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ABSTRACT

In this study we describe an adult left first pollical (thumb) proximal phalanx (12-104) from the Baume
de Moula-Guercy (Ardeche, France) and we evaluate its taxonomic status. We first describe this bone
in detail, taking into account its pathology, before comparing it, through multivariate analyses, with
a diverse sample of recent and fossil humans. Based on metric and morphological comparisons, we
show that this phalanx belongs to a Neandertal individual who suffered from osteoarthritis. Osteoar-
thritis can have different origins, including overuse, degeneration, trauma and infection. Each of these
possible etiologies is explored in our study. Although the cause is difficult to identify, the pathology
in this individual may represent an inflammatory reaction caused by repeated and intense vibrations
provoked by the high-frequency knapping of the left hand over time.
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RESUME

Une nouvelle phalange de pouce provenant de Moula Guercy (France) : description et réflexion sur 'utilisation
de la main par les Néandertaliens.

Dans cette étude, nous décrivons une premiére phalange proximale de pouce adulte (12-104) pro-
venant de la Baume de Moula-Guercy (Ardéche, France) et nous évaluons son statut taxonomique.
Pour atteindre notre objectif, nous avons d’abord décrit cet os en détail, pris en compte sa pathologie,
avant de le comparer, par des analyses multivariées, & un échantillon diversifié d’humains récents et
fossiles. Sur base de comparaisons métriques et morphologiques, nous montrons que cette phalange
appartient 4 un individu de Néandertal ayant souffert d’arthrose. Larthrose peut avoir différentes
origines, notamment la surutilisation, la dégénérescence, les traumatismes et les infections. Chacune
de ces étiologies possibles a été explorée dans notre étude. Bien que la cause soit difficile a identifier,
cette pathologie présente sur 12-104 de Moula-Guercy pourrait étre due a 'age de cet individu pré-
sentant une réaction inflammatoire causée par des vibrations répétées et intenses provoquées par la

phalange.

INTRODUCTION

The Baume de Moula-Guercy (Moula-Guercy cave) lies on
a calcareous cliff 80 m above the west bank of the Rhone
River close to the village of Soyons, 10 km south of Valence,
Ardeche, France (Fig. 1). It was discovered in 1970 or 1972
by M. Moula (Crégut-Bonnoure ez al. 2010; Hlusko ez .
2013). The site is composed of six cavities, the majority of
which were occupied in the Middle Pleistocene. Moula-Guercy
cave was first excavated between 1975 and 1982 by P. Paven,
with later excavations conducted by A. Defleur between 1993
and 1999, following an initial survey undertaken in 1991
(Willmes ez al. 2016). Crégut-Bonnoure ez al. (2010) mis-
takenly reported that the A. Defleur excavations were made
between 1992 and 2001, which does not correspond to the
excavation report held at the Soyons Museum.

Stratigraphic, geological (Saos ez a/. 2014) and biochrono-
logical analyses (Defleur ez /. 2001) identified the subdivision
of the filling into three main climatic phases correspond-
ing to MIS 6 to 4. MIS 6 layers have only been minimally
explored. MIS 5 is represented by layers XV to XI and MIS
5e by layers XV and XIV (Willmes ez /. 2016). Layer XV is
the most important level of the cave, with a thickness of about
40/50 cm covering an area of about 30 to 40 m?, of which
only a small part has been excavated. The megafauna of layer
XV includes red deer (Cervus elaphus Linnaeus, 1758), giant
deer (Megaloceros giganteus Blumenbach, 1799), straight-tusked
elephant (Palacoloxodon antiquus Falconer & Cautley, 1847),
and Asiatic black bear (Ursus thibetanus Cuvier, 1823), all
typical of an interglacial phase (Valensi ez al. 2012). Levels
younger than layer XV have been almost completely destroyed
by previous excavations.

Charcoal remains collected on the living floor of the layer XV
(Defleur et al. 2001) have been identified with several species,
including deciduous oak (Quercus sp.), beech (Fagus sylvatica
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taille & haute fréquence de la main gauche.

Linné, 1753), elm (Ubmnus sp.), Scots pine (Pinus type silvestris
Linné, 1753), common juniper (Juniperus communis Linné,
1753), buckthorn (Ramnus saxatilis Jacq, 1762), blackthorn
(Prunus spinosa Linné, 1753), ivy (Hedera helix Linné, 1753),
and the common wild rose (Rosa sp.). These species are typical
of temperate zone deciduous forests similar to those of the
present day. Remains of rodents, reptiles, and amphibians
confirm the temperate character of the abundant mammalian
fauna (Defleur et 2/ 2001; Valensi et al. 2012).

From analysis of faunal remains, Valensi ez a/. (2012) con-
cluded that layer XV represents a short-term occupation of
the cave sometime between the end of the summer and the
beginning of the autumn season. Paleoenvironmental evi-
dence has confirmed that these occupations occurred during
the Eemian period (Defleur ez 2/. 2001). Additionally, recent
dating by several methods (AMS radiocarbon dating on three
faunal bones, 40Ar/39Ar dating on sanidine grains, U-series
and ESR dating carried out on 14 faunal teeth and three
human teeth) yielded an age of 120-130 ka (Willmes ez .
2016), again in accordance with both the palacoecological
and biochronological data provided by both large and small
vertebrate faunal remains. At that time, in Western Europe,
there was only one well-known human population with a
set of particular morphological and genetic characteristics:
the Neandertals. The origin and development of Neandertals
can be followed in Europe from 300000 years ago (end of
MIS 9). They expanded towards Asia (the Levant and in the
Altai region) around 100 000 years ago (MIS 5). They disap-
peared following the expansion from Africa of Homo sapiens
Linnaeus, 1758. In Europe, the first occurrence of Homo
sapiens is unanimously accepted to have taken place around
42000 years ago (MIS 3, Higham er a/. 2014), although
a recent study from one site in southern France suggests a
possible arrival as early as 54000 years ago (beginning of
MIS 3, Slimak ez 2l 2022).

COMPTES RENDUS PALEVOL e 2024 23 (21)
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Fic. 1. — Map of France showing the location of the Baume de Moula-Guercy. Credits: IGN Open Source.

TaBLE 1. — Hand remains from Moula-Guercy with their associated stratigraphic layers. *, Noted in layer XIV (Mersey et al. 2013b); **, noted in layer XVI (Mersey
et al. 2013b); ***, noted off stratigraphy (Mersey et al. 2013b).

