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Abstract

Some of the Sima de los Huesos (SH) humeri have been previously studied and

described elsewhere. Here we present an updated inventory and a review of

the specimens recovered to the present day. The morphological key traits of

the adult and subadult specimens are described, discussed, and illustrated. The

SH humeri share with Neandertals many traits usually considered to be Nean-

dertal specializations, thus, most of this morphological pattern is not exclusive

to them. The variation found within fossil samples stresses the frequential

nature of all these traits and in the specific case of the SH humeri, most of the

traits considered as phylogenetically relevant are retained by their descen-

dants, the Neandertals. Some traits are plesiomorphic for the entire genus

Homo or are present in European hominins since the early Pleistocene.

Finally, some other traits display high variability within the SH sample or dif-

ferent hominin samples and are of uncertain phylogenetic value. Altogether,

this evidence is consistent with the hypothesis based on the overall cranial and

postcranial morphology that the SH hominins are a sister group to the later

Neandertals.
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1 | INTRODUCTION AND
OBJECTIVES

The Sima de los Huesos (SH) site is located well inside
the Cueva Mayor–Cueva del Silo cave system, in Sierra

de Atapuerca (Burgos, Spain), and around 0.5 km from
the present entrance. The site contains a bone-bearing
breccia with clayish matrix mainly composed of Ursus
deningeri as well as hominin fossils (Arsuaga et al., 1991;
Arsuaga et al., 1997, 2014; Aranburu et al., 2017).
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The characteristics of this palaeoanthropological site are
unusual due to the large size of the hominin accumula-
tion corresponding to a minimum of 29 individuals, and
its location far from the karst entrances (Aranburu
et al., 2017; Arsuaga et al., 1997; Bermúdez de Castro
et al., 2021). This fossil collection has been dated to a
minimum age of 430,000 years (Arsuaga et al., 2014).

Since 1976, the SH site has yielded more than 7,000
hominin remains that we attributed to H. heidelbergensis
(Arsuaga et al., 1991, 1997; Carretero et al., 1997) in our
view, an exclusively European species ancestral only to
Neandertals. This has been our position since the 1990s
but we are aware that overall in the last decade, there has
been recognition of the problematic nature of this desig-
nation given the large number of derived Neandertal fea-
tures in the collection together with the retention of
primitive features and the general lack of Neandertal fea-
tures in the Mauer mandible (see, e.g., Arsuaga
et al., 2014, 2015; Buck & Stringer, 2014; Manzi, 2011;
Mounier et al., 2009; Stringer, 2012; Tattersall, 2011).
Looking at the material from SH, H. heidelbergensis could
acquire the identity of a European regional chronospecies
in continuity with H. neanderthalensis, but there are rea-
sons to place the SH material within the Neanderthal
clade as a sister group to Neandertals (Arsuaga et al.,
2014, 2015) rather than within H. heidelbergensis. More-
over, many authors (Manzi, 2011; Stringer, 2012;
Tattersall, 2011) suggest the evaluation of more complex
scenarios of hominin evolution in Europe than previously
believed, involving either the occurrence of considerable
intraspecific diversity (with archeologically distinct settle-
ments) or, alternatively, the coexistence of different line-
ages (with their own respective archeological traditions)
during part of the Middle Pleistocene.

Here we report the main morphological characteris-
tics of the upper arm bone of these Middle Pleistocene
hominins from the SH site. First, we update the inventory
of the humeral remains recovered from SH between 1976
to the present, as well as the minimum number of indi-
viduals (MNI) represented by this bone. Some of the SH
adult humeral remains have been previously partially
published (Arsuaga et al., 1991, 2015; Carretero, 1994;
Carretero et al., 1997, 2012, 2018) but the present work
includes more complete specimens as well as, for the first
time, the subadult specimens. Fieldwork at the SH site is
ongoing, and the hominin fossil sample is increasing, lit-
tle by little, each year.

Another objective is to review and illustrate the main
morphological characteristics and their variation within
the SH sample, comparing, when possible, with other fos-
sil and recent humans to infer their possible phylogenetic
significance. Main metrical variables are also provided
for all SH specimens for which they are preserved and

can be reliably measured. However, we would like to cau-
tion here that our preference is for comparisons with
large-bodied hominin species from Africa, Asia, and
Europe (from H. ergaster onwards), since a very different
body plan and even locomotor pattern characterizes all
representatives of small-bodied Homo species (H. habilis,
H. rudolfensis, H. georgicus, H. floresiensis, and H. naledi)
and the australopithecines.

Finally, some palaeobiological aspects such as func-
tional interpretations and ontogenetic variation are
addressed when possible for each reported feature. We
consider it to be more useful to present the description
and discussion together for each anatomical trait.

2 | MATERIALS AND METHODS

We provide detailed images of the original specimens of
SH and highlight the main anatomical features instead of
reporting detailed anatomical descriptions for every spec-
imen. We also present an inventory (Table 1 and Table 2)
of the most complete specimens. We report basic mea-
surements taken with standard anthropological tech-
niques and instruments (Carretero et al., 1997, 1999).

The SH sample is composed of a mixed bone assem-
blage representing a minimum of 29 individuals of differ-
ent ages and sex (Bermúdez de Castro et al., 2021). To
date, only in a few exceptional occasions have bones of
the same individual been associated with reasonable
security (Femur-X and Pelvis 1, Carretero et al., 2004;
Pelvis 1 and lumbar vertebrae, Bonmatí et al., 2010; and
Cranium 5 and cervical vertebrae, G�omez-Olivencia
et al., 2007; Arsuaga et al., 2015). Every recognizable frag-
ments of hominin bone are labeled as AT-followed by the
inventory number from 1 onwards (universal numbering;
AT-1…AT-93…AT-4383). When several fragments
(labeled with the AT-prefix) fit together, we name the
new association as Humerus (abbreviated as H-) followed
by a Roman numeral from I onwards (H-I…H-X…H-XX).

For comparative purposes, we have relied on mea-
surements taken on original fossil specimens or high-
quality cast (see Carretero et al., 1997 for details). For the
modern human comparative samples used in assessments
of adult SH individuals, we used data collected from four
different samples: (a) individuals of known sex of the
skeletal collection kept in the Museu e Laboratorio
Antropol�ogico da Universidade de Coimbra; (b) a medie-
val sample of Sepúlveda (Segovia, Spain) from the Depar-
tamento de Paleontología de la Universidad Complutense
de Madrid; (c) a medieval sample from the San Pablo col-
lection housed at our laboratory at the University of
Burgos, and finally (d) a sex-balanced sample of recent
humans (Euroamericans and Afroamericans) from the
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TABLE 1 Inventory of the adult SH humeri.

Specimen Side Short description

H-II R Complete specimen

H-III L Lower three-fourths of a complete bone. Proximal fracture is somewhat below the surgical neck

H-V L From approximately the midshaft to the upper border of olecranon fossa distally

H-VI R Lower three-fourths of a complete bone. Proximal fracture is around mid m. pectoral major insertion.

H-VII R Upper three-fourths of a complete bone. Distal fracture reaches almost the olecranon fossa

H-VIII L Lower three-fourths of a complete bone. Proximal fracture is at the top of the lateral crest of deltoid
tuberosity. The central portion of the distal trochlea is missing

H-X R Complete specimen

H-XI R Lower three-fourths of a complete bone. Proximal fracture is around mid m. pectoral major insertion.

H-XIII L From the top of the lateral crest of deltoid tuberosity proximally to the middle of olecranon fossa
distally. Articular surface, lateral and medial epicondyles are missing.

H-XIV L Lower half of a complete bone

H-XV L Complete specimen, although proximally the greater and lesser tubercles are badly eroded.

H-XXVI L Lower one-fourth of the shaft. Proximal fracture is around the minimum shaft perimeter level and
distal fracture at the middle of olecranon fossa.

H-XXVII R Almost complete diaphysis. Proximal fracture is at the surgical neck. Distal fracture is oblique and
medially includes the medial distal pillar that surrounds the olecranon fossa.

AT-93 R Approximately, the upper half of the shaft. Upper section is somewhat above the surgical neck and
distal section close to midshaft.

AT-217 R Approximately, the lower half of the shaft. Upper fracture is close to midshaft and distal fracture is
oblique and includes the medial distal pillar that surrounds the olecranon fossa

AT-464 R Approximately, the lower one-fourth of the shaft. Proximal fracture is around the minimum shaft
perimeter level and distal fracture is just above the olecranon fossa.

AT-1103 L Almost complete proximal epiphysis up to just below the lesser tubercle.

AT-2946 L Abraded proximal epiphysis up to around the surgical neck. The anterior portion of the head and
most of the lesser tubercle is missing.

AT-2951a L Distal epiphysis from the middle of the olecranon fossa level. Anteriorly, the medial border of the
trochlea is missing

AT-6839 R Distal epiphysis from the middle of the olecranon fossa level. The tip of the medial epicondyle is
eroded

Small fragments of diaphysis

AT-1946 ? Small fragment of the central shaft. Maximum length of 33.5 mm

AT-4049 L Small fragment of the central shaft. Maximum length of 23.5 mm

AT-4383 R Robust shaft fragment that includes the proximal half of the deltoid tuberosity lateral crest. maximum
length of 61.5 mm

Small fragments of proximal epiphysis

AT-2580 R Humeral head fragment

AT-4023 L Humeral head fragment

AT-4024 L Humeral head fragment

AT-4026 R Medial half of the humeral head. Maximum breadth can be measured = 49 mm

AT-4027 R Tip of the greater tubercle and bicipital sulcus

AT-4221 ? Humeral head fragment

Small fragments of distal epiphysis

AT-268 R Fragment of medial epicondyle and the medial lip of the trochlea

AT-333 R Central portion of the trochlea

(Continues)
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TABLE 1 (Continued)

Specimen Side Short description

AT-1781 R Fragment of medial epicondyle and the medial lip of the trochlea

Note: Composition of specimens: H-II = AT-787 + 788 + 1115; H-III = AT-661 + 1114; H-V = AT-1094 + 1102; H-VI = AT-1112 + 1113 + 1691; H-VII = AT-
1107 + 2052 + 5142; H-VIII = AT-3493 + 3494; H-X = AT-25 + 4315; H-XI = AT-1110 + 2046; H-XIII = AT-4184 + 4170; H-XIV = AT-790 + 2097; H-
XV = AT-658 + 2468 + 4316; H-XXVI = AT-6849 + 6850; H-XXVII = AT-6680.
aSpecimen comprised by AT-2951 + 2952.

