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Abstract This article reports on a complete left human
humerus from the Cussac Cave (Dordogne, France), dating
to the Gravettian, or Mid-Upper Palaeolithic. This humerus
is characterised by a very marked retroversion, significant
intracortical porosity, an unusual morphology and orienta-
tion of the medial epicondyle, and a marked depression at
the bottom of the olecranon fossa. These morphological fea-
tures could be related to mechanical stimuli, but this is just
an assumption given the absence of control data for many
factors (e.g. age-at-death, sex, body mass, degree of asym-
metry). Nevertheless, the description of this new discovery
contributes significantly to our understanding of the range of
variation of known Late Pleistocene skeletal morphology.

Keywords Mid-Upper Palaeolithic · Morphometry ·
Biomechanics · Cross section · Microtomography

Résumé Cette étude porte un humérus gauche complet issu
de la grotte de Cussac (Dordogne, France), daté du Grave-
ttien (ou Paléolithique supérieur moyen). Cet humérus est
caractérisé par une rétroversion extrêmement marquée, une
importante porosité intracorticale, une morphologie et une
orientation particulière de l’épicondyle médial, ainsi que
par la présence d’une dépression profonde au fond de la
fosse olécranienne. Ces caractéristiques morphologiques
pourraient être associées à des contraintes biomécaniques,

mais cela reste une hypothèse en l’absence de contrôle
pour de nombreux facteurs (par exemple : âge au décès,
sexe, masse corporelle, degré d’asymétrie). Cette étude con-
tribue néanmoins de façon significative à l’enrichissement
de nos connaissances de l’étendue de la variation morpholo-
gique connue pour le Pléistocène récent.

Mots clés Paléolithique supérieur moyen · Morphométrie ·
Biomécanique · Sections transverses · Microtomographie

Introduction

While our knowledge of the palaeobiology of the Gravettian
people (ca. 34–26 000 cal. BP) has grown dramatically in the
last 20 years, thanks to new discoveries and new analyses of
previously discovered material [e.g. 1–6], new data on skel-
etal remains from this period are still needed to complete our
understanding, as they illustrate the morphological variabil-
ity of that time. Analyses of these data not only help inves-
tigations on microevolutionary processes during the Late
Pleistocene but also on past behaviour patterns and mortuary
practices [6–11]. This article presents unpublished biological
data on a humerus from the Cussac cave, which hosts human
remains and displays art dated to the Gravettian.

The cave at Cussac, discovered in 2000, contains several
hundred human remains belonging to at least five indivi-
duals, found in three different loci [12]. Analyses of the
rock art and of human/animal traces have confirmed that
human activities in the cave probably took place around
28–29 ky cal. BP [13]. Although only one human bone
from Locus 1 has been directly dated, the two other loci
are also considered as Gravettian [6,13–15].

The third locus encompasses a large area with human
bones visible on an elevated platform with four depressions
and a stalagmitic pillar, and a slope with scattered human
remains at different levels, including at the base (Fig. 1).
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A total of 106 human remains have been visually identified
for the third locus, which is certainly a very conservative
minimum due to the fact that observations could only be
performed from the walkway [16]. The layer of clay on the
slope and at its base also probably covers additional remains,
and only a proper excavation (currently not possible for con-
servation reasons) would produce a more comprehensive
understanding of the L3 formation and its taphonomic his-
tory [16].

Because of the unique character of Cussac Cave, which is
listed as a Historic Monument, a non-invasive analytical
methodology was applied [6,13–16]: most of the investiga-
tions are based on in situ observations and on virtual anthro-
pology from a high-definition 3D photogrammetric record.
However, exceptional authorisation was granted to tempo-
rarily extract an easily accessible and complete left adult
humerus to allow more in-depth biological study of this
bone (Fig. 1).

