
proximal region of Vn-H1 can be determined (at least) for the 80%, 65%
and 50% levels (see Fig. 3). The comparison of Vn-H1 indicates that this
specimen doesn’t present the oblique or spiral buttress we see in At-SH
and the Neanderthals but the straight medial reinforcement as in
Zhoukoudian and Arago. It is very interesting to note that the late
adolescent F-XVI from At-SH already shows the spiral buttress that can

Fig. 3. Cross sections of Vn-H1 at approx. 80%, 65% and 50% compared with those of F-X and F-XVI from At-SH (Rodriguez et al., 2018) and Arago A-141 (Chevalier
and Lumley, 2022a, 2022b). F-X and F-XVI are from the left side, while data from Vn-H1 and A-141 come from the right side. Sections are not size scaled, but are
drawn approximately to the same size. Legend: white = greater thickness; red/purple = lower thickness.
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Fig. 4. Scatter plot of antero-posterior (M6) versus medio-lateral (M7) midshaft diameters (left) and antero-posterior (M10) versus medio-lateral (M9) sub-
trochanteric diameters (right) in fossil and recent samples. The means and standard error are represented. Eu MP = European Middle Pleistocene; As MP = Asian
Middle Pleistocene. Composition of fossil samples and maturity stages as in Table 2. Recent human sample measured by the authors at the Museu e Laboratorio

antropoldgico da Universidade de Coimbra (Portudal), n = 140.
be observed in the adult F-X of the same site.

3.2. Age at death of Vn-H1

Belli et al. (1991) assigned the Vn-H1 femur to an adult female based
on its small size. However, looking at the large At-SH collection that
include adult and subadult femora at different growth ages, we are more
inclined to believe that Vn-H1 belonged to a subadult, namely to an
adolescent individual.

In any case, Vn-H1 is a small specimen in comparison to the other
fossil femora reported in Table 4; its external dimensions are at the lower
limit of the fossil adult range, while it also fixes well among the
adolescent individuals from Atapuerca At-SH. Regarding the internal
parameters, at mid-shaft (50%) the TA and CA values of Vn-H1 fall
within the range of variation observed for the recent SPM adults and
adolescents. However, in comparison to At-SH adults, the TA is signifi-
cantly lower, and the CA is towards the lower limit of their range of
variation. As much as cross-sectional parameters can help, the value for
Vn-H1 is lower than both At-SH and SPM adults and more in line with
their respective adolescent samples. As for the relative cortical area (%
CA), there are not statistically significant differences between adults and
adolescents in the At-SH and SPM samples. However, the average %CA
of the adolescents is higher than that of the adults in their respective
groups, reflecting that they were still growing. Once more, Vn-Hlhas a
%CA at mid-shaft is in line with the value of the At-SH adolescents and
above the At-SH adults. Therefore, we consider the relevance that the
dimensions of Vn-H1 for TA, CA, MA and %CA are very close to those
observed in the At-SH adolescents.

Regarding the second moments of area (Ix and ly) at mishaft, Vn-H1
exhibited a low antero-posterior second moment of area (Ix) compared
to all age groups used in this study, while the mediolateral second
moment of area (Iy) falls within the range of variation observed in At-SH
adolescents and SPM adults. The same condition is observed for the
maximum (Imax) and minimum (Imim) second moments of area,
reflecting a diaphyseal shape more transversally oval. As a consequence,
the indices Ix/Iy and Imax/Imin values for Vn-H1 are also low compared
with the four age group samples (Tables 3 and 4).

As mentioned above, during adolescence the effect of steroid lead to
internal and external cortical bone remodeling, which result in a med-
ullary contraction (Frisancho et al., 1970; Garn, 1970; Chevalley et al.,
2009). This explains why the %CA values of adolescents of At-SH and
SPM are slightly higher than those of their respective adults. The At-SH
and SPM seem to follow a similar pattern of change from adolescence to
adulthood for TA, CA, MA and %CA. Neanderthals follow the same

ontogenetic trend that At-SH and recent humans, but they exhibit larger
cortices and total areas at all ages (Cowgill, 2010). Thus, the pattern
exhibited by Vn-H1 is the one expected by an adolescent of an archaic
human group, as can be demonstrated looking at the At-SH sample.

The main difference between Vn-H1 and the At-SH adolescents is
related to the lower values of the former in the Ix, Imin and the ratios Ix/
Iy and Imax/Imin, reflecting the more transversely oval mid-shaft shape.
The histological analysis of Vn-H1 shows that there is new bone appo-
sition on the periosteal surface, but with no pathological response
observed on the endosteal surface. Consequently, both TA and CA values
in Vn-H1 are those expected for the adolescents of an archaic population
and below those observed, for example, in the At-SH and Neanderthal
adults.