TABLE 2 Inventory of the subadult SH humeri.

Specimen Side Short description

H-I R Abraded small distal epiphysis.

H-IV L Complete left specimen except for the humeral head. Proximal metaphyseal surface as well as the distal epiphysis
are well preserved. Medial epicondyle was not fused

H-IX R Proximal half of the humerus.

H-XII L Approximately distal two-thirds of the bone. From the distal portion of the bicipital sulcus to the distal end from
which the central portion is missing. The medial epicondyle, trochlea nor capitulum were fused.

H-XVI L Approximately proximal two-thirds of the bone.

H-XVII R Complete bone from proximal to distal metaphysis. Distal end has lost some fragments. The medial epicondyle,
trochlea nor capitulum were fused.

H-XVIII L Diaphysis from the roof of the olecranon fossa to approximately the middle of the deltoid tuberosity.

H-XIX R Central part of the diaphysis from the supraolecranon level to the beginning of the bicipital sulcus.

H-XX L Fragmented diaphysis from the supraolecranon level to the middle of the deltoid tuberosity.

H-XXI L Fragmented diaphysis from the supraolecranon level to the middle of the deltoid tuberosity.

H-XXII L Distal third of the bone only preserves the epicondylar region.

H-XXIII L Approximately central one-third of the diaphysis

H-XXIV R Almost complete bone. From proximal metaphysis to an eroded olecranon fossa. Medial pillar is missing

H-XXV R Approximately distal third of the diaphysis with the olecranon fossa roof and portions of lateral and medial pillars

H-XXVIII L Proximal one-third of the humerus. Includes part of the metaphysis and the bicipital region.

H-XXIX R Central portion of the diaphysis

AT-69 R Small fragment of distal diaphysis just above olecranon fossa.

AT-740 R Complete isolated and unfused capitulum and lateral part of the trochlea (distal lateral ossification center).

AT-789 L Eroded proximal portion of the bone. Most of the metaphyseal surface is missing.

AT-1089 L Approximately proximal one-fourth of the specimen. From metaphyseal surface to the end of bicipital sulcus

AT-1117 R Complete distal articular surface and part of the olecranon fossa. Medial epicondyle was not fused

AT-1787 R Complete and well-preserved unfused humeral head

AT-1801 L Eroded unfused humeral head

AT-1821 R Complete isolated and unfused capitulum and lateral part of the trochlea (distal lateral ossification center).

AT-1967 L Eroded unfused humeral head

AT-2568 L Complete isolated and unfused capitulum and lateral part of the trochlea (distal lateral ossification center).

AT-3986 L Eroded unfused humeral head

AT-4499 R Eroded distal articular surface

AT-5409 L Eroded unfused humeral head

AT-5635a L Eroded unfused humeral head

Note: Composition of specimens: H-I = AT-741 + 791; H-IV = AT-1084 + 1108 + 1116; H-IX = AT-1101 + 1813; H-XII = AT-1096 + 2200 + 2431; H-
XVI = AT-2204 + 2574; H-XVII = AT-1095 + 4095 + 4699; H-XVIII = AT-4175 + 4625 + 5605; H-XIX = AT-660 + 4180 + 4181; H-XX = AT-4167 + 4169
+ 4503; H-XXI = AT-2563 + 2564; H-XXII = AT-1269; H-XXIII = AT-1268: H-XXIV = AT-1808; H-XXV = AT-322 + 2357; H-XXVIII = AT-2123 + 4783; H-
XXIX = AT-742 + AT-1999.
aSpecimen comprised by AT-5635 + 5636 + 5637 + 5638 + 5684. In addition to the present inventory, there are some more recognized specimens with still
little anatomical information: four small fragments of proximal epiphysis, 12 fragments of central portions of diaphysis between 50 and 109 mm in length, and
25 bone flakes.
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Hamann–Todd Collection housed in the Cleveland
Museum of Natural History (Ohio). Also, literature refer-
ences to these and other samples are used in the compari-
sons and quoted within the text.

Descriptions of the traits are mainly based on adult
specimens but subadult conditions are also reported
when possible. The age at death of isolated bones of fos-
sil species is difficult to assess and, in most cases, just
the mature or immature status is indicated. Neverthe-
less, as metric and morphological traits change with
age, a precise determination of age at death is very
important for comparisons among immature specimens
in order to avoid misinterpretations. The maximum
humeral intermetaphyseal length (HIL) is a very useful
variable for properly estimating age at death in modern
subadult individuals, and there is one specimen from
SH that preserves this unaltered dimension, Humerus
XVII. Nevertheless, we are aware that the predictive
models for estimating age at death based on modern
children have limitations when applied to fossil speci-
mens (i.e., inter- and intra-specific variation in patterns
of growth and development, variation in body size and
body proportions, etc.). In order to partially overcome
these problems, we estimate the age at death of this SH
specimen (H-XVII) from predictive equations derived
from 11 modern samples with different growth patterns,
body sizes, and proportions (Table 3). Ten out of these
11 formulae were developed by least squares regression
and inverse calibration model (age is the dependent var-
iable regressed on HIL). The authors have previously
applied this approach in Bermúdez de Castro et al.
(2012) to estimate the age at death of the ATD6-121

subadult humerus of Homo antecessor, a lower Pleisto-
cene species. Nevertheless, the classical calibration (HIL
is regressed on age followed by a solution for the age) is
preferred if it is suspected that the estimated ages will
be an extrapolation beyond the useful limits of the refer-
ence sample ages (Konigsberg et al., 1998). Thus, to
cover as much recent variation and as many methodo-
logical approaches as possible, we have also employed
here the classical calibration model proposed by Car-
doso et al. (2014) (formula no. 11 in Table 3). A
weighted mean age and its 99% confidence limit are cal-
culated for the SH H-XVII specimen via meta-analysis
(the age derived from each regression equation is trea-
ted as an individual case, so the standard error of the
estimation for each regression formula is incorporated
in the final calculation).

There are within the SH sample other immature spec-
imens whose distal epiphyses are already fused or are in
the process of fusing. In these cases, we have used estab-
lished chronological standards for the union of the epiph-
yses and diaphysis to estimate age (Cardoso, 2008).
Finally, for the isolated proximal and distal epiphyseal
remains we have also used the standard charts of changes
in shape and size with age of these epiphyses (Brodeur
et al., 1981).

Following the estimation of age at death, comparisons
of metric and morphological traits in the subadult SH
individuals were made with the appropriate age groups.
In this case, for comparison used in assessments of sub-
adult SH individuals, we use three recent hominin collec-
tions of individuals with known age at death: (a) the
sample housed in the Bocage Museum (National

TABLE 3 Age (in years) prediction

regression formulae used for subadult

individuals.

No. Sample N Equation R2 SEE/MSE

1 Spitalfieldsa 90 Age = �5.09 + 0.06 + HIL .91 0.92

2 Portuguesea 48 Age = �4.92 + 0.07 + HIL .77 2.11

3 HTHa 18 Age = �4.91 + 0.06 + HIL .61 1.85

4 San Pabloa 25 Age = �6.03 + 0.07 + HIL .86 1.01

5 Dartb 42 Age = �5.46 + 0.07 + HIL .86 1.43

6 Kulubnartib 61 Age = �7.25 + 0.08 + HIL .82 1.57

7 Mistihaljb 29 Age = �10.50 + 0.09 + HIL .88 1.55

8 Indian Knollb 72 Age = �8.74 + 0.09 + HIL .92 1.34

9 Californiab 70 Age = �7.94 + 0.08 + HIL .93 1.25

10 Point Hopeb 61 Age = �7.64 + 0.08 + HIL .89 1.31

11 Portuguesec 102 Age = (HIL-79.97)/13.51 .92 1.13

Abbreviations: HIL, humeral intermetaphyseal length (in mm); MSE, mean standard error; SEE, standard
error of estimate.
aFrom Bermúdez de Castro et al. (2012).
bFrom Cowgill (2007). Formulae developed for individuals 3 years of age and older.
cFrom Cardoso et al. (2014). Formulae developed for individuals 2 years of age and older.
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Museum of Natural History, Lisbon, Portugal), (b) the
sample housed in the Department of Life Sciences at
Coimbra University (Coimbra, Portugal), and (c) a sam-
ple derived from the Hamann–Todd collection (HTH)
housed in the Cleveland Museum of Natural History
(Ohio, USA). In order to cover a larger range of variation,
the three subsamples were pooled in a larger single sam-
ple of recent humans. It is also important to note that in
some age groups, there are both individuals with a fused
distal epiphysis and others without. To take into account
this aspect, we divided these age groups into two different
subgroups: one with distal epiphyses unfused and one
with distal epiphyses fused.

3 | RESULTS AND DISCUSSION

3.1 | Inventory and minimum number
of individuals

A large number of humeral specimens have been recog-
nized to date from SH. Among the adults, there are
three complete bones (H-II, H-X, and H-XV) and
another 29 specimens that represent different portions
of the bone in variable states of preservation (Table 1).
Among the immature remains, there are four virtually
complete specimens (H-IV, H-XII, H-XVII, and H-
XXIV), all of them lacking only the still unfused proxi-
mal and/or distal epiphysis. In addition to these,
another 26 partial bones have been recovered, including
several isolated unfused epiphyses (Table 2). Tables 4, 5,
and 6 contain the main dimensions of the most com-
plete adult humeri. The main dimension and compara-
tive data for the most complete subadult humeri are
presented in Table 7.

Main subadult specimens are illustrated in
Figures 1–5, and figures of the main adult specimens can
be found sorted by specimen number in Figures 15–24.
Additional views of specimens are also figured through-
out the text as necessary.