Specimen number Layer Element Authors

12-104 XV Proximal thumb left phalanx This study

F1-461 XV Left capitates Mersey et al. 2013b
G2-648 XV Left 2nd metacarpal Mersey et al. 2013b
D3-768 XV Left 3rd metacarpal Mersey et al. 2013b
E1-123 XVv* Proximal hand phalanx Mersey et al. 2013b
D4-48 XV** Proximal hand phalanx Mersey et al. 2013b
D1-160 XV Proximal hand phalanx Mersey et al. 2013b
G1-154 XV Intermediate hand phalanx Mersey et al. 2013b
KO-HNN1 XV Distal hand phalanx Mersey et al. 2013b
H1-HNN2 XV Distal hand phalanx Mersey et al. 2013b
F1-359 XV Distal hand phalanx Mersey et al. 2013b

In the series of excavations at Moula-Guercy cave from
1993-1999, hominin remains, Mousterian artifacts, and
faunal materials were recovered from the site (Defleur
1995; Defleur & Desclaux 1997; Defleur et 2l. 1998, 1999,
2001). All Neandertal fossils derive from level XV, although
initially some of the remains were erroneously assigned to
the upper part of layer XIV or the lower part of layer XVI
(Mersey ez al. 2013a, b). More than one hundred homi-
nin specimens were excavated and have previously been
described as Neandertal, representing at least six individu-
als, although the remains are not close to each other and

COMPTES RENDUS PALEVOL e 2024 23 (21)

are mixed with other faunal bones (Defleur 1995; Defleur
et al. 1998, 1999; Hlusko ez al. 2013; Mersey ez al. 2013a,
b; Richards ez al. 2021, 2022). However, manual and pedal
remains have been attributed to Neandertal only on the
basis of their stratigraphic position, and recent discoveries
in the area show that modern humans could have arrived
much earlier than previously thought (Harvati ez a/. 2019;
Slimak er al. 2022). Thus it is interesting to evaluate the
variability of phalanges in Neandertals from MIS 5 com-
pared to those fossils available in Europe and those from
modern humans.
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TaBLE 2. — Dating and geographical position of the Upper Paleolithic and Middle Paleolithic remains. See also Appendix 1.

Remains Date Country Sources

Upper Paleolithic and Taforalt

Abri Pataud 39600-38900 BP France Higham et al. 2011
Chancelade 19500-18000 BP France Barshay-Szmidt et al. 2016
Cro-Magnon 28000 BP France Henry-Gambier 2002
Dame du Cavillon 24000 BP France Valladas et al. 2016

Dolni Vestonice 14 and 16

Nazlet Khater 2

27000 to 25000 BP
38000 +/- 6000

Czech Republic

Egypt

Svoboda 2006a
Crevecoeur & Villotte 2006

Predmost IV Around 26500 BP Czech Republic Djindjian et al. 1999; Svoboda 2006b

Qafzeh 9 92000 BP Israel Valladas & Valladas 1991
Saint-Germain-la-Riviére 16000-14 000 BP France Gambier et al. 2000

Sandalja ll 12320 +/- 100 BP Croatia Jankovi¢ et al. 2012

Sunghir 1 and 3 28000 BP Russia Trinkaus et al. 2014a

Skhul IV 100000 to 130000 BP Israel Mercier et al. 1993; Grin et al. 2005

Taforalt 11900 BP Morocco Roche 1959, 1976, but see also Bouzouggar et al. 2008
Middle Paleolithic Neandertal

Hortus (Neandertal) MIS 3 (57000 BP) France de Lumley 1973

Kebara 2 (Neandertal) 64000 to 59000 Israel Valladas & Valladas 1991

Krapina (Neandertal) 130000 +/- 10000 Croatia Rink et al. 1995

La Ferrassie (Neandertal) 45000 to 43000 BP France Guérin et al. 2015

Moula Guercy (Neandertal) 120000 to 130000 BP France Willmes et al. 2016

Neander (Neandertal) 40000 BP Germany Schmitz et al. 2002

Shanidar (Neandertal) 4 and 6 60000 BP Iragq Cowgill et al. 2007

Shanidar (Neandertal) 5 40000 to 50000 BP Iraq Cowgill et al. 2007

Spy 2 (Neandertal) 36000 BP Belgium Semal et al. 2009

Tabun (Neandertal) 122000 +/- 16000 Israel Grin & Stringer 2000; Mercier & Valadas 2003

The hominin remains display numerous cut marks and
other evidence of processing and likely butchery (Defleur
et al. 1993, 1999), leading Defleur & Desclaux (2019) to
suggest nutritional cannibalism, although this hypothesis
has been debated (Defleur ez 2/ 2020; Slimak & Nicholson
2020). Because of marrow extraction and presumably con-
sumption, all Neandertal remains from Moula-Guercy are
highly fragmentary, except the nearly marrowless hand and
foot bones, which are intact. The Moula-Guercy Neandertal
collection includes ten hand bones, namely carpals, meta-
carpals, and phalanges (Table 1).

Because the thumb can oppose itself to any other finger,
it allows a strong and precise grip. Indeed, hand grasping
abilities characteristic of Homo sapiens are a relatively strong
power grip and a very efficient pad-to-pad precision grip
(Richmond ez al. 2016). The efficiency of this last grip does
not exist in any other primate, except perhaps the Gelada
baboons (Richmond et a/. 2016). The efficiency of the preci-
sion grip in humans is due to an association of anatomical
characteristics of the hand itself, the upper limb and the
nervous system. Among the characteristics of the hand, the
ratio of the length of the thumb to the other phalanges is
an important one. Modern humans are characterized by
long thumbs in relation to the other fingers (Richmond
et al. 2016). These bony characteristics are associated with
a particular muscular arrangement. Compared to other
great apes, two additional muscles (the flexor pollicis lon-
gus and the extensor pollicis brevis) insert on the thumb in
humans (Diogo ez al. 2012; Lemelin & Diogo 2016) and
the thumb muscles are more developed in humans than in
other apes (Tuttle 1969).
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The Neandertal hand, and more precisely the thumb,
follows the same pattern of digital proportions as in mod-
ern humans, but the pollical proximal phalanx is relatively
shorter and the distal pollical phalanx is relatively longer than
in modern humans (Musgrave 1971). In order to identify
their particular features in regard to other human groups,
above all to modern humans, Neandertal hand bones have
been extensively studied through primary description, as
well as through the interpretive lens of both mechanical
and functional analyses (i.c., Musgrave 1971, 1973; Vi¢ek
1975; Heim 1983; Orban & Leguebe 1990; Trinkaus & Vil-
lemeur 1991; Trinkaus ez 2. 1991, 2014b; Villemeur 1992,
1994; Niewoehner ez al. 1997, 2003; Mersey et al. 2013b;
Karakostis ez a/. 2018; Bardo ez al. 2020). Although there is
still debate about the accuracy of Neandertal hand ability,
there seems to be consensus that Neandertals may have had
a stronger power grip (for a definition and a description of
each type of grip see Fragaszy & Crast (2016)), especially
the transverse grip, than modern humans, but that both
modern humans and Neandertals had a similar precision
grip (i.e., Trinkaus & Villemeur 1991; Villemeur 1992;
Niewoehner 2006; and references therein; Karakostis ez a/.
2018; Bardo ez 2/. 2020). The aim of this work is to describe
a new proximal Neandertal pollical phalanx (12-104) from
MIS 5 and see if it corresponds to neandertal variation and
include it in the broad aspect of Neandertal hand skills.