The adolescent age estimation for Vn-H1 is also supported by sec-
ondary osteon patterns (see Fig. 6). The ratio of the secondary intact
osteons (N.On.) relative to fragmentary osteons numbers (N.On.Fg.) is
high, giving a ratio of 14:1. This ratio indicates that there is a larger
number of N.On. (56) relative to a smaller number for N.On.Fg. (4). This
age estimation using osteons numbers is consistent with what has been
observed in age estimating formulas used by forensic anthropologists (e.
&, Stout and Paine, 1992); typical N.On./N.On.Fg. for adults in their late
twenties early thirties is 6:1 or 5:1, indicating a higher number of
fragmentary osteons as age increases.

3.3. Paleopathological investigation

Macroscopic examination of Vn-H1 reveals postmortem damage of
the cortical surface in the form of numerous minor serpiginous and
irregular grooves, mostly (but not only) located on the medial and
anterior sides of the diaphysis. The original cortical bone, also observ-
able in post-mortem fractured areas, seems to consist of a regular
compact bone.

At the same time, distally and medially (Fig. 5), the surface of the
bone has a porotic appearance with thin longitudinal striations, con-
firming the presence of bone neoformation 1-2 mm thick, as reported in
the previous study (Belli et al., 1991). The new pathological bone ex-
tends from the medial to the anterior surface of the distal portion of the
diaphysis, while some minor residual areas of the same neoformation
are also visible in other undamaged points. The sampling for histology of
this pathological alteration was performed at a cross-section of the
diaphysis in an area preserved from post-mortal damage. The trabecular
appearance of the new bone apposition, clearly visible even to the naked
eye (Fig. 5b-d), involves the external surface of the cortical bone.

An observation by light microscope (Fig.. 5¢, 6 and 7, 8) clearly
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Table 2
External dimensions (in mm) of Vn-H1 compared to other Pleistocene fossil femora.
Si- Maturity MID-SHAFT LEVEL (50%) SUBTROCHANTERIC LEVEL (80%) Source
de . . . .
AP ML Circumference  Midshaft AP ML Circumference  Platymeric
Diam. Diam. (pilastric) Diam Diam Index
Index
M6 M7 M8 M6/M7 M10 M9 M10/M9
Middle Pleistocene Europeans
Venosa 1 (Vn- r 23.0 28.6 81.5 80.7 22.3 34.3 93.0 64.9 This study
H1)
SH F-X 1 adult 34.4 34.7 105.0 99.3 32.4 37.0 108.5 87.6 Carretero et al.
(2023)
SH F-XII 1 adult 32.6 29.7 96.0 109.8 31.0 35.5 102 87.3 Carretero et al.
(2023)
SH F-XIII T adult 31.9 28.4 93.0 112.1 30.1 349 101 86.2 Carretero et al.
(2023)
SH F-XIV r adult 31.6 29.1 104.0 108.6 30.2 35.7 101 84.6 Carretero et al.
(2023)
SH F-XVI 1 adolescent 23.4 27.9 88.8 83.9 23.3 322 89.0 72.4 This study
SH F-IV r adolescent 26.1 27.5 85.0 94.9 26.4 35.2 99.0 75.0 This study
SH F-V 1 adolescent 28.3 26.9 85.0 105.2 25.5 33.7 98.0 75.7 This study
SH F-XV r adolescent 26.7 25.4 82.0 105.1 28.4 29.9 85.5 95.0 This study
Castel di r adult 35.0 32.0 104 109.4 - - - Mallegni et al.
Guido 1 (1983); Belli et al.
(1991)
Castel di 1 adult? 24.8 31.1 89.0 80.0 21.0 29.8 70.5 Mallegni et al.
Guido 2 (1983); Belli et al.
(1991)
Sedia del r indet 31.6 29.4 95.0 107.5 - - - Belli et al. (1991)
Diavolo 1
Ponte T indet 33.4 29.5 96.2 113.2 28.7 34.6 82.9 Belli et al. (1991)
Mammolo 1
Arago 48 r adult - - - - 28.9 35.7 - 81.0 Chevalier and
Lumley, 2022b
Arago 57 1 adolescent? - - - - 28.6 36.2 - 79.0 Chevalier and
Lumley, 2022b
Arago 141 T adult 28.1 31.8 84.5 88.0 29.8 37.8 - 79.0 Chevalier and
Lumley, 2022b
Ehringsdorf 5 r adult 33.5 32.0 103.0 104.6 29.0 34.5 84.0 Belli et al. (1991)
Middle Pleistocene Asian
Gesher Benot r Indet 22.1 24.6 90 19.8 28.8 68.7 Geraads and
Ya’aqov Tchernov (1983)
Trinil IT r Indet 26.2 27.1 85.0 97.0 26.2 37.7 80.1 Belli et al. (1991);