Materials and Methods

The L3-088 humerus lay in an isolated position at the base of
Locus 3 (Fig. 1). Authorisation was given for it to be col-
lected — on the condition that it would be replaced in situ
after study— for taphonomic and biological analyses, as no
excavation was required and no trespassing on the preserved
floor was necessary (it could be reached directly from the

walkway). High-definition photogrammetric records of the
bone were made before and immediately after its extraction
in 2014, and before its reintroduction into the cave in 2017.
Additionally, micro-computed tomography (μCT) was per-
formed in 2015. The humerus was scanned at a cubic voxel
resolution of 120 μm using a GE Phoenix microtomography
device at the Bordeaux PACEA/PLACAMAT microtomo-
graphy platform.

Macro- and microscopic examinations, including obser-
vations of the microstructure of the cortical bone, were car-
ried out. The completeness of the L3-088 humerus allowed
both traditional [17] and additional measures employed for
fossil individuals [18–20] to be taken. Data were collected
twice: on the physical bone with manual sliding callipers and
an osteometric board, and on the reconstructed μCT model
(previously segmented manually using AVIZO v. 9 to
exclude the remaining sediment attached to the bone) using
TIVMI software [21], which offers multiple plug-ins to cre-
ate landmarks, segments, planes, angles and outlines to
ensure objective reproduction of traditional measurement
protocols. Strict consistency was observed between the
physical and virtual values.

Cross sections at 50% and 35% of the diaphysis were
analysed in order to obtain total cross-sectional area, cortical
area and variables correlating with the bending moments
(second moments of area: I) and overall torsional rigidity
(polar moment of area: J). The 3D model of the humerus
was virtually positioned according to the reference planes

Fig. 1 General view of Locus 3. A. The isolated humerus L3-088. B. Platform. C. Slope with the main concentration of bones / Vue

générale du Locus 3. A. L’humérus isolé L3-088. B. La plateforme. C. Principale concentration d’ossements sur la pente
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following Ruff [22]; cross sections were obtained with Auto-
desk®, Netfabb® 2017 and Meshmixer 2015, v.11 and ana-
lysed with a version of the SLICE programme [23], adapted
as a macro-routine inserted into NIH Image 1.52.

The data obtained were compared to humerus samples
from the Mid- and Late-Upper Palaeolithic (respectively
MUP and LUP). MUP individuals are mainly associated
with the Gravettian, whereas LUP individuals are mainly
dated to the Magdalenian and Epigravettian (recent and
final) periods [see 5 for a comprehensive description of the
samples]. All the individuals are adults (with a few late ado-
lescent subjects); those presenting pathologies potentially
modifying humeral morphology were excluded. The data
were collected by the authors or from the literature. As
humeral torsion has been described slightly differently by
biological anthropologists and by clinical and sports physi-
cians, and because data on this angle are relatively complex
to collect without proper material [24], we used the data
published by Rhodes and Churchill [19] for Upper Palaeo-
lithic samples, but excluding some individuals who were not
securely dated or are now directly dated to the Holocene
(e.g. Veyrier 1 [25]).

To be comparable among individuals, cross-sectional
properties need to be standardised by body size, usually by
scaling them by bone length and by the body mass of the
individual [26]. This was impossible in the case of Cussac
L3-088 due to the absence of measurable elements correlated
with body mass (i.e. the femoral head, or stature and bi-iliac
breadth). We therefore used the humeral articular length5.33

[27] to estimate the relative overall torsional rigidity of
this bone. Standardised J was computed as standardised
J = (J/Articular length5.33) × 1012.

The stature of the individual represented by the L3-088
humerus was estimated using the Trotter and Gleser [28]
equation for African-Americans, as suggested by Formicola
[29] for European Mid- and Upper Palaeolithic specimens.

Results

The measurements for Cussac L3-088 are given in table 1.
This left humerus is complete (Fig. 2). Most of its surface is
covered by a thin brown calcite crust. There is no trace of
anthropic or faunal activity, except for some small red and
black stains probably related to funerary practices (i.e. use of
pigments). There is some breakage of the proximal extremity
with bone loss at the greater tubercle and, posteriorly, on the
articular surface. Cortical bone is locally missing in the distal
part of the posterior surface of the diaphysis, and the distal
extremity is locally eroded.

