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� Thrower’s elbow (medial epicondylosis) is a rare occupational syndrome today.
� The lateral to medial (L/M) epicondylar ratio is greater than 1 in living populations.
� The L/M ratio permits comparisons in past populations.
� European prehistoric males display a specific pattern of lesions for the right elbow.
� Right upper limb use in throwing motions is a long-term status-linked male proclivity.
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a b s t r a c t

Sexual division of labour in European prehistory is usually inferred by indirect means: ethnographic
analogy, pictorial representation, or from grave inclusions. The study of skeletal activity-related
morphology seems the most direct means by which to interrogate the question of sexual division of
labour in past societies. In this paper we present the results of an analysis of enthesopathies (i.e. lesions
of the tendon attachments) of the elbow in three time-successive population samples spanning the
prehistoric, pre-industrial historic, and modern European eras. We employ an innovative analytical
procedure, the lateral to medial epicondylar ratio (L/M ratio) to assess limb use. Results indicate a ten-
dency for lateral epicondylosis in all samples, except for prehistoric males, who possess medial epi-
condylosis more frequently, and for the right side only. The increased prevalence of pathological changes
of the right medial epicondyle suggests lateralized limb use that corresponds with “thrower’s elbow”.
This indicates that males, but not females, preferentially employed movements involving throwing
motions in these hunter-gatherer and early farming groups. Based on this evidence we postulate the
existence of a persistent sexual division of labour in these prehistoric European populations involving
one or several strenuous activities linked to unilateral limb use.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

In prehistory sexual division of labour or gendered activity, a
part of gender relations that contributes to the roles that men and
women play in society, is often inferred from analyses of grave
goods, as a part of the social identity of the deceased (see, for
example,Q2 Chapman, 1997; O’Shea and Zvelebil, 1984; Rega, 1997;
Stig-Sorensen, 1997; Treherne, 1995), and artistic representations,
both pictographs and figurines (Conkey, 1991; Duhard, 1993; Joyce
2004; Nelson, 1997). Interpretations depend on analogies drawn
from cross-cultural studies that provide evidence for ostensibly
universal sex differences in labour (Wood and Eagly, 2002). Within
non-industrial societies, the majority of tasks are strongly
gendered, but substantial diversity exists across societies with
respect to which sex performs a particular task (Gilchrist, 2004;
Moore, 1994; with regard to the effect of age and social change,

respectively). In almost all groups hunting large game and warfare
appear to be largely, albeit not exclusively, men’s activities (Keeley
1986: 35; Knüsel and Smith, 2013; Murdock and Provost, 1973;
Testart, 1986; Wood and Eagly, 2002). With regard to hunting,
Testart (1986) points out that among modern hunter-gatherers,
females can and do hunt, but almost never with weapons that
penetrate the flesh. In a sample of 50 worldwide traditional soci-
eties from the Human Relations Area Files probability sample, men
as opposed to women overwhelmingly engage in games and sports
employing projectiles, such as spears, sticks, javelins, darts, and
stones (Deaner and Smith, 2012). As a whole, men perform move-
ments involving percussive force, as in the use of an adze or an axe
(Testart, 1986); these require similar movements of the upper limb
to those employed in throwing, the biomechanics and injurious
effects of which has been studied in detail for some years (Bennett,
1941, 1947, 1959; Fleisig et al., 1996; Gainor et al., 1980; Jobe et al.,
1983; McCue et al., 1985; Priest et al., 1974; Tullos and Bryan, 1985).

Throwing is among the most dynamic and demanding of
physical activities, requiring complex sequential movements of the
shoulder, arm, and forearm, as well as each segment of the body
from the fingers to the toes in various combinations for the
different forms of projectile use. The power of the throw is as much
a product of the trunk, hips and lower limbs as it is of the upper

q From the opening lines of Virgil’s Aeneid.Q1
* Corresponding author. Anthropologie des Populations Passées et Présentes,

PACEA, UMR 5199, Université Bordeaux 1 e CNRS, Bat. B8, Avenue des Facultés,
Université Bordeaux 1, 33405 Talence, France.

E-mail address: s.villotte@pacea.u-bordeaux1.fr (S. Villotte).

Contents lists available at ScienceDirect

Journal of Archaeological Science

journal homepage: http : / /www.elsevier .com/locate/ jas

0305-4403/$ e see front matter � 2014 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.jas.2013.12.009

Journal of Archaeological Science xxx (2014) 1e7

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119

YJASC3917_proof ■ 6 January 2014 ■ 1/7

Please cite this article in press as: Villotte, S., Knüsel, C.J., “I sing of arms and of a man.”: medial epicondylosis and the sexual division of labour
in prehistoric Europe, Journal of Archaeological Science (2014), http://dx.doi.org/10.1016/j.jas.2013.12.009

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:s.villotte@pacea.u-bordeaux1.fr
www.sciencedirect.com/science/journal/03054403
http://www.elsevier.com/locate/jas
http://dx.doi.org/10.1016/j.jas.2013.12.009
http://dx.doi.org/10.1016/j.jas.2013.12.009
http://dx.doi.org/10.1016/j.jas.2013.12.009
Original text:
Inserted Text
given name

Original text:
Inserted Text
surname

Original text:
Inserted Text
given name

Original text:
Inserted Text
surname

s.Villotte
Note
Unmarked définie par s.Villotte

s.Villotte
Note
Completed définie par s.Villotte



extremities (Toyoshima et al., 1974; Pappas et al., 1985), but the
shoulder and elbow joints and their associated soft tissue struc-
tures are those most often injured (Ciccotti et al., 2004; Jobe and
Cicciotti, 1984).

The torques generated by dynamic movements (i.e. those in
excess of the range of normal joint motions) produce injuries in the
shoulder and elbow joints of the dominant limb (McCue et al., 1985;
Tullos and Bryan, 1985). The overhead throwing motion places
valgus stress on the elbow that is transmitted via the flexor-
pronator muscles to the medial epicondyle of the humerus, pro-
ducing “valgus extension overload syndrome”, a form of repetitive
stress syndrome that is themost common cause of elbow injuries in
the throwing athlete (Cain et al., 2003). Medial epicondylosis,1 also
called “thrower’s elbow” is a condition affecting the site of
attachment of the medial collateral ligament and origin of the
common flexor tendon at the medial epicondyle (Baccarani and
Simonini, 1968; Bramhall et al., 1994; Ciccotti et al., 2004; Jobe
and Ciccotti, 1994; Miller, 1960; Ouellette et al., 2008). It is a rare
condition seen mainly in sports involving overhead throwing but
also in occupational activities creating similar forces (as in
hammering in carpentry) (Ciccotti et al., 2004; Jobe and Ciccotti,
1994). Lateral epicondylosis or “tennis elbow” is more common
than medial epicondylosis and described in connection with
numerous sports and occupational activities (Jobe and Ciccotti,
1994; Shiri and Viikari-Juntura, 2011). When medial and lateral
epicondylosis are studied together in living populations the fre-
quency of lateral epicondylosis divided by the frequency of medial
epicondylosis (the L/M ratio) is almost always greater than 1
(Table 1). Of those groups studied, baseball pitchers are the only

group where the occurrence of medial epicondylosis is clearly
greater than lateral epicondylosis (Table 1). Unilateral enthesop-
athy of the medial epicondyle has been recognized previously as a
good skeletal marker of throwing and used to discuss the sexual
division of labour in prehistoric groups (Dutour, 1986; Villotte et al.,
2010a) but for small samples, and the L/M ratio has never been
studied in detail. The goal of this article is to present the frequencies
of lateral and medial epicondylosis in several prehistoric and his-
toric samples and use the L/M ratio in order to discuss the sexual
division of labour in activities associated with the throwingmotion.
Because these repeated movements affect the skeleton in a
patterned way, their relative distribution in male and female
skeletons provides an unrivalled opportunity to assess sexual di-
vision of labour directly from the remains of those who performed
tasks.

2. Material and methods

The frequencies of lateral andmedial epicondyle enthesopathies
in several prehistoric and historic groups have been calculated, and
the L/M ratio has been determined for three large samples of pre-
historic, pre-industrial historic, and modern documented pop-
ulations (Table 2). Two different analyses were performed: one
involving the total number of observed right and left condyles, and
a second of humeri with both condyles preserved and recorded. A
single observer (S.V.) performed all enthesis examinations
employing the same methodological criteria (Villotte, 2006;
Villotte et al., 2010b). These samples include adult specimens
only. Age at death and sex are known for the identified skeletal
collections (the modern documented populations) (see Villotte,
2009 for a description of these collections). Estimation of age-at-
death and sex of the prehistoric and pre-industrial historic in-
dividuals was based on recently published methods with demon-
strably good reliability (references in Villotte et al., 2010a).

Table 1
Reported prevalence rates of epicondylosis in modern clinical groups performing various trades, professions, and activities. The higher lesion frequencies for lateral or medial
epicondyles is indicated in bold.

Population N Lateral
epicondyle

Medial
epicondyle

L/M
ratio

Reference

General practice population 8500 0.7% 0.1% 6.0 Hamilton, 1986
Nursery school cooks (women only) 209 20.1% 11.5% 1.7 Ono et al., 1998
Social welfare employees (other than cook. women only) 366 7.7% 3.0% 2.6 Ono et al., 1998
Automobile manufacturing workers 1198 3.3% 2.2% 1.5 Gold et al., 2009
Assembly-line packers (women only) 152 2.6% 3.3% 0.8 Luopajarvi et al., 1979
Shop assistants (women only) 133 2.3% 0.0% / Luopajarvi et al., 1979
General population 4783 1.3% 0.4% 3.3 Shiri et al., 2006
General population (men) 2696 1.3% 0.6% 2.2 Walker-Bone et al., 2004
General population (women) 3342 1.1% 1.1% 1.0 Walker-Bone et al., 2004
Blue collar workers (shoe factory) 253 2.0% 0.0% / Roquelaure et al., 2002
Workers in repetitive/constrained jobs (men) 393 1.5% 2.3% 0.7 Nordander et al., 2009
Workers in repetitive/constrained jobs (women) 1106 3.3% 1.6% 2.1 Nordander et al., 2009
Workers in varied/mobile jobs (men) 522 1.5% 0.6% 2.5 Nordander et al., 2009
Workers in varied/mobile jobs (women) 656 1.7% 0.5% 3.4 Nordander et al., 2009
Workers in strenuous jobs Not clear 0.6% 0.2% 3.0 Viikari-Juntura et al., 1991
Workers in non-strenuous jobs Not clear 0.5% 0.3% 1.7 Viikari-Juntura et al., 1991
Sewing machine operators (women only) 82 4.9% 0.0% / Anderson and Gaardboe, 1993
Auxiliary nurses and home helpers (women only) 25 0.0% 0.0% / Anderson and Gaardboe, 1993
Public gas- and waterworks employees, high exposure (right side) 46 10.9% 2.2% 5.0 Ritz, 1995
Public gas- and waterworks employees, high exposure (left side) 46 6.5% 6.5% 1.0 Ritz, 1995
Public gas- and waterworks employees, moderate exposure (right side) 52 7.7% 5.8% 1.3 Ritz, 1995
Public gas- and waterworks employees, moderate exposure (left side) 52 13.5% 1.9% 7.0 Ritz, 1995
Public gas- and waterworks employees, no exposure (right side) 82 7.3% 2.4% 3.0 Ritz, 1995
Public gas- and waterworks employees, no exposure (left side) 82 7.3% 2.4% 3.0 Ritz, 1995
Cases of work-related peri-articular injuries (France, 1998) 8972 16.1% 1.9% 8.6 Gary and Costa-Salute, 2001
workers exposed to repetitive movements 1759 12.3% 4.0% 3.1 Bourgeois et al., 2000
workers not exposed to repetitive movements 343 7.9% 3.5% 2.3 Bourgeois et al., 2000
Baseball pitchers (9e12 years old) 298 11.1% 21.8% 0.5 Lyman et al., 2001

1 Contrary to “epicondylitis”, the more neutral term “epicondylosis” does not
suggest inflammation and is thus more appropriate (even if less used). As in most of
the cases of medial or lateral epicondyle enthesopathies there is no histopatho-
logical evidence of either acute or chronic inflammation (Khan et al., 1999).
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3. Results

Fig. 1 displays the frequencies of medial and lateral epicondyle
enthesopathies in the modern documented (i.e. identified) sample.
Frequencies of enthesopathies increase with age, but for each age
category and for both sides the L/M ratio falls into the range of
variation seen for living samples (Table 1). For most of the age
categories considered, enthesopathies of the lateral epicondyle are
two or three times more common than they are for the medial
epicondyle, as for living samples. Moreover, there is no apparent
correlation between age-at-death and the ratio. For all comparisons
except one, enthesopathies are more frequent for the lateral epi-
condyle. The ratio below 1 for the first age group for the left side, as
well as the very high ratio for the 30e39 age-class, can be explained
by the very low frequency of cases seen for the medial epicondyle
(one in both cases).

Frequencies for the right and left sides for each collection are
presented in Table 2. As there is no control for age, frequencies
cannot be compared between groups, but this can be done within
each sub-sample. In all modern documented and pre-industrial
historic collections, enthesopathies are more common at the
lateral epicondyle for both sides and both sexes. For the prehistoric
groups, the situation is dramatically different. For females, medial
epicondylosis is more frequent in two cases (from 12 comparisons):
for the site of Stuttgart-Mühlhausen (Early Neolithic) and for the
sample dating from the Early/Middle Mesolithic, a minor difference
(less than 1%) is observed for the left side. For males and for each of
the groups considered, the ratio clearly favours the medial epi-
condyle of the right side. When groups are pooled (Fig. 2) the L/M
ratio is always positive and varies from 1.8 to 3.4, except in the right
side of the male prehistoric group (0.6), indicating that, although
the lateral epicondyle is affected, it is more often accompanied by
medial epicondylar enthesopathies in these males than for their
same sex counterparts from more recent times and for females.
When only humeri with bothmedial and lateral epicondyles scored
are taken into account and when only one enthesopathy is recor-
ded, there is a significant tendency for the lesion to occur at the
lateral epicondyle for all groups and both sides, except for prehis-
toric males for the right side (Table 3).

4. Discussion

Although entheseal changes are age-related (e.g. Villotte, 2009;
Villotte et al., 2010b), for the L/M ratio there is no associated age
correlation (Fig. 1). We did not attempt to control for age-at-death
in the present study due the number of individuals for which it had
not been possible to assess it, or for which the assessment provided
a very broad age range. Thus, frequencies of medial or lateral epi-
condylosis cannot be compared across samples, but the L/M ratio
can. Moreover, the present study clearly shows that this ratio is
almost always greater than 1 in the archaeological and clinical
samples. The L/M ratio for the right side in the prehistoric male
sample, below the range of variation seen for historic samples
presented here, as well as in clinical samples (Table 1), highlights a
specific pattern for the right arm. This very low L/M ratio is seen
today only in young baseball pitchers (Lyman et al., 2001). This
provides strong evidence for the mechanical origin of these lesions,
as the pattern would have been seen for both sides if they had
resulted from hormonal or other intrinsic factors. Medial epi-
condyle enthesopathy frequently co-occurs with lateral epicondyle
enthesopathy when it is unrelated to the throwing motion (Gold
et al., 2009; Walker-Bone et al., 2004). When only humeri with
both medial and lateral epicondyles scored are taken into account,
and when only one enthesopathy (medial or lateral) is recorded,
the right medial epicondyle tends to be more often injured inTa
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prehistoric males (Table 3). Considering the high specificity of
medial epicondyle injuries today, we suggest that the unilateral
pattern of medial epicondylosis indicates that most of these lesions
were likely due to the throwing motion. Cross-culturally, humans
employ a single hand for tasks demanding skilled use of imple-
ments. This is most often the right hand (Coren and Porac, 1977;
Calvin, 1983; Faurie and Raymond, 2004; Steele, 2002), and our
study reveals that this was the same in the past. Today, ballistic
skills, as opposed those requiring fine motor control, dispropor-
tionately employ the right hand (Annett, 1970). Within each pre-
historic sample, the frequency of medial versus lateral epicondylar
enthesopathies is higher in males. The consistency across these
groups of hunter-gatherers and farmers provides strong support for
a universal biocultural phenomenon linked to throwing, rather
than being an artefact of sampling bias.

Hunting was essential during the Upper Palaeolithic and
Mesolithic, but also appears to have played a considerable role in
European Neolithic groups, providing dietary supplements and as a
prestige-enhancing means of social distinction (Hachem, 2001,
2011; Jeunesse, 2010; Uerpmann, 2001). The use of complex pro-
jectile weapons, like the bow and arrow, spear-thrower, and dart,
which do not seem to especially stress the medial epicondyle (see
Villotte et al., 2010 and references therein), is attested in Europe for
the latter part of the Upper Palaeolithic, Mesolithic and Neolithic

Fig. 1. Modern documented sample (four collections of individuals of known sex and age at death). Frequencies of enthesopathies and L/M ratios (triangles) for each age group, Top:
right side, down: left side.

Fig. 2. L/M ratios for the prehistoric, pre-industrial historic, and modern documented
samples. Full line and dashed lines: 25, 50th, and 75th percentiles calculated from L/M
ratios from clinical studies (Table 1), excepted the group of pitchers (for which the ratio
is presented by a dotted line).
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(Cattelain, 2006; Cattelain and Bellier, 2002; Clark, 1963; Rozoy,
1999; Shea, 2006). However, this does not exclude the use of
more simple technology simultaneously: barbed points, javelins,
killing sticks and boomerangs are known for the same period
(Bahn, 1987; Burov, 1998; Cattelain and Bellier, 2002; Valde-Nowak
et al., 1987). Even thrown stones are highly effective in hunting and
warfare (Isaac, 1987). As documented in ethnographic literature
(see Churchill, 1993 for a review), hand-thrown projectiles likely
formed a frequent complement to the use of more complex
weaponry in the prehistoric groups studied here. Thus, it appears
that most cases of medial epicondylosis observed for these in-
dividuals are related to the use of overhead throwing during games,
warfare, and hunting. Overhead throwing with force and accuracy
is a skill uniquely developed in our species that played an impor-
tant role in human evolution (Calvin, 1983; Darlington, 1975;
Darwin, 1871; Isaac, 1987; Knüsel, 1992). Effective throwing
behaviour (probably of stones initially) may date as far back as 4
million years ago (Calvin, 1983; Darlington, 1975; Isaac, 1987).
Today, males perform significantly better than females in spatial
ability tests, as in gauging movements across the visual field
(Jardine and Martin, 1983; Voyer et al., 1995), as well as in both
throwing velocity and accuracy exercises (Jardine andMartin,1983;
Tillaar and Ettema, 2004; Whittaker and Kamp, 2006). Significant
correlations have been found between throwing accuracy and
spatial ability, and these sex differences may reflect the evolu-
tionary adaptations required of male hunters and later as armed
warriors (Jardine and Martin, 1983; Kolakowski and Malina, 1974).
Because this proclivity appears to form a fundamental part of
masculine identity, prolonged training and socialization to achieve
proficiencymay be implicated in the occurrence of observedmedial
epicondyle enthesopathies.

Other activities may be associated with some of the medial
epicondylosis seen in prehistoric males. The sling, an ancient
implement used by herders to tend flocks, farmers to protect crops
from scavengers e and as a weapon especially well known in the
classical ancient world (Paunov and Dimitrov, 2000; Dohrenwend,
2002) e suggests one such activity, with evidence for what may be
sling stones from prehistoric sites worldwide (Finney, 2006;
Rosenberg, 2009; Vega and Craig, 2009), including the European
Neolithic (Paunov and Dimitrov, 2000). Interestingly, as for other
throwing activities men have a greater range in sling use (Vega and
Craig, 2009). The intensive use of axes and adzes, objects which are
well known from the Neolithic and throughout the Mesolithic (e.g.
Valdeyron, 2011), may also have produced valgus stress in the
medial compartment of the humerus similar to that seen in over-
head throwing. Unilateral wood-working is a masculine activity in
non-industrial societies (the average percentage of male partici-
pation calculated from 185 societies is 98.8%; Murdock and Provost,
1973), and it is noteworthy that thick-bladed adzes are found
almost exclusively in male burials from the Early Neolithic

Linearbandkeramik (Bakels, 1987), perhaps as a means of signalling
masculine identity.

5. Conclusion

Sexual division in the use of throwing weapons is one of the
most striking universal occurrences noted in cross-cultural studies
(Murdock and Provost, 1973; Testart, 1986; Wood and Eagly, 2002).
Our results indicate that sex differences indicative of this proclivity
date back at least 30,000 years. Moreover, this sexual division of
labour appears to have been a persistent feature of human groups
through millennia and across societies with radically different
subsistence economies and living a diverse range of environments.
An ability to throw with accuracy and at increasing distance may
represent one of the fundamental structuring factors in past human
societies, with both biological and social implications.

Uncited references

Churchill and Rhodes, 2009; Dunsworth et al., 2003; Knüsel,
2000; Rhodes and Churchill, 2009 Q3.

Acknowledgements

The authors thank the two reviewers for their useful comments.
S.V. thanks the many curators across Europe who allowed him ac-
cess to the material.

Grant sponsors: Maison des Sciences de l’Homme d’Aquitaine;
European Union (Synthesys GB-TAF-636); CNRS; Ministère de
l’Enseignement Supérieur et de la Recherche (PhD research grant,
and “Aires Culturelles”); Fondation Fyssen (Post doctoral research
fellowship), British Academy (Small Research Grant).

References

Anderson, J., Gaardboe, O., 1993. Musculoskeletal disorders of the neck and upper
limb among sewing machine operators: a clinical investigation. Am. J. Ind. Med.
24 (6), 689e700.

Annett, M., 1970. A classification of hand preference by association analysis. Br. J.
Psychol. 61 (3), 303e321.

Baccarani, G., Simonini, D., 1968. Su due casi di epitrocleite in lanciatori di gia-
vellotto. Osp. d’Italia Chir. 19 (4e5), 409e413.

Bahn, P.G., 1987. Return of the Euro-boomerang. Nature 329 (6138), 388.
Bakels, C.C., 1987. On the adzes of the Northwestern Linearbandkeramik. Analecta

Praehist. Leidensia 20, 53e85.
Bennett, G.E., 1941. Shoulder and elbow lesions of the professional baseball pitcher.

J. Am. Med. Assoc. 117, 510e514.
Bennett, G.E., 1947. Shoulder and elbow lesions distinctive of baseball players. Ann.

Surg. 26, 107e110.
Bennett, G.E., 1959. Elbow and shoulder lesions of baseball players. Am. J. Surg. 98,

484e492.
Bourgeois, F., Lemarchand, C., Hubault, F., Brun, C., Polin, A., Faucheux, J., 2000.

Troubles musculosquelettiques et travail. Quand la santé interroge

Table 3
Humeri with both lateral and medial epicondyles scored. The p-value (McNemar’s test) indicates a significant tendency for increased numbers of cases of lateral epicondylosis
in all samples, except for prehistoric males, where individuals with medial epicondylosis alone are more prevalent than those with the lateral form, and on the right side only.

Right Left

N Lateral
epicondylosis
only

Medial
epicondylosis
only

P N Lateral
epicondylosis
only

Medial
epicondylosis
only

P

Modern documented sample Females 169 36 2 <0.001 149 29 3 <0.001
Males 293 53 8 <0.001 304 39 9 <0.001

Pre-industrial historic sample Females 115 32 4 <0.001 106 32 0 <0.001
Males 56 20 2 <0.001 58 12 0 0.002

Prehistoric sample Females 89 20 6 0.011 74 10 0 0.004
Males 92 4 15 0.022 78 11 3 0.003

S. Villotte, C.J. Knüsel / Journal of Archaeological Science xxx (2014) 1e7 5

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

YJASC3917_proof ■ 6 January 2014 ■ 5/7

Please cite this article in press as: Villotte, S., Knüsel, C.J., “I sing of arms and of a man.”: medial epicondylosis and the sexual division of labour
in prehistoric Europe, Journal of Archaeological Science (2014), http://dx.doi.org/10.1016/j.jas.2013.12.009

Original text:
Inserted Text
Acknowledgments



l’organisation. Editions de l’ANACT (Agence nationale pour l’Amélioration des
Conditions de Travail), Lyon.

Bramhall, J.P., Scarpinato, D.F., Andrews, J.R., 1994. Injuries in throwing sports. In:
Renström, P. (Ed.), Clinical Practice of Sports Injury Prevention and Care, The
Encyclopaedia of Sports Medicine, vol. 5. Blackwell Scientific Publications,
Oxford, pp. 446e449.

Burov, G.M., 1998. The use of vegetable materials in the Mesolithic of Northeast
Europe. In: Zvelebil, M., Doma�nska, L., Dennell, R. (Eds.), Harvesting the Sea,
Farming the Forest: the Emergence of Neolithic Societies in the Baltic Region.
Sheffield Academic Press, Sheffield (UK), pp. 53e64.

Calvin, W.H., 1983. A stone’s throw and its launch window: timing precision and its
implications for language and hominid brains. J. Theor. Biol. 104, 121e135.

Cattelain, P., 2006. Apparition et évolution de l’arc et des pointes de flèches dans la
préhistoire européenne (Paléo-, Méso-, Néolithique). In: Bellintani, P. (Ed.),
Catene Operative Dell’arco Preistorico. Giunta della Provincia Autonoma di
Trento, Trento, pp. 45e66.

Cattelain, P., Bellier, C., 2002. La chasse dans la Préhistoire du Paléolithique au
Néolithique en Europe. et ailleurs. Treignes. Éditions du CEDARC.

Churchill, S.E., 1993. Weapon technology, prey size selection, and hunting methods
in modern hunter-gatherers: implications for hunting in the Palaeolithic and
Mesolithic. Archeol. Pap. Am. Anthropol. Assoc. 4 (1), 11e24.

Churchill, S.E., Rhodes, J.A., 2009. The evolution of the human capacity for “killing at
a distance”: the human fossil evidence for the evolution of projectile weaponry.
In: Hublin, J.-J., Richards, M.P. (Eds.), The Evolution of Hominin Diets: Inte-
grating Approaches to the Study of Palaeolithic Subsistence. Springer, Dor-
drecht, pp. 201e210.

Ciccotti, M.C., Schwartz, M.A., Ciccotti, M.G., 2004. Diagnosis and treatment of
medial epicondylitis of the elbow. Clin. Sports Med. 23 (4), 693e705.

Clark, J.G.D., 1963. Neolithic bows from Somerset, England, and the prehistory of
archery in North-Western Europe. Proc. Prehist. Soc. 29 (3), 50e98.

Conkey, M.W., 1991. Contexts of action, contexts for power: material culture and
gender in the Magdalenian. In: Gero, J., Conkey, M.W. (Eds.), Engendering
Archaeology: Women and Prehistory. Wiley-Blackwell, New York, pp. 57e92.

Coren, S., Porac, C., 1977. Fifty centuries of right-handedness: the historical record.
Science 198, 631e632.

Darlington, P.J., 1975. Group selection, altruism, reinforcement, and throwing in
human evolution. Proc. Natl. Acad. Sci. 72 (9), 3748e3752.

Darwin, C.R., 1871. The Descent of Man, and Selection in Relation to Sex, first ed.,
vol. 1. John Murray, London.

Deaner, R.O., Smith, B.A., 2012. Sex differences in sports across 50 societies. Cross-
Cult. Res. J. Comp. Soc. Sci. Available at: SSRN: http://ssrncom/
abstract¼2009329.

Dohrenwend, R.E., 2002. The sling: forgotten firepower of antiquity. J. Asian Martial
Arts 11 (2), 29e49.

Duhard, J.-P., 1993. Upper Palaeolithic figures as a reflection of human morphology
and social organization. Antiquity 67, 83e91.

Dunsworth, H., Challis, J., Walke, A., 2003. Throwing and bipedalism: a new look at
an old idea. In: Franzen, J., Köhler, M., Moyà-Solà, S. (Eds.), Walking Upright.
Senckenberg Institute, Frankfurt, pp. 105e110.

Dutour, O., 1986. Enthesopathies (lesions of muscular insertions) as indicators of the
activities of Neolithic Saharan populations. Am. J. Phys. Anthropol. 71 (2), 221e
224.

Faurie, C., Raymond, M., 2004. Handedness frequency over more than ten thousand
years. Proc. R. Soc. Lond. B 271 (Suppl.), S43eS45.

Finney, J.B., 2006. Middle Iron Age Warfare of the Hillfort Dominated Zone c. 400
B.C. to c. 150 B.C.. In: British Archaeological Reports (British Series) 423
Archaeopress, Oxford.

Fleisig, G.S., Barrentine, S.W., Escamilla, R.F., Andrews, J.R., 1996. Biomechanics of
overhand throwing with implications for injuries. Sports Med. 21, 421e437.

Gainor, B.J., Piotrowski, G., Puhl, J., Allen, W.C., Hagen, R., 1980. The throw:
biomechanics and injury. Am. J. Sports Med. 8 (2), 114e118.

Gary, Y., Costa-Salute, C., 2001. La CRAM et les troubles musculo-squelettiques du
membre supérieur. De l’analyse epidémiologique à la prévention. In:
Hérisson, C., Fouquet, B., Codine, P. (Eds.), Membre supérieur et pathologie
professionnelle. Masson, Paris, pp. 6e16.

Gilchrist, R., 2004. Archaeology and the life course: a time and age for gender. In:
Meskell, L., Preucel, R.W. (Eds.), A Campanion to Social Archaeology. Blackwell
Publishing, Malden (MA), pp. 142e160.

Gold, J.E., d’Errico, A., Katz, J.N., Gore, R., Punnett, L., 2009. Specific and non-specific
upper extremity musculoskeletal disorder syndromes in automobile
manufacturing workers. Am. J. Ind. Med. 52 (2), 124e132.

Hachem, L., 2001. La conception du monde animal sauvage chez les éleveurs du
Rubané. In: Arbogast, R.-M., Jeunesse, C., Schibler, J. (Eds.), Rôle et statut de la
chasse dans le Néolithique ancien danubien (5500-4900 av J-C), Premières
rencontres danubiennes, Actes e la table ronde de Strasbourg 20 et 21
novembre 1996. International Archäologie, Arbeitsgemeinschaft Symposium
Tagung Kongress 1. Verlag Marie Leidorf GmbH, Rahden/Westfalen, pp. 91e111.

Hachem, L., 2011. Les faunes du Néolithique moyen dans le nord de la France: bilan
et pistes de recherches. In: Bostyn, F., Martial, E., Praud, I. (Eds.), Le Néolithique
du Nord de la France dans son contexte européen: habitat et économie aux 4è
et 3è millénaires avant notre ère, Actes du 29è colloque international sur le
Néolithique Revue Archéologique de Picardie, n� spécial 28, pp. 313e329.

Hamilton, P.G., 1986. The prevalence of humeral epicondylitis: a survey in general
practice. J. R. Coll. Gen. Pract. 36 (291), 464e465.

Isaac, B., 1987. Throwing and human evolution. Afr. Archaeol. Rev. 5, 3e17.

Jardine, R., Martin, N.G., 1983. Spatial ability and throwing accuracy. Behav. Genet.
13 (4), 331e340.

Jeunesse, C., 2010. Changements sociaux et signification de la chasse dans les
sociétés du Néolithique circumalpin. Une hypothèse alternative au détermi-
nisme écologique. In: Matuschik, I., Strahm, C., Eberschweiler, B., Fingerlin, G.,
Hafner, A., Kinsky, M., Mainberger, M., Schobel, G. (Eds.), Vernetzungen -
Aspekte siedlungsarchäologischer Forschung, Festschrift für Helmut Schlich-
therle zum 60 Geburtstag. Lavori Verlag, Freiburg im Breisgau, pp. 127e139.

Jobe, F., Ciccotti, M., 1994. Lateral and medial epicondylitis of the elbow. J. Am. Acad.
Orthop. Surg. 2 (1), 1e8.

Jobe, F.W., Tibone, J.E., Perry, J., Moynes, D., 1983. An EMG analysis of the shoulder in
throwing and pitching: a preliminary report. Am. J. Sports Med. 11 (1), 3e5.

Khan, K.M., Cook, J.L., Bonar, F., Harcourt, P., Astrom, M., 1999. Histopathology of
common tendinopathies. Update and implications for clinical management.
Sports Med. 27 (6), 393e408.

Knüsel, C.J., 1992. Throwing and hominid evolution. Hum. Evol. 7 (1), 1e7.
Knüsel, C.J., 2000. Bone adaptation and its relationship to physical activity in the

past. In: Cox, M., Mays, S. (Eds.), Human Osteology in Archaeology and Forensic
Science. Greenwich Medical Media, London, pp. 381e402.

Knüsel, C.J., Smith, M.J., 2013. The osteology of conflict: what does it all mean. In:
Knüsel, C.J., Smith, M.J. (Eds.), The Routledge Handbook of the Bioarchaeology of
Human Conflict. Routledge, London, pp. 656e694.

Kolakowski, D., Malina, R.M., 1974. Spatial ability, throwing accuracy and man’s
hunting heritage. Nature 251 (5474), 410e412.

Luopajarvi, T., Kuorinka, I., Virolainen, M., Holmberg, M., 1979. Prevalence of
tenosynovitis and other injuries of the upper extremities in repetitive work.
Scand. J. Work Environ. Health 5 (3), 48e55.

Lyman, S., Fleisig, G.S., Waterbor, J.W., Funkhouser, E.M., Pulley, L., Andrews, J.R.,
Osinski, E.D., Roseman, J.M., 2001. Longitudinal study of elbow and shoulder
pain in youth baseball pitchers. Med. Sci. Sports Exerc. 33 (11), 1803e1810.

McCue III, F.C., Gieck, J.H., West, J.O., 1985. Throwing injuries to the shoulder. In:
Zarins, B., Andrews, J.R., Carson, W.A. (Eds.), Injuries to the Throwing Arm. W.B.
Saunders and Co, Philadelphia, pp. 95e111.

Miller, J.E., 1960. Javelin thrower’s elbow. J. Bone Jt. Surg. Br. 42 (4), 788e792.
Moore, H., 1994. Understanding sex and gender. In: Ingold, T. (Ed.), Companion

Encyclopedia of Social Anthropology: Humanity, Culture, and Social Life.
Routledge, London and New York, pp. 813e830.

Murdock, G.P., Provost, C., 1973. Factors in the division of labor by sex: a cross-
cultural analysis. Ethnology 12 (2), 203e225.

Nelson, S.M., 1997. Gender in Archaeology. Altamira, Walnut Creek (CA).
Nordander, C., Ohlsson, K., Akesson, I., Arvidsson, I., Balogh, I., Hansson, G.,

Strömberg, U., Rittner, R., Skerfving, S., 2009. Risk of musculoskeletal disorders
among females and males in repetitive/constrained work. Ergonomics 52 (10),
1226e1239.

Ono, Y., Nakamura, R., Shimaoka, M., Hiruta, S., Hattori, Y., Ichihara, G., Kamijima, M.,
Takeuchi, Y., 1998. Epicondylitis among cooks in nursery schools. Occup. Envi-
ron. Med. 55 (3), 172e179.

Ouellette, H., Bredella, M., Labis, J., Palmer, W., Torriani, M., 2008. MR imaging of the
elbow in baseball pitchers. Skelet. Radiol. 37 (2), 115e121.

Pappas, A.M., Zawacki, R.M., Sullivan, T.J., 1985. Biomechanics of baseball pitching: a
preliminary report. Am. J. Sports Med. 13 (4), 216e222.

Paunov, E., Dimitrov, D.Y., 2000. New data on the use of war sling in Thrace (4th-1st
century BC). Archaeol. Bulg. IV (3), 44e57.

Priest, J.D., Jones, H.H., Nagel, D.A., 1974. Elbow injuries in highly skilled tennis
players. J. Sports Med. 2 (3), 137e149.

Rhodes, J.A., Churchill, S.E., 2009. Throwing in the Middle and Upper Paleolithic:
inferences from an analysis of humeral retroversion. J. Hum. Evol. 56 (1), 1e10.

Ritz, B.R., 1995. Humeral epicondylitis among gas- and waterworks employees.
Scand. J. Work Environ. Health 21 (6), 478e486.

Roquelaure, Y., Mariel, J., Fanello, S., Boissière, J.-C., Chiron, H., Dano, C., Bureau, D.,
Penneau-Fontbonne, D., 2002. Active epidemiological surveillance of muscu-
loskeletal disorders in a shoe factory. Occup. Environ. Med. 59 (7), 452e458.

Rosenberg, D., 2009. Flying stones e the slingstones of the Wadi Rabah Cuture of
the southern Levant. Paléorient 35 (2), 99e112.

Rozoy, J.-G., 1999. Le mode de vie au Mésolithique. In: Thévenin, A., Bintz, P. (Eds.),
L’Europe des derniers chasseurs. Épipaléolithique et Mésolithique, Actes du
Colloque International U.I.S.P.P. (Grenoble septembre 1995). CTHS, Paris,
pp. 39e50.

Shea, J.J., 2006. The origins of lithic projectile point technology: evidence from
Africa, the Levant and Europe. J. Archaeol. Sci. 33, 823e846.

Shiri, R., Viikari-Juntura, E., 2011. Lateral and medial epicondylitis: role of occupa-
tional factors. Best Pract. Res. Clin. Rheumatol. 25 (1), 43e57.

Shiri, R., Viikari-Juntura, E., Varonen, H., Heliövaara, M., 2006. Prevalence and de-
terminants of lateral and medial epicondylitis: a population study. Am. J. Epi-
demiol. 164 (11), 1065e1074.

Steele, J., 2002. When did directional asymmetry enter the record? In: Crow, T.J.
(Ed.), The Speciation of Modern Homo Sapiens Proceedings of the British
Academy vol. 106, 153e168.

Testart, A., 1986. Essai sur les fondements de la division sexuelle du travail chez les
chasseurs-cueilleurs. EHESS, Paris.

Tillaar, R., Ettema, G., 2004. Effect of body size and gender in overarm throwing
performance. Eur. J. Appl. Physiol. 91 (4), 413e418.

Toyoshima, S., Hoshikawa, T., Miyashita, M., Oguri, T., 1974. Contribution of body
parts to throwing performance. In: Melson, R.C., Morehouse, C.A. (Eds.),
Biomechanics IV. University Park Press, Baltimore (MD), pp. 169e174.

S. Villotte, C.J. Knüsel / Journal of Archaeological Science xxx (2014) 1e76

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

YJASC3917_proof ■ 6 January 2014 ■ 6/7

Please cite this article in press as: Villotte, S., Knüsel, C.J., “I sing of arms and of a man.”: medial epicondylosis and the sexual division of labour
in prehistoric Europe, Journal of Archaeological Science (2014), http://dx.doi.org/10.1016/j.jas.2013.12.009

http://ssrncom/abstract=2009329
http://ssrncom/abstract=2009329
http://ssrncom/abstract=2009329


Tullos, H.S., Bryan, W.J., 1985. Examination of the throwing elbow. In: Zarins, B.,
Andrews, J.R., Carson, W.A. (Eds.), Injuries to the Throwing Arm. W.B. Saunders
and Co, Philadelphia, pp. 191e200.

Uerpmann, M., 2001. Animaux sauvages et domestiques du Rubané “le plus ancien”
(LBK 1) en Allemagne. In: Arbogast, R.-M., Jeunesse, C., Schibler, J. (Eds.), Rôle et
statut de la chasse dans le Néolithique ancien danubien (5500-4900 av J-C), Pre-
mières rencontres danubiennes, Actes de la table ronde de Strasbourg 20 et 21
novembre 1996. Rahden/Westfahlen: International Archäologie, Arbeitsgemein-
schaft Symposium Tagung Kongress 1. Verlag Marie Leidorf GmbH, pp. 57e75.

Valde-Nowak, P., Nadachowski, A., Wolsan, M., 1987. Upper Palaeolithic boomerang
made of a mammoth tusk in south Poland. Nature 329 (6138), 436e438.

Valdeyron, N., 2011. Derniers chasseurs et premiers bûcherons? La question des
haches et des herminettes dans le Mésolithique européen. In: Servelle, C. (Ed.),
Haches de pierre au néolithique, les premiers paysans du Tarn. Comité dépar-
temental d’archéologie du Tarn, Castres, pp. 419e434.

Vega, M.B., Craig, N., 2009. New experimental data on the distance of sling pro-
jectiles. J. Archaeol. Sci. 36, 1264e1268.

Viikari-Juntura, E., Kurppa, K., Kuosma, E., Huuskonen, M., Kuorinka, I., Ketola, R.,
Konni, U., 1991. Prevalence of epicondylitis and elbow pain in the meat-
processing industry. Scand. J. Work Environ. Health 17 (1), 38e45.

Villotte, S., 2006. Connaissances médicales actuelles, cotation des enthésopathies:
nouvelle méthode. Bull. Mém. Soc. d’Anthropol. Paris 18 (1e2), 65e85.

Villotte, S., 2009. Enthésopathies et activités des hommes préhistoriques -
Recherche méthodologique et application aux fossiles européens du Paléo-
lithique supérieur et du Mésolithique. In: British Archaeological Reports (In-
ternational Series) 1992. Archaeopress, Oxford.

Villotte, S., Churchill, S.E., Dutour, O., Henry-Gambier, D., 2010a. Subsistence activ-
ities and the sexual division of labor in the European Upper Paleolithic and
Mesolithic: evidence from upper limb enthesopathies. J. Hum. Evol. 59 (1), 35e
43.

Villotte, S., Castex, D., Couallier, V., Dutour, O., Knüsel, C.J., Henry-Gambier, D.,
2010b. Enthesopathies as occupational stress markers: evidence from the upper
limb. Am. J. Phys. Anthropol. 142 (2), 224e234.

Voyer, D., Voyer, S., Bryden, M.P., 1995. Magnitude of sex differences in spatial
abilities: a meta-analysis and consideration of critical variables. Psychol. Bull.
117 (2), 250e270.

Walker-Bone, K., Palmer, K., Reading, I., Coggon, D., Cooper, C., 2004. Prevalence and
impact of muskuloskeletal disorders of the upper limb in the general popula-
tion. Arthritis Rheum. 51 (4), 642e651.

Whittaker, J.C., Kamp, K.A., 2006. Primitive weapons and modern sport: atlatl ca-
pabilities, learning, gender, and age. Plains Anthropol. 51 (198), 213e221.

Wood, W., Eagly, A.H., 2002. A cross-cultural analysis of the behavior of women and
men: implications for the origins of sex differences. Psychol. Bull. 128 (5), 699e
727.

S. Villotte, C.J. Knüsel / Journal of Archaeological Science xxx (2014) 1e7 7

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

YJASC3917_proof ■ 6 January 2014 ■ 7/7

Please cite this article in press as: Villotte, S., Knüsel, C.J., “I sing of arms and of a man.”: medial epicondylosis and the sexual division of labour
in prehistoric Europe, Journal of Archaeological Science (2014), http://dx.doi.org/10.1016/j.jas.2013.12.009


	YJASC3917_edited.pdf
	“I sing of arms and of a man…”: medial epicondylosis and the sexual division of labour in prehistoric Europe
	1 Introduction
	2 Material and methods
	3 Results
	4 Discussion
	5 Conclusion
	Uncited references
	AcknowledgmentsAcknowledgements
	References



	Check Box: Off