This left pollical proximal phalanx (I12-104) was discovered
at la Baume de Moula-Guercy during the excavation in the
summer of 1998 in zone number 2, which comprises lines D to
I/ and 0 to 5 (partially) within layer XV (Defleur 2015). It was
recently identified as human during sorting of faunal remains.

COMPTES RENDUS PALEVOL e 2024 23 (21)
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Fic. 2. — Phalanx measurements, see also Table 4; P5 cannot be shown on picture; P10 and P13 can be identical, depending on morphology: A, proximal view;
B, superior view; C, distal view; D, lateral view.

MATERIAL AND METHODS

MATERIAL

Specimen 12-104 is a left pollical proximal phalanx located in
the Neandertal fossil collection of the musée archéologique
de Soyons (Ardéche, France). The comparative data for other
pollical proximal phalanges from Neandertals and upper
Paleolithic individuals (Table 2; Appendix 1) come either
from the literature or from Erik Trinkaus™ personal dataset,
except for the Taforalt remains, which were measured by us.
Our comparative data from modern Homo sapiens were taken
for this study from three collections of adult individuals of
known sex and age: the Georges Olivier collection (specimens

COMPTES RENDUS PALEVOL e 2024 23 (21)

from French hospitals, middle 20th century), the Musée de
I'Homme (Paris, France), the Certosa collection (specimens
from 19th and early 20th century cemeteries) of the University
of Bologna (Bologna, Italy) (Facchini ez a/. 2006; Belcastro
et al. 2017), and from the Tepe Hissar (Iran) archeological
collection housed at the Penn Museum (University of Penn-
sylvania, Philadelphia, United States). The Tepe Hissar site
covers a period from 5000 years to 2000 years BC, i.c., a
period covering the Chalcolithic and much of the Bronze
Age (Glirsan-Salzmann 2016). Thus, the human comparative
material includes a total of 167 pollical proximal phalanges
(Table 3). All the raw data are presented in an Excel table as
a supplementary file (Appendix 1). The Upper Paleolithic
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TaBLE 3. — Number of individuals from each human group, on each side and by sex

Human groups Total number Left phalanx Right phalanx Male Female Unknown sexe
Neandertal 12 (without 12-104) 7 5 7 3 2
Upper Paleolithic (without Taforalt) 9 3 6 6 3 0
Taforalt 25 Not lateralized Not lateralized  Not sexed Not sexed 0
Tepe Hissar 24 Not lateralized Not lateralized  Not sexed Not sexed 0
Olivier collection 36 18 18 20 16 0
Certosa collection 59 29 30 30 29 0

TaBLE 4. — Measurements taken on the first phalanx of the thumb; in the main text, phalanx height and phalanx width are grouped in the expression mid-shaft
diameters. See also Figure 3.

Variables

Localization

Code: Name

Description

Diaphysis variables

P1: Maximum length

P2: Morphological length
or articular length

P3: Phalanx height
or Phalanx thickness

P4: Phalanx width

P5: Phalanx circumference

Maximal bone length
Length between the center of the proximal joint and the center
of the trochlea of the head
Length, at the middle, between the dorsal and the palmar surfaces
of the bone
Phalanx width, at the middle, taken perpendicular to the thickness
Phalanx circumference taken at the middle of the bone

Proximal epiphysis
variables

P6: Maximum height

of the proximal epiphysis
P7: Maximum width

of the proximal epiphysis
P8: Proximal articular height
P9: Proximal articular width

The greatest dimension between the dorsal and the palmar surfaces
at the proximal epiphysis
The greatest dimension, according to the latero-medial axis
at the proximal epiphysis
Maximum length of the proximal joint in the dorso-palmar axis
The greatest dimension of the proximal articulation in the latero-medial axis

Distal epiphysis
variables

P10: Maximum height

of the distal epiphysis
P11: Maximum width

of the distal epiphysis
P12: Distal articular width
P13: Distal articular height

Maximum length of the distal joint in the dorso-palmar axis
The greatest dimension of the distal epiphysis in the latero-medial axis

The greatest dimension of the distal articulation in the latero-medial axis
The greatest dimension of the distal articulation in the dorso-palmar axis

sample does not include the Taforalt remains because they
belong to a non-European endogamous population (Ferem-
bach 1960, 1963; Ferembach ez al. 1962), although some
genetic links with European Mediterranean populations exist
(Kéfi er al. 2005).

METHODS

Anthropometric analysis forms the core of the assessment of
this Moula-Guercy proximal phalanx. Measurements were
made with a sliding caliper (Fischer Darex 150 mm — 6 inch)
and the values are presented in millimeters. Thirteen meas-
ures were defined (Table 4; Fig. 2) and correspond to those
established by Trinkaus & Villemeur (1991), Villemeur (1994)
and Trinkaus (1983), in order to facilitate comparison with
other fossil samples.