Ruff et al. (2015);
Ruff et al. (2022)
Trinil III 1 Indet 25.4 27.7 85.0 91.7 24.2 32.2 75.2 Belli et al. (1991);
Ruff et al. (2015);
Ruff et al. (2022)
Trinil IV r Indet 25.7 28.4 87.0 90.5 23.8 33.7 70.6 Belli et al. (1991);
Ruff et al. (2015);
Ruff et al. (2022)
Trinil V 1 Indet 27.0 26.3 85.0 102.6 - — — Belli et al. (1991);
Ruff et al. (2015);
Ruff et al. (2022)

Pékin I indet 27.1 29.7 98.0 91.2 23.2 34.3 67.6 Belli et al. (1991)

Pékin II indet 22.8 26.4 77.0 86.4 - - - Belli et al. (1991)

Pékin IV indet 25.0 29.3 85.0 85.3 22.7 34.3 66.2 Belli et al. (1991)

Pékin V indet 23.7 29.5 83.0 80.3 - - - Belli et al. (1991)

Pékin VI indet 26.1 29.2 85.0 - - - - Belli et al. (1991)

Upper Pleistocene Europeans

La Quina HV 1 90.0 26.0 33.5 77.6 Heim (1976);
Mallegni et al.
(1983)

La Ferrassie 1 r adult 31.0 32.0 99.0 96.9 28.0 39.0 71.8 Heim (1976)

La Ferrassie 1 1 29.1 31.0 93.9 Heim (1976)

La Ferrassie 2 r adult 26.5 30.0 90.0 98.3 24.0 34.5 69.6 Heim (1976)

La Ferrassie 2 1 28.1 28.6 98.3 Heim (1976)

Spy 2 T adult 29.0 29.0 90.0 100.0 25.0 36.0 69.4 Heim (1976);
Mallegni et al.
(1983)

Spy 2 1 26.0 29.0 89.5 89.7 30.0 39.0 76.9 Heim (1976);
Mallegni et al.
(1983)

Hortus 34 1 25.6 31.0 82.6 Mallegni et al.
(1983)

(continued on next page)
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Si- Maturity MID-SHAFT LEVEL (50%) SUBTROCHANTERIC LEVEL (80%) Source
de AP ML Circumference Midshaft AP ML Circumference Platymeric
Diam. Diam. (pilastric) Diam Diam Index
Index
M6 M7 M8 M6/M7 M10 M9 M10/M9
Neanderthal 1 r adult 31.5 28.2 92.5 111.7 29.3 33.4 87.7 Mallegni et al.
(1983)
Neanderthal 1 1 adult 30.6 30.1 92.0 101.7 28.4 36.0 78.9 Heim (1976)
La Chapelle r adult 34.5 27.5 98.0 125.5 32.0 33.0 97.0 Heim (1976)
La Chapelle 1 adult 31.8 29.0 109.7 Heim (1976)
Fond-de-Foret 1 adult 33.5 30.0 111.7 27.0 37.0 73.0 Mallegni et al.
(1983)
Sants Croce T adult 29.7 29.0 91.0 102.4 25.7 32.0 80.3 Mallegni et al.
Cave 1 (1983)
Krapina 213 1 adult 26.1 36.4 100.0 71.7 Trinkaus (2016)
Krapina 214 1 adult 22.3 29.6 80.0 75.3 Trinkaus (2016)
Lazaret 13 1 adult 28.7 36.2 79.3 Chevalier and
Lumley, 2018
Lazaret 15/17 1 adult 22.8 24.0 95.0 24.4 29.3 83.3 Chevalier and
Lumley, 2018
Upper Pleistocene Asian
Amud 1 r adult 33.0 32.0 106.0 103.1 31.0 37.0 83.8 Mallegni et al.
(1983)
Tabun C1% r adult 22.0 24.0 81.0 91.6 McCown and Keith
(1939)
Tabun €1 1 adult 23.2 27.0 85.9 23.2 30.5 76.1 McCown and Keith
(1939)
Shanidar 1 T adult - 35.5 - — 28.6 35.3 81.0 Trinkaus (1983)
Shanidar 4 r adult 35.5 31.1 102.0 114.1 Trinkaus (1983)
Shanidar 5 T adult 36.5 33.2 108.0 109.9 Trinkaus (1983)
Shanidar 6 T adult 28.5 28.0 89.0 101.8 Trinkaus (1983)

M# refers to the Martin and Saller (1957) variable number. SH = Sima de los Huesos.
(*) Although the taxonomic attribution of Tabun C1 fossil has been discussed (Tillier, 2005; Hershkovitz et al., 2021), it is included here among the Asian Neanderthals.