The bone presents no major deformation in its general
conformation. No degenerative or inflammatory indications

involving bone were observed, and there is no trace sugges-
tive of an in vivo fracture.

MUP humeri are significantly longer than LUP ones
(Table 2) when the sample is divided by sex. The maximum
length of Cussac L3-088 falls in the overlap between the
known range of variation of left humeri of MUP males and
females and in the upper part of the known range of variation
for LUPmales (Table 2). For instance, its maximum length is
identical to those for the left humerus of Paglicci 25 (Italy,
MUP, female) and Rochereil 1 (France, LUP, male). Based
on the maximum length of the humerus, the stature of this
individual is estimated at between 1.61 and 1.75 m (Table 3).

The margin of the proximal articular surface is slightly
irregular but no other sign of joint alteration is visible.
There is no visible entheseal change, except for a small
lacuna at the attachment site of the m. subscapularis, but it
is unclear whether this is due to taphonomic or biological
processes. Cussac L3-088 displays a wide retroversion
angle (low torsion) relatively to the mean obtained from
the comparative samples (Table 2). Its value of 46.0° is the
highest known for the left side for the Upper Palaeolithic and
for the right side; it is exceeded only by two individuals,
Cap-Blanc and Rochereil I.

The shaft appears laterally convex. The deltoid tuberosity
has two branches, the lateral one being well developed and
forming a ridge about 8 mm thick and 65 mm long, while the
anterior one is very faint. Marked intracortical porosity is
observed at three main locations, at the attachment sites of
the mm. deltoïdus, brachioradialis and triceps brachii
(medial head) (Fig. 3). The morphology at mid-diaphysis is
roughly circular, as expressed by the values of the ratios
between maximum/minimum diameter and Imax/Imin at
mid-shaft, both close to 1 (respectively 1.18 and 1.19).
These values are low compared to those obtained for the
comparative samples (Table 2), in which a difference is
seen between the MUP and LUP samples (significantly
greater in MUP), sexes (usually greater in males) and sides
(greater for the right side). The value for the M5/M6 ratio for
Cussac L3-088 falls close to the mean for the MUP male
sample for the left side. Only two individuals have lower
values than Cussac L2-088 for the Imax/Imin ratio for the
left humerus (Sunghir 1, an MUP male with highly asym-
metrical upper limbs, and the LUP female Oberkassel 2), and
none for the right humerus. With a mid-shaft circumference
of 60.9 mm, close to the MUP and LUP mean values for the
left side (Table 2), the Cussac humerus does not appear to be
particularly distinctive. The standardised J at mid-shaft
(530.4) falls close to the mean of the MUP female sample
for the left side (Table 2). More distally, there is a marked
anterior concavity of the Cussac L3-088 diaphysis (Fig. 2).
In this region, a shallow longitudinal sulcus is visible. Supra-
condylar ridges are only slightly marked on the anterior sur-
face of the shaft. The robusticity index [(minimum perimeter
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Table 1 Measurements of the Cussac L3-088 humerus. All measurements are in millimetres except the cubital, torsion and retrover-

sion angles (in degrees) and the cross-sectional properties (areas in mm2: second moment of areas is in mm4) / Mesures pour l’hu-

mérus L3-088. Toutes les mesures sont en millimètres à l’exception des angles condylodiaphysaire, de torsion et de rétroversion

(en degrés) et des propriétés de section (surfaces en mm2 et seconds moments en mm4)

Measure M Reference Cussac L3-088

Maximum length (head–trochlea) M1 [16] 323.0

Articular length (head–capitulum) M2 [16] 320.0

Proximal epiphysis breadth M3 [16] 47.4

Distal epicondyle breadth M4 [16] 62.0

Maximum diameter at mid-shaft M5 [16] 20.6a

Minimum diameter at mid-shaft M6 [16] 17.5a

Minimum deltoid diameter M6a [16] 18.3a

Minimum circumference of the shaft M7 [16] 60.0

Circumference at mid-shaft M7a [16] 60.9a

Head circumference M8 [16] (140)

Medio-lateral head diameter M9 [16] (40.5)

Anteroposterior head diameter M10 [16] 47.8

Trochlear breadth M11 [16] 25.5

Capitular breadth M12 [16] 16.4

Width of the articular surface (trochlea–capitulum) M12a [16] 46.0

Capitular height M12c [16] 21.6a

Olecranium fossa breadth M14 [16] 29.2

Olecranium fossa depth M15 [16] 11.0

Cubital angle (diaphysis axis vs trochlea axis) M16 [16] 97.9a

Torsion angle (head axis vs trochlea axis) M18 [16] 134.2a

Retroversion angle [18] 46.0a

Biomechanical length (head–lateral trochlea) [19] 317.0

Supracondylar anteroposterior diameter [19] 16.0

Anteroposterior head arc [19] 65.0

Medio-lateral head arc [19] 63.6a

Thickness of the medial pillar [19] 6.5

Thickness of the lateral pillar [19] 15.2

Anteroposterior deltoid diameter [18] 20.6a

Medio-lateral deltoid diameter [18] 22.3a

Deltoid circumference [18] 64.4a

Mid-distal (35%) total area 256.4

Mid-distal (35%) cortical area 185.6

Mid-distal (35%) Ix 5470.0

Mid-distal (35%) Iy 4343.2

Mid-distal (35%) Imax 5686.6

Mid-distal (35%) Imin 4126.6

Mid-distal (35%) J 9813.3

Standardised mid-distal (35%) J 435.9

Mid-shaft (50%) total area 284.8

Mid-shaft (50%) cortical area 203.1

Mid-shaft (50%) Ix 6105.7

Mid-shaft (50%) Iy 5834.7

Mid-shaft (50%) Imax 6483.1

Mid-shaft (50%) Imin 5457.2

Mid-shaft (50%) J 11940.3

Standardised mid-shaft (50%) J 530.4

M# indicates a measure following the Martin’ system. (#) indicates estimated measurements.. Standardised J = (J/Articular length5.33) × 1012 /

M# indique une mesure prise suivant le système de Martin ; (#) indique une mesure estimée. Standardisation J = (J / longueur articulaire5.33) × 1012

a Indicates a measurement obtained from the 3D model / Indique une mesure obtenue à partir du modèle 3D
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(M7)/maximum length (M1) × 100)] of 18.6 lies in the mid-
dle of the range of variation seen for MUP male and female
samples and below the values seen for the LUP (Table 2).
This can also be illustrated by plotting the polar moment of

area (J) at mid-distal diaphysis versus articular lengths
(Fig. 4). Cussac L3-088 has a low value for J compared to
its length and comes closer to the pattern of MUP than LUP
individuals (Table 2).

Fig. 2 Views of Cussac L3-088. Clockwise from top left: anterior, lateral, medial, posterior (scale = 10 cm), inferior and superior (not

to scale) / Vues du spécimen Cussac L3-088. Dans le sens des aiguilles d’une montre en partant du côté supérieur gauche : antérieure,

latérale, médiale, postérieure (échelle = 10 cm), inférieure et supérieure (pas à l’échelle)
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Table 2 Descriptive statistics for the main humeral variables for the MUP and LUP samples. The data are presented as mean ± stan-

dard deviation (number of individuals). All measurements are in millimetres except the retroversion angle (in degrees) and the indices,

which are dimensionless / Statistiques descriptives pour les principales variables humérales pour les échantillons MUP et LUP. Les

données sont présentées comme moyenne ± écart-type (nombre d’individus). Toutes les mesures sont en millimètres à part l’angle

de rétroversion (en degrés) et les indices qui sont sans dimensions

MUP LUP

All indiv. F M All indiv. F M

M1 Right 347.3 ± 23.7

(11)

329 ± 16.5 (4) 363.9 ± 15 (6) 304.9 ± 17.5

(20)

294.5 ± 18.2 (6) 311.8 ± 12 (11)

Left 337.9 ± 19.1

(12)

324.5 ± 11.5 (4) 349.5 ± 19.3 (6) 302.5 ± 17.8

(18)

285.1 ± 17.1 (6) 309.9 ± 10.8

(10)

M2 Right 342.7 ± 24.4

(10)

317.5 ± 10.5 (3) 359.3 ± 14 (6) 297.7 ± 19.5

(11)

276.9 ± 24.6 (3) 305.5 ± 10.8 (8)

Left 333.1 ± 21 (9) 305.5/318.0 (2) 344.2 ± 21.2 (5) 299.9 ± 13.1

(12)

288.8 ± 11.7 (4) 305.5 ± 10.1 (8)

M3 Right 50.6 ± 3.2 (8) 49.5 ± 1.8 (3) 52.9 ± 1.7 (4) 47.7 ± 2.8 (16) 46.1 ± 1.9 (6) 49.4 ± 2.2 (9)

Left 50.7 ± 2.2 (5) 49.0/50.0 (2) 51.4 ± 2.6 (3) 48.2 ± 2.9 (15) 45.9 ± 0.8 (4) 49.1 ± 3.3 (9)

M4 Right 61.5 ± 3.8 (9) 59.7 ± 3.2 (3) 63.7 ± 2.7 (5) 58.9 ± 4.2 (21) 55.6 ± 3.5 (5) 60.7 ± 3.2 (12)

Left 61.4 ± 4.9 (11) 56.0 / 62.0 (2) 63 ± 4.7 (7) 57.9 ± 4.3 (20) 52.8 ± 2.8 (6) 60.3 ± 2.7 (11)

M5 Right 23.2 ± 1.8 (13) 21.5 ± 1.6 (5) 24.4 ± 0.9 (7) 22.6 ± 2.6 (25) 20.9 ± 2.7 (8) 23.7 ± 1.7 (13)

Left 21.4 ± 1.5 (16) 20.5 ± 1.4 (4) 21.8 ± 1.5 (10) 21.1 ± 2.5 (22) 19.3 ± 2 (8) 22.1 ± 2.5 (11)

M6 Right 18.5 ± 1.3 (13) 17.5 ± 1.4 (5) 19.3 ± 0.7 (7) 17.1 ± 2.4 (25) 16.1 ± 2.3 (8) 18 ± 2.3 (13)

Left 17.6 ± 1.4 (16) 16.6 ± 1.7 (4) 17.9 ± 1.3 (10) 16.2 ± 2.6 (23) 15.1 ± 2.1 (8) 16.9 ± 3 (12)

M7 Right 65.2 ± 5.6 (14) 59.6 ± 4.7 (5) 68.9 ± 2.6 (8) 61.5 ± 6 (25) 57.4 ± 7.2 (8) 64.3 ± 2.6 (13)

Left 60.7 ± 4.3 (17) 59.4 ± 6.4 (5) 61.6 ± 3.2 (10) 58.3 ± 6.6 (25) 55.1 ± 7 (10) 60.2 ± 6.1 (12)

M7a Right 68 ± 5.8 (12) 61.6 ± 5 (4) 71.4 ± 2.7 (7) 66.3 ± 3.8 (8) 59.1 (1) 67.3 ± 2.7 (7)

Left 63.8 ± 5.3 (16) 60.9 ± 6.1 (4) 64.7 ± 4.6 (10) 61.8 ± 5.9 (10) 59.2 ± 3 (3) 62.9 ± 6.7 (7)

M9 Right 42.9 ± 4 (8) 41.4 ± 2.7 (4) 46.4 ± 3.5 (3) 42.3 ± 3.3 (17) 40.1 ± 2.7 (5) 44.2 ± 2.4 (10)

Left 41.9 ± 2.6 (5) 43.0/44.0 (2) 40.2/44.1 (2) 42.1 ± 2.4 (17) 40.1 ± 2.3 (4) 43.3 ± 2.1 (10)

M10 Right 48.5 ± 3.2 (8) 47 ± 2.2 (3) 50.9 ± 1.7 (4) 45.9 ± 3.9 (13) 42.7 ± 2.5 (4) 48.4 ± 2.8 (7)

Left 48.3 ± 1.7 (7) 46.0/48.0 (2) 48.5 ± 1.7 (4) 45.8 ± 2.6 (16) 43.5 ± 1.5 (4) 47.1 ± 2.3 (9)

M12a Right 44.7 ± 2.4 (7) 41.2/45 (2) 46 ± 1.9 (4) 43.3 ± 2.8 (11) 42.1 ± 2.9 (4) 44.3 ± 3.8 (4)

Left 43.7 ± 7.2 (10) 40.8 (1) 46.5 ± 2.2 (7) 42.8 ± 2.9 (13) 35.5/42.3 (2) 43.5 ± 2.5 (8)

Retroversion

angle

Right 35.2 ± 6.5 (6) 41.0 (1) 32.3 ± 6.1 (4) 34.0 ± 12.1 (10) 35.0/54.0 (2) 29.0 ± 10.8 (6)

Left 30.8 ± 8.4 (10) 28.0/38.0 (2) 29.8 ± 9.6 (6) 24.6 ± 5.6 (11) 27.0 ± 7.2 (3) 23.3 ± 5.3 (7)

M5/M6 Right 1.25 ± 0.05 (13) 1.23 ± 0.06 (5) 1.26 ± 0.05 (7) 1.32 ± 0.09 (25) 1.30 ± 0.08 (8) 1.33 ± 0.10 (13)

Left 1.22 ± 0.07 (16) 1.24 ± 0.08 (4) 1.22 ± 0.08 (10) 1.31 ± 0.12 (22) 1.29 ± 0.16 (8) 1.31 ± 0.12 (11)

Imax / Imin

50%

Right 1.57 ± 0.19 (19) 1.56 ± 0.16 (7) 1.57 ± 0.23 (11) 1.68 ± 0.20 (23) 1.57 ± 0.21 (8) 1.73 ± 0.18 (14)

Left 1.52 ± 0.21 (23) 1.55 ± 0.23 (8) 1.50 ± 0.21 (14) 1.67 ± 0.22 (23) 1.61 ± 0.28 (7) 1.69 ± 0.18 (13)

Robusticity

index

Right 18.9 ± 0.8 (11) 18.7 ± 0.4 (4) 18.9 ± 1.0 (6) 20.3 ± 1.3 (19) 20.2 ± 2.0 (5) 20.5 ± 0.5 (11)

Left 18.0 ± 1.2 (12) 18.5 ± 1.6 (4) 17.5 ± 0.7 (6) 19.3 ± 1.5 (17) 19.1 ± 1.2 (6) 19.3 ± 1.9 (9)

Standardised

J 35%

Right 583.6 ± 187.7

(15)

479.2 ± 122.7

(3)

608.8 ± 205.5

(11)

839.3 ± 293.4

(21)

773.2 ± 345 (4) 870.5 ± 267.3

(14)

Left 400.4 ± 133.1

(18)

474 ± 115.6 (4) 386.5 ± 136.6

(13)

682.3 ± 269 (22) 798.3 ± 236.3

(5)

642.4 ± 303.9

(14)

Standardised

J 50%

Right 591.9 ± 188.4

(19)

580 ± 96.3 (7) 575.2 ± 225.4

(11)

1052.2 ± 307.5

(24)

943.3 ± 289.1

(6)

1063.5 ± 321

(16)

Left 482.1 ± 152.2

(25)

548.9 ± 116.6

(8)

425 ± 133.3 (15) 790.4 ± 266.7

(23)

780.7 ± 170.7

(5)

793.1 ± 320.7

(15)
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The distal joints and entheses display no clear pathologi-
cal changes. The surface of the medial epicondyle is heavily
eroded but appears very bumpy. The medial epicondyle is
well developed and very posteriorly projected. The radial
fossa is nearly absent, whereas the coronoid fossa is well
marked. The olecranon fossa is ovoid, large and shallow.
The septal aperture is absent, but there is a marked depres-
sion at the bottom of the fossa (about 6 mm in diameter and
ca. 3 mm in depth), the upper edge of this depression corre-
sponding to the upper angle of the olecranon fossa (Fig. 5).

Discussion and Conclusions

This article presents the biological data for an isolated Late
Pleistocene left humerus from the Cussac Cave, obtained
through classical observations and imaging techniques.
This complete bone is characterised by significant humeral
retroversion, one of the largest seen in the Upper Palaeolithic
sample. A large retroversion is mostly seen in MUP indivi-
duals, and the majority of paired humeri show a larger retro-
version on the right side. It is thus surprising to find such a
wide retroversion angle for the left side. This humerus also
displays relatively marked lateral convexity of the shaft,
marked intracortical porosity at three muscle attachment
sites, moderate robusticity, a very posteriorly displaced and
elongated medial epicondyle and a depression in the olecra-
non fossa.

There is strong evidence from sports medicine studies that
regular forceful throwing results in more retroversion of the
humerus of the throwing limb. Throwing athletes typically
have wider retroversion angles in their throwing arm com-
pared to their non-dominant arm and the arms of non-
throwing controls [e.g. 30–32]. Based on these studies, a
high degree of humeral retroversion, associated with signifi-
cant bilateral asymmetry, has been linked to habitual throw-
ing in prehistoric hunter-gatherer samples [19].

Intracortical porosity has recently been studied in detail
in animal models and living human populations, especially

in the relation to osteoporosis. It is quite clear that intracor-
tical porosity increases with age [33,34], although differ-
ently between men and women, but apparently contradic-
tory results have been obtained regarding the effect of
activity. On the one hand, it has been shown for the femur
that intracortical porosity in older individuals tends to be

Table 3 Estimated stature for L3-088 and comparative sam-

ples / Stature estimée pour L3-088 et les échantillons

de comparaison

Estimated

stature

Humerus L3-088 (Eq. Male humerus) 170.6 ± 4.4

Humerus L3-088 (Eq. Female humerus) 165.2 ± 4.3

MUP Males 173.0 ± 4.6 (13)

MUP Females 163.1 ± 4.7 (6)

LUP Males 162.4 ± 4.7 (17)

LUP Females 153.9 ± 4.3 (7)

Fig. 3 Distribution of humeral intracortical porosity. 3D model

of the humerus with regions of intracortical porosity indicated in red

(left) and three transverse slices from different positions

in the diaphysis, as indicated by the dashed white lines (right) /

Distribution de la porosité intracorticale. Modèle 3D de l’humérus

avec les régions de porosité indiquée en rouge (à gauche) et trois

coupes transverse dans la diaphyse (à droite), aux localisations

indiquées par les lignes blanches pointillées
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more frequent where bending stresses are low [34], and that
porosity diminishes in growing bone in response to exercise
[35]. On the other hand, high localised intracortical porosity
has been observed in the exercised forearm of rats [36], and
it has been shown directly or indirectly that porosity is
greater (although to a lesser degree than in old individuals)
in athletes compared to non-athletes [37,38]. The relation-
ship between exercise and local intracortical porosity is
unclear. It has been hypothesised that porosity enables an
increased nutrient supply, eventually leading to periosteal
apposition [37], reflecting a response to the generation of

microdamage [38] or reducing the area available for the
propagation of microcracks [39]. As data are lacking on cor-
tical porosity distribution in the whole shaft of the humerus
of living humans, we did not attempt to quantify the intra-
cortical porosity of Cussac L3-088 for comparison. Given
the localised pattern (i.e. in the area of muscle attachment
sites) and the lack of macroscopic or microscopic signs of
advanced age, it seems unlikely that the porosity seen in this
humerus was associated with age-related bone loss, and is
more likely to be linked to localised mechanical stimuli.It
has been shown that a posteriorly oriented epicondyle
“causes a displacement of maximum rotational efficiency
towards a more pronated position of the forearm, leading
to a gain of efficiency in the entire pronation range” [40,
p. 217], and that an enlarged medial epicondyle increases
this efficiency [41]. Moreover, these authors suggest that
the orientation and morphology of the medial epicondyle
can be modified, to some degree, during ontogeny in order
to adapt to mechanical loadings [40,41].

The modification seen in the olecranon fossa of Cussac
L3-088 evokes a space-occupying lesion. A virtually identi-
cal change has been observed previously in the left humerus
of the Gravettian individual Baousso da Torre 1 [5]. Among
the possible causes, an osteoid osteoma seems the most
likely considering the very regular margin of this depression.
Juxta- and intra-articular osteoid osteomas are rare, but can
occur in the olecranon fossa, the nidus located subchondrally
creating a crater-like imprint at the bottom of the fossa [42].
A less convincing cause may be a posteromedial olecra-
non impingement, which is a common injury encountered
in the throwing elbow, and is commonly associated with

Fig. 4 Mid-distal polar moment of area (J) versus humeral articular length5.33. LUPL: Left, Late-Upper Palaeolithic humeri; LUPR:

Right, Late-Upper Palaeolithic humeri; MUPL: Left, Mid-Upper Palaeolithic humeri; MUPR: Right, Mid-Upper Palaeolithic humeri /

Moment d’inertie polaire (J) en mi-distal par rapport à la longueur articulaire de l’humérus5.33. LUPL : humérus gauches du Paléolithi-

que supérieur final ; LUPR : humérus droits du Paléolithique supérieur final ; MUPL : humérus gauches du Paléolithique supérieur

moyen ; MUPR : humérus droits du Paléolithique supérieur moyen

Fig. 5 Magnified view of the distal humerus. Marked depression

at the bottom of the olecranon fossa indicated with a black arrow

(scale = 2 cm) / Vue rapprochée de la partie distale de l’humérus.

La dépression marquée au fond de la fosse olécranienne est indi-

quée par la flèche noire (échelle = 2 cm)
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osteoarthritic changes including the possible presence of
loose bodies and chronic stress fracture at the olecranon
process [43,44]. However, there is no sign of any abnormal
contact of the medial olecranon with the medial wall of the
olecranon fossa in Cussac L3-088.

The overhead throwing motion is mainly known from
baseball pitchers. The pitching motion proceeds in six phases:
wind-up, early cocking/stride, late cocking, acceleration,
deceleration, and follow-through, the most stressful event
arising in the late cocking phase which involves a very
quick shift from extension–supination to flexion–pronation
[45–47]. Many muscles are involved in the throwing motion,
including the m. deltoïdus (mainly in the acceleration and
deceleration phases), the m. brachioradialis (early cocking,
late cocking and deceleration phases) and the m. triceps bra-
chii (mostly during the acceleration phase) [47,48].

Overall, it would be tempting to associate the very marked
retroversion, the peculiar morphology and orientation of the
medial epicondyle, and possibly the intracortical porosity and
the change seen in the olecranon fossa, to mechanical stimuli
related to the throwing motion. However, counterarguments
need to be mentioned: the very rounded diaphysis at mid-
shaft does not suggest specific bending constraints, the
bone is not especially robust and individuals with left-
dominated asymmetry are uncommon in the Upper Palaeo-
lithic [49]. Moreover, a recent study indicates that while the
contribution of the legs, torso and dominant shoulder to a
spear throw are comparable in magnitude to that for a ball
throw, the contribution of the arm differs significantly [50].
This indicates that the throwing motion models inferred from
biomedical studies should be used with caution in discussions
on past activities. Finally, due to the fact that we are dealing
with an isolated bone, many factors cannot be controlled (e.g.
age-at-death, sex, body mass, degree of asymmetry), making
this interpretation rather speculative.

It is clear, however, that our study of Cussac L3-088,
indirectly dated to the Gravettian, once again illustrates
that i) the morphologies of MUP and LUP groups are quite
different (although Upper Palaeolithic individuals are still
often considered as a homogeneous group to which fossils
from other human groups can be compared [e.g. 51,52]), and
ii) new discoveries tend to dramatically increase the known
range of variation for these periods.
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