Comparative measurements from both Neandertal and
Upper Paleolithic modern human phalanges are taken from
the literature. However, the vast majority of these publications
present only one length measurement (either the maximum
length, named variable P1, or the morphological length, named
variable P2) and it is therefore difficult to make comparisons
between fossil phalanges. Thus, we established a regression line
derived from complete datasets of modern humans (Olivier
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collection, Certosa collection and Tepe Hissar) that allows us
to estimate the value of one measurement when the other is
known (Fig. 3; see also Appendices 2-4). The regression line
has been computed with the ordinary least squares (OLS)
algorithm, which is the best method when the goal is only
to predict one variable using the other (Hammer & Harper
2023). Because it is impossible at first sight to differentiate the
pollical phalanx of Neandertal from that of modern humans,
because there are no obvious differences between them (Mus-
grave 1971, 1973), it is possible to establish a regression line
between the maximum length and the morphological length
by using only present-day Homo sapiens to estimate the length
of Neandertal first pollical phalanges.

Because data used here come from our own measurements
as well as from the literature, an inter-observer repeatability
assessment was performed (see Appendices 5; 6) using the
technical error of measurement (TEM) (Perini et 2/ 2005;
Langley ez al. 2018). The result shows that the inter-observer
error is very low, and thus acceptable.

The statistical processing was carried out using PAST®
software, version 4.03 (Hammer ez 2/ 2001; Hammer &
Harper 2006). The principal component analysis (PCA)

relies on a variance-covariance matrix, regardless of the fact
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Fic. 3. — Linear regression, with the statistical outputs, between maximum and morphological lengths established from three collections of adult individuals
(George Olivier, Certosa and Tepe Hissar): A, Y = 0.84018x + 2.9494; B, Y = 0.96844x + 2.9624.
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TaBLE 5. — Metric characteristics (in mm) of the Neandertal phalanx 12-104 of
the Baume Moula-Guercy.

Reference number 12-104
Laterality Right
Shaft
P1: Maximum length 26.0
P2: Morphological length 23.9

P3 Phalanx thickness 7.5

P4: Phalanx width 11.9
P5: Phalanx circumference 32.0
Proximal Epiphysis
P6: Maximum height of the proximal epiphysis 11.2
P7: Maximum width of the proximal epiphysis 14.7
P8: Proximal articular height- 10.0
P9 : Proximal articular width 14.7
Distal Epiphysis
P10: Maximum height of the distal epiphysis 7.5
P11: Maximum width of the distal epiphysis. 14.4
P12: Distal articular width 14.5
P13: Distal articular height 7.5

that measurements have distinct ranges, because size has its
own interest. However, to avoid size effect we also ran a PCA
relying on a correlation matrix. Moreover, missing data (other
than those affecting variables P1, the maximum length, and
P2, the morphological length, which were determined using
the regression line) from the PCAs was replaced by statisti-
cally derived data obtained by iteration using the methods
outlined in Hammer & Harper (2006, 2023), thus produc-
ing replacement data sets more accurately than by reliance
on average values. The iterative imputation first replaces
missing values by their column average and then runs an
initial PCA, which is used to compute regression values for
the missing data. The procedure is iterated until convergence
(Hammer & Harper 2023).

Regardless of the technique used for data replacement, it is
always a major factor of bias in PCA. Thus, we have also run
a PCA with only the three modern human collections (Tepe
Hissar, Olivier and Certosa), which is in the Appendices 1;
6-8, to determine whether or not missing data replacement
produces an important bias. The number of principal com-
ponents to plot, for each PCA, was decided by using the scree
plot technique, proposed in PAST software.

ABBREVIATIONS

OLS ordinary least squares;

PCA principal component analysis;
TEM technical error of measurement.

RESULTS

MORPHOLOGY
[2-104 is a pollical proximal phalanx (hand ray digit 1) of an
adult left hand (Fig. 4; Condemi et a/. 2023).

[2-104 has no peculiar morphological characters and it is
well preserved, but shows a large asymmetric eburnation on
the palmar surface of the bone and an extensively developed
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osteophyte on the lateral surface (Condemi ez a/. 2023). This
pathology has been described recently and could be osteoar-
thritis reflecting effects of genetic makeup, overuse, and aging
(Condemi ez al. 2023).

METRIC ANALYSIS

In most metric analyses, the 12-104 values (Table 5) are close
to the Neandertal median values (Figs 5; 6), in particular,
the maximum and morphological lengths (variables P1 and
P2) of 12-104. These two latter variables are also within the
lower end of variation of modern humans. Compared to
the sample of Upper Paleolithic specimens, the maximum
length of 12-104 is smaller, while its morphological length is
within the range of variation of these early modern human
specimens. This result is consistent with previous studies that
describe a rather short Neandertal pollical proximal phalanx
(Musgrave 1971). It is interesting to note however that, in
comparison to any other modern group used in this analy-
sis, both maximum and morphological length show a much
greater variation in Neandertals than in any other human
group studied here (Fig. 5).

The midshaft width (variable P4) dimension of the 12-104
phalanx is outside the range of variation in modern humans
(Fig. 5) and is similar to the robust phalanx width of the
Neandertal Regourdou 1. On the other hand, the phalanx
height (or variable P3) in the middle of 12-104 is not excep-
tional but remains in the upper half of Neandertal variability
(Fig. 5). The large width (or variable P4 in Table 4) of this
phalanx explains, at least in part, the exceptionally high
value for a Neandertal of its circumference in the middle. It
is interesting to note that the human group with the largest
perimeter variation in the sample present in our study is not
the Neandertal group but the male population of the Certosa
collection. This latter collection has extreme values similar to
those of Neandertal, but lower median ones.

The great Neandertal variability according to different vari-
ables (such as maximum and morphological lengths, phalanx
height, etc.) could be explained by the fact that: 1) in this
fossil population, both female and male individuals have
been mixed; and 2) the remains are not contemporary and
not geographically close (i.c., they do not belong to the same
biological population).

MULTIVARIATE ANALYSIS

The PCA is used here purely as an exploratory tool, although
all conditions required to run a PCA are fulfilled (see
Appendix 6). Asymmetry is relatively limited in the linear
dimensions of the proximal pollical phalanx, thus allow-
ing bones from different sides to be used in the same PCA
(Karakostis et /. 2017; and see also Appendices 1; 9-11).
Moreover, the effect of missing data does not greatly change
the PCA, since most specimens are complete or nearly
complete (Appendices 1; 6-8). Similarly, PCAs relying on
a variance-covariance matrix and those relying on correla-
tion matrix do not show important differences (Figs 7; 8;
Table 6; Appendices 1; 6; 12-14). The loading of some vari-
ables on the PCA, based on the correlation matrix, decreased
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Fic. 4. — Photographs of the pollical proximal phalanx of the Moula-Guercy (12-104): A, dorsal view; B, palmar view; C, proximal view, D, distal view. Scale bar: 1 cm.

because of loss of size effect, but the loading distribution Very few individuals of the European Upper Paleolithic
of the variables along axes did not change outstandingly  are sufficiently complete to be used in the PCA and are all
(Figs 7; 8; Table 6; Appendices 1; 6; 12-14). encompassed within the variability of the sample from the
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Fic. 5. — Box plot for the five diaphysis variables (in mm) describing phalanges (variables P1, P2, P3, P4 and P5): A, P1, maximum length; B, P2, morphological
length; C, P3, phalanx height; D, P4, phalanx width; E, P5, phalanx circumference.

Olivier and Taforalt collections. The Tepe Hissar Iron Age
sample from Iran is very distinct from all other modern and
Neandertal populations, according to the second component.
This component is positively correlated with the dimensions of
the distal end (respectively variables P10, P11, P12 and P13)
of the proximal phalanx and negatively with the dimensions of
the proximal end (respectively variables P6, P7, P8 and P9).
In other words, the Tepe Hissar sample is distinguished by a
larger distal end than other populations and smaller proximal
extremities (Figs 7; 8; Table 6). In contrast, the first compo-
nent is positively correlated to morphological and maximum
lengths and to the circumference at mid-shaft (respectively
variable P1, P2 and P3). Thus, specimens that fall within
the left side range of the PCA, are shorter and more gracile.

Data derived from Neandertal specimens are all included
within the variability of more recent populations as well as of
all the Upper Paleolithic specimens (European and Taforalt
samples) (Figs 7; 8; see also Appendices 1; 6; 15-17), including
the 12-104 phalanx. In other words, the Neandertal pollical
proximal phalanx does not display important metric differ-
ences from modern humans. Thus, the classical description
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of Neandertal phalanges as characterized by broader proximal
and distal joints in comparison to those of modern humans is
not applicable to the pollical proximal phalanx as Musgrave
(1973) noted previously. Hence, the 12-104 phalanx does
not differ from other Neandertal pollical proximal phalanges
and fits absolutely within Neandertal and modern human
variabilities, more specifically within those from the Certosa
collection. This demonstrates that Neandertal variations in
pollical proximal phalanx morphology and dimensions are
consistent across time and over geographic distribution,
e.g. La Ferrassie 1 (France) dated to 45 to 43 ka (Guérin
et al. 2015) and Kebara 2 (Israel) dated to 64 to 59 ka (Val-
ladas & Valladas 1991). On the contrary, Upper Paleolithic
specimens also range from a broad geographic and time
distribution but tend to be more heterogeneous than Nean-
dertals (Figs 7; 8; Table 6; Appendices 1; 6; 18; 19). This is
confirmed by the Taforalt distribution, which is similar to
other collections. Furthermore, the greatest variation of Tepe
Hissar materials should be correlated to the greatest amount
of time covered by this site (from Period 1 to Period 3; see
Giirsan-Salzmann 2016).
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Fic. 7. — The first two components of the principal components analysis (PCA) representing 72.688% of the total variance. The projections on the two other

planes (PC1 and PC3 as well as PC2 and PC3) are in the Appendices 18; 19.

In sum, all Neandertal pollical proximal phalanx dimensions
fall within the range of modern human variation and fit most
closely within the dimensions of the Certosa collection, and the
12-104 pollical proximal phalanx fits well with these two sets.

The distal extremity of the phalanx is cleatly distorted and it
is difficult to determine how it might have affected measure-
ments. The 12-104 dimensions of the distal end seem not to
have been affected too much by the pathology, because all of
them are within the Neandertal variations (Fig. 6). However,
some PCAs (Appendices 7; 95 12; 15) show that the 12-104
phalanx falls near the limits or at the limits of the Neandertal
variations, but these variations are not only defined by the
dimensions of the distal end. All dimensions contribute to the
variation of each of the phalanges, not only the distal ones.
In other words, the shape of the distal end is modified to an
important extent due to this pathology, although the overall
dimensions may not have changed so much. This change in
morphology is visible in the projection PC1-PC3 and PC2-
PC3 (Appendix 18) and places phalanx 12-104 slightly outside
the range of Neandertal variability. However, PC3 shows only
a small percentage of this variability and thus confirms that
morphological changes are small.
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DISCUSSION

The morphological and metric analysis of the first thumb
phalanx from Moula Guercy does not allow us to attrib-
ute it to any specific human groups, i.e., Neandertal or
modern human, because the first thumb phalanx does not
display any specific morphological or metrical traits. On
the contrary, some multivariate analyses exclude the 12-104
phalanx from the Neandertal variability, perhaps due to
the deformation of the pathological distal end. The 12-104
first phalanx may be attributed to Neandertal because this
specimen comes from layer XV, which has been assigned
an age of 120-130 ka (Willmes ez 2/. 2016), and all other
human remains from this layer have also been attributed
to Neandertal (i.e., Defleur ez 2/ 1992; Hlusko ez a2l 2013;
Mersey et al. 2013a, b).

The 12-104 pathology has been interpreted as osteoarthritis
due to overuse and aging favored by a genetic background
(Condemi ez al. 2023), but it is difficult to determine
which activity may be responsible for this atypical osteo-
arthritis. In modern humans, osteoarthritis is common at
the proximal joint of the first pollical phalanx, not at the
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Fic. 8. — The loadings plots of the first two components of the principal components analysis (PCA).

distal one, and is often correlated to obesity (Thijssen ez ..
2014; Rydberg ez al. 2020), a cause eliminated by Condemi
et al. (2023) in this case.

The atypical joint location of the osteoarthritis observed on
the 12-104 phalanx could be the effect of Neandertal specific
grip skills that led to a particular behavior. Neandertals display
a trapeziometacarpal complex (joints between the trapezium
and the first metacarpal) that allows a more extended and
adducted thumb posture during opposition of the thumb
with the other fingers than is the case with modern humans
(Bardo et al. 2020). In other words, the Neandertal hand is
more adapted to powerful transverse squeeze grips (Churchill
2001; Niewoehner 2001, 2006; Bardo ez 2/ 2020) like those
used to grip hafted tools (Niewoehner 2006; Bardo ez 4.
2020) or wooden tools, which might be numerous accord-
ing to Anderson-Gerfaud (1990). Direct evidence of hafting
tools in the Middle Paleolithic is limited to two artifacts from
Umm el Tlel, Syria (Boéda ez al. 1996), but there is a good
deal of indirect evidence for hafting in the Middle Paleolithic
(Anderson-Gerfaud & Helmer 1987; Friedman ez 2/ 1994-
1995; Rots 2011; Degano e al. 2019), which clearly shows
that hafting was a usual practice for Neandertals.