Eight is the MNI represented by adult humeri based
on incompatible distal epiphyses of the right side

(complete or partial). Seven are represented by the distal
epiphysis of the left side. Additionally, seven is also the
MNI represented by immature specimens based on
incompatible distal regions of both the right and left
sides. Thus, at least 15 different individuals are repre-
sented by the humeri within the SH sample, eight adults,
and seven subadults.

3.2 | Age at death of the subadult
individuals

Regarding the isolated unfused proximal epiphyses, all
of them show the same maturation stage in which,
although unfused, they resemble the fully adult mor-
phology (Figure 1). AT-1801 and AT-1787 are good
examples to represent this maturity stage. In these
examples, both the greater and lesser tubercles are well-
defined, and the articular surface appears smooth and
without pitting, while the metaphyseal surface is hol-
lowed and billowed. In recent humans, this stage in
which the epiphysis is mature but unfused occurs during
adolescence. At present, it is not possible to associate
any proximal epiphyses to a specific diaphysis, and
therefore, the age at death of these specimens cannot be
estimated more accurately.

The developmental sequence represented by the ossi-
fication centers of the distal epiphysis is more complete
than that of the proximal end. The isolated centers of
capitula AT-1821 and AT-2568 represent the first
detected developmental stage (Figure 2). These two speci-
mens are almost spheric, but they have not developed the
complete curvilinear outline typical of adults (Brodeur
et al., 1981). In recent humans, the curvilinear outline of
the capitulum is noted as early as 5.5–6.0 years but can
be absent up to its latest appearance at 9–9.5 years. Thus,
we only can say that these SH capitula are under
9.5 years. AT-740 represents the next developmental
stage of this ossification center in which the lateral part
of the trochlea is already formed (Figure 2). Following
recent hominin standards, this stage occurs around
12 years (Brodeur et al., 1981).

TABLE 4 Main dimensions and indices of the adult SH humeral proximal epiphysis (in mm).

Proximal epiphysis H-II H-VII H-X H-XV AT-1103 AT-2946 AT-4026
Mean ± SD; NSide R R R L L L R

Proximal epiphysis breadth 50.7 51.1 51.7 45.7 48.2 49.5 ± 2.5; 5

Head vertical diameter 44.7 43.3 43.5 42 38.9 42.5 ± 2.2; 5

Head transverse diameter 47 48.5 48 (44) 41 43.1 49 45.8 ± 3.1; 7

Head shape index 105.1 112 110.3 104.8 105.4 107.5 ± 3.4; 5

Note: Parentheses indicate estimated value. Head shape index = (Head transverse diameter/Head vertical diameter) � 100.

2524 CARRETERO ET AL.
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Regarding the epiphyseal fusion sequence, in the SH
sample, there are two different developmental stages
represented. H-XII and H-XVII (Figure 3) represent the
first stage in which there is no trace of distal epiphysis
fusion. Nevertheless, this only provides a maximum age
of 16 years if they belong to a male individual or
14 years if they belong to a female individual
(Cardoso, 2008). Fortunately, H-XVII is complete, and
we can estimate its age at death based on the humeral
intermetaphyseal length (HIL, see the previous
section and Table 7). Our meta-analysis provides a mean
age of 10.3 years with a 99% confidence interval between
9.33 and 11.3 years. Moreover, the isolated capitulum
AT-1821 (see above) fits well with the distal metaphysis
of H-XVII. Considering the maximum age at death esti-
mated for this capitulum (under 9.5 years old), it is rea-
sonable to infer an age at death between 9.5 and
10 years old for H-XVII (Table 7). The less complete
H-XII from the left side shares with H-XVII (right side)
the distal end dimension and some anatomical details
such as muscular impressions that suggest that they
could belong to the same individual.

H-IV (Figure 4) represents the other developmental
stage where the distal compound epiphysis is fused, but
the medial epicondyle remains unfused. Although
H-XXIV (Figure 4) is broken at its distal end, some
traces of distal fusion are visible. Thus, following recent
hominin standards, the age estimated for H-IV and
H-XXIV is between 11 and 16 years (Table 7). However,
H-IV is shorter than H-XXIV so it is unlikely that they
belong to the same individual. The age at death of these
seven postcranial individuals is congruent with those of
the 12 subadult individuals identified by dental remains
(Bermúdez de Castro et al., 2021). In addition to these,
there are 13 other subadult humeral fragments whose
age at death is uncertain and quite difficult to establish
(Figure 5).

3.3 | Main metric and morphological
features of the SH humerus

3.3.1 | Maximum length

Maximum length is quite variable within recent human
populations (Delsaux, 1977; Vandermeersch &
Trinkaus, 1995) as well as among the three complete SH
specimens (Carretero et al., 1997). H-II and H-XV can be
considered long humeri (maximum length = 342 mm;
more than 2.5 SD above many reported recent samples).
On the contrary, H-X has a maximum length (318 mm)
that is more common among recent humans. The small
available Neandertal sample is characterized by aT
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comparatively short humerus (301.6 ± 12.0, n = 6;
Carretero et al., 1997). It is unclear at present whether
within this population the variation in SH humerus
length is related to high variation in arm proportions or
brachial index. For this, it is necessary to associate
humeri and radii which is still difficult to accomplish
with certainty. In sum, the present sample from SH indi-
cates that these hominins were quite variable in humeral
length and that, probably, on average they were above
the values that characterized the later Neandertals.

3.3.2 | Midshaft shape

The shape of the humeral shaft, as expressed by the mid-
shaft index (Table 5), is also quite variable in recent

humans, and rounded shafts and mediolaterally com-
pressed shafts are each observed in nearly 50% of the
samples (Aiello & Dean, 1990; Delsaux, 1977). Among
the SH hominins, all shaft morphotypes are also repre-
sented, and both, mediolaterally compressed and
rounded midshafts are each observed at a frequency of
approximately 50% in the adult total sample. Six out of
13 adult specimens have a shaft index within the platy-
brachic range, that is, mediolateratlly compressed shaft
or a midshaft index below 76.5. H-II is near this limit
(76.4). The other six adult specimens exhibit eurybrachia
(i.e., rounded midshaft or an index above 76.5; Table 5).
The SH mean is also very close to the platybrachia limit
(75.9 ± 4.4). Finally, all subadult humeri are character-
ized by eurybrachia (Table 7). The same variation can be
found in the Neandertals (Delsaux, 1977; Thoma, 1975;

TABLE 7 Main dimensions of the most complete subadult humeri from SH and some comparative recent data.

Side
H-IV H-XII H-XVII H-XXIV

Recent age groups for comparisons

L L R R
Preservation Complete Partial Complete Partial

Estimated age at
death (years) 11–16 9.5–10 9.5–10 11–16

9–11
(N = 23)

12–16 unfused
distal
end (N = 11)

12–16 fused distal
end (N = 8)

Variables Mean SD Mean SD Mean SD

Humeral length 270 233a 233 293b 203.0 31.2 249.7 27.5 287.1 29.2

Midshaft min. diameter 15.2 13.4 12.8 16.1 12.7 1.5 14.0 1.2 16.0 1.2

Midshaft max. diameter 18.8 17.2 14.9 20.1 14.8 1.6 16.7 1.4 19.0 1.9

Midshaft perimeter 54 60 50 60 45.3 5.8 50.4 5.2 32.8 19.7

Distal metaphyseal
breadth (DMB)

52.0 48.0 38.7 3.8 44.8 5.7 49.9 10.3

Olecranon fossa breadth
(OFB)

28.3 25.5 19.9 2.5 25.4 8.2 29.9 8.2

Medial pillar thickness
(MPT)

8.3 9.2 7.9 1.1 11.0 3.6 13.8 4.3

Lateral pillar thickness
(LPT)

14.9 13.4 11.9 1.9 13.7 1.9 15.4 2.0

Midshaft index 80.8 77.9 85.9 89.1 85.8 4.1 83.9 4.3 84.2 9.4

Robusticity index 20.0 (25.7) 21.5 (20.5) 22.7 3.7 19.5 5.7 11.8 7.5

Pillar index 55.7 68.7 67.6 10.5 77.3 24.3 90.4 29.2

MPT/DMB 16.0 19.2 20.4 2.0 25.0 6.4 29.0 11.0

MPT/OFB 29.3 36.1 40.1 5.6 45.2 7.4 45.2 7.4

OFB/DMB 54.4 53.1 51.2 3.4 55.7 12.4 55.7 12.4

DMB/Humeral length 19.3 (20.6) 19.4 2.8 18.0 1.8 17.1 3.7

Retroversion angle 35� 59.6�

aHumeral length assuming that the specimen belongs to the same individual as the complete H-XVII. In parentheses, the computed values assuming that
humeral length.
bMaximum preserved length is 288 mm. We have estimated the maximum length of H-XXIV by rescaling and joining in 3D images from CT-Scan of the distal
epiphysis AT-1117 that is in a compatible state of development. In parentheses, the computed robusticity index assuming this humeral length.
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Trinkaus, 1983; Vandermeersch, 1991), though most of
the specimens are characterized by platybrachia
(82%, n = 22).

FIGURE 1 Proximal unfused epiphysis AT-1801 (left side) and

AT-1787 (right side) in proximal (above) and metaphyseal (below)

views. All subadult proximal epiphyses from SH show the same

maturation stage. AT-1801 and AT-1787 are good examples of this

stage where they resemble the adult ones. Both, the lesser (a) and

greater (b) tubercles are well-defined and easily identifiable. The

articular surface appears smooth without pitting (above), while the

metaphyseal surface is hollowed and billowed (below). Scale in cm

FIGURE 2 Subadult distal epiphyseal remains in different

states of development. Top row: three complete isolated unfused

capitula and lateral part of the trochlea (distal lateral ossification

center). AT-1821 and AT-2568 are a left and right capitulum which

represents the first developmental stage where the trochlea is

barely present. AT-740 (left side) represents the following stage in

which the lateral part of the trochlea is already formed (white

arrow). Bottom row: anterior view of two distal epiphyses that

represent the last stage of development where only the medial

epicondyle has not yet been merged, although H-I is likely younger

than AT-1117. R, right humerus; L, left humerus. Scale in cm

FIGURE 3 Subadult left H-IV and right H-XXIV in anterior

and posterior views from left to right. Scale in cm

FIGURE 4 Subadult left H-XII and right H-XVII in anterior

and posterior views from left to right. Scale in cm
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3.3.3 | Robusticity index and handedness

Among the three complete SH humeri, the robusticity
index varies considerably (from 49.3 to 17.5; Table 5).
This index is higher in H-II (49.3) and H-X (21.5), both
from the right side, than in H-XV (17.5), which is the
same length as H-II but is from the opposite side. The
shaft robusticity variation could be related to arm lateral-
ity, a condition that it is common among recent humans
and Neandertals (Auerbach & Ruff, 2006; Pérez-Criado
et al., 2017; Ruff et al., 1993; Sl�adek et al., 2016; Trinkaus
et al., 1994). Nevertheless, while the humeral shaft asym-
metry can be very large, asymmetry in humeral length
and articular breadth, although favoring the right side, is
relatively small and consistent between temporal periods
(Sl�adek et al., 2016).

Fitting into this pattern, the differences in shaft
dimensions between H-II and H-XV are quite large, while
the proximal and distal articular dimensions are more
similar. These differences could be attributed to laterality
within the same individual, as they are similar to articu-
lar laterality differences found among different Pleisto-
cene and recent H. sapiens samples (Sl�adek et al., 2016;
Trinkaus et al., 1994). Nevertheless, H-III, also from the
left side but incomplete, is very similar in morphology,
shaft, and articular dimensions to H-II and a perfect can-
didate to be its antimere. In this case, laterality would not
be significant. In any case, as we have detected in previ-
ous studies, the humeral shaft laterality could play an
important role in the variation of SH sample (Arsuaga

et al., 1997, 2015; Lorenzo et al., 1998). Diaphyseal cross-
sectional parameters of Neandertal humeri are always
larger on the right than on the left side, which is inter-
preted as a sign of right-hand dominance (Trinkaus
et al., 1994). Although we cannot be certain of the associ-
ation of bones from the same individual, we found the
same bias in the SH sample favoring right side.

The subadult complete H-IV and H-XVII show a
robusticity index close to the mean of their respective age
groups (12–16 and 9–11). However, it is important to note
that H-IV already has the distal epiphysis fused and com-
pared to our recent subgroup in the same condition, this
SH specimen is a robust bone (1 SD above the recent
mean of 12–16 years with fused distal end; Table 7). The
same is true if we consider the estimated length for H-
XXIV: its robusticity index is 1 SD above the mean of the
group with fused distal epiphyses.

Interestingly, H-IV is from the left side and our recent
sample is not divided by side. In this sense and as men-
tioned above, H-XII (incomplete) and H-XVII could
belong to the same individual, but the shaft dimensions
of the former (left side) are larger than those of the latter
(right side). Assuming the same length for both speci-
mens (233 mm), the robusticity index of H-XII (25.7) is
higher than in H-XVII (21.5) albeit just moderately high
compared with our recent sample (0.8 SD above the
recent sample mean of 9–11 years; Table 7). These differ-
ences in shaft dimensions are equivalent to those we
found between the adult specimens H-II (R) and H-XV
(L), but in the opposite direction (in the subadult the left
side is the most robust). Since there is no reason to dis-
card laterality as an explanation for some robusticity vari-
ation among the subadults, and assuming that H-XII and
H-XVII belong to the same individual, the humeral shaft
asymmetry manifests itself early in life in this Pleistocene
population.

In the SH sample, handedness has been studied by
analyzing incisor labial striation and brain endocast
asymmetries (Lozano et al., 2009; Poza-Rey et al., 2017).
A left-handed preference was inferred for subadult
Cranium-16 based on both dental striations and endocra-
nial petalias (i.e., greater protrusion of one cerebral hemi-
sphere relative to the other). On the other hand, another
subadult cranium (Cr-6) was inferred to have a left-
handed preference based on endocranial asymmetries,
however, the handedness inference based on dental striae
does not coincide (Poza-Rey et al., 2017). One possibility
contemplated by these authors is that this individual was
ambidextrous. The estimated dental ages for Cranium-6
(13.3–16.1 years old) and Cranium-16 (16–17 years old)
are older than those obtained for H-XII and H-XVII
(9.5–10 years old; Table 7). However, it is important to
note that the dental age was estimated from the

FIGURE 5 Other humeral subadult specimens from SH in

anterior view. R, right humerus; L, left humerus. Scale in cm
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development of the third molar and Modesto-Mata et al.
(2022) have shown that SH hominins show an advanced
development of the third molars with respect to the
recent Homo sapiens. This fact, combined with the
reduced enamel formation times, indicates a shorter den-
tal development pattern in comparison to recent hominin
averages. Thus, it is likely that dental age in these homi-
nins is overestimated when we use modern dental stan-
dards. In any case, the possible humeral asymmetry
detected between the H-XII and H-XVII (if they belong to
the same individual) is compatible with the evidence of
handedness found within the SH subadult crania.

3.3.4 | Cross-sectional parameters

Cross-sectional parameters of the humeral shaft can also
be studied at 35% humeral length (below mid-shaft)
within the SH sample (Carretero et al., 2009;
Rodríguez, 2013). First, generalized thickening of cortical
bone is a well–known postcranial characteristic of SH
(Carretero et al., 2009) and other archaic hominins
(Churchill, 1998; Di Vincenzo et al., 2015; Trinkaus
et al., 1994, 1999; Trinkaus & Churchill, 1999). We think
that this trait could characterize not only limb bones, but
the entire skeleton of SH hominins (Carretero
et al., 2018). The relatively thicker cortical bone demon-
strates the greater resistance of all these archaic humeri
to axial loading in comparison with some recent humans
(Trinkaus & Churchill, 1999). According to Trinkaus
et al. (1999), at both the 35% and 65% levels, Neandertals
generally have a higher relative cortical area than
early recent humans, and the SH hominins share this
pattern with Neandertals (Arsuaga et al., 1991, 2015,
Rodríguez, 2013; Figure 6).

Other cross-sectional geometric parameters measure
the distribution of skeletal tissue in bone sections and
provide biomechanically relevant measurements that
reflect loading modes, structural adaptation, and activity

patterns (e.g., Katzenberg & Saunders, 2008;
Larsen, 1997; Ruff, 2000, 2008). Analysis of the polar
moments of area of SH humeri at 35% of their maximum
length (Rodríguez, 2013), indicates that, when size
(humeral length) is considered, the moments of inertia Ix
and Iy (bone distribution) do not differ significantly from
those of some medieval samples on either side, reflecting
similar levels/patterns of activity. As proposed by Larsen
et al. (1995) and Trinkaus and Churchill (1999), since the
polar moments of area combine the effects of cortical
area and the relevant distribution of bone within the
cross-sections, the comparisons of these parameters with
humeral length provide a better evaluation of relative
robustness.

Additionally, although it may seem otherwise due to
their greater cortical thicknesses, the overall strength of
the humeral sections expressed by their section modulus
“J” shows that the three complete SH humeri possess the
overall strength to be expected when compared to
present-day humeri of the same length (Rodríguez, 2013).

3.3.5 | Humeral retroversion angle

Humeral torsion refers to the orientation of the humeral
head relative to the mediolateral axis of the distal
humerus (twisting of one end of the humerus in relation
to the other). However, there is a discord between the
evolutionary and clinical definitions of this trait that con-
tribute to the confusion concerning how to measure
humeral torsion (Larson, 2007a, 2015; Rhodes, 2007).
Furthermore, there are also some differences in the way
to define the proximal humeral axis: a line bisecting artic-
ular margins of the humeral head at the anatomical neck,
following Martin and Saller (1928) or Roach et al. (2012),
drawn through the center of the humeral head dividing
it into anterior and posterior halves (Rhodes &
Churchill, 2009), or passing through the center of the
head and the center point on the greater tubercle of the
humerus (Patil et al., 2016).

Regarding this issue, here we prefer to follow the clin-
ical presumption that the default condition for the homi-
nin shoulder joint is to have a glenoid facing directly
laterally and a humeral head pointing directly medially
while the distal transversal axis is also mediolaterally ori-
ented, that is, both axes, proximal and distal, are parallel
or forming a zero-degree angle (Figure 7a). Deviation of
the humeral head from this default to a more posterior
orientation is called retroversion in the literature
(Larson, 2007a, 2015). Retroversion is the angular com-
plement to humeral torsion as traditionally measured, so
increasing retroversion means reduced torsion and vice
versa (see figure 1 in Larson, 2007a).

FIGURE 6 Cross-sections at 35% of the total length of some

humeri from SH. Sections are view from distal and in all of them

anterior is up. Scale represents 1 cm
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As would be expected, recent humans display a wide
range of retroversion angles averaging around 25�–30�
(e.g., Edelson, 1999; Johnson et al., 2013; Kronberg
et al., 1990; Larson, 2015). Martin and Saller (1928) report
a range between 45.5� and 16.0� for 29 recent sample
means and for example, Themido (1926) reports for a
Portuguese sample of known sex, a mean of 27.7 ± 9.8
for males (n = 42), and 22.6 ± 9.5 for females (n = 62).

The retroversion angles of the three complete SH
humeri (Table 4) as well as their average (40.7 ± 6.4�) are
toward the highest values reported for recent samples, as
is also the case in the Neandertals (Carretero et al., 1997;
Delsaux, 1977; Rodríguez, 2013; Rosas et al., 2006, 2015;
Vandermeersch & Trinkaus, 1995). Our mean of the five
Neandertal specimens where retroversion can be mea-
sured is 35� ± 7.8 (Lezetxiki = 36�; La Ferrassie 1 = 48�;
La Chapelle Aux Saints = 28�; Düseldorf = 31�; Tabun
C1 = 32�). This means that the humeral head in the SH
hominins, as well as in Neandertals, is more posteriorly
facing than is the rule in recent humans, or that their tor-
sion angle is lower.

Humeral torsion is an important variable that influ-
ences orientation and ranges of movement of the upper
limb relative to the trunk (Kapandji, 1996). Some studies

indicate that the shape of the trunk of archaic
hominins influences humeral torsion angle more
than muscle activity (Churchill, 1996; Churchill &
Rhodes, 2009; Cowgill, 2007; Rhodes & Churchill, 2009;
Vandermeersch & Trinkaus, 1995). The anteroposterior
expansion of the chest may influence the position of the
scapula, which may be moved from a more coronal/lateral
to a more parasagittal/anterior position. Reorientation of
the glenoid fossa would necessarily lead to increased head
retroversion to keep the elbow in the coronal plane. In this
view, the relatively long clavicles of the Neanderthals were
also products of large chest size, needed to bridge the lon-
ger distance from the sternum to the acromion (Bastir
et al., 2013; Churchill, 1996; García Martínez et al., 2014,
2020; Vandermeersch & Trinkaus, 1995).

On the other hand, some studies in the field of sports
medicine indicate that individuals who engage in habit-
ual throwing have increased humeral retroversion angles
in their throwing arms and a greater degree of bilateral
asymmetry in retroversion angles than nonthrowers
(Kuhn, 2016; Larson, 2007b; Roach et al., 2012, 2013;
Roach & Lieberman, 2014; Roach & Richmond, 2015).
This view proposes that greater external rotational range
of motion at the shoulder increases throwing velocity and

FIGURE 7 (a) Retroversion angle

of the humeral head as measured in this

work. The outline of the proximal end is

shown in proximal view with its

mediolateral axis (green line, 1). The

distal end is shown as a dashed line and

the red line (2) is its transverse axis.

(b) Cubital angle defined by Martin and

Saller (1928) as variable M16. This angle

is referred to in some medical literature

as a Baumann's angle or sometimes as

the carrying angle. The images below

illustrate the most common

representation of the carrying angle

defined as the angle between the axis of

the upper arm, usually the axis of

humerus, and the axis of the forearm,

usually the axis of the ulna. (c) In the

cubitus varus deviation the carrying

angle is very low, <5�; (d) represents the
normal variation of the carrying angle in

males and females; (e) in the cubitus

valgus deviation the carrying angle is

high, above 15�. Images c, d, and e from

http://www.coteillustration.com

(©UWorld)
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relates the high degrees of humeral retroversion in the
fossil specimens to this activity. From this point of view,
the scapular position of Neandertals would be more pos-
terior in the thorax and the glenoid cavity more lateral,
and in this case, clavicular elongation was most directly
related to dorsal repositioning of the scapula
(Larson, 2007a, 2007b, 2009). As we can see, determining
the scapular position (more posterior or more lateral) and
the relative clavicular length in fossil specimens is a key
issue not easy to resolve (Melillo et al., 2019;
Voisin, 2006) and which we have discussed in García-
Gonz�alez et al. (2024).

Since the very beginning of our work on the SH fos-
sils (Carretero et al., 1997), we have contended that the
high humeral retroversion angle of the SH hominins is
more related to their barrel-shaped thorax and broader
general body form (Arsuaga et al., 1999, 2015; Bonmatí
et al., 2010; Carretero et al., 2004, 2012), as is also the
case for the adult and subadult Neandertals (Bastir
et al., 2013; García Martínez et al., 2014, 2020; G�omez-
Olivencia et al., 2009, 2018; Rosas et al., 2015;
Vandermeersch & Trinkaus, 1995) than to habitual
throwing. Nevertheless, we are aware that testing all
these hypotheses requires additional fossil records and
data on anatomical changes in the upper body that affect
the ability to throw with power and accuracy (Roach
et al., 2012). Regardless of the causes, it appears that a
greater degree of retroversion indicates a greater ability
to generate greater force in pulling motions because it
increases the range of external rotation as the deltoid is
more anteriorly positioned (Cowgill, 2007 and see below).

From a phylogenetical point of view, the retroversion
angle is high not only in SH and the Neandertals, but in
Homo ergaster KNM-ER WT-15000 (Walker &
Leakey, 1993), Homo georgicus (Lordkipanidze et al.,
2007), Homo floresiensis (Larson, 2007b, 2009; Larson
et al., 2007), Homo naledi (Feuerriegel et al., 2017), Austra-
lopithecus afarensis (Alemseged et al., 2006; Stern Jr &
Susman, 1983) and Australopithecus sediba (Churchill
et al., 2013). This evidence would provide support for the
plesiomorphic condition of a high retroversion angle
within the hominins and the hypothesis of long-term con-
tinuity of this trait within the genus Homo. As all homi-
nins show a high retroversion values, the lower degree of
retroversion of recent humans would be a more recently
derived condition. To note here that extant African apes
are also characterized by a low degree of humeral retrover-
sion and thus, the shared condition by recent humans and
African apes seems to be a functional convergence
(Larson, 2015) and a secondarily derived condition of H.
sapiens within the hominins.

On the other hand, Krahl (1976) has demonstrated
that humeral retroversion includes an ontogenetic

component in addition to a phylogenetic component in
humans, which increases from birth until the proximal
epiphyseal cartilage of the humerus disappears and bony
fusion occurs. Moreover, Krahl (1976) noted that
humeral rotator muscles provide the forces involved in
the production of humeral torsion. Thus, the ontogenetic
changes in humeral retroversion in subadult individuals
seem to be an important issue. In this sense, we must
remember the high degree of retroversion present in the
subadults KNM-WT 15000 (Walker & Leakey, 1993) and
Dmanisi individuals (Lordkipanidze et al., 2007),
although, in the latter, it seems not to be lateralized.

In recent humans, humeral retroversion also
decreases with age, with the highest values attained
between birth and 2 years (Cowgill, 2007). The retrover-
sion angle of the two SH complete subadult humeri is
59.6� in the younger H-XVII and 35� in the older H-IV.
Thus, it seems that the same ontogenetic pattern is pre-
sent also in the SH archaic hominins. The retroversion
angle for H-XVII is toward the highest values for the
equivalent age groups reported by Cowgill (2007: a mean
retroversion angle for the age group between 6 and
9.9 years of 36.2� with a range between 9� and 66�).

Moreover, the retroversion angle of the older H-IV is
close to the mean of its respective age group and also
close to the retroversion angles showed by the adult spec-
imens H-II and H-XV. For recent humans, the age group
between 10 and 13.9 years old shows a mean retroversion
angle of 34.4�, with a range between 12� and 62�

(Cowgill, 2007). In recent humans, ontogenetic changes
in the humeral retroversion angle cease between 16 and
20 years (Edelson, 1999; Krahl, 1976). The upper limit of
the estimated age of the H-IV is 16 years old, thus, it is
possible that this specimen had already attained its adult
value, and considering this option, the retroversion angle
for H-IV is toward the upper limit of recent hominin vari-
ation. This evidence seems to indicate that, as in adults,
high retroversion angles also characterized subadult
humeri from SH. In sum, the high humeral retroversion
of SH adults and subadults, provides support for the
hypothesis that this trait is highly related to general body
form and that might be interpreted as part of a plesio-
morphic configuration of the upper body of archaic
hominins.

3.3.6 | Muscular impressions

As is the case in other bones, among the SH humeri,
there is a large amount of variation in the humeral shaft
muscular impressions, from very strong to weak. This
variation is the same that can be observed in recent
human humeri. Nevertheless, it is also true that the
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majority of SH specimens have well-developed shaft
insertions for the Latissimus dorsi, Pectoralis major, and
Teres major muscles, as well as a broad bicipital groove
(tendon of the Biceps brachii) and overall, a massive and
well anteriorly projected lesser tubercle (insertion of the
Subscapularis). This set of traits is good evidence of a
strong shoulder musculature in most individuals. For
some authors, the extraordinary development of the mus-
cular impressions of the Neandertal humeral shaft set
them apart from the pattern of recent humans
(Thoma, 1975; Trinkaus, 1983; Trinkaus et al., 1994;
Vandermeersch, 1991; Vandermeersch & Trinkaus,
1995). However, neither the muscular impressions nor
robustness are necessarily linked to muscle development
alone, and shaft dimensions and cross-sectional geometry
also play an important role (see above). Additionally, we
have calculated (Carretero et al., 2018) that the SH
humeri and femora have around 25–35% more bone vol-
ume than recent bones of the same size, a trait that we
relate with a heavier skeleton and much more muscular
mass and body mass in these archaic hominins.

Regarding the deltoid tuberosity (DT) itself, in all the
SH humeri, the aspect of this insertion is different from
recent hominin morphology. The fossils show what we
called “a close” or narrow DT (Carretero et al., 1997).
The Deltoid muscle is divided into three parts (clavicular,
acromial, and spinal deltoid) that have their reflection in
three segments of the deltoid tuberosity (G�omez
et al., 2020; Leijnse et al., 2008; Figure 8). The clavicular
portion inserts in the anterior/ventral segment of the DT
(on the anterior humeral border), the spinal portion
inserts in the upper 2/3 of the lateral/dorsal segment of
the DT while the acromial portion inserts in the distal
1/3 of the same segment (called the middle segment of
the DT; G�omez et al., 2020).

When the SH humeri are observed in lateral view, it
is very clear that the lateral/dorsal crest of the DT is
rather vertical and less inclined backwards, or more cen-
tered in the lateral humeral surface, and does not reach
the lateral border of the diaphysis (Figure 9). Thus, the
form of the deltoid tuberosity of the SH humeri (n = 6) is
both, very consistent and distinctive, and different from
the condition found in recent humans. Among the seven
SH subadult humeri where it can be observed, the deltoid
tuberosity displays the same morphological pattern as in
adults.

Neandertals also have a “narrow” deltoid tuberosity
(Carretero et al., 1997; Churchill, 1996; Endo, 1971;
Endo & Kimura, 1970; Hublin et al., 1987; Rosas
et al., 2006, 2015; Thoma, 1975; Vandermeersch, 1991;
Vandermeersch & Trinkaus, 1995) and this is also the
condition found in the scarce evidence for this anatomi-
cal region in early members of our genus (Carretero

et al., 1997: Homo habilis OH-62, Homo ergaster KNM-
WT 15000 and Homo erectus from Zhoukoudian) as well
as in the A. afarensis humerus AL-288-1m (Lovejoy
et al., 1982). Thus, a narrow deltoid tuberosity shape
seems to be the primitive condition for hominins.

The functional implication of this deltoid configura-
tion is not fully clear at present, but as described above,
the most conspicuous difference between the SH and
recent humeri is the position of the insertion of the spinal
portion of the m. deltoideus (the lateral crest). The

FIGURE 8 The posterior/spinal (blue), lateral/acromial

(green), and anterior/clavicular (red) portions of the deltoid muscle.

From Anatomography BodyParts3D, Copyright 2008 Life Science

Integrated Database Center licensed by CC Display-Inheritance 2.1

Japan, in Wikimedia commons, a free content repository hosted by

the Wikimedia Foundation

CARRETERO ET AL. 2533

 19328494, 2024, 7, D
ow

nloaded from
 https://anatom

ypubs.onlinelibrary.w
iley.com

/doi/10.1002/ar.25194 by U
niversidad D

e B
urgos, W

iley O
nline L

ibrary on [02/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



primary function of the deltoid muscle in humans is the
elevation of the forelimb in the scapular plane, with the
clavicular (anterior) portion acting as a flexor and inter-
nal rotator of the glenohumeral joint, the acromial (cen-
tral) portion as an abductor, and the spinal (posterior)
portion acting as an extensor and external rotator. As
mentioned above, it appears that a high retroversion
angle indicates a greater rate of pull because it increases
the range of external rotation as the deltoid is more
“anteriorly positioned” (Cowgill, 2007). Thus, as is the

case in Neandertals (Churchill, 1996), the high retrover-
sion and the peculiar morphology of the DT in the SH
humeri (and other hominins) are associated (Carretero
et al., 1997). Even if the shape of the DT is not directly
caused by the high humeral retroversion, these two traits
appear to be closely associated: high retroversion occurs
with a more anteriorly positioned DT and more anteri-
orly displaced lateral crest (insertion of the spinal/
posterior portion of the muscle). Nevertheless, it is not
only the posterior deltoid that externally rotates the

FIGURE 9 Deltoid muscular crests in H-III from SH and a recent humerus. On the left and the middle H-III in anterior (A) and lateral

(L) view, respectively. On the right, a modern human humerus from the collections housed at the University of Burgos. The white arrow

points to the Pectoral Major insertion, the red arrow to the anterior deltoid crest, and the yellow arrow to the lateral deltoid crest. Note the

commonly more open H. sapiens configuration with three clear muscular crests (red, yellow, and blue arrows) instead of the two almost

constantly present in the fossil specimens. Scale in cm
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glenohumeral joint, but the m. infraspinatus and m. teres
minor are also very important. Thus, as is well known,
the whole bony and muscular complex should be consid-
ered to functionally interpret any articulation. In this
regard, we must keep in mind that the high retroversion
angle that characterizes the fossil humeri apparently
rotates the complete proximal epiphysis posteriorly, thus,
while humeral head moves posteriorly, the greater and
lesser tubercles and the bicipital sulcus moves anteriorly,
and with them, the insertions of rotator cuff muscles and
m. biceps brachii. This scrolling seems to be favorable for
the dorsal muscles, but apparently not so much for the
subscapular and other ventral muscles with insertions on
the proximal-anterior region of the humeral shaft.

Finally, we note here too that the right H-VIII, one of
the largest specimens, shows a massive and conspicuous
enthesopathy alteration on the lateral crest of the deltoid
tuberosity (Figure 10). The etiology of this alteration is
under study but its macroscopical image fits with a myo-
sitis ossificans traumatica, a condition where bone tissue
forms inside muscle or other soft tissue after an injury. It
tends to develop in young adults and athletes who are
more likely to experience traumatic injuries and most of
the time occurs in the large muscles of the arms or the
legs (see e.g., Beiner & Jokl, 2002; Cushner &
Morwessel, 1992).

The debate about to what extent these humeral (and
other shoulder girdle traits, see García-Gonz�alez et al.,

2024) of SH and Neandertals are related to a particular
body shape configuration, to a particular behavior and
arm use, or both, is still open. The kinds of behavior/s or
physical activities that could generate frequent and large
external rotation to develop these arm adaptations are
not clear cut, but habitual overhead high-speed throwing
or frequent knapping and lithic tool use have been
largely discussed (Churchill, 1996; Churchill &
Rhodes, 2009; Larson, 2007b, 2009, 2015; Roach &
Lieberman, 2014; Roach & Richmond, 2015). Obviously,
some other activities come to our mind that could be
introduced into the equation: stalking and close-range
hunting (spearing), breaking bones, butchering, deflesh-
ing, and transporting meat, stones, prey, or any other
materials. Additionally, Shaw et al. (2012) consider that
scraping activities, such as hide preparation, may be a
key behavior in determining the unusual pattern of
Neandertal arm morphology.

3.3.7 | The proximal epiphysis

The five SH preserved proximal epiphyses where the
head can be measured are characterized by a clearly
transversely oval humeral head, that is, transverse or
mediolateral diameter is greater than the vertical or sagit-
tal one (Figure 11). This trait is constant regardless of the

FIGURE 11 Above: proximo-medial view of the humeral

heads AT-1103 and H-II as examples of its transversely oval shape.

Below: proximal epiphysis of the H-II in lateral view showing the

massive lesser tubercle (white arrow) and the broad bicipital sulcus

(red arrow). Scale in cm

FIGURE 10 Enthesopathy alteration on the lateral crest of the

deltoid tuberosity of the left H-VIII from SH in posterior (P) and

lateral (L) views whose etiology is compatible with a myositis

ossificans traumatica. Scale in cm
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side and size of the specimens and can be considered
another upper limb feature linked to their different upper
body shape (Arsuaga et al., 2015). A transversely oval
humeral head also characterizes the Neandertals
(Boule, 1911–1913; McCown & Keith, 1939; Basabe, 1966;
Heim, 1982; Rosas et al., 2015), while the opposite condi-
tion, that is, a vertically oval humeral head, is the rule in
recent humans (Carretero et al., 1997; Dittrick &
Suchey, 1986; Krogman & Yasar-Iscan, 1986;
Themido, 1926).

The humeral head is vertically oval in Ardipithecus
ramidus from Aramis (Lovejoy et al., 2009; White
et al., 1994), in Au. afarensis and Au. africanus specimens
and in the taxonomically unaffiliated specimen KNM-ER
1473 from East Turkana (pers. observ., Lovejoy
et al., 1982; Carretero et al., 1997) and is also vertically
oval in Au. sediba (Churchill et al., 2013; Feuerriegel
et al., 2017). Unfortunately, neither the Nariokotome par-
tial skeleton KNM-WT 15000 nor H. georgicus
(Lordkipanidze et al., 2007), H. floresiensis (Larson
et al., 2009), or H. naledi (Feuerriegel et al., 2017) speci-
mens preserve the humeral heads. Nevertheless, Feuer-
riegel et al. (2017) estimate humeral head diameters for
the H. naledi U.W. 101-283 right humerus, indicating a
vertically oval humeral head. Thus, the limited evidence
points to a vertically oval humeral head as the primitive
condition for the hominins and a transversely humeral
head as a derived morphology for at least the European
Neandertal lineage.

As is the case for the previously mentioned shaft
traits, the specific functional meaning, if any, of the
transversely oval humeral head is not clear, but is likely
linked with the shaft traits described above and overall,
with the scapular glenoid fossa morphology. In SH
(Carretero, 1994; Carretero et al., 1997; García-Gonz�alez
et al., 2024) and the Neandertals (Churchill & Trin-
kaus, 1990; Di Vincenzo et al., 2012; Trinkaus, 1983) this
humeral head morphology is present along with a nar-
rower glenoid cavity of the scapula. The most obvious
effect of this morphology of the glenohumeral articula-
tion is enhancing ranges of motion of external and inter-
nal rotation at the shoulder joint. Again, the rotator cuff
and the posterior and anterior deltoids are likely
implicated.

A relatively narrow scapular glenoid cavity suggests
high levels of joint reaction forces at the articulation
(Churchill & Trinkaus, 1990; Lieberman et al., 2001), and
together with a broader humeral articular head could
mean also less shoulder joint congruency or stability in
the SH and Neandertals archaic hominins. As mentioned
above, the glenohumeral joint congruency is maintained
primarily by the rotator cuff muscles inserted into the
articular capsula and, if the shoulder joint is

morphologically and mechanically “less stable” (more
labile) then, muscular hypertrophy should help to main-
tain the articular stability. It is not clear whether the dor-
soventral range of movement of this configuration is
narrower than in recent humans, as a transversally
expanded humeral head could compensate for the nar-
row glenoid cavity. Again, although these mechanical
details must be still demonstrated, it is also reasonable to
relate shoulder morphology with a necessary adjustment
to the barrel-shaped thoraxes of both groups (SH and H.
neanderthalensis).

The greater tubercle does not look especially robust
in any SH specimen but, whatever the development of
the shaft muscular impressions, all of them show a mas-
sive (inflated) and anteriorly well-projecting lesser tuber-
cle, a condition that can be found also in Neandertals
(Basabe, 1966; Carretero et al., 1997; Rosas et al., 2015;
Vandermeersch & Trinkaus, 1995). This massive lesser
tubercle can be related to a strong m. subscapularis, an
important part of the rotator cuff that stabilizes the
shoulder joint anteriorly. Fossil record of the early homi-
nin proximal humerus is extraordinarily scant and frag-
mentary (Sts 7, KNM-ER 1473, KNM-BC 1945, Omo
119-73-2718, A.L. 288-1r, A.L. 333-107 and A.L. 333-87)
but the lesser tubercle is described as very elongated and
often protruding (Senut, 1981). Carretero et al. (1997)
considered unclear the phylogenetic significance of the
massive lesser tubercle shared by SH hominins and the
Neandertals, but Larson (2007b) comments that an
enlarged lesser tubercle in the SH and Neandertals is
reminiscent of the condition in these early hominins
proximal humeri and that, in this case, it may represent a
retention of the primitive condition for hominins.
Although reasonable, the lack of fossil evidence for the
Homo lower Pleistocene hominines, makes for the
moment a clear phylogenetic interpretation difficult.
Finally, the bicipital groove is broad and deep, overall, at
midway between the two tuberosities, reflecting probably
a powerful tendon for the long head of the m. biceps
(Figure 11). It should be noted finally, that a transversely
oval humeral head with a massive lesser tubercle also
characterizes the proximal epiphysis of subadult individ-
uals from SH (Figure 1) which demonstrates that these
morphologies are already present at early stages in ontog-
eny and suggests they are mainly genetically controlled.

3.3.8 | Distal medial and lateral epicondyles

All SH specimens display a well-developed lateral epicon-
dyle, projecting and set high with respect to the capitu-
lum, but not outside the normal recent human range of
variation. This is also the case in Neandertals (Rosas
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et al., 2015). On the contrary, a greater medial projection,
thickness, and posterior deviation is a conspicuous condi-
tion of the medial epicondyle in Neandertals
(Heim, 1982; McCown & Keith, 1939; Senut, 1981;
Smith, 1976; Trinkaus, 1983; Vandermeersch, 1991;
Vandermeersch & Trinkaus, 1995). According to Galtés
et al. (2008) the greater projection of the medial epicon-
dyle favors forearm pronation as it maximizes the dis-
tance between the insertion of the m. pronator teres on
the radius and on the humerus. Although the medial epi-
condyle is very robust, very thick, and well-medially pro-
jected in the SH humeri, it is somewhat more variable
regarding its posterior deviation (Figures 12 and 13). The
SH range of variation for the medial epicondyle angle
(13�–21.5�, n = 5; Rodríguez, 2013) is virtually identical
to the range reported by Vandermeersch and Trinkaus
(1995) for the Krapina Neandertal sample (14–22�,

n = 7). Both fossil samples fall within the upper half of
the recent human range of variation reported by these
same authors (5–25�; n = 50). Thus, despite the large var-
iation, the SH hominins and Neandertals tend to show a
marked posterior deviation of the medial epicondyle
more frequently than modern humeri.

3.3.9 | Shape of the distal articular surface

The trochlea of SH humeri is characterized by blunt and
less projected medial and lateral borders and a shallow
trochlear groove compared with recent humeri. Probably
related to this, the capitular shape in the SH sample is
also different from recent modern humeri. First, the
capitulum is less anteriorly projected relative to the
medial or lateral lips of the trochlea and is less medially

FIGURE 12 Anterior view of six distal epiphyses of SH humeri. R, right humerus; L, left humerus. Scale in cm
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rotated (oriented). Second, most specimens have a rela-
tively broad capitulum, only slightly higher than broad or
even somewhat expanded mediolaterally as indicated by
its high capitular index, usually above 90% (Table 4;
Figures 12 and 13). This is also the condition more com-
mon in Neandertals. In contrast, the most common mor-
phology found in recent humeri is a relatively narrow
capitulum. Using a simple index of breadth on height, we
have not found significant differences between the SH,
Neandertal, and some recent sample means (Carretero
et al., 1997; Rodríguez, 2013) and the trait is in fact quite
variable in all samples. Nevertheless, on average, the SH
specimens show the same tendency as the Neandertals
toward a relatively broad capitulum (higher capitular
index) (SH average = 93.2 ± 4.8, n = 7; Neandertal
average = 97.6 ± 10, n = 19; recent medieval
sample = 83.4 ± 6, n = 30).

In the subadult specimens, H-IV and the isolated distal
end AT-1117, the capitulum can be measured with confi-
dence and both specimens display the same tendency as
the adults toward a relatively broad morphology (capitu-
lum shape index of 90.5 and 92.5, respectively). Neverthe-
less, the subadult status of these epiphyses advises us to
take this information with caution (Figure 2).

3.3.10 | Cubital and carrying angles

As expected by the shallow trochlear shape, on average
the SH adult maximum cubital angle (85.4 ± 2.1, n = 5;
Figure 7b) is also high and at the upper limit of the range
of variation reported by Martin and Saller (1928) for
seven recent human sample means (77.0–84.5). This is
also the case for the Neandertals (84�2 ± 2.1, n = 12;
Trinkaus, 1983; Vandermeersch & Trinkaus, 1995). The
cubital angle is, at least in part, the expression of the car-
rying angle when we only have at hand the humerus. The
carrying angle is formed by the axis of the humerus with
that of the ulna (Figure 7c–e). Normally, the forearm is
aligned in valgus with respect to the arm in full exten-
sion, with medial angulation called the carrying angle
that ranges between 5� and 20� as the normal condition
in recent humans (An et al., 1983; Beals, 1976;
Paraskevas et al., 2004; Figure 7d). Since the carrying
angle is in part due to the more distal position of the tip
of the medial lip of the trochlea and thus, to the cubital
angle, and both are negatively related, a higher cubital
angle suggests less valgus deviation of the forearm. Thus,
although within the normal range, the SH hominins and

FIGURE 13 Inferior view of nine distal epiphyses of SH humeri. Anterior is up. R, right humerus; L, left humerus. Scale in cm
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the Neandertals are at the lower limit of the normal val-
gus deviation of the forearm.

The significance of the carrying angle is not yet fully
defined, and although it is important when carrying
objects, it varies with sex, age, handedness, forearm mus-
cular strength, ulna and radius length, stature, body con-
stitution, and even hip width and hormonal factors (An
et al., 1983; Beals, 1976; Kumar et al., 2010; Paraskevas
et al., 2004; Steel & Tomlinson, 1958). Thus, in the case
of SH and the Neandertals, it could be also influenced by
thorax shape, although to what extent is not yet deter-
mined. The carrying angle of the elbow tends to decrease
with increasing humeral retroversion (Larson, 2015),
therefore, this fits in with what was said above about the
high retroversion angle of the SH specimens.

3.3.11 | Olecranon fossa and distal pillars

All adult distal epiphyses of SH humeri have large, wide,
and deep olecranon fossae in absolute terms and when
compared with the biepicondylar breadth. Related to this,
the medial pillar surrounding the fossa is thinner relative
to biepicondylar breadth than in recent hominin humeri
(Arsuaga et al., 2015; Carretero et al., 1997;

Rodríguez, 2013; Figure 14). Among the subadult speci-
mens, H-XII shows an absolutely and relatively wide
olecranon fossa compared with the 9–11 years age group
of modern children. However, this is not so clear for H-

FIGURE 14 Posterior view of same six distal epiphyses of

Figure 12. R, right humerus; L, left humerus. Scale in cm

FIGURE 15 Standard anatomical views of the H-II. A,

anterior; L, lateral; P, posterior; M, medial. Scale in cm

FIGURE 16 Standard anatomical views of the H-III. A,

anterior; L, lateral; P, posterior; M, medial. Scale in cm
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IV (Table 7). In this specimen, olecranon fossa breadth
falls well within the normal range of variation of the 12–
16 year age group of modern humeri, either with fused or
unfused distal epiphyses (Table 7). Both H-IV and H-XII
show a medial pillar that is relatively and absolutely

thinner than their respective recent hominin age groups,
as is the case for the adult humeri (Figures 3–6).

Within the European fossil record, we have described
this set of distal humeral features in the adult and

FIGURE 17 Standard anatomical views of the H-VI. A,

anterior; L, lateral; P, posterior; M, medial. Scale in cm

FIGURE 18 Standard anatomical views of the H-VII. A,

anterior; L, lateral; P, posterior; M, medial. Scales in cm

FIGURE 19 Standard anatomical views of the H-VIII. A,

anterior; L, lateral; P, posterior; M, medial. Scale in cm

FIGURE 20 Standard anatomical views of the H-X. A,

anterior; L, lateral; P, posterior; M, medial. Scale in cm
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subadult Early Pleistocene specimens of Homo antecessor
from Gran Dolina (Bermúdez de Castro et al., 2012).
Thus, this set of elbow traits is present in Europe in the
Early (H. antecessor), Middle (SH), and Late
(Neandertals) Pleistocene hominins. On the contrary, a
relatively small and narrow olecranon fossa and thick
medial and lateral adjacent pillars are the most frequent
condition in recent and early H. sapiens (Carretero
et al., 1997), although some variation is found in Upper

Paleolithic and recent samples (Carretero et al., 2009;
Shang et al., 2007; Shang & Trinkaus, 2010), reflecting
the natural frequency of this trait in our species. The

FIGURE 21 Standard anatomical views of the HX-I. A,

anterior; L, lateral; P, posterior; M, medial. Scale in cm

FIGURE 22 Standard anatomical views of the H-XIV. A,

anterior; L, lateral; P, posterior; M, medial. Scale in cm

FIGURE 23 Standard anatomical views of the H-XV. A,

anterior; L, lateral; P, posterior; M, medial. Scale in cm

FIGURE 24 Anterior view of other incomplete adult humeral

specimens from Sima de los Huesos. R, right humerus; L, left

humerus. Scale in cm
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available australopithecine distal humeri (n = 7), show
the recent human condition (Carretero et al., 1997;
Churchill et al., 2013; Senut, 1981), while within Early
and Middle Pleistocene Homo from Africa, some varia-
tion is also detected. While KNM-WT 15,000 and the

distal humeri from Gombore IB-7594 and Kabwe show
the australopithecine and H. sapiens condition
(Chavaillon et al., 1977; Di Vincenzo et al., 2015;
Senut, 1981; Yokley & Churchill, 2006), the African Mid-
dle Pleistocene specimen from Bodo (Middle Awash,

TABLE 8 State of some morphological features of the humerus in different hominins.

Trait Australopith.a

Other
Pleistocene
Homo speciesb SH adultsc

SH
subadults

Neandertals
Adults/
subadults

Modern Homo
sapiens

Shape of the humeral
head

Vertically oval Vertically oval Transversely oval Transversely
oval

Transversely oval Vertically oval

Lesser tubercle Projecting and
massive?

Projecting and
massive

Projecting
and
massive

Projecting and
massive

Narrower and
flatter

Intertubercular sulcus Shallow rather
than deep

Wider and deeper Wider and
deeper

Wider and deeper Narrower and
shallower

Absolute humeral
length

Variable Variable Variable

Diaphyseal shape Variable Variable Variable Variable

Shaft robusticity Variable Variable Variable Variable

Torsion angle Low Low Low Low Low/low Higher

Retroversion angle High High High High High/high Lower

Deltoid tuberosity Narrow with
two crests

Narrow with two
crests

Narrow with two
crests

Narrow with
two crests

Narrow with two
crests

Wide with three
crests

Cortical bone
thicknessd

Thick Thick Thinner

Shaft muscular
entheses

Variable Variable Stronger

Distal articular size
relative to
biepicondylar breadth

Large Variable Large/variable Smaller

Medial epicondyle Robust and more
posteriorly
oriented

Robust and more
Posteriorly
deviated

Smaller and
more medially
oriented

Olecranon fossa relative
breadth and depthe

Narrower and
shallower

Narrower and
shallower

Wider and deeper Wider and
deeper

Wider and deeper Narrower and
shallower

Medial pillar relative
thicknessf

Thicker Thicker Thinner Thinner Thinner Thicker

Capitulum shape Taller than
wide

Taller than wide Wider than tall Wider than
tall

Wider than tall Taller than wide

Cubital angle High High Lower

Carrying angle Low Low Higher

Trochlear medial sulcus Deep Deep Shallow Shallow Shallow Deep

aSpecimens attributed to the genus Ardipithecus, Australopithecus, and Paranthropus.
bSpecimens attributed to H. habilis, H. ergaster, H. erectus, H. georgicus, H. naledi, and H. floresiensis.
cFossil record from the Non-SH Middle Pleistocene hominins is nonexistent for most humeral anatomical regions.
dAlso thick in the lower Pleistocene H. antecessor ATD6-121 subadult and ATD6-148 adult specimens (Bermúdez de Castro et al., 2012) and in the African
Middle Pleistocene specimen from Bodo (BOD-VP-1/2; Carretero et al., 2018).
eOlecranon fossa also wider and deeper in lower Pleistocene H. antecessor ATD6-121 subadult and ATD6-148 adult specimens (Bermúdez de Castro et al., 2012)
and in the African Middle Pleistocene specimen from Bodo (BOD-VP-1/2; Carretero et al., 2018).
fMedial pillar is also thinner in lower Pleistocene H. antecessor ATD6-121 subadult and ATD6-148 adult specimens (Bermúdez de Castro et al., 2012) and in the
African Middle Pleistocene specimen from Bodo (BOD-VP-1/2; Carretero et al., 2018).
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Ethiopia) displays the European (SH and Neandertal)
morphology (Carretero et al., 2009). More recently, the
distal humeral morphology of Homo naledi (Feuerriegel
et al., 2017) while absolutely smaller, appears to fit the
same pattern of relatively thin pillars and wider olecra-
non fossae seen for Early, Middle, and Late Pleistocene
European hominin samples and Bodo.

In sum, although the phylogenetic significance of this
morphological pattern is still unclear, both olecranon
fossa patterns are fairly consistent. More variation is
found among African hominin fossils than among the
European fossil record and recent samples, which sug-
gests a possible basal polymorphism as we proposed in
Carretero et al. (2009) and Bermúdez de Castro et al.
(2012). A large and deep fossa with rather thin pillars
adjacent to it is, up to now, constant among the
European archaic hominins of the Early, Middle, and
Upper Pleistocene and, accordingly, seems to be fixed
among European archaic Pleistocene hominins since
almost 1 million years. Thus, this morphology (or its high
frequency) can be considered, at this time, as a character-
istic of this/these European lineages.

3.3.12 | Distal articular relative size

Relative to maximum length, the SH adult humeri
exhibit distal articular breadth and biepicondylar
breadth proportions indistinguishable from those of
recent humans, as is the case for the complete Nean-
dertal humeri (Carretero et al., 1997). However, the
relative proportion of distal articular breadth to biepi-
condylar breadth is on average larger in SH and the
Neandertals than in many recent samples (Carretero
et al., 1997; Rodríguez, 2013). Although not significant,
these differences indicate a tendency in the SH fossils
toward relatively larger humeral distal articular
dimensions, as is the case in the Neandertals
(Churchill & Trinkaus, 1990). Nevertheless, again vari-
ation is the rule within the SH sample. While H-II and
III have articular proportions slightly above the Nean-
dertal and recent means, H-XIV is more than 2 SD
above the same averages, and H-VI and AT-1110 fall in
between (SH average = 74.0 + 1.7, n = 7; Neandertal
average = 73.0 + 2.6, n = 15; Recent Samples = 72.5
+ 3.0, n = 154; Carretero et al., 1997).

The relative distal metaphyseal breadth of the sub-
adult specimens varies with age (Table 7). While the
younger SH specimen (H-XII) shows a relatively large
distal end, the older individual (H-IV) does not. An
absolutely and relatively large humeral distal end does
not characterize all subadult Neandertals either,
although this trait seems to appear early in

development. For example, it is detected in Dederiyeh
1 at around 1.5 years old, but it is not present from
birth since the neonatal individual of Le Moustier
2 does not show this trait (Bermúdez de Castro
et al., 2012). Thus, the differences between the two SH
specimens can be due to merely individual idiosyn-
crasy, although obviously other sources of variation
cannot be discarded. We must consider, however, that
sample size for such young Neandertal individuals are
extremely small, and it is unclear how variable this
feature may be between individuals and throughout
ontogeny. For example, it may be that Le Moustier 2 is
idiosyncratic in this case and does not reflect the most
common state of this trait in Neanderthal infants.

4 | CONCLUSIONS

The detailed postcranial anatomy of the genus Homo has
changed in the last 2 million years, and some of these
changes have postural and/or biomechanical implica-
tions. Thus, a combined understanding of the postcranial
evolution at both a general and a more specific level are
of high interest to paleoanthropologists. The Middle
Pleistocene SH fossil collection provides the rare opportu-
nity to thoroughly characterize the postcranial skeleton
in a fossil population, only comparable to that obtained
in the study of the Neandertal hypodigm and recent
humans.

The SH humeri (Figures 1–5 and 12–24) display a
consistent morphological pattern that distinguishes them
from recent humans and brings them closer to the Nean-
dertals. This pattern includes (Table 8):

Diaphysis

• Highly variable humeral length, although on average
are long compared with recent human samples and
those of Neandertals.

• Variable diaphyseal shape and robusticity. This trait is
also observed in subadults.

• Thicker cortical walls along the shaft like Neandertals.
This trait is also observed in subadults. Primitive
condition.

• Mechanical cross-sectional properties (Ix, Iy, and J) are
not significantly different from recent medieval popu-
lations once the size is considered.

• Variable muscular impressions and entheses on the
diaphyses.

• Narrow deltoid tuberosity with two muscular crests
(like the Neandertals). This trait is also observed in
subadults. Primitive condition.

CARRETERO ET AL. 2543
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Proximal epiphysis

• Elevated retroversion angle (low torsion angle) of the
proximal epiphysis on average (like the Neandertals).
This trait is also observed in subadults. Primitive
condition.

• Transversely oval humeral head (like the Neandertals).
This trait is also observed in subadults. Derived condi-
tion of neandertal lineage.

• Swollen, massive, and quite anteriorly projected lesser
trochanter (like the Neandertals). This trait is
also observed in subadults. Probably the primitive
condition.

• Deep and broad bicipital sulcus.

Distal epiphysis

• Variable distal articular size relative to biepicondylar
breadth. In subadults, the relative distal metaphyseal
breadth is variable with age.

• Thick, massive, and posteriorly curved medial epicon-
dyle (like the Neandertals).

• Relatively broad and low capitulum (high frequency)
(like the Neandertals). Derived condition of Neandertal
lineage.

• Shallow trochlea with less projected medial and lateral
rims (like the Neandertals). Derived condition of
Neandertal lineage.

• Elevated cubital angle on average (or low carrying
angle) that leads to a low valgus deviation of the
fore arm relative to the upper arm (like the
Neandertals).

• Broad and deep olecranon fossa (like the Neandertals).
This trait is also observed in subadults. Derived condi-
tion of Neandertal lineage.

• Relatively narrow lateral and medial distal pillars sur-
rounding the olecranon fossa (like the Neandertals).
This trait is also observed in subadults. Derived condi-
tion of Neandertal lineage.

In short, the SH humeri share with the Neandertals
many traits usually considered to be Neandertal spe-
cializations that certainly are not. This evidence is con-
sistent with the hypothesis based on the cranial and
postcranial morphology that the SH hominins are a
sister group to the later Neandertals (Arsuaga
et al., 2014, 2015). Some of the humeral shared traits
seem to be primitive features within the genus Homo
or even for all hominins, such as the low torsion angle,
narrow deltoid tuberosity with two crests or the thick
cortical walls. Others display high variability within
different hominin samples and are of uncertain

phylogenetic value, such as the humeral length, the
shape and robusticity of the diaphyses, the relative size
of articular surfaces, and the muscular impressions.
This variation found within the fossil and recent sam-
ples stress the natural frequency of most traits
(Carretero et al., 1997, 2009). However, many of them
are significantly more frequent in the SH hominids
and the Neandertals, such as the relatively deep and
broad olecranon fossa, the relative thin medial and lat-
eral distal pillars, the transversely oval humeral head,
the massive and very protruding lesser tubercle, the
relatively broad and low capitulum and the elevated
cubital angle. Thus, the high frequency of these traits
characterizes both, SH and Neandertal samples, and
might be considered as “exclusive” to this European
phyletic lineage of Homo.

The cranial and dