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MATERIAL AND METHOD

The Spy site has delivered remains of the 
upper  limb  skeleton  of  two  adult  Neandertals. 
These  bones  were  compared  to  the  following 
Neandertal (N) original fossils: Neandertal 1 (Ger-
many); Krapina, humeri 159 to 166, 169 to 174, 176 
and 178; radii 189 and 190; ulnae 189 to 195, 188-
5, and 188-8 (Croatia); Lezetxiki 1 and Vilafamès 
CTF1 (Spain);  La Chapelle-aux-Saints 1,  Combe-
Grenal 567, La Ferrassie 1 and 2, Hortus 21 and 22, 
Macassargues 2,  La  Quina 5,  Regourdou 1  and 
Saint-Césaire 1  (France);  Shanidar 4,  5,  6  and  8 
(Iraq); Amud 1, Kebara 2 and Tabun C1 (Israel).

Several modern human (MH) collections 
of  various  temporal  and  geographical  origins 
(ST1) served as comparison sample.  The meas-
urements and indices used in this study are listed 
and described in Tables 2 to 5 and illustrated in 
SF1.  Results are presented as means ± standard 
errors. The Neandertal and modern human means 
were compared with the Student’s t-test and are 
considered  as  significantly  different  when 

p ≤ 0.05.  The Neolithic bones found at Spy, as 
well as Mosan Neolithics from the La Cave cav-
ern in Maurenne (RBINS, Belgium), were added 
to the study to examine the taxonomic attribution 
of the 7A ulna and the 336a and 181a radii (see 
below).   The methodology used to process the 
cross-sections  is  described  in  chapter XXII 
(Balzeau et al., this volume).

DESCRIPTION

State of preservation and bone attribution

The  upper  limb  bones  traditionally  at-
tributed to the Spy Neandertals consist of four 
humeri,  two radii  and three ulnae.  The fossils 
are in good shape, although only partially pre-
served.  There is no deformation and no obvious 
sign of pathology.

The  Spy 5A  right  humerus  has  been 
reconstituted from two pieces.  It  comprises the 
shaft, starting from about the deltoid tuberosity 
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CHAPTER XXVI-1

THE UPPER LIMB BONES OF THE SPY NEANDERTALS

Anne HAMBÜCKEN

Abstract

The upper limb bones (humeri, radii and ulnae) of two adult Neandertals, Spy I and II, were discovered at the Spy site.  
Their re-examination led to identify the Spy 7A ulna as Neolithic and to exclude it from the Spy I upper limb.  A novel attribution of 
the radii is also suggested, both Spy 6 and Spy 15B possibly belonging to Spy II.

This new study confirms that Spy I  and Spy II  are globally well-integrated within the variability  of the “classic”  
Neandertals.  The marked size difference between their upper limb bones supports the hypothesis of a sexual dimorphism, with  
Spy II most likely being a male, and Spy I possibly a female.  Their most distinctive common feature, when compared to other  
Neandertals, is the morphology of the deltoid tuberosity of their humeri.  This muscle insertion appears as very narrow, curved,  
and laterally swerved, with a well-developed and elongated anterior crest.  If both Spy 6 and Spy 15B radii indeed belong to  
Spy II, this individual displays an unusually high interosseus border asymmetry and shows very lateralised humeral deltoid  
tuberosities.  The level of humeral shaft asymmetry of Spy II appears otherwise close to that of the Neandertal males, while the 
asymmetry of Spy I is similar to that of the Tabun C1 female.  The greater asymmetry observed in Spy II further indicates more 
lateralised and specialised activities than in Spy I.

At the functional level, the general morphology of the Spy upper limb suggests a reduced abduction strength but powerful  
flexion/extension and rotation movements of the shoulder, as well as stronger and ampler flexion and pronosupination of the elbow 
as compared to modern humans.
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mid-length, and the distal extremity of the bone. 
The medial epicondyle is missing, there is some 
damage to the medial part of the trochlea, and a 
shard of the humeral pallet area, located above 
the coronoid fossa, is missing.

The Spy 5B left humerus is composed of 
two pieces constituting most of the shaft, from the 
surgical neck to the beginning of the humeral pal-
let widening.

The Spy 14A left humerus has been re-
constructed from three fragments.  The shaft is in-
tact  starting from the  distal  part  of  the  greater 
tubercle ridge.  The distal extremity is well-pre-
served, except for some damage to the medial part 
of the trochlea, to the posterior side of the medial 
epicondyle, and for a missing shard on the border 
of the medial pillar.

The Spy 14B right humerus is pieced to-
gether  from two fragments.   The shaft  is pre-
served  from  the  distal  part  of  the  greater 
tubercle ridge to the distal extremity.  The later-
al epicondyle and the part of the bone situated 
behind the capitulum are missing on an other-
wise well-preserved distal epiphysis.

The  Spy 6  left  radius  is  reconstructed 
from three pieces.   It  comprises  the proximal 
extremity and most of the shaft. The distal ex-
tremity is missing, as well as most of the radial 
tuberosity.

The Spy 15B right  radius is composed 
of two fragments constituting most of the shaft 
situated under the radial tuberosity.

The Spy 7A left and 7B right ulnae are 
represented by the proximal extremity and the 
part  of  the shaft bearing the brachialis muscle 
insertion.  The olecranon of the 7B bone shows 
some damage on both olecranon process sides.

The Spy 15A left ulna proximal half is 
preserved, with however missing shards on both 
sides of the olecranon process and on the pos-
terior side of the bone, behind the radial notch.

Because of the size difference existing 
between the 5B and 5A humeri on the one hand, 

and between the 14A and 14B humeri  on the 
other  hand,  their  respective  association  to  the 
Spy 1 (representing individual Spy I)  or to the 
more  robust  Spy 10  (representing  individual 
Spy II) calvarium is straightforward.  Similarly, 
the large size of the 15A and 7B ulnae suggests 
that they most likely belong to Spy II.  In con-
trast, as further discussed below, the Spy 7A left 
ulna, traditionally attributed to Spy I, caught our 
attention  because  of  its  modern  aspect  which 
raised  serious  doubt  on  its  affiliation  to  the 
Spy I Neandertal.   Direct  dating (Semal  et al., 
2009, volume 1:  chapter XVI)  has indeed con-
firmed that it belongs to a Neolithic individual.

The attribution of the radii to Spy I or 
Spy II appears less obvious and has a fluctuat-
ing history (Rougier et al., this volume: chapter 
XIX).  Although Spy 6 (left side) has been at-
tributed to Spy I,  its dimensions are relatively 
large and close to those of Spy 15B (right side). 
Similarities  between  Spy 6  and  Spy 15B  are 
also apparent when their radiographies are ex-
amined (SF12 and SF13A).  Longitudinal views 
of  these  two  bones  almost  overlap,  and  their 
cross-sections  show  very  comparable  bone 
densities.   This  suggests  that  both radii  could 
belong to the same individual, probably to the 
more  robust  Spy II  Neandertal.   The  revised 
bone attribution is summarised in Table 1.  The 
radii  will  however  remain designated by their 
numbers (Spy 6 or Spy 15B) rather than by their 
hypothetical individual attribution (Spy II left or 
right).

The  examination  of  the  other  human 
bones discovered at the Spy site, currently clas-
sified as Neolithic remains, led to set aside the 
Spy 336a right radius which exhibits Neander-
tal-like characters, as well as the Spy 181a left 
radius that could belong to the same individual. 
The Spy 336a radius comprises the radial neck, 
the radial tuberosity and the proximal part of the 
shaft, including the beginning of the interosseus 
border.  The Spy 181a radius is a fragment com-
posed of the radial tuberosity and of the most 
proximal part of the shaft and of the interosseus 
border.  Although Spy 336a has recently been 
dated from the Neolithic period, both bones will 
be succinctly analysed in an attempt to improve 
the  discrimination  between  Neandertal  and 
modern human radii.
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The humeri (Tables 2 and 3, Figure 1, SF2, SF3, 
SF5 and SF16)

The Spy humeri appear as rather slender 
with  relatively widened distal  extremities.   The 
minimum perimeters (PH1: 5B = 55.0 mm, 5A = 
57.0 mm, 14A = 59.0 mm, 14B = 67.0 mm) con-
firm a certain gracility of the bones with values 
inferior to the Neandertal (PH1 = 60.6 ± 6.9 mm) 
and  modern  (PH1 = 60.9 ± 6.6 mm)  means,  ex-
cept for Spy II right (14B).

As observed by Thoma (1975), and like 
in  other  Neandertals  (Vandermeersch,  1981; 
Trinkaus,  1983;  Vandermeersch  &  Trinkaus, 
1995; but see Heim, 1982), the Spy diaphyses are 
flattened in the medio-lateral direction.  Their dia-
physeal index (IH2: 5B = 68.3, 5A = 68.6, 14A = 
70.5), except for Spy II right (14B = 79.0), is in-
deed low, inferior to the average value of the other 
Neandertals  (IH2:  N  mean = 74.8 ± 6.0,  MH 
mean = 78.9 ± 6.1).

The distal part of the biccipital groove is 
well-preserved on  Spy I  left  (5B).   It  is  rather 
wide (about  15 mm),  bordered by well-defined, 
raised  and smooth  ridges  of  the  greater  (about 
5.9 mm wide) and lesser tubercles (about 6.7 mm 
wide).  The distal part of the crest of the greater 
tubercle is also visible on Spy 14A (about 9.3 mm 
wide) and 14B (about 7.6 mm wide) and the crest 
of  the lesser tubercle  is visible  on 14A (Spy II 
left).  All those muscle insertions show the same 
characteristics and allow to estimate the width of 

the biccipital groove of Spy II left (14A = 17 mm) 
and right (14B = 18 mm).

The Spy deltoid tuberosity (Figure 1a) is 
very narrow (IH5: 5B = 17.2, 5A = 20.8, 14A = 
17.3,  14B = 20.0)  and  moderately  developed 
(IH6: 5B = 94.8,  5A = 96.6,  14A = 95.3,  14B = 
98.5).  These  features  are  common  among 
Neandertals  (Endo,  1971;  Hambücken,  1993a, 
1993b;  Churchill  & Smith,  2000)  (IH5 = 22.2 ± 
3.3 and IH6 = 96.2 ± 2.2), while, on average, the 
modern deltoid tuberosity is wider and more de-
veloped (IH5 = 27.0 ± 2.3 and IH6 = 94.2 ± 3.1). 
Its distal limit seems to be very low in Spy 5B.

In modern humans, the anterior crest of 
the  deltoid  tuberosity  is  typically  in  continuity 
with the greater tubercle crest, and both are paral-
lel to the bone shaft, generally forming the prox-
imal part of the anterior border.  On Spy I left and 
right (5B and 5A) and Spy II left (14A), the crest 
of  the greater  tubercle is  indeed parallel  to the 
shaft, but the anterior deltoid tuberosity crest de-
viates from the bone axis and meets it only at its 
distal extremity.  As a result, the tuberosity forms 
a large and very slight curve with a lateral con-
vexity, totally deported to the lateral face of the 
bone.  This structure is therefore almost invisible 
in anterior view.  This morphology is particularly 
marked in Spy 5B (Figure 1a).  On these three 
bones, there is therefore a medio-anterior face in-
stead of an anterior border.  This medio-anterior 
face is slightly convex and wide whereas the me-
dial face is usually flat among modern humans.
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Individual Bone Side # State of preservation
Length

(mm)

Spy I
Humerus

left 5B Diaphysis 208

right 5A Diaphysis and distal extremity, medial epicondyle missing 206

Ulna left [7A] Proximal quarter of the bone of a Neolithic individual 68

Spy II

Humerus
left 14A Diaphysis and distal extremity 243

right 14B Diaphysis and distal extremity, lateral epicondyle damaged 239

Radius
left 6 Diaphysis and prox. extremity, radial tuberosity damaged 206

right 15B Diaphysis 147

Ulna
left 15A Proximal half of the bone 141

right 7B Proximal quarter of the bone 91

Table 1.  State of preservation and individual attribution of the upper limb bones of the Spy Neandertals
(original collection).
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In  most  modern  humans,  the  deltoid 
tuberosity crests clearly diverge in the proximal 
direction,  the  lateral  crest  quickly  reaching  the 
corresponding border of the shaft.  This corres-
ponds to the  “open” morphology (as opposed to 
the  “closed” morphology  observed  among 
Neandertals) described by Carretero et al. (1997). 
In Spy I left and right (5B and 5A) and Spy II left 
(14A), the crests appear as two juxtaposed, almost 

parallel and distally pointed crests.  The anterior 
one is longer and more developed than the lateral 
one.  The two crests are separated along their en-
tire length by a narrow groove that tends to shrink 
distally.  As a result, they do not really join as in 
most modern humans.  In Spy I left and right (5B 
and 5A), the anterior crest is bordered medially by 
a small groove.  A similar general shape can be 
observed in other specimens such as Neandertal 1.
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Humerus
Spy I Spy II

Neandertals Modern Humans
5B 5A 14A 14B

Measurements Description Author left right left right n m ± s n m ± s

 PH1 (mm) shaft minimum perimeter M7 55.0 57.0 59.0 67.0 20 60.6 ± 6.9 400 60.9 ± 6.6

 PH3
deltoid tuberosity perimeter

5/12 level
Endo, 1971 58.0* 59.0* 62.0* 68.0* 18 64.2 ± 6.5 370 64.6 ± 7.5

 DH1 shaft maximum diameter M5 20.8 21.0 21.7 22.4 20 21.3 ± 2.3 368 21.4 ± 2.5

 DH2 shaft minimum diameter M6 14.2 14.4 15.3 17.7 18 16.2 ± 2.3 368 16.8 ± 2.1

 WH1
deltoid tuberosity width

5/12 level
Endo, 1971 10.0* 12.3* 10.7* 13.6* 18 14.2 ± 2.2 361 17.5 ± 2.8

 WH4 distal extremity width M4 - - 65.0 - 19 61.7 ± 4.4 321 57.9 ± 5.9

 WH7 medial pillar width - 6.6 - 10.0 33 8.1 ± 1.8 392 10.9 ± 2.2

 WH8 lateral pillar width - 15.1 18.2 19.7 28 15.4 ± 2.6 356 17.3 ± 2.5

 WH9 medial epicondyle width - - 20.0 20.0 21 20.3 ± 2.0 310 18.4 ± 2.9

 WH10 lateral epicondyle width - - 6.0 - 20 5.3 ± 1.4 309 6.5 ± 1.9

 WH5 olecranon fossa width M14 - 29.9 32.6 32.8 2829.4 ± 2.2 373 26.7 ± 2.4

 HH1 olecranon fossa height - 23.9 24.9 24.3 3023.0 ± 1.6 387 20.5 ± 2.1

 FH2 olecranon fossa depth M15 - 14.7 15.2 - 1714.6 ± 1.4 330 12.2 ± 1.9

 EH3
proximal limit of the

coronoid fossa
- 23.0 27.0 28.0 26 23.4 ± 2.4 375 25.5 ± 3.6

 EH4
proximal limit of the

olecranon fossa
- 33.0 33.0 34.0 27 32.7 ± 1.9 381 29.9 ± 2.9

 WH6
trochlear width (anterior 

face)
M11 - 22.5* 28.4* 27.7* 13 25.1 ± 2.9 275 24.2 ± 3.2

 FH3 distal trochlear depth - 3.0 2.1 3.0 26 2.7 ± 1.1 333 2.8 ± 0.7

 DH6
capitulum sagittal 

diameter
M12 - 17.0 17.1* - 21 16.9 ± 1.6 262 16.7 ± 1.9

 DH7
capitulum transversal 

diameter
- 18.7 21.2 21.3* 20 19.1 ± 1.8 303 19.8 ± 2.0

 AH1 (°) epicondyle medial angle - - 5 8 16 12.9 ± 5.6 275 12.6 ± 6.9

 AH4
anterior angle of the

humeral pallet
- 37 67 74 30 61.7 ± 12.4 373 72.0 ± 11.4

 AH6 trochlear angle / shaft axis - 84 89 87 21 84.1 ± 2.4 310 82.6 ± 3.5

Table 2.  Measurements of the Spy humeri. M stands for Martin (1914).  * indicates that the measurement is estim-
ated given the Spy fossil state of preservation. Values are compared to the Neandertals and modern humans means. 

Bold characters indicate significantly different means (Student’s t-test, p ≤ 0.05).
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Although the same curved morphology is 
present on Spy II right (14B), the crests are wider, 
and the anterior one is more parallel to the shaft, 
more visible in anterior view, and thus less later-
ally deported.  Three of the Spy humeri (5B, 5A 
and 14B) moreover display a third crest between 
the two main ones.  On Spy 14A, the presence of a 
third crest is more disputable, even if a small ridge 
can be seen in the central part of the tuberosity. 
The Spy third crest appears as thin, slightly raised 
and  well-defined  while  it  is  usually  wider  and 
more diffuse among modern humans.

The radial groove is shallow in Spy II and 
almost absent in Spy I.   It  appears rather highly 
placed as it seems to run all the way to the proxim-
al limit of the lateral crest of the deltoid tuberosity. 
The radial groove causes shrinkage of the posterior 
face of the bone.  The groove shows a rather angu-
lar lateral bound on Spy II right (14B) and espe-

cially on Spy II left (14A) and a more rounded one 
on Spy I, as a function of the groove depth.  The 
posterior  sides of  the bones are oblique in their 
proximal half (roughly through the distal limit of 
the deltoid tuberosity), especially on Spy 14B, giv-
ing to  this  bone a twisted aspect  in comparison 
with the approximately horizontal distal half of the 
shaft. In anterior view, the distal part of the Spy I 
right humeral shaft is high in the antero-posterior 
direction while the Spy II humeri are much flatter 
(AH4: 5A = 37°, 14A = 67°, 14B = 74°, N = 61.7 
± 12.4°, MH = 72 ± 11.4°).

The absolute width of the Spy II left distal 
extremity  is  very  large  (WH4:  14A = 65 mm, 
N = 61.7 ± 4.4 mm, MH = 57.9 ± 5.9 mm) reinfor-
cing the perception of shaft slenderness.  The hu-
meral pallets are preserved in Spy I right (5A) and 
Spy II  (14A  and  14B).   In  continuity  with  the 
distal part of the shaft, the posterior face is flatter 
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Humerus
Spy I Spy II

5B 5A 14A 14B
Neandertals

Modern 

Humans

Indices Description Author left right left right n m ± s n m ± s

IH2 = DH2 % DH1 diaphyseal index M&K 68.3 68.6 70.5 79.0 18 74.8 ± 6.0 368 78.9 ± 6.1

IH5 = WH1 % PH3
ind. of deltoid tuberosity

width

Endo,

1971
17.2 20.8* 17.3* 20.0* 18 22.2 ± 3.3 361 27.0 ± 2.3

IH6 = PH1 % PH3
ind. of deltoid tuberosity

development
94.8 96.6* 95.3* 98.5* 18 96.2 ± 2.2 368 94.2 ± 3.1

IH24 = WH7 % WH8 ind. of ratio between pillars - 43.7 - 50.8 27 54.0 ± 9.4344 63.0 ± 10.9

IH19 = WH5 % WH4ind. of olecranon fossa width - - 50.2 - 17 48.4 ± 3.0 31446.3 ± 3.9

IH20 = HH1 % WH5 ind. of olecranon fossa shape - 79.9 76.4 74.1 27 75.6 ± 16.2 371 77.0 ± 7.9

IH21 = HH1 % WH4 ind. of olecranon fossa height - - 38.3 - 17 37.7 ± 2.7 317 35.3 ± 4.7

IH22 = FH2 % WH5 ind. of olecranon fossa depth - 49.2 46.6 - 14 48.1 ± 4.8329 45.9 ± 7.2

IH23 = EH3 % EH4
ind. of position of CF /

position of OF
- 69.7 81.8 82.4 25 71.7 ± 7.0 375 85.3 ± 10.0

IH17 = WH9 % WH4
ind. of medial epicondyle

width
- - 30.8 - 14 33.4 ± 2.6 294 31.7 ± 3.9

IH18 = WH10 % 
WH4

ind. of lateral epicondyle

width
- - 9.2 - 14 8.6 ± 2.4 288 11.2 ± 2.9

IH29 = WH6 % WH4ind. of trochlea width - - 43.7* - 7 41.7 ± 2.4 255 41.6 ± 5.3

IH30 = FH3 % WH6 ind. of trochlea depth - - 7.4* 10.8* 8 12.5 ± 3.5 267 11.6 ± 3.0

IH25 = DH6 % WH4 ind. of capitulum width - - 26.3 - 12 27.2 ± 1.5 250 28.8 ± 3.6

IH28 = DH6 % DH7 ind. of capitulum shape - 90.9 80.7* - 14 88.6 ± 6.2 251 84.4 ± 8.3

Table 3.  Indices of the Spy humeri. M&K stands for Martin & Knußmann (1980).
* indicates that the index is estimated given the Spy fossil state of preservation. Values are compared 
to the Neandertals and modern humans means.  Bold characters indicate significantly different means

(Student’s t-test, p ≤ 0.05).  Note that a high index does not always indicate a strong development.
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than in most modern humans because of the very 
posterior position of the medial border.  This bor-
der is very sharp in Spy 5A but it becomes distally 

blunter  in  Spy 14B  (this  area  is  destroyed  in 
Spy 14A).  The lateral borders are thin, sharp, and 
slightly rolled up in the anterior direction.
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Figure 1.  Upper limb bones of Spy I and Spy II in anterior view.
(a) Detail of the Spy 5B deltoid tuberosity in lateral view; (b) Detail of the Spy 6 radial tuberosity in medial view. 
Note that the attribution of both radii to Spy II is hypothetical.  Scale bars = 1 cm (Pictures by P. Semal, RBINS).

Spy I

5A 5B

b

a

7B6 15A15B14A14B

Spy II
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As in most Neandertals (IH24: N = 54.0 ± 
9.4, MH = 63.0 ± 10.9), the Spy medial pillar ap-
pears  thin  in  comparison  with  the  lateral  one 
(IH24: 5A = 43.7 and 14B = 50.8).  This is partic-
ularly marked in Spy 5A, and artificially accentu-
ated for Spy 14A because of a missing shard on 
the medial border.

The medial epicondyles are partially pre-
served on the Spy II humeri.  Although they have 
been described as voluminous by Thoma (1975), 
they appear rather weakly developed (IH17: 14A 
= 30.8,  N = 33.4 ± 2.6, MH = 31.7 ± 3.9)  when 
compared to the distal width of the bones.  The me-
dial epicondyle is indeed usually more developed 
among  Neandertals  (Boule,  1911-1913;  Smith, 
1976; Heim, 1982; Trinkaus, 1983; Vandermeer-
sch, 1991; Vandermeersch & Trinkaus, 1995).

Spy 14A  medial  epicondyle  is  rather 
trapezoidal, a common shape among modern hu-
mans  (0  to  84.6 %  depending  on  the  sample, 
29.2 % among Neandertals) while a more rounded 
shape is also observable among modern humans 
(6.7 to 100 % depending on the sample, n = 332), 
and while a rectangular and distally elongated me-
dial  epicondyle  is  frequent  among  the  other 
Neandertals  (70.8 %,  n = 24)  (Hambücken, 
1993a).  The medial epicondyles of the Spy II hu-
meri however display well-marked insertions for 
the  common  tendon  of  the  superficial  flexor 
muscles of the forearm.

In comparison to the distal width, the lat-
eral epicondyle development is moderate in Spy II 
left (IH18: 14A = 9.2).  Although it is described as 
well-developed  in  La  Chapelle-aux-Saints 1 
(Boule,  1911-1913),  Krapina  (Smith,  1976)  and 
Shanidar (Trinkaus, 1983), a low development in-
dex  is  commonly  observed  among  Neandertals 
(IH18:  N = 8.6 ± 2.4,  MH = 11.2  ± 2.9).   The 
maximum width of the lateral epicondyle is highly 
placed, just above the distal joint proximal limit. 
This morphology is common among Neandertals 
(Aiello & Dean, 1990), while modern humans dis-
play a maximum width often situated at the same 
level as the proximal half of the distal joint.  The 
trace  of  the  common  tendon  of  the  extensor 
muscles of the forearm is well-developed.

In  accordance  with  the  description  of 
Thoma (1975), the Spy I and II olecranon fossae 

are large.  They have been found equally large on 
several other Neandertals (Boule, 1911-1913; Mc-
Cown & Keith, 1939; Smith, 1976; Vandermeer-
sch, 1981, 1991; Heim, 1982; Vandermeersch & 
Trinkaus, 1995).  It is in fact wide in comparison 
to  the  distal  width  (IH19:  14A = 50.2,  N = 48.4 
± 3.0,  MH = 46.3 ± 3.9),  and  rather  deep (IH22: 
5B = 49.2, 14A = 46.6) like in the other Neander-
tals  (IH22 = 48.1 ± 4.8,  MH = 45.9 ± 7.2).   The 
Spy II fossae are wider in comparison with their 
height  than  the  Spy I  fossa  (IH20:  5A = 79.9, 
14A = 76.4,  14B = 74.1,  N = 75.6 ± 16.2,  MH = 
77.0 ± 7.9).  The proximal limit of the olecranon 
fossa is rounded in the Spy I right humerus (5A), 
while it is rather triangular in the Spy II  humeri 
(14A and 14B).

As observed by de Lumley (1973) on the 
Neandertals of L’Hortus, the position of the Spy 
olecranon fossa proximal limit is high in compar-
ison with the proximal limit of the coronoid fossa 
as revealed by the low value of the “position” in-
dex  (IH23:  N = 71.7 ± 7.0,  MH = 85.3 ± 10.0). 
Spy I right (5A) shows indeed a very low index 
(IH23 = 69.7),  whereas  the  values  of  Spy II 
(IH23: 14A = 81.8, 14B = 82.4) are higher.  There 
is no olecranon perforation on the Spy preserved 
olecranon fossae.   The Spy II  humeri  however 
display one pin size hole on the right (14B) and 
two on the left (14A), bordered by a translucent 
patch  revealing  the  thinness  of  the  olecranon 
septum.  The bottom of the Spy I right (5A) fossa 
is partially reconstructed, preventing a complete 
observation.

The Spy I and II coronoid fossae are rel-
atively vast and deep.  On the Spy II humeri, the 
area of the humeral pallet surrounding the coron-
oid fossa forms a raised and smooth crest originat-
ing from the anterior border of the distal shaft and 
bordering the medial  side of  the coronoid  fossa. 
The  lateral  part  of  the  humeral  pallet  is  clearly 
lower  and rougher  (this  area is unobservable  on 
Spy I right [5A]).  The Spy radial fossae appear as 
coarse and hollow areas.

The Spy II left capitulum is narrow (IH25: 
14A = 26.3, N = 27.2 ± 1.5, MH = 28.8 ± 3.6) and 
ovoid.  The long axis is slanted, bringing the max-
imum convexity of the structure in a proximo-lat-
eral position.   The capitulum is relatively highly 
placed in comparison with the trochlea.

7
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While  the  Spy I  right  trochlea  is  rather 
narrow, those from Spy II are wide in comparison 
to  the other  Neandertals  (WH6:  5A = 22.5 mm, 
14A = 28.4 mm,  14B = 27.7 mm,  N = 25.1 ± 
2.9 mm,  MH = 24.2  ± 3.2 mm).   The  relative 
width calculated on Spy II left confirms this obser-
vation  (IH29:  14A = 43.7,  N = 41.7 ± 2.4,  MH = 
41.6 ± 5.3). The borders of the medial trochlea of 
Spy II  are  massive  and  convex.   The  trochlea 
gorges  are  very  shallow  (IH30:  14A =  7.4, 
14B = 10.8, N = 12.5 ± 3.5, MH = 11.6 ± 3.0).

The most proximal cross-sections (Fig-
ure 2, SF8 to SF11), obtained for Spy 5B, show 
well-marked and developed ridges of the lesser 
and  greater  tubercles.   They  reveal  that  the 
former is medially elongated, while the latter is 
anteriorly oriented.  The proximal deltoid tuberos-
ity sections of Spy 5A, 5B and 14A show a very 
developed anterior  crest  and a laterally oriented 
deltoid tuberosity.  This lateral orientation is also 
visible on the middle and distal deltoid tuberosity 
sections.  On the same sections, a third crest (on 
Spy 5A and 5B), a convex  “anterior side” of the 

bone and a marked shaft flattening are also vis-
ible.  The 14B deltoid tuberosity is less laterally 
oriented and its anterior crest is less developed.

The sections of the distal shaft are also 
markedly flattened in the medio-lateral direction, 
and consequently, the humeral pallet appears very 
high, especially on Spy 5B.  The lateral borders 
are sharp and rolled up. The most distal sections 
mainly show a vast olecranon fossa.

The radii (Table 4, Figure 1, SF4)

As observed by Fraipont & Lohest (1887), 
the Spy 6 left radial head is small as indicated by a 
low  articular  perimeter  (PR3:  Spy 6 = 57.0 mm, 
N = 64.6 ± 4.8 mm  and  MH =  66.1 ± 6.1 mm). 
This is further confirmed when it is compared to 
the shaft minimum perimeter (IR20: Spy 6 = 71.9, 
N = 53.9 ± 2.7, MH = 59.3 ±  4.6).  It seems how-
ever  to  be  widened  (IR21:  Spy 6 = 57.9,  while 
N = 53.5 ± 2.5  and  MH =  63.5 ± 4.7),  especially 
laterally,  because of  the great slenderness of  the 
radial  neck.   This  has  been  observed  in  other 

8

Figure 2.  Cross-sections of the upper limb bones of Spy I and Spy II.
A: anterior direction; M: medial direction.  Scale bars = 1 cm (Cross-sections processed by P. Semal, RBINS).
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XXVI-1.  The upper limb bones of the Spy Neandertals

Neandertals as well (Boule, 1911-1913; Trinkaus, 
1983).  The radial head is circular  (IR8 = 100.0) 
whereas it is most often slightly oval in the sagittal 
direction  in  Neandertals  (IR8 = 96.8 ± 4.4)  and 
modern humans (IR8 = 97.8 ± 2.9).

The  radial  fovea  of  the  Spy 6  radius  is 
shallow  (IR11 = 6.7)  like  in  most  Neandertals 
(IR11: N = 8.2 ± 1.6, MH = 9.5 ± 1.7).   While in 
modern humans  the proximal  articular  periphery 
usually  shows  a  marked  difference  between  its 
maximum and minimum heights, as revealed by a 
low  index  (IR10 = 38.2 ± 10.2),  such  values  are 
much closer in Neandertals  (IR10 = 58.4 ± 11.4). 
Spy 6 is no exception, with a particularly high in-
dex (IR10 = 64.4).

The Neandertal  radial  neck is sometimes 
described  as  being  long  (Boule,  1911-1913),  but 
most often as variable  in length (Vandermeersch, 
1981,  1991;  Heim,  1982;  Trinkaus,  1983).   It 
appears  a  little  longer  in  Neandertals  (LR3 = 
31.9 ± 2.8 mm)  than  in  modern  humans  (LR3 = 
30.2 ± 3.0 mm).  The length of the radial neck of 
the  Spy 6  radius  can  be  evaluated  as  being 
38.0 mm.  However, since it is measured from the 
proximal extremity to the center of the radial tuber-
osity,  this  value  might  be  overestimated  in 
Neandertals because of the height of the articular 
perimeter and the large size of the radial tuberosity 
of some of them.  In Spy 6 case, this impression is 
also reinforced by the thinness of the radial neck. 
The perimeter of the Spy 6 neck is indeed particu-
larly  low  (PR4:  Spy 6 =  33.0 mm,  N = 35.7 ± 
4.0 mm,  MH =  42.8 ± 4.6 mm).  Although  this 
perimeter can be either inferior or superior to the 
minimum  perimeter,  it  tends  to  be  lower  in 
Neandertals as revealed by an average index higher 
than 100 (IR14 = 101.9 ± 8.7) while the opposite 
pattern tends to be observed in modern humans 
(IR14 = 91.2 ± 16.8).  The particularly high index 
calculated for the Spy 6 radius (IR14 = 124.2) con-
firms the important slenderness of the neck. The 
Spy 6 radial neck is also very flattened transversely 
(IR22:  Spy 6 = 109.0,  N = 105.5 ± 12.9,  MH = 
106.1 ± 7.6) with a flat lateral side.

Although damaged,  the  radial  tuberosity 
of Spy 6 has been described by Fraipont & Lohest 
(1887) as a trough bordered by rough lips.  Its out-
lines are sufficiently preserved to delineate a very 
vast  structure,  approximately  30 mm  long 

(without the anterior radial tuberosity extension, 
see below) and 15 mm wide.  Even though a large 
muscle insertion can be observed on the right side 
of Neandertal 1 or on the left side of Shanidar 4 
for example, and although Churchill  (1994) has 
highlighted  the  great  size  of  this  structure  in 
Neandertals in general, the Spy 6 radial tuberosity 
appears unusually long.  Measures taken on a par-
tial sample of ten Neandertal radii (La Chapelle-
aux-Saints 1,  La  Ferrassie 2,  Regourdou 1, 
Neandertal 1,  Krapina,  Tabun C1,  Shanidar 4,  6 
and  8)  indeed  indicate  an  average  length  of 
20.3 ± 3.0 mm and an  average  width  of  13.3 ± 
2.0 mm.  Although the length might be overestim-
ated because of the bone restoration, the Spy value 
is  clearly  outside  the  range  of  variation  of  the 
other Neandertals.  Unfortunately, the poor state 
of preservation of the radial tuberosity of Spy 6 
prevents further  examination to determine if  its 
size is of pathological origin.

Contrary to the radial tuberosity of mod-
ern  humans  which  is  sometimes  distally  well-
defined and separated from the shaft by a well-
marked  convexity,  the Spy 6 tuberosity  extends 
distally in its anterior part and blends to the shaft 
(Figure 1b).  This morphology is also present on 
individuals such as La Ferrassie 1 and 2, Neander-
tal 1, Regourdou 1, Shanidar 4 and 6, La Quina 5 
and Tabun C1.  The same morphology is however 
frequently  observed  in  Upper  Palaeolithic  indi-
viduals as well (personal observation).

The  Spy 6  radial  tuberosity  is  relatively 
medially situated, as a virtually extended interosseus 
border would cut it in its anterior part.  This relat-
ively  medial  situation  (55.6 %) or  an even  more 
medial one (cut in half by the interosseus border, 
44.4 %,  n = 18)  is  frequent  among  Neandertals 
(Boule, 1911-1913; McCown & Keith, 1939; Patte, 
1955;  Smith,  1976;  Vandermeersch,  1981,  1991; 
Heim, 1982; Trinkaus, 1983; Trinkaus & Churchill, 
1988) and is also observed among modern humans 
with a more variable frequency (respectively 9.1 to 
81.0 % and 0 to 18.2 % depending on the sample). 
An anteriorly placed tuberosity is absent in the cur-
rently  known  Neandertals,  but  quite  frequent  in 
modern  populations  (9.5  to  90.9 %,  n = 392) 
(Hambücken, 1993a).

Fraipont & Lohest  (1887) described the 
Spy shaft  of  the radius  as  gracile.   The  Spy 6 
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radius  has  however  a  high  minimum perimeter 
(PR1:  Spy 6 = 41.0 mm,  N = 36.9 ± 4.8 mm and 
MH = 40.0 ± 4.4 mm).

The  Spy 6  shaft  is  almost  straight  in 
medial  view.   As  pointed  out  by  Fraipont  & 
Lohest (1887) and Thoma (1975), the Spy radii 

shafts display a strong bending in anterior view 
(AR2: Spy 6 = 163°, 15B = 162°).  This type of 
bending has been described in other Neandertals 
(Boule, 1911-1913; Patte, 1955; Smith, 1976; Van-
dermeersch,  1981,  1991;  Vandermeersch  & 
Trinkaus, 1995) (AR2: NH = 165.8 ± 6.1º,  MH = 
172.6 ± 2.6º).   In  contrast,  the  Spy 6  colo-dia-

10

Radius
Spy II

6 15B
Neandertals Modern Humans

Measurements/

Indices
Description Author left right n m ± s n m ± s

PR1 (mm) shaft minimum perimeter M3 41.0 - 18 36.9 ± 4.8 366 40.0 ± 4.4

DR3 shaft sagittal diameter at DR4 level M5 10.7 11.3 14 11.0 ± 1.2 377 11.5 ± 1.5

DR4 shaft maximum transversal diameter M4 15.9 17.8 14 15.7 ± 1.9 377 15.5 ± 1.8

LR3 radial neck length 38.0* - 20 31.9 ± 2.8 350 30.2 ± 3.0

PR4 radial neck perimeter M5(4) 33.0 - 23 35.7 ± 4.0 346 42.8 ± 4.6

DR7 radial neck sagittal diameter M5(2) 10.9 - 2211.6 ± 1.4 356 13.9 ± 1.6

DR8 radial neck transversal diameter M4(2) 10.0 - 2211.1 ± 1.4 355 13.1 ± 1.6

PR3 proximal articulation perimeter M5(3) 57.0 - 8 64.6 ± 4.8 142 66.1 ± 6.1

DR5
proximal articulation sagittal 
diameter

M5(1) 17.9 - 11 21.0 ± 1.8 179 21.0 ± 2.0

DR6
proximal articulation transversal 
diameter

M4(1) 17.9 - 15 20.3 ± 2.2 201 20.6 ± 2.0

FR1 fovea radii depth 1.2 - 20 1.7 ± 0.4 294 2.0 ± 0.4

HR1
maximal height of the prox. articular 
perimeter

8.7 - 16 8.9 ± 1.4 316 9.6 ± 1.4

HR2
minimal height of the prox. articular 
perimeter

5.6 - 6 5.3 ± 0.9 149 3.6 ± 0.8

PR5 radial tuberosity perimeter - - 21 44.5 ± 6.1 359 49.4 ± 5.7

ER2 interosseus border distal limit 114.9 - 9109.6 ± 6.4 321 143.3 ± 22.3

AR1 (°) colo-diaphyseal angle M7 175.0 - 13167.3 ± 4.3 328 171.3 ± 4.4

AR2 diaphyseal curvature angle M6d 163.0 162.0 13165.8 ± 6.1 323 172.6 ± 2.6

IR2 = DR3 % DR4 diaphyseal index M&K 67.3 63.5 14 70.2 ± 5.5 376 74.4 ± 8.0

IR20 = PR1 % PR3 ind. of proximal development 71.9 - 353.9 ± 2.7 136 59.3 ± 4.6

IR21 = PR4 % PR3 ind. of proximal development / neck 57.9 - 8 53.5 ± 2.5 141 63.5 ± 4.7

IR12 = LR3 % PR4 ind. of neck robusticity 115.2 - 1096.2 ± 13.7 334 71.0 ± 8.1

IR14 = PR1 % PR4 ind. of radial neck development 124.2- 16 101.9 ± 8.7 345 91.2 ± 16.8

IR22 = DR7 % DR8 ind. of radial neck section 109.0 - 22 105.5 ± 12.9 352 106.1 ± 7.6

IR15 = PR1 % PR5 ind. of radial tuberosity development - - 16 81.8 ± 6.2 351 81.4 ± 4.8

IR8 = DR6 % DR5 ind. of  proximal extremity shape 100.0- 9 96.8 ± 4.4 157 97.8 ± 2.9

IR10 = HR2 % HR1
ind. of circumferencia articularis 
shape

64.4 - 5 58.4 ± 11.4 148 38.2 ± 10.2

IR11 = FR1 % DR6 ind. of fovea radii depth 6.7 - 11 8.2 ± 1.6 188 9.5 ± 1.7

Table 4.  Measurements and indices of the Spy radii.  Abbreviations and codes as in Table 3.
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physeal  angle is very open (AR1: Spy 6 = 175º) 
whereas it is usually more acute in Neandertals and 
even in modern humans (AR1: NH = 167.3 ± 4.3º, 
MH =  171.3 ± 4.4º).   The  low  colo-diaphyseal 
angle observed in Spy 6 could be explained by the 
necessity to accommodate its very massive radial 
tuberosity in the interosseus space.

The shaft is very flattened in the antero-
posterior direction in Spy 6 (IR2 = 67.3) as well 
as in Spy 15B (IR2 = 63.5).  This flattening, noted 
by several authors on other Neandertals (McCown 
&  Keith,  1939;  Smith,  1976;  Vandermeersch, 
1981; Heim, 1982) is confirmed by their low aver-
age index (IR2: N = 70.2 ± 5.5, MH = 74.4 ± 8.0).

The Spy 6  (left)  interosseus  border  is 
moderately developed, but bordered by a concave 
area on the posterior side of the bone.  The concav-
ity is shallower in Spy 15B (right).  In comparison 
with  the  average  situation  observed  in  modern 
humans,  the interosseus border is short  in Spy 6 
(ER2 = 114.9 mm) and especially in Spy 15B.  A 
short interosseus border is commonly observed in 
Neandertals  (ER2:  N = 109.6 ± 6.4,  MH = 143.3 
± 22.3),  although it as been described in various 
ways (Endo & Kimura, 1970; Smith, 1976; Heim, 
1982; Trinkaus, 1983; Vandermeersch, 1991; Van-
dermeersch  &  Trinkaus,  1995).   Like  in  most 
Neandertals,  the interosseus tubercle is absent in 
Spy (it is absent or weakly developed in 80.0 % of 
the Neandertals, n = 20; Hambücken, 1993a).

In  Spy,  the  insertions  for  the  pronator 
teres are well-defined,  long and slightly  raised. 
They are approximately 27.3 mm long and 5 mm 
wide  on  Spy 6  (left),  and  25.8 mm  long  and 
6.8 mm wide on Spy 15B (right).  They are loc-
ated near the maximum bending point of the shaft.

Although it has recently been dated from 
the Neolithic period, a proximal portion of a right 
radius  found  at  the  same  site,  Spy 336a,  shows 
some features evoking the Neandertal morphology 
(ST3, SF7 and SF15A).  The radial tuberosity is 
indeed in  a  medial  position  as compared  to  the 
interosseus border.  The perimeter of the Spy 336a 
radial  neck  (PR4 = 38.0 mm)  is  higher  than  in 
Spy 6  (PR4 = 33.0 mm),  but  still  moderately 
developed  in  comparison  to  the  minimum  peri-
meter  (IR14 =  97.4).   The  radial  neck  is  very 
flattened  transversely  (IR22 = 108.9).   Both 

indices are within the Neandertal variability, and 
outside  the  Spy  and  Mosan  Neolithic  cluster, 
although the overlapping with modern humans is 
important (SF15A).  Like in most Neandertals, the 
Spy 336a  radial  tuberosity  is  much  smaller 
(approximately 17 mm long and 11 mm wide) than 
that  of  the  Spy 6  radius.   It  is  rather  weakly 
developed  in  absolute  (PR5:  336a = 43.0 mm, 
N = 44.5 ± 6.1 mm, MH = 49.4 ± 5.7 mm) and rel-
ative  value  (IR15:  336a = 86.0,  N = 81.8 ± 6.2, 
MH = 81.4 ± 4.8).  The shaft minimum perimeter 
is high (PR1 = 37.0 mm). Unlike the Spy 6 radius, 
Spy 336a displays a slight angle in medial view.

The dimensions and aspect of the left frag-
mentary Spy 181a radius, found at the same site, 
are close to those of Spy 336a and both are part of 
the Neandertal cluster (SF15A, panel c), but out-
side  the  Spy and  Mosan  Neolithic  variability. 
They could in fact belong to the same individual. 
Their radial tuberosity morphology looks like that 
of  Spy 6,  displaying  an  antero-distal  convexity 
extension  that  blends  with  the shaft,  and  differs 
from that of the Mosan and Spy Neolithics which 
is well-developed and distally well-defined. How-
ever,  only  Spy 336a  shows  a  medially  placed 
tuberosity,  clearly evoking a possible Neandertal 
affiliation (this situation is observed in only 0 to 
18.3 % of the modern samples, n = 392).  If both 
radii  come  from the  same  individual,  it  is  thus 
unlikely that they belong to a Neandertal, in this 
case, to Spy I.  Spy 181a has indeed an anteriorly 
oriented  radial  tuberosity  which  is  currently 
unknown  in  Neandertals,  but  quite  common  in 
modern  samples  (9.5  to  90.9 %,  n = 392;  Ham-
bücken, 1993a).  This illustrates the difficulty to 
differentiate  between  Neandertals  and  modern 
humans when the remaining parts of the bone are 
not  the  most  distinctive.   Dating  was  therefore 
necessary to definitively make a decision about the 
taxonomic affiliation of Spy 336a and 181a and to 
confirm that they belong to a “modern” individual.

The  cross-section  (Figure  2,  SF12  and 
SF13A)  taken  at  the  proximal  extremity  of  the 
Spy 6 radius confirms its rounded shape.  The sec-
tion of the radial neck exhibits three flattened faces, 
while the radial tuberosity section highlights its par-
tially medial orientation.  The minimum perimeter 
level also displays a triangular-like shape.  On the 
most distal sections, both Spy 6 and 15B show a 
posterior concavity next to the interosseus border.

11



A. HAMBÜCKEN

The ulnae (Table 5, Figure 1, SF6 and SF16)

As observed by Boule (1911-1913), Patte 
(1955)  or  Vandermeersch  (1981)  on  various 
Neandertals,  the  ulna  proximal  extremities  of 
Spy II are voluminous as revealed by their width 
(WU1:  15A = 34.0 mm,  7B = 35.0  mm, 
N = 28.7 ± 5.7 mm, MH = 26.3 ± 3.8 mm).  The 
Spy II left proximal extremity is very bent in the 
anterior direction in comparison to the shaft axis 
(AU6:  15A = 169°,  N = 168.0 ± 3.0°,  MH = 
171.8 ± 4.6°).

The  Spy  olecranon  is  wide  (WU2: 
15A = 31.7 mm,  N = 25.5 ± 2.7 mm,  MH = 
23.8 ± 2.7 mm),  and  thin  in  the  antero-posterior 
direction  (IU13:  15A = 82.0,  7B = 78.9,  N = 
79.7 ± 10.2,  MH = 94.8 ± 14.3).   It  is  also relat-
ively  long  in  comparison  with  the  depth  of  the 
olecranon process (IU16:  15A = 81.5,  7B = 83.7, 
N = 80.5 ± 6.6 and MH = 77.8 ± 10.2).

In posterior view, the insertions for the tri-
ceps  brachialis  and  anconeus  muscles  are  well-
marked, especially on the right side (7B).  When 
observed in lateral view, the olecranon is well-vis-
ible  while  it  is  most  often  hidden  “behind” the 
coronoid  notch in  modern humans (Hambücken, 
1993a).  On the left side (15A), it  is proximally 
rounded, with, however, a slightly distally oriented 
axis and a small  posterior edge corresponding to 
the most prominent part of the insertion for the tri-
ceps brachialis.  In contrast, the olecranon top is 
slightly rounded on the left side, with a general ho-
rizontal axis.

The  Spy  olecranon  processes  are  well-
developed (HU1: 15A = 29.1 mm, 7B = 29.3 mm) 
when compared to the Neandertal average (HU1: 
N = 26.9 ± 2.1 mm,  MH = 24.0 ± 2.5 mm).   The 
Spy II  coronoid  processes  are  long  in  absolute 
value  (HU2:  15A = 34.6 mm,  7B = 35.2 mm, 
N = 31.1 ± 3.0 mm,  MH = 33.4 ± 3.4 mm),  but 
faintly projected in comparison with the olecranon 
process.  The index comparing both dimensions is 
indeed high (IU14: 15A = 84.2, 7B = 83.2) like in 
the  other  Neandertals  (IU14:  N = 84.7 ± 3.6, 
MH = 71.6 ± 5.8).  Because of the faint projection 
of the coronoid process, the trochlear notch is an-
teriorly  oriented  in  Spy II  and  in  the  other 
Neandertals while it is more proximally turned in 
modern humans.  This is confirmed by the acute 

trochlear  angle  (AU4:  15A = 19º,  7B = 18º, 
N = 22.0 ± 8.9º,  MH = 29.3 ± 17.7º)  formed by a 
line  joining  the  olecranon  and  coronoid  process 
and the axis of the proximal extremity in lateral 
view. The tip of the coronoid process is horizontal 
as  observed  in  other  Neandertals  (Boule,  1911-
1913; Patte, 1955; Vandermeersch, 1981).  It is in 
fact horizontal or distally oriented in 95.8 % of the 
Neandertals (n = 24) and in 0 to 93.3 % of modern 
populations,  depending on the sample (n = 363; 
Hambücken, 1993a). A proximally oriented coro-
noid  process  is  however  usually  predominant 
among modern humans.

In Neandertals, the difference between the 
maximum and minimum widths of the trochlear 
notch  is  more  marked  than in  modern  humans 
(IU21: N = 60.5 ± 11.4, MH = 74.7 ±  9.3).  This 
feature is particularly visible on the Spy II ulnae 
(IU21: 15A = 56.1) although damage to the right 
side prevents accurate measurement.

The relief under the coronoid process is 
very concave and abrupt in Spy II (see also Frai-
pont & Lohest, 1887; Thoma, 1975).  This mor-
phology  is  more  often  observed in  Neandertals 
(54.2 %,  n = 24)  than in  modern  humans  (0  to 
20.0 % of  the bones depending  on  the sample, 
n = 354;  Hambücken,  1993a).   The  connection 
between the coronoid process and the shaft is in-
deed more progressive in most modern humans.

The Neandertal radial notch has been de-
scribed in various ways (Boule, 1911-1913; Mc-
Cown & Keith, 1939; Patte, 1955; Smith, 1976; 
Vandermeersch, 1981).  According to Fraipont & 
Lohest (1887), it is vast and oblique in Spy.  It is 
indeed oriented sideways as revealed by the very 
obtuse angle formed between the axis of the radial 
notch and the transversal axis of the trochlear notch 
(AU3: 15A = 117º and 7B = 115º).  This angle is 
indeed more open in Neandertals than in modern 
humans  on  average  (AU3:  N = 96.1 ± 19.4º, 
MH = 88.2 ± 21.2º).  The posterior side of the radi-
al notches leans against the supinator crest.

The Spy II radial notches are moderately 
high, particularly on the left (IU20: 15A = 81.5, 
7B = 90.4) as compared to the other Neandertals 
(IU20 = 93.8 ± 20.8)  although  higher  than  in 
modern humans (IU20 = 64.5 ± 11.4).  The left 
side  has a roughly parallelogram shape with  a 
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rounded disto-posterior angle.  The same shape is 
observable on the right,  with  however  a  small 
notch in the proximo-posterior corner.

The Spy II supinator crests, situated under 
the distal limit of the radial notch, are fairly de-
veloped.  The crest is very short on the left side 
(15A [it is only observable in its very proximal 
part on the right, 7B]) and separated by a convex 
area from the longitudinal crest of the shaft latero-

posterior face.  In modern humans these crests are 
usually aligned.  In Spy, the crest that borders the 
well-marked  insertion  for  the  long  abductor 
muscle of the thumb is sharp in its proximal part.

Like  in  most  Neandertals  (78.9 %, 
n = 19), there is no hollow for play of the radial 
tuberosity in the Spy II ulnae, while a depression 
is observable in 0 to 53.8 % of modern humans 
(n = 360; Hambücken, 1993a).

13

Ulna
Spy II

15A 7B
Neandertals Modern Humans

Measurements/

indices
Description Author left right n m ± s n m ± s

DU3 (mm)
sagittal diameter of the proximal 
shaft

M14 21.8 22.9 10 19.7 ± 2.9 354 21.9 ± 3.0

DU4
transversal diameter of the proximal 
shaft

M13 25.2 24.1 10 19.2 ± 2.6 350 19.1 ± 2.6

DU5 olecranon thickness M7b 19.4 19.3 5 17.7 ± 3.3 329 17.4 ± 1.7

WU1 proximal width M6(1) 34.0 35.0 6 28.7 ± 5.7 313 26.3 ± 3.8

WU2 olecranon width M6 31.7 - 11 25.5 ± 2.7 257 23.8 ± 2.7

HU1 olecranon process depth M7c 29.1 29.3 726.9 ± 2.1 301 24.0 ± 2.5

HU2 coronoid height M7d 34.6 35.2 14 31.1 ± 3.0 286 33.4 ± 3.4

HU3 olecranon height M8 23.7 24.5 10 22.0 ± 2.3 331 18.6 ± 2.6

HU4 olecrano-coronoid height 27.5 24.0 6 25.1 ± 1.5 274 23.2 ± 2.5

WU3 trochlear notch maximum width M6b 26.9 - 8 24.7 ± 3.1256 23.3 ± 2.5

WU4 trochlear notch minimum width M6a 15.1 16.8 1314.5 ± 2.4 320 17.3 ± 2.3

RU2 trochlear notch arc 36.0 36.0 8 35.3 ± 7.1 262 34.4 ± 3.6

WU5 pars coronoidea medial width 14.9 15.3 12 13.5 ± 1.3308 13.6 ± 1.9

WU6 pars coronoidea lateral width 9.8 10.2 15 9.4 ± 1.2 350 8.7 ± 1.3

WU7 radial notch width M9a 13.0 11.5 16 12.4 ± 2.2 292 16.0 ± 2.1

HU7 radial notch height M9b 10.6 10.5 17 11.4 ± 1.7 331 10.2 ± 1.4

AU3 (°) radial notch / trochlear notch angle Heim, 1982 117.0 115.0 13 96.1 ± 19.4 306 88.2 ± 21.2

AU4 trochlear angle M15a 19.0 18.0 8 22.0 ± 8.9 270 29.3 ± 17.7

AU6 proximal extremity / shaft axis 169.0 - 13168.0 ± 3.0 306 171.8 ± 4.6

IU6 = DU4 % DU3 ind. of platoleny (Verneau) 115.6 105.3 17 97.9 ± 10.2 346 87.8 ± 12.2

IU13 = DU5 % HU3 ind. of olecranon thickness 82.0 78.96 79.7 ± 10.2 316 94.8 ± 14.3

IU16 = HU3 % HU1 ind. of olecranon shape 81.5 83.7 7 80.5 ± 6.6 291 77.8 ± 10.2

IU14 = HU1 % HU2
ind. of coronoid process 
development 

84.2 83.2 6 84.7 ± 3.6 254 71.6 ± 5.8

IU21 = WU4 % WU3 ind. of trochlear notch shape 56.1 - 660.5 ± 11.4 253 74.7 ± 9.3

IU19 = HU4 % RU2 ind. of trochlear notch concavity 76.4 66.5 5 74.2 ± 5.5 248 67.6 ± 4.7

IU22 = WU6 % WU5 ind. of pars coronoidea width 65.8 66.8 11 71.2 ± 8.2 305 64.1 ± 9.8

IU20 = HU7 % WU7 ind. of radial notch shape 81.5 90.4 15 93.8 ± 20.8 288 64.5 ± 11.4

Table 5.  Measurements and indices of the Spy ulnae.  Abbreviations and codes as in Table 3.



A. HAMBÜCKEN

The 15A (left)  ulna proximal  shaft  ap-
pears relatively slender.  The area situated under 
the coronoid process (it is measured just under 
the radial notch level)  is usually considered as 
being  flattened  in  Neandertals  (Boule,  1911-
1913; Patte, 1955; Endo & Kimura, 1970; Van-
dermeersch,  1981).   The  platoleny  indices  of 
Spy II  are particularly high (IU6:  15A = 115.6, 
7B = 105.3,  N = 97.9 ± 10.2,  MH = 87.8 ± 12.2) 
indicating indeed a very low sagittal  diameter. 
The insertion marks for the brachialis muscle are 
well-defined and distally raised, especially on the 
right side (7B).  It is, however, largely stuck to 
the shaft, and not placed on a prominent area like 
in most modern humans.

The 15A (left) anterior face of the ulna is 
slightly convex.  The longitudinal crest separating 
the postero-lateral side in two areas is well-visible 
but becomes distally blunter.  The posterior border 
is  sharp  in  its  proximal  part,  from  the  distal 
olecranon zone to the three-quarter of the remain-
ing length.  It then becomes rounder and virtually 
disappears.   The  15A  interosseus  border  is  a 
simple angulation (it is absent to moderately de-
veloped in 96.3 % of the Neandertals, n = 27, and 
in 23.1 to 100 %, n = 351, of modern humans, de-
pending on the sample; Hambücken, 1993a).  It 
has indeed been often described as being rather 
blunt in most Neandertals (Endo & Kimura, 1970; 
Thoma, 1975; Smith, 1976; Trinkaus, 1983).

The Spy 7A ulna (ST3, SF5B and SF15B), 
which has recently been dated from the Neolithic 
period (Semal et al., 2009), indeed shows a modern 
aspect.  The proximal shaft flattening is moderate 
(platoleny index: IU6 = 91.2).  The trochlear notch 
is proximally oriented (AU4 = 26°), with a well-
developed coronoid  process (IU14 = 70.3).   The 
olecranon is thick in the antero-posterior direction 
(IU13 = 98.2).  Its top is hidden by the trochlear 
notch in lateral view. In anterior view, the trochlear 
notch shows no marked shrinkage in its middle part 
(IU21 = 78.6), and the bone relief under the coron-
oid process is progressive and does not exhibit any 
concave area.  Finally, the radial notch is vertically 
oriented. Except for the platoleny index (IU6), the 
other indices of the Spy 7A ulna, the development 
of the coronoid process (IU14) and the trochlear 
notch shape (IU21), clearly stick out the Neandertal 
variability and situate this bone within the Mosan 
and Spy Neolithics cluster (SF15B).

The cross-sections (Figure 2, SF13B and 
SF14) comparison of the Spy II (15A and 7B) ul-
nae with Spy 7A is interesting since the latter be-
longs to a Neolithic individual and enables a com-
parison between the two taxa.  The olecranon pro-
cess section is larger in Spy 15A and 7B than in 
7A  because  of  the  larger  development  of  the 
olecranon above  the trochlear  notch  level  often 
observed  among  Neandertals.   The  Spy 7A 
olecranon  thickness  is  more  important  at  the 
trochlear  notch  level  than  in  Spy 15A  and  7B. 
The  coronoid  process  section  has  an  oblique 
shape and an oblique radial notch in Spy 7B and 
15A while both the coronoid process and the radi-
al notch are parallel to the sagittal axis in Spy 7A. 
The  same  cross-section  reveals  a  marked  pro-
tuberance on the lateral side of 7B and 15A, cor-
responding  to  the  coronoid  tubercle.   The  next 
sections,  taken at  the radial  notch level,  further 
highlight the coronoid tubercle protuberance and 
oblique radial notch orientation of the Spy II ul-
nae.  These sections also show a rounded posteri-
or side which is more pointed on 7A.  The section 
taken at the brachialis level indicates an anterior 
orientation of this insertion in 7A while the inser-
tion  is  more  medially  oriented  in  Spy II  ulnae. 
These sections also display a better defined and 
crisp shape in Spy 7A, with sharp borders, partic-
ularly for the supinator crest.  The most distal sec-
tions are only preserved on Spy 15A, and appear 
rounded, without the sharp edges usually visible 
on modern human shafts.

VARIABILITY

Spy I and Spy II dimorphism

The  size  difference  between  Spy I  and 
Spy II  is  marked and clearly  visible  on the hu-
meri. Although Spy I has sometimes been attrib-
uted to a female and Spy II to a male, in the ab-
sence of  innominate bones,  their  sex attribution 
remains disputed (Fraipont & Lohest, 1887; Sol-
las,  1907;  Morant,  1927;  Thoma,  1975;  Smith, 
1980; Trinkaus, 1980; Ben-Itzhak et al., 1988).

As shown in ST2, the Spy II humeri and 
ulnae values are included in the range of variation 
of the European male Neandertals, except for the 
left side deltoid tuberosity width, which is lower. 
As far as the radii are concerned, Spy 6 and 15B 
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dimensions are comprised within the male vari-
ation interval, although the left side values are 
relatively low.  The perimeter of the Spy 6 neck 
(PR4),  however,  appears  as  being particularly 
weak,  even  in  comparison  with  the  La  Fer-
rassie 2 female.  The Spy I dimensions are situ-
ated  outside  the  range  of  variation  of  the 
European males,  and globally close to  the La 
Ferrassie 2  female  values  (ST2).   In  addition, 
the degree of dimorphism calculated in Spy is 
comparable to the degree of sexual dimorphism 
(female mean value / male mean value X 100) 
calculated for the humeral shaft dimensions of 
some of the modern samples. It is close as well 
to  the  sexual  dimorphism  calculated  between 
the Neandertals of La Ferrassie on the one hand, 
and  of  Kebara  and  Tabun  on  the  other  hand 
(Figure 3).

Despite  the  scarcity  of  reference  indi-
viduals,  the comparison of  the Spy upper limb 
fossils  to  the  sexed  European  Neandertals,  as 

well as their degree of dimorphism, would thus 
be consistent with the attribution of Spy II to a 
male,  and probably of  Spy I  to  a female.   Al-
though the study of the upper limb remains insuf-
ficient to allow a reliable sex determination, this 
would  explain  the  marked  size  difference  ob-
served between the Spy individuals.

Position of  the Spy fossils  within Neandertal 
variability

The upper limb bones of the Spy Neander-
tals  are  generally  well-integrated  in  the  West-
European  Neandertal  sample.   Considering  our 
limited perception of the actual Neandertal variab-
ility, it is not surprising that the Spy fossils show 
features  that  seem to  stick  out  from the  typical 
morphology currently established for their taxon. 
For example, Spy II shows relatively weakly de-
veloped and trapezoid shaped medial epicondyles 
and the radial tuberosity is in a less medial position 
than in most Neandertals.  On the other hand, this 
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Figure 3.  Sexual dimorphism of the humeral shaft. Males, either Neandertal or modern, are considered as the refer-
ence (100 %, black bars).  Dimensions of the females are expressed as the percentage of those of the males (average 
female value / average male value X 100).  PH1: minimum perimeter of the shaft; PH3: perimeter at the 5/12 of the 
bone maximum length; DH1: maximum diameter of the shaft; DH2: minimum diameter at the same level; WH1: 

deltoid tuberosity width at the PH3 level.  Note that the La Ferrassie 2 value for WH1 (58.1) does not appear on the 
figure as it falls way below the interval of variation of the other samples.
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individual  also  shows  particularly  marked 
Neandertal tendencies such as a very slender neck 
and a very homogeneous height of the proximal ar-
ticular periphery on the radius, as well as a particu-
larly short coronoid process of the ulna.  Finally, 
the  most  distinctive  features  shared  by  the  Spy 
Neandertals (particularly by Spy 5B, 5A and 14A) 
are concentrated on the deltoid tuberosities of their 
humeri.  These tuberosities are particularly narrow, 
slightly curved and placed laterally, and they ex-
hibit three crests (on Spy 5B, 5A and 14B).  Their 
anterior and lateral crests are well-defined and sep-
arated on their entire length by a narrow groove. 
The anterior  crest  is more developed and longer 
than the lateral one.

In modern humans, the deltoid tuberosity 
is usually composed of two crests (26.3 to 92.6 % 
of the bones depending on the sample) although a 
third  one can be  observed in  many individuals 
(7.4 to 73.7 %, n = 383; Hambücken, 1993a).  So 
far, only the Spy Neandertals show this third crest 
(Figure 1a)  nested  between  the  two  main  ones 
(Hambücken,  1997).   Its  aspect  is  however  dis-
tinctive. It is a well-defined, narrow and slightly 
raised ridge while it is usually a diffuse elongated 
area in modern populations.  This peculiar  mor-
phology, probably linked to the narrowness of the 
tuberosity, might be the reason for a certain dis-
crepancy in the literature.  Endo (1971) and Van-
dermeersch  (1981)  indeed  considered  that  all 
Neandertals  display  a  two-crest  tuberosity  while 
Thoma (1975) noted a third one on Spy I and on 
Regourdou 1.  Carretero  et al. (1997) observed a 
third  crest  on  Atapuerca  AT-93,  attributed  to 
Homo heidelbergensis.

According to Kobayashi (in Endo, 1971), 
it  seems  that,  among  modern  Japanese popula-
tions, this third crest would appear only after the 
age of  30.   This hypothesis  has not  been con-
firmed on other samples (Hambücken, 1993a).  It 
is likely a non-pathological variation correspond-
ing to the trace of the insertion of the middle sec-
tion of  the deltoid muscle (see the sketch pub-
lished in Klepps et al., 2004).

The narrowness of the Neandertal deltoid 
tuberosity has been pointed out by several authors 
(Endo  &  Kimura,  1970;  Endo,  1971; Vander-
meersch, 1981; Hambücken, 1993a, 1993b; Car-
retero et al., 1997; Churchill & Smith, 2000). It is 

in fact a particularly marked feature common to 
the Spy humeri.  A bivariate analysis comparing 
the deltoid  tuberosity width with the shaft peri-
meter measured at the same level (Figure 4) in-
deed places three of the Spy humeri  next  to La 
Ferrassie 2 and to the left side of Neandertal 1 and 
La Quina 5.  This proximity illustrates the extreme 
narrowness  of  the  Spy  tuberosity  since  La  Fer-
rassie 2 is a female while the left  upper limb of 
Neandertal 1  and La Quina 5  present  proven  or 
supposed  pathologies  (Martin,  1923;  Trinkaus 
et al.,  1994) that  could explain the small  size of 
this structure due to developmental or use defect. 
There is however no satisfactory hypothesis to ac-
count for the narrowness of the Neandertal deltoid 
tuberosity (see the functional interpretation below). 
It seems that the width of the deltoid tuberosity is 
somewhat correlated with the other dimensions of 
the humeral shaft (Hambücken, 1993a).  Churchill 
(1994), who compared the tuberosity width with 
dimensions of the upper body or of other humeral 
features, found the tuberosity distal limit to be the 
only  significantly  correlated  measurement.   Car-
retero et al. (1997) suggested a correlation between 
the angle of torsion of the humeral head and the 
tuberosity width.  Such a correlation has been chal-
lenged by Churchill  & Smith (2000).   Whatever 
the signification of the deltoid tuberosity narrow-
ness, these authors concluded that this feature is in-
teresting in terms of phylogenic value since it  is 
not directly linked to the body shape or to the de-
gree of physical activity.

It is thus difficult to interpret the Spy delt-
oid tuberosities  morphology,  especially  consider-
ing  the  limited  knowledge  we  have  about  this 
structure in modern humans from an orthopaedic 
point of view (Klepps et al., 2004).  Their overall 
aspect however suggests that the Spy fossils rep-
resent an extreme of the currently known Neander-
tal variability. Various levels of curvature and lat-
eral  “deportation” can be observed on the deltoid 
tuberosities of other Neandertals (such as La Fer-
rassie  2  and  La  Quina  5  for  example),  which 
excludes the hypothesis of a local anomaly or dis-
tinctive feature,  but  none of  them shows all  the 
Spy characteristics.  The closest shape can how-
ever be observed on the right humerus discovered 
at the Neandertal site (Hambücken, 1997) whose 
relative proximity to Spy raises the possibility of a 
geographical component in the distribution of the 
morphological variants of the deltoid tuberosity.

16



XXVI-1.  The upper limb bones of the Spy Neandertals

FUNCTIONAL ANATOMY

Upper limb asymmetry

The asymmetry pattern of the upper limb 
bones suggests a right handedness for both Spy I 
and Spy II.   If our attribution of both Spy 6 and 
Spy 15B  radii  to  Spy II  is  correct,  there  is  a 
particularly marked asymmetry in the interosseus 
borders.   The Spy 6 (left)  border is the longest 
while  the  Spy 15B  (right)  border  is  the  most 
developed.  A left dominance of the length of the 
interosseus border in a supposedly right  handed 
individual is commonly found in modern humans 
as well (personal data).  Only the Neandertal radii 
of Regourdou 1 are complete enough to calculate 
the  interosseus  border  length  asymmetry.   The 
value  (106.1)  matches  the  modern  humans 
average.   On  the  contrary,  the  value  of  161.6 
roughly estimated for Spy (see * on Table 6 and 
SF1) would be unusually high considering the fact 
that the maximum asymmetry index observed in 
the  modern  sample  is  136.3.   Given  the  still 

debated role of the interosseus border (see below), 
such a strong dissymmetry in Spy II is currently 
difficult to interpret.

The asymmetry of the humeral shaft (Fig-
ure 5A) is particularly interesting to consider since 
it  shows curves that  are  parallel  between Spy II 
and the male Neandertals  on the one hand,  and 
between Spy I  and  the Tabun C1 female  on  the 
other hand.  Although this observation is of func-
tional rather than morphological nature, this would 
be  consistent  with  the  hypothesis  of  a  sexual 
dimorphism  in  Spy.   In  Figure 5A,  the  male 
Neandertals  and  Spy II  also  show  a  greater 
humeral  shaft  asymmetry  than  the  Tabun C1 
female and Spy I.   This  could  indicate  a  strong 
sex-related  division  of  labor  in  Spy,  and  in 
Neandertals in general (see also Ben-Itzhak et al., 
1988).  In any case, and regardless of their sex, the 
dissimilarity  in  the levels of  asymmetry  existing 
between Spy I and Spy II suggests very different 
patterns of physical activity, with more lateralised 
and more specialised occupations in Spy II.
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Figure 4.  Bivariate analysis of the deltoid tuberosity comparing the tuberosity width (WH1)
measured at the 5/12 of the bone maximum length level, and the shaft perimeter (PH3) measured at the same level. 

The European Neandertals and modern human sample regression lines are represented.
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Both  Spy  individuals,  moreover,  show 
particularly asymmetrical deltoid tuberosities.  If 
Spy I  is  indeed  a  female,  this  high  level  of 
asymmetry  would  be  close  to  that  observed in 
Tabun C1.  In  contrast,  if  Spy II  is  a  male,  his 
asymmetry is greater than in the other currently 
known male Neandertals. In this case, the nature 
of his particular pattern of deltoid muscle activity 
remains an open question.

The high level  of  cortical  asymmetry  of 
the  Spy II  humeri  has  caught  the  attention  of 
Trinkaus et al. (1994).  It is indeed comparable to 
the La Quina 5 asymmetry percentage which has 
been  considered  as  potentially  pathological  by 
Martin (1923) and Trinkaus et al. (1994) precisely 
because of its very high value, even though there is 
no trace of pathology on the preserved parts of the 
upper limb.  Figure 5B shows that, except for the 
already  cited  particularly  asymmetrical  deltoid 
tuberosity  width  (WH1),  the  values  of  external 
shaft asymmetry of Spy II usually fall below the 
range of variation of the non-pathological Neander-
tals. So, contrary to the pathological (Neandertal 1) 
or  reputedly  so  (La  Quina 5)  Neandertals  who 
show both high asymmetries of the cortical and ex-
ternal dimensions of the humeri, Spy II only dis-
plays a noticeable cortical lateralisation.  Although 
the hypothesis of a trauma on the upper limb can-
not  be  excluded  given  some  puzzling  features 
(such as an unusually large radial tuberosity, a par-
ticularly slender radial neck and a possibly strong 
interosseus border asymmetry), there is no obvious 
sign of pathology on what is left of the arm and 
forearm bones of the Spy Neandertals.

The shoulder

The  Spy I  and  Spy II  humerus  deltoid 
tuberosities  are  moderately  developed  and  very 
narrow, even by Neandertal standards.  According 
to Heim (1982) the Spy deltoid muscle insertion is 
so faint that it is difficult to observe.  These features 
suggest a rather weakly developed muscle (Endo, 
1971),  and thus a reduced abduction strength in 
Neandertals including in Spy.  The deltoid muscle 
is indeed the main arm abductor in modern hu-
mans. It is composed of three distinct sets of fibres. 
The anterior  fibres flex and medially  rotate the 
arm, the middle fibres abduct it and the posterior 
ones extend and laterally rotate the upper limb.  A 
more detailed analysis of the Spy deltoid tuberos-
ities  however  reveals  a  skewness,  the  anterior 
crest being longer and more developed than the 
lateral  one  (Figure 1a).   Despite  a  weakly  de-
veloped  deltoid  muscle,  this  could  indicate  a 
powerful role of the anterior part of the deltoid 
muscle as a flexor and, to a lesser extent, as an in-
ternal rotator.  The adduction, internal rotation and 
flexion movements are also ensured by the pector-
alis major.  The insertion of this muscle is clearly 
visible on Spy I left (5B), and it is preserved in its 
most distal part on both Spy II humeri.  These in-
sertion  sites  form  very  developed,  raised  and 
smooth ridges that suggest powerful muscles.  The 
same description is in accordance with the inser-
tion for the teres major whose distal part is present 
on the Spy I left humerus.  This muscle is involved 
in external rotation and extension.  As a whole, the 
remaining clues of the shoulder physiology of the 
Spy Neandertals therefore suggest a reduced ab-
duction  strength  but  powerful  flexion/extension 
and rotation movements.

The elbow

The  Spy  II  elbow  morphology  (SF16) 
suggests  powerful  flexion  and extension  move-
ments.

The trochlear notch of  the ulna is very 
anteriorly oriented with a weakly projected coron-
oid  process.  As  a  consequence,  the  contact 
between  the  coronoid  process  and  the  humeral 
septum  is  delayed  allowing  complete  flexion 
movements.  The pin size holes and translucent 
area in the olecranon fossae moreover indicate a 
thin humeral septum which seems to be linked, 
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Interosseus border asymmetry

n min m ± s max

Modern Humans 97 100.0 106.1 ± 6.5 136.3

Regourdou 1 106.1  

Spy 6/Spy 15B 161.6*

Table 6.  Absolute asymmetry of the interosseus bor-
der lengths (maximum side / minimum side X 100). 
The interosseus border length is measured from the 

proximal extremity.  * indicates that the Spy 15B state 
of preservation made it necessary to measure the
border alone in both Spy 6 and 15B (see SF1).
The result obtained for Spy must therefore be

considered as a rough estimation.
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when totally perforated, to ample flexion/exten-
sion  potential  in  modern  humans  (Manouvrier, 
1921; Glanville, 1967; Mays, 2008).  Despite the 
deep and vast olecranon fossa, articulation of the 
humeri and ulnae however shows a reduced exten-
sion movement.

The insertions of  the primary and sec-
ondary muscles responsible for the flexion and 
extension  movements  have  been  described  as 
well-developed  and/or  located  in  mechanically 
advantageous positions in Neandertals (Aiello & 
Dean, 1990; Hambücken, 1993a, 1998; Holliday 
et al.,  1993; Churchill, 1994).  This is also true 
for the Spy fossils.

The  briefness  of  the  coronoid  process 
and weak prominence of the brachialis insertion 
of the Neandertals, including Spy II,  must how-
ever  have  weakened  the  elbow  in  extension 
(Hambücken, 1998; SF17) since this area plays a 
role  as  a  bracket  in  the  modern  human  ulnae 
(Kapandji,  1973;  Sénégas  et al.,  1980).   This 
hypothesis is in line with the study of Trinkaus & 
Churchill  (1988)  which  concluded  from  the 

trochlear notch morphology that the elbow was 
more resistant  in partial  flexion in Neandertals 
and in extension in modern humans.

According  to  Trinkaus  &  Churchill 
(1988), the medial orientation of the radial tuberos-
ity of most Neandertals suggests a powerful supin-
ation by maintaining the force moment during the 
entire movement while it disappears sooner when 
the orientation is more anterior (see also Aiello & 
Dean, 1990).  This is also true in Spy 6, although 
the orientation of its radial tuberosity is not totally 
medial. It is noteworthy to point out that the supin-
ator role of the biceps brachialis is maximal when 
the forearm is partially flexed.  This would be con-
sistent with the hypothesis of Trinkaus & Churchill 
(1988) that the Neandertal elbow was commonly 
used and more resistant in partial flexion (see also 
Hambücken, 1998).

The  pronator  teres  insertions  of  the 
Neandertals  have  been  described  as  well-
developed by Heim (1982) and Trinkaus (1983). 
Moreover,  these  insertions  are  placed  on  the 
radial  shaft  bending  which  is  accentuated  in 
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Figure 5.  Absolute asymmetry degree of the humeral shafts of the Neandertals
(maximum side / minimum side X 100).

A: Comparison between Spy I, Spy II and the currently known sexed Neandertals as identified by Berger & 
Trinkaus (1995); B: Comparison of Spy II to the non-pathological Neandertals (La Chapelle-aux-Saints 1,

Kebara 2 and La Ferrassie 1) and to the pathological La Quina 5 and Neandertal 1 individuals.
Dimensions abbreviations as in Figure 3.
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Neandertals (Trinkaus & Churchill, 1988; Aiello 
& Dean, 1990; Hambücken 1993a). This would 
indicate  a  powerful  pronation  in  Neandertals, 
including in the case of Spy II.

The pronation limiting factor is, however, 
the diaphyses contact  during the radius and ulna 
crossing.  Neandertals, including the Spy fossils, 
display an array of features that could have moved 
the shafts apart, and therefore delayed their contact 
(Hambücken,  1998;  SF17).   The radius  bending 
and  the  proximal  ulna  projection  are  indeed 
marked,  whereas  the  insertion  for  the  brachialis 
muscle of the ulna is only moderately prominent. 
The proximally placed maximum convexity of the 
humerus capitulum suggests a high position of the 
flexed radius in comparison with the ulna (see also 
Heim, 1974).  The very homogeneous height of the 
articular  periphery  of  the  Spy 6  radius  would 
indicate an extended radius rotation.  The oblique 
orientation and significant height of the Spy radial 
notch could have retained the radio-ulnar contact 
when  the  diaphysis  axis  bends  over  during  an 
extended rotation.

The  shallowness  of  the  Spy  humeral 
trochlear  gorges  would  have  promoted  slight 
medio-lateral ulna movements (Hambücken, 1998) 
by  limiting  the  joint  congruence.  These  move-
ments, amplified by the bone length, are required 
to maintain the manual precision during the fore-
arm rotation (Kapandji,  1973; Williams & War-
wick, 1980).

The briefness of  the interosseus  border 
of the Spy radii,  and their possibly very asym-
metrical  lengths (see above),  are more difficult 
to  interpret.   The  lateral  pillar  of  the  humeral 
pallet,  situated  above  the radius,  is  wider  than 
the medial one, and it has a “force bearing” role 
(Le Floch, 1978, 1982).  Together with the very 
narrow  medial  pillar  of  the  Neandertals,  the 
shortness of the interosseus border of their radii 
could  indicate  a limited force transfer  between 
the radius and ulna when the elbow is in exten-
sion (Hambücken, 1998).  One of the interosseus 
membrane  roles  is  indeed  to  convey,  via  the 
ulna, the forces sustained through the hand by 
the radius (Halls & Travill, 1964; Schneiderman 
et al., 1993).  This limited force transfer could 
have partially compensated the weakness of the 
Neandertal  coronoid  process  (Hambücken, 
1998; SF17).
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