Neandertal fingers also display entheseal patterns that are
in accordance with the use of forceful precision grips based
on the thumb and index finger involved for knapping or for
other habitual uses like cutting or disarticulating carcasses
(Trinkaus & Villemeur 1991; Villemeur 1992; Karakostis e /.
2018). This latter powerful precision grip, from our point of
view, best accounts for the overuse hypothesis (see below).

Moreover, the question of manual laterality in extinct
hominins has long interested archeologists and paleoan-
thropologists (Cashmore ez a/. 2008 and references therein)
because lateralization of hand use is extremely marked in
modern human populations and thus can be considered
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TaBLE 6. — Eigenvalue and % of variance of each principal component for the
principal components analysis (PCA) in Figure 7. 95% bootstrapped confidence
intervals are given for the eigenvalues.

PC Eigenvalue % variance Eig 2.5% Eig 97.5%
1 29.5827 51.236 46.223 56.577

2 12.3861 21.452 17.422 25.812

3 6.1479 10.648 8.526 13.06

4 3.56929 6.1819 5.008 7.6293
5 1.47957 2.5626 1.9373 3.2538
6 1.20481 2.0867 1.3711 2.9119
7 0.864418 1.4971 0.9714 2.1653
8 0.813014 1.4081 0.85816 1.9744
9 0.531695 0.92087 0.66497 1.628
10 0.364008 0.63045 0.37027 0.7684
11 0.334918 0.58006 0.36025 0.71866
12 0.276208 0.47838 0.28756 0.59869
13 0.183449 0.31773 0.21472 0.35205

characteristic of our species, although some degree of lat-
eralization exists in non-human primates (Meguerditchian
2014; Verendeev ez al. 2016). Studies based on striations on
frontal teeth devoted to identification of the handedness of
Neandertals (i.e., Bermtdez de Castro ez 2/ 1988; Estalr-
rich & Rosas 2013; Fiore ez al. 2015; Condemi et al. 2017;
Lozano ez al. 2017), as well as approaches using archeologi-
cal material (i.e., Semenov 1964; Uomini 2011; Ligkovanlis
2022), have concluded that left-handedness in Neandertals is
rare, around 10%, as in modern populations. Furthermore,
Guiard’s (1987) frame/content model of handedness analyzed
the complementarities of the two hands when knapping
tools. According to Guiard, one hand, in 90% of the cases
the right hand, performs movements that Guiard describes
as high frequency because they are spatially and temporally
very precise, while the other hand is low frequency, acting
as a stabilizer or support.
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Studies of shaping lithic tools also show that knappers used
almost exclusively one precision grip with the dominant hand
during production of early Paleolithic tools (Williams-Hatala
2016). In this case, strikes occurred directly opposite the
second and third metacarpal heads, implying that reaction
forces would be concentrated in this region rather than at the
thumb (Marzke & Shackley 1986). In other words, it is not
the thumb of the knapping hand that received most strikes
and vibrations during the process of stone shaping.

During knapping, the non-dominant hand holds the
nucleus steady, ready to be struck by the rock hammer
held in the dominant hand (Williams-Hatala 2016). Dur-
ing knapping, at least for Oldowan and Acheulean tools,
the non-dominant hand adopted many different grips in
order to maintain the nucleus correctly, as its size and shape
changed constantly (Marzke & Shackley 1986; Boéda 1991;
Faisal ez al. 2010; Key & Dunmore 2015). These results
demonstrated that motion control and complexity in the
non-dominant hand did not seem to differ over geological
time during the operating chains. Thus for Mousterian arte-
facts found in the Moula-Guercy cave, non-dominant hand
control was not easier, and thus the thumb of this hand was
subject to the same constraints. All these changing grips and
their associated moves and vibrations could be the origin of
pathologies such as osteoarthrosis. Thus this individual must
be right-handed, like 90% of the Neandertal and modern
human populations (i.e., Semenov 1964; Uomini 2011;
Estalrrich & Rosas 2013; Fiore et al. 2015; Condemi ez al.
2017; Lozano et al. 2017).

It is likely that the Neandertal from Moula-Guercy 12-104
was an elderly right-handed individual, which is corroborated
by the fact that osteoarthrosis and osteophytes are more
frequent and more developed at sites where large and/or
repeated forces are applied (Steel 2000). If we only refer to the
Guiard model, the pathology present in this pollical phalanx
was due to an inflammatory reaction caused by repeated and
intense vibrations provoked by the high-frequency knapping,
associated with repeated quick moves for changing grips of
the left hand, linked to the advanced age of this individual.
Moreover, the development of osteoarthritis on this phalanx
may have been favored by the genetic background common
to Neandertals, which favors the appearance of this pathology
(Capellini et al. 2017).

Whatever the reason for the development of this pathol-
ogy, it must have been a very debilitating bone transforma-
tion and must have caused significant pain associated with a
decrease in grip forces (Jones et al. 2001; Zhang ez al. 2002;
Dominick ez al. 2005; Lee ef al. 2012), a reduction in joint
amplitude (Jones ez a/. 2005), and deformation of the finger,
which therefore made it difficult to perform daily life tasks.

Other hand phalanges from Moula-Guercy do not show
osteoarthrosis or any other pathologies (Mersey ez al. 2013b),
nor are they shown on other skeletal remains (Mersey ez 4.
2013a, b; Richards ez 2l 2021, 2022). In other words, this
pathological phalanx is astonishing in regard to other remains
from Moula-Guercy, but as has already been pointed out, only
a small part of level XV has been excavated and it is highly
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possible that other Neandertal remains are still in situ. How-
ever, among Neandertals, numerous pathological individuals
are known (i.e., Shanidar 1, La Chapelle-aux-Saints, etc.) and

thus the phalanx 12-104 fits well with the Neandertal health
pattern, especially among old individuals.