Table 3

Cross-sectional parameters of Vn-H1 femur at 50%, 65%, and 80% length levels.
VN-H1 50% 65% 80%

Geometrical properties TA 455 521 550

CA 373 433 414
MA 82 88 136
%CA 82 83 75
Ix 12698 13960 16302
Iy 20000 33609 33566
Imax 20005 33977 33923
Imin 12693 13592 15946
Zx 1147 1265 1343
Zy 1398 1896 1892
J 32698 47569 49869
Zp 2260 2624 2788

Total area (TA) and Cortical area (CA) in mm®. Moments of inertia Ix, Iy, Imax and
Imin and J in mm®. Section moduli Zx, Zy and Zp in mm>. All values have been
adjusted to zero decimal places.

shows the histological aspect of the lesion, revealing that the periosteal
bone formation consists of an outer layer of relatively long and thin
radiating trabeculae of woven bone, mainly in parallel orientation
(Fig. 6). Large oval and round spaces (diameter 50-250 pm) occupy the
external third of cortical bone; in some cases, an enlargement of the
Haversian canals is present (Fig. 7). From Fig. 7 we also observe only one
branching secondary osteon, 2 Howships lacunae, no double zonal
osteons and, no drifting osteons. Additionally, no banded osteons are
observed. The disorganized lamellar bone immediately below the peri-
osteal envelope is the result of the periosteal growth of the surface
lesion, while the Haversian systems assume an almost regular aspect in
the central portion of the compact bone (Fig. 8); apart from some rare
and scattered enlargements of the Haversian canals (Fig. 8d and e), the
endosteum lacks any pathologic response. The micro-anatomical pattern
mid-cortical to endosteal envelope appears lacking an affect by the
lesion causing agent.

4. Discussion
4.1. General remarks

According to our results, following in part a previous study on Vn-H1
(Belli et al., 1991), the human diaphysis from Venosa-Notarchirico
represents the proximal two thirds of a right femur lacking the entire
epiphyseal region (the neck and head) of the bone. It most probably
belonged to an immature individual, possibly a late adolescent, of an
archaic (i.e., non-modern) human species, more probably belonging to
the controversial taxon Homo heidelbergensis (Shoetensack, 1908), whose
holotype is only slightly younger than Vn-H1 (Wagner et al., 2010). At
the same time, Vn-H1 shows morphological differences from specimens
referred to the Neanderthal lineage (i.e., the At-SH sample and the Eu-
ropean and Asian Neanderthals). In view of the young age of the indi-
vidual, the femur is of uncertain sexual attribution.

Its chronology is of utmost interest, since Vn-H1 has been dated
between 661 and 614 ka (Pereira et al., 2015). Therefore, this shaft of a
long bone represents the oldest fossil specimen ever found so far in the
Italian peninsula (Manzi et al., 2010; Buzi et al., 2021) and among the
oldest ones from the Middle Pleistocene of Europe (Di Vincenzo and
Manzi, 2023). In addition, it is associated with a rich Paleolithic
assemblage and faunal remains including various mammal species
(Moncel et al., 2020).

The stratigraphy of Venosa-Notarchirico and the archaeological
studies performed on the site (e.g., Piperno, 1999; Moncel et al., 2020)
suggest that it was occupied repeatedly for short periods of time during
interglacial and glacial stages, between 695.2 + 6.2 and 614 + 4 ka
(Pereira et al., 2015), that is between the interglacial MIS 17 and the
glacial event of MIS 16, spanning a period of almost 100.000 years.
Therefore, like the human femur, the Acheulean assemblage recorded at
Venosa-Notarchirico, with or without the occurrence of handaxes, rep-
resents at present the oldest most extended sequence of this kind in
Europe at the beginning of the Middle Pleistocene.
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Table 4
Comparison of cross-sectional properties at midshaft (50%) of the femur in Vn-
H1, At-SH and modern humans.

Vn- Sima de los Huesos San Pablo
Hl Adolescents Adults Adolescents Adults
TA 455 435 + 85 700.5 + 312 £ 1125 502 + 92
134
CA 373 362 + 74 556.5 + 252 + 115 375 £ 67
101.5
MA 82 72.5 + 22.5 144 + 33 60 + 21 126 + 40
%CA 82 83+t4 79.5+3 78 +£ 10 75 +£5.5
Ix 12698 14800 + 45363 + 7980 + 19856 +
6760 12670 6285.5 7346
Iy 20000 15351 + 42889 + 6898 + 5012 19764 +
5480 14669 7849
Ix/ly 0.63 0.8-1.1 0.9-1.2 1.0-1.2 0.7-1.5
Imax 20005 16179 + 50298 + 8077 + 6347 218332 +
6900 16339 8537
Imin 12693 13972 + 37954 + 6801 + 4954 17714.5 £
5365 9975 6519
Imax/ 1.6 1.1-1.2 1.2-1.5 1.0-1.2 1.0-1.6
Imin
Zx 1147 1202 + 422 2575 + 769 + 441 1337.5 +
586 319.5
Zy 1398 1285 + 266 2622 + 598 + 269 1432 + 387
670
J 32698 30151 + 88252 + 148787 + 39547 +
12227 26067 11294 14828
Zp 2260 2345 + 682 4991 + 1284 + 614 2646 + 654
1287

Variable mean and standard deviation except for the Ix/Iy and Imax/Imin in
which the range of variation is given. TA (Total area), CA (Cortical area) and MA
(Medullar area) are measured in mm2. %CA (relative cortical area) is computed
as CA/TA*100. Ix and Iy (anteroposterior and mediolateral second moments of
area) are measured in mm4. Imax and Imin (maximum and minimum second
moments of area) are measured in mm4. Zx, Zy and Zp (section moduli) are
measured in mm3. J (polar moment of area) are measured in mm4. All values
have been adjusted to zero decimal places.

Furthermore, our work supports the identification of a pathological
condition affecting Vn-H1, particularly evident in some preserved por-
tions of the mid-shaft. This pathology may have been concomitant with
the death of the individual, although it can be argued that he/she sur-
vived for some time after the infection involved the bony tissue. In the
following paragraph we will discuss the possible etiology of this con-
dition, through a procedure of differential diagnosis.

4.2. Morphology and morphometrics

Some morphological traits that are present in Vn-H1 can be consid-
ered plesiomorphic traits shared by all archaic humans since the Early
Pleistocene, until the emergence of Homo sapiens. These femoral features
are the following: large hypotrochanteric fossa, pronounced lateral
crest, platymeric proximal section, lack of pilaster, subcircular mid-shaft
cross-sectional shape and thick cortices.

Thus, these features are part of a complex of traits shared by archaic
members of the genus Homo and have been reported for Early Pleisto-
cene femurs from Europe, i.e. in the Atapuerca Gran Dolina sample
(Carretero et al., 1999), from Asia (Weidenreich, 1941; Ruff et al., 2015)
and from Africa (Day, 1971; Kennedy, 1983; Aiello and Dean, 1990;
Gilbert, 2008), as well as for European Middle Pleistocene humans
(Lumley and Lamy, 1982; Mallegni et al., 1983, 1987; Belli et al., 1991;
Arsuaga et al., 1992; Rodriguez, 2013; Arsuaga et al., 2015) and Late
Pleistocene Neanderthals (e.g.,McCown and Keith, 1939; Trinkaus,
1983; Ruff et al., 1993; Trinkaus and Ruff, 1999; Trinkaus et al., 1998;
Puymerail et al., 2012). In modern humans (i.e., Homo sapiens), the
frequency of hypotrochanteric fossa varies (Aiello and Dean, 1990), but
it is almost constant in archaic specimens.

A platymeric femoral diaphysis at 80% has been related to a body
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shape with a broad pelvis (Trinkaus and Ruff, 1999; Trinkaus et al.,
1998). This is the case in At-SH hominins (Rodriguez, 2013; Arsuaga
et al., 2015; Rodriguez et al., 2018), where this feature has been
considered as part of the primitive biotype of the body bauplan, stocky
and wide, that characterizes all archaic (i.e., non-modern) Homo repre-
sentatives, which changed and became derived only with the emergence
of Homo sapiens (Arsuaga et al., 2015).

The histological study of Vn-H1 shows that there is new bone
apposition on the periosteal surface, with no pathological response
observed on the endosteal surface. However, despite this new bone
formation, CSG parameters of Vn-H1 are lower than those observed in
At-SH adults, while the same are expected for an adolescent of an
archaic population.

Nevertheless, the pattern of cortical bone distribution along the
proximal region of the diaphysis (sensu Chevalier and Lumley, 2022a) of
Vn-H1 is in common with Zhoukoudian and Arago, whereas it is
different from the femora of At-SH and the Neanderthals. Given the
chronology of Vn-H1 (661-614 ka) this is a relevant trait of this spec-
imen since it has been proposed as a good indicator of evolutionary
affinities among the archaic hominins (Chevalier and Lumley, 2022a,
2022b). Here we must note that the late adolescent F-XVI from At-SH
already shows the spiral buttress that can be observed in the adult F-X
of the same site (see Fig. 3), which strengthens the idea of co-existence of
different human lineages during part of the Middle Pleistocene (Manzi,
2011, 2016; Di Vincenzo and Manzi, 2023).

4.3. Paleopathology

The paleopathological alteration observed in the femur Vn-H1 is
consistent with new bone apposition on the cortical surface, affecting
most undamaged bone. The presence of small residual areas of new bone
along the diaphysis suggests that taphonomic abrasion of the outer
cortical surface might have removed the new apposition so that the
initial assessment might have been thicker and wider in some parts of
the shaft surface.

Bone has a limited response to injury or disease that stimulates the
formation of bony defects or neoformation. In some cases, osteoblastic
response to pathogens will produce new bone growth. In other instances,
osteoclastic activity will lead to bone resorption. Occasionally, these
agents will have bony growth defects and lytic lesions on the same
surface (Burr and Allen, 2014). In the case of Vn-H1, the gross surface
clearly shows a significant periosteal reaction producing new bone
apposition. Histological analysis shows an apparent disturbance of a
normal bone formation of the cortical bone, resulting in alteration of the
periosteal envelope, woven bone production, and hypervascularization.

Several diagnostically defined agents might account for the observed
defective changes in the femoral shaft, and a differential diagnosis is
challenging to establish. Schultz (2001) grouped the periosteal alter-
ations as inflammatory (periostitis) or noninflammatory processes
(periostosis). The inflammatory processes include osteitis, osteomyelitis,
and inflammation of the deep veins; non-inflammatory diseases are
primary and secondary bone tumors, healing of bones after fracturing,
hypertrophic osteoarthropathy, and other conditions. Recently, Roberts
(2019: 288) reports: “periostitis should only be used to refer to inflam-
mation due to infection, and it is well known that there are many causes
of new bone formation beyond infection. [...] Periostosis usually rep-
resents part of, or a reaction to, pathological changes of the underlying
bone”.

The periosteal reaction observed in Vn-H1 might be due to several
different pathological conditions that secondary affect the periosteum or
can be due to a primary affection of the bone, such as traumas and in-
fections. Observation is limited to a single incomplete bone fragment,
and the monotonal response of bone tissue complicates the identifica-
tion of its etiology. Although the correlation between histological
manifestations and specific disease processes is a discussed argument
(Weston, 2009, 2012), paleo-histopathological investigation can help to
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Fig. 5. Post mortem and pathological alterations observed in Vn-H1 and sampling: a) medial view of the shaft (from a photo taken after the discovery, when the
sample for histology had not yet been removed); b) different magnifications of the affected surface (3.5x, 16x and 5x); c) histological cross-section of the affected
cortical bone (20x); d) distal view of the shaft sampled for histology in the late ‘80s of the last century.

develop an appropriate differential diagnosis model to argue from.
Several diagnostically defined agents might account for the observed
bone changes in Vn-H1 femur. Lesions associated with the evidence on
Vn-H1 femur are reported from the literature and discussed below.

4.3.1. Circulatory disorders

Vascular disorders, such as venous stasis in the lower limbs, may
exert pressure on the bone surface, leading to inflammatory processes
and stimulating new periosteal bone formation. Microscopically, short,
and bulky trabeculae are developed, and multiple layers at the original
bone surface can be produced (Grauer, 2019). This pathological condi-
tion can likely be associated with the Vn-H1 bone lesions. However, the
paleopathological record for circulatory disorders is not spread to the
whole diaphysis but limited to a limited area. Therefore, it is not possible
to offer a comprehensive comparison with our specimen.

4.3.2. Hematogenous osteomyelitis

This pathology is due to a bacterial infection that spreads through the
blood affecting the bone and marrow. The immunological response in-
duces a remodeling process that involves both osteoblastic and osteo-
clastic activity, with new bone growth associated with the progressive
development of an involucrum. The osteoclastic activity results in bone
necrosis or sequestrum with cloacae for pus draining (Ortner, 2003;
Waldron, 2009; Roberts, 2019). Osteomyelitis can also represent a

10

secondary infection associated with compound fractures and/or external
trauma (Aufderheide and Rodriguez-Martin, 1998). Osteomyelitis can
be excluded since there is no cloacae present, sequestrum, involucrum and
there are no changes in the mid cortical to endosteal envelopes of the
cross section.

4.3.3. Malignant tumors

Cancer can often be directly traced to bone origin, such as osteo-
sarcoma. Cancer can also be spread from soft tissues to bone through
metastatic processes, causing osteolytic bone lesions. Such lesions can be
either osteoblastic or osteoclastic in formation, sometimes both pro-
cesses are observed. Osteosarcoma, prostate, and breast cancer can
generally produce an osteoblastic response. The bone neoformation that
involves the periosteum is usually aggressive. For example, in osteo-
sarcoma, differently from Vn-H1, the massive “sunburst” (periosteal
spicules arranged perpendicularly to the bone surface) or periosteal neo-
production is the most frequent picture (Marques, 2019). In advanced
stages, the deeper structures of the original bone substance can be
involved. Microscopically, the trabeculae show a more normal devel-
opment (Schultz, 2001; Rana et al., 2009).

4.3.4. Treponemal diseases
Treponematosis is a bacterial infection which can affect bone,
inducing a periosteal reaction with extensive woven-bone formation. In
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Fig. 6. Undecalcified ground cross section of the diaphysis: a) original compact bone of the shaft with bone neoformation, consisting in thin radiating trabeculae of

woven bone (20x); b, ¢) photo are at 40 x magnification.

Fig. 7. Higher histological magnification of Fig. 6a, showing the enlargement of Haversian canals of the compact bone: a) cortical bone showing many secondary

osteons (40X); b) an enlarged Haversian canal with osteocytes lacunae (400X).

treponemal diseases, the histological features at the periosteal level are
represented by characteristic structures called polsters and grenzstreifen
(Schultz, 2001; von Hunnius et al., 2006). These features were not found
in Vn-H1, hence eliminating treponemal disease as the origin for this
lesion.

4.3.5. Traumas
Traumatic events can directly affect bone, causing a fracture, or
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affect the soft tissues causing an injury or a hematoma. A hemorrhagic
process can occur on the external bone surface in both cases. The peri-
osteal reaction produces a layer or multiple layers of newly built bone;
microscopically, changes are represented by short bone trabeculae
showing extensive bridging; the original bone substance is unaffected
(Cappella and Cattaneo, 2019).
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Fig. 8. Histological magnifications at the light microscope of the thin-section of the diaphysis show the compact bone (b,c) and endosteum (d,e).

4.3.6. Scurvy

This metabolic disease is caused by a severe vitamin C deficiency
resulting in impaired collagen synthesis and inducing subperiosteal
hemorrhage. Such as in traumas, the hemorrhagic process stimulates the
periosteal reaction and new bone formation. In scurvy, periosteal
alteration usually affects the cranial bones and the extremities of long
bones, specifically in cases of juvenile scurvy in infants (Geber and
Murphy, 2012). Differently from Vn-H1, the histological features of a
hemorrhagic condition, such as that caused by trauma or scurvy, are
only found external to the original bone surface (Schulz, 2011).

4.3.7. Hypervitaminosis A

The excessive intake of vitamin A leads to this metabolic disorder,
resulting in a compact periosteal reaction that affects the long bones’
midshaft. High intakes of organ meat (specifically liver) in a diet can
cause hypervitaminosis A. Changes that result in this condition are
found in periosteal and endosteal bone; the new bone formation is
essentially sub-periosteal (De Seze and Ryckewaert, 1979). This pattern
of cortical to endosteal remodeling disturbance was not observed in the
Vn-H1 specimen the paleopathological record for hypervitaminosis A is
infrequent in literature, although a possible lesion observed on a Homo
erectus femoral bone from Koobi Fora was offered (Walker et al., 1982).

4.3.8. Other hypotheses

Other diseases can produce new bone apposition on the shaft surface
of the long bones, such as Paget’s chronic bone inflammation causing
severe bone enlargement and deformities of the bones. In Vn-H1, the
histological mosaic pattern pathognomonic of Paget’s disease is absent
(Ortner, 2003; Grauer and Roberts, 2019). Skeletal fluorosis, due to the
ingestion of large amounts of fluoride, induce a periosteal reaction
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affecting all the skeletons, but unlike Vn-H1, the new bone formation
also involves the medullary canal and prevalently results in ossification
of the ligaments (Krishnamachari, 1986; Ortner, 2003; Brickley and
Mays, 2019). Secondary hypertrophic osteoarthropathy is another dis-
order causing new bone apposition in the tubular bone, especially in the
distal ends of the long bones; it is mainly associated with pulmonary and
cardiac diseases and neoplasms (Callemeyn et al., 2016). It typically
produces widely distributed periosteal reactions with thick secondary
stratified layers not found in Vn-H1.

Histological features of bone remodeling and modeling can help
address the differential diagnosis. In Vn-H1. The periosteal reaction
consists of an outer layer of woven bone characterized by radiating
trabeculae in parallel orientation with bridging (Fig. 6). In the under-
lying periosteal envelope compact bone, the lamellar bone is disorga-
nized with large circular spaces and enlargement of the Haversian canals
(Figs. 6 and 7). This might be the result of hypervascularization related
to an inflammatory response. Although osteopenia origins should be
ruled out since there is considerable cortical thickness and minimal
intra-cortical bone loss. It appears that the histological picture is
compatible with a process of inflammatory rather than hemorrhagic or
neoplastic origin. Inflammatory origins for bone modeling (the forma-
tion of woven bone) include metabolic disorder and or a lack of key
nutrients in the diet. These are the most likely origins for this lesion
(Weston, 2009, 2012).

Woven bone development along the periosteum is often associated
with endochondral bone formation as part of a healing episode. This is
initiated by an inflammatory process that starts osteoblastic recruitment
and function (Fazzalari, 2011). The time for mesenchymal cells to
become osteoblastic cells that can be detected by bone formation is
about 4 months (Rutkovskiy et al., 2016). Our lesion is well developed
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indicating a bone formation process that is much longer than 4 months,
making the case that this lesion is the result of a chronic condition.

4.3.9. Tentative diagnosis

The interpretation of the etiological factors involved in the patho-
logical alteration affecting Vn-H1 has been based on macroscopic and
microscopic evaluation. The histopathological investigation revealed
features typical of an inflammatory process affecting the bone surface
and outer layer. Periosteal reaction is a nonspecific response to a wide
variety of diseases. Our conclusion is that a periosteal alteration of in-
flammatory origin (periostitis) is the more plausible disorder affecting
the fossil femur Vn-H1. Unfortunately, it is not possible to be conclusive
as at its origins/casual factor: the periosteum responds similarly to the
different factors that induce inflammation, and it does not allow us to
determine the exact disease etiology for this lesion. Given that the in-
dividual had lived with this condition for a while long (i.e., more than
the time that the bone needs to remodel, that is more than one week, at
least for traumas; Moraitis and Spiliopoulou, 2016, with refences
therein), it is likely that the pathological condition was chronic in-
flammatory process, that affected Vn-H1’s life course.

5. Concluding remarks

In this article, we have reported the comparative morphometric
analysis of the femoral diaphysis (Vn-H1) discovered in 1985 during
systematic excavations in the Paleolithic site of Venosa Notarchirico
(southern Italy) that were led by the late Marcello Piperno (e.g., Piperno,
1999). This discovery is implemented by new archaeological and pale-
ontological findings, combined with a grid of absolute dates, obtained in
the framework of field activities conducted in the last years on the site
under the direction of one of us (MHM).

The most relevant new evidence is the 40Ar/39Ar dating of the
femur to an age bracket between 661 and 614 ka (Pereira et al., 2015),
which posits Vn-H1 as the oldest hominin fossil found so far in the Italian
peninsula (e.g., Buzi et al., 2021) and among the oldest in Europe after
MIS 18-16 (Di Vincenzo and Manzi, 2023; Hu et al., 2023). Moreover,
the 15 layers of Venosa-Notarchirico, with lithic and faunal remains,
represent the most extended sequence of human occupation dated to
MIS 17-16, at least in Southern Italy (Moncel et al., 2019, 2020, 2023).
This site is, therefore, unique within Europe in showing, at the same
time, one of the earliest evidence of an Acheulean lithic assemblage
starting from about 680 ka, followed by phases of occupation with or
without handaxes. This occurrence must be seen in a scenario where
Acheulean sites are not clearly observed in Western Eurasia before 700
ka (e.g., Di Vincenzo and Manzi, 2023; but see Oll¢ et al., 2023).

Vn-H1 represents the proximal two-thirds of a right femur lacking
the proximal epiphyseal region. According to our comparative
morphometric analysis, we argue it belonged to an immature individual,
possibly a late adolescent, in contrast to the previous attribution to an
adult female (Belli et al., 1991). In addition, its features suggest that the
specimen may refer to an archaic (i.e., non-modern) human species,
without morphological affinities to fossil samples of the Neanderthal
lineage. We are therefore inclined to believe that Vn-H1 belonged to
Homo heidelbergensis (Shoetensack, 1908); as a matter of fact, despite
being a controversial species (e.g., Stringer, 2012, 2022), this taxon
undoubtedly retains naming priority for specimens with the aforemen-
tioned features.

We have also discussed the periosteal alteration that affected Vn-H1,
as already reported (Belli et al., 1991). We have described in detail this
pathological condition, which is particularly evident in some preserved
portions of the mid-shaft. Our analysis was also supported by the his-
tological examination that we have been able to perform on a
cross-section of the diaphysis that was obtained in the past, but
remained unpublished. Our reappraisal reveals postmortem damage of
the cortical surface; at the same time, the surface of the bone has a clear
porotic appearance with thin longitudinal striations, confirming the
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presence of bone neoformation 1-2 mm thick. This evidence is typical of
an inflammatory process affecting the bone surface and outer layer.
While it’s not possible to determine the exact cause of this lesion, we
have nonetheless discussed it using a differential diagnosis procedure.
We conclude that it was an alteration of inflammatory origin, likely an
ongoing process of nonspecific periosteal response that occurred until
the death of the individual.
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