CONCLUSION

This analysis reveals that different modern human populations
vary in the metric characteristics of the left pollical proximal
phalanx. For example, the population of Tepe Hissar differs
significantly from the other modern populations studied
here. This difference is due mainly to the morphology of the
epiphyses and not to the general dimensions of the bone,
such as its length or mid-shaft diameter. Neandertal proxi-
mal pollical phalanges are not distinguishable from those of
modern humans, because their metric dimensions are within
the range of variation of modern humans.

Although the pollical proximal phalanx of Neandertals is
shorter than that of modern humans, it is their larger epiphyses
which play the most important role for distinguishing Nean-
dertal pollical proximal phalanges from other human groups.

The dimensions of the pollical proximal phalanx of Moula-
Guercy are not particularly impressive in regard to other
Neandertal remains and in regard to other post-cranial remains
from Moula-Guercy (Mersey et al. 2013a, b).

The phalanx from the Baume de Moula-Guercy (12-104),
although very impressively large on cursory visual inspection,
is not significandy different from the other Neandertal phalan-
ges and is situated within the range of Neandertal specimens
in all dimensions. The impression of exceptional robustness
is due to two factors. The first is the remarkable width of the
diaphysis, which gives it a massive appearance (this bone could
belong to a large individual studied by Mersey ez al. (2013a)
represented by a large clavicular fragment (M-]J1-40)). The
second is related to the distal osteophyte associated with the
eburnation at the joint surface, which distorts the relationship
of the epiphysis to the diaphysis. This particular osteoarthritic
joint change of this phalanx, limited but highly developed on
the distal end, is more consistent with an age-related overuse
of the right hand and would have been very disabling and
painful with a loss of power grip (Condemi e a/. 2023).

In sum, the 12-104 phalanx corresponds broadly to the known
Neandertal variation. This phalanx found in layer XV dated to
120-130 ka is also associated with typical Neandertal assem-
blages and can thus be confidently attributed to Neandertal.
This individual was suffering from osteoarthrosis, probably
due to overuse through repeated knapping.
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APPENDICES

ApPENDIX 1. — 1, Raw data in differente sheets: Middle Paleolithic, Upper paleolithic, Cureent Homo sapiens (three previous sheets); 2, all data about each PCA provide
like eignevalue of each principal component, scores of each individual, loading of each variable, etc. Available at: https://doi.org/10.5852/cr-palevol2024v23a21_s1

ApPENDIX 2. — All the data used to establish the linear regression, computed with the Ordinary Least Squares (OLS) algorithm (Hammer & Harper 2023), fit within
the normal distributions. See also Appendices 3 and 4. Outliers are few and not far from other data (Appendix 4). Normality: the tests have been made only with
the Certosa, Olivier and Teppe Hissar collections as the linear regression has been calculated with these three collections to avoid missing data.

Maximum length

Morphological length

N

Shapiro-Wilk W

p(normal)

Correlation coefficient

119

0.9864
0.277

0.9944

119
0.9816
0.1031
0.9913

Frequency

ApPPENDIX 3. — Normality of the residuals distribution of the regression line.
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APPENDIX 4. — Maximum and morphological lengths box plot with outliers (A) and regression residual box plot with outliers (B).
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APPENDIX 5. — Data for inter observers test and calculation details. Available at: https://doi.org/10.5852/cr-palevol2024v23a21_s2
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APPENDIX 6. — Comments on inter-observer error and additional principal component analysis (PCA).

THE INTER-OBSERVER ERROR (SEE APPENDIX 5)

Absolute and relative technical error of measurement (TEM)
was calculated to quantify observer error. In other words,
TEM was calculated to examine variability between mul-
tiple observers (inter-observer error) (Perini ez al. 2005;
Langley er al. 2018).

Absolute TEM
Absolute TEM is calculated as:

K 2
52 [zt menye - SLEEN)
NK —1)

, where N is the sample size, K is the
number of observers, M is the measurement, and M(n) is the
nth repetition of the measurement.

Relative TEM

Relative TEM is calculated by dividing absolute TEM by
the mean and multiplying by 100, and thus it is a measure
of precision (or imprecision) unaffected by scale or sample
size that allows for the direct comparison of measurements
of different scales. Acceptable ranges for the relative, or per-
cent, TEM in anthropometry are <1.5% for intra-examiner
error and <2% for inter-examiner error (Langley ez al. 2018;
Perini ez al. 2005). In our sample, the relative TEM value for
all variables is 1.48, so less than 2%.

PRINCIPAL COMPONENT ANALYSIS

The conditions for running the principal component
analysis (PCA) are fulfilled, as there are many variables
defining each of the factors even if the loadings of each
are not so strong (Tabachnick & Fidell 2013). In this
case, a sample comprising between 100-200 individuals is
enough to get a reliable PCA (Tabachnick & Fidell 2013).
Moreover, there are more than five specimens per variable
(Tabachnick & Fidell 2013).

Effect of missing data (Appendices 7; 8)

To be sure that missing data do not importantly affect the
results we ran a PCA including only complete material
(Appendices 1; 7; 8). The result is not significantly different

COMPTES RENDUS PALEVOL e 2024 23 (21)

from the PCA including the incomplete remains, because
the majority of our sample is complete and very few remains
are incomplete.

Effect of side (Appendices 9-11)

The PCAs made with only the left or the right side are not
importantly different (Appendices 1; 9-11). In other words,
the side does not affect the result of the PCA as the proxi-

mal phalanx displays little asymmetry between the two sides
(Karakostis ez al. 2017).

Effect of correlation matrix on the PCA (Appendices 12-14)

All the PCA in this work relies on covariance matrix and thus
size could influence the dispersion of the points and the loading
of the variables on each of the axes. Thus we have run a PCA
relying on a correlation matrix (Appendices 15 12-14). The
loading of some variables on PCA based on correlation matrix
diminish because of loss of size effect but the loading distribu-
tion of the variables along axes has not changed significantly

Effect of Certosa collection on Neandertal distribution
(Appendices 15-17)

In Figure 7 the only modern human sample overlapping
completely with Neandertals is the one from Certosa. The
same PCA runs without the Certosa collection shows that
Neandertal remains are still within modern human samples.
The peculiar ficting between the Neandertal and Certosa col-
lection may represent more a coincidence than anything else
(Appendices 15-17).

MORE INFORMATION ABOUT FIGURE 7

To complete Figure 7 in the main text, the projections on
two other planes are also given (Appendices 15 18; 19), even
if; according to the scree plot, the first two PCs are sufficient.
In any case, the projection on PC2 and PC3 allows us to see
the morphological variation minimizing the effect of size.
Neandertal thumb proximal phalanges are not distinguishable
from other remains (modern or Upper Paleolithic ones), as
numerous authors have already assessed (i.e., Musgrave 1971,
1973, contra Crevecoeur 2014).
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ApPENDIX 7. — Effect of missing data. Principal component analysis (PCA) with complete sample. According to the scree plot, the projection on the two first
components is enought (A, B); the projection on the third plane (C) is used for the comparaison with the PCA ran with all all data (Figs 7; 8; Appendices 18; 19).
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ApPPENDIX 9. — Effect of side. Principal component analysis (PCA) with only the right phalanx (A) and left one (B). According to the scree plot, the projection on
the two first components is enough.
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AppPENDIX 10. — Effect of side. Loadings plot of the components 1 (A, B) and 2 (C, D) for the two principal component analysis (PCA) (left and right phalanx) and

summaries of each PCA: A, C, left phalanx; B, D, right phalanx.
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ApPeNDIX 11. — Effect of size. Eigenvalue and % of variance of each principal component for the principal component analysis (PCA) in Appendix 9 in relation
with Appendix 10. 95% bootstrapped confidence intervals are given for the eigenvalues.

Right phalanx Left phalanx

PC Eigenvalue % variance Eig 2.5% Eig 97.5% Eigenvalue % variance Eig 2.5% Eig 97.5%
1 31.6515 51.03 42.223 59.382 33.4822 55.209 46.429 63.425

2 14.9471 24.098 17.553 31.294 12.1178 19.981 14.02 26.673

3 6.17111 9.9494 6.7118 13.907 6.08755 10.038 6.3323 14.742

4 3.42398 5.5203 3.8085 8.5799 3.36657 5.5511 3.7762 7.5794
5 1.67054 2.6933 1.6391 3.8234 1.50569 2.4827 1.4889 3.2519
6 1.1824 1.9063 0.95893 3.1743 1.2275 2.024 0.88169 3.2418
7 0.750532 1.21 0.63723 1.6624 0.831981 1.3719 0.67207 1.9335
8 0.59495 0.95921 0.48428 1.4252 0.722859 1.1919 0.42694 1.6886
9 0.517497 0.83434 0.2991 1.2457 0.464588 0.76606 0.33208 0.99916
10 0.392805 0.6333 0.25545 0.87672 0.273094 0.4503 0.14255 0.60686
11 0.287262 0.46314 0.15599 0.61684 0.216722 0.35735 0.10698 0.47495
12 0.260499 0.41999 0.1612 0.58572 0.188408 0.31067 0.12489 0.41734
13 0.174817 0.28185 0.1296 0.39907 0.161593 0.26645 0.099571 0.38794

ApPPENDIX 12. — Effect of correlation matrix on the PCA. Loading plots of the first two components of the principal component analysis (PCA) runs with a correla-
tion matrix: A, PC2; B, PC1.
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ApPENDIX 13. — Effect of correlation matrix on the PCA. Principal component analysis (PCA) with complete sample including projections on the two first compo-
nents. According to the scree plot, the projection on the two first components is sufficient.
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ApPENDIX 14. — Effect of correlation matrix. Eigenvalue and % of variance of each principal component for the principal component analysis (PCA) in Appendix 12 in
relation with Appendix 13. 95% bootstrapped confidence intervals are given for the eigenvalues.

PC Eigenvalue % variance Eig 2.5% Eig 97.5%
1 6.43587 49.507 42.617 55.239

2 2.79759 21.52 17.362 26.07

3 0.893377 6.8721 5.4536 8.9983
4 0.69895 5.3765 4.4137 6.5707
5 0.540015 4.154 3.1253 5.6334
6 0.418359 3.2181 2.0902 4.2481
7 0.332899 2.5608 1.4314 3.6229
8 0.287974 2.2152 1.5045 2.859

9 0.204742 1.5749 1.04 2.0161
10 0.159737 1.2287 0.78493 1.53

11 0.113866 0.87589 0.59301 1.0166
12 0.0790682 0.60822 0.36456 0.73359
13 0.03756 0.28892 0.18366 0.35554
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ApPeNDIX 15. — Effect of Certosa collection on Neandertal distribution. Principal component analysis (PCA) without Certosa collection. According to the scree

plot, the projection on the two first components is enough. The projection on the third plane (with PC2 and PC3) is used for the comparison with the PCA ran
with all data (Figs 7; 8; Appendices 18; 19).
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ApPENDIX 16. — Effect of Certosa collection on Neandertal distribution. Loading plot for the PC1 (A), PC2 (B) and PC3 (C) and summaries for the principal com-

ponent analysis (PCA) without Certosa col

llection.
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ApPENDIX 17. — Effect of Certosa collection on Neandertal distribution. Eigenvalue and % of variance of each principal component for the principal component
analysis (PCA) in Appendix 15 in relation with Appendix 16. 95% bootstrapped confidence intervals are given for the eigenvalues.

PC Eigenvalue % variance Eig 2.5% Eig 97.5%
1 22.6897 46.34 40.252 53.445

2 10.6121 21.673 16.686 26.954

3 7.19195 14.688 10.96 18.367

4 2.57503 5.2591 4.0702 6.6314
5 1.44666 2.9546 2.0073 41191
6 1.20416 2.4593 1.1448 3.7288
7 0.995382 2.0329 1.0449 3.0904
8 0.764496 1.5614 0.83003 2.1833
9 0.444535 0.90789 0.48265 1.144
10 0.376836 0.76963 0.42165 1.0325
11 0.281485 0.57489 0.27867 0.70713
12 0.24108 0.49237 0.21613 0.65897
13 0.140119 0.28617 0.15322 0.33217
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ApPENDIX 18. — More information about Figure 7 in the main text. Principal component analysis (PCA) projections on PC1 and PC3 as well as on PC 2 and PC 3
representing respectively 62.914% and 31.189% of the total variance: A, projection on PC1 and PC3; B, projection on PC2 and PC3.
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ArPENDIX 19. — More information about Figure 7. Loading plot of the PC3 axis (PC1 and PC2 loading plot are in Figure 8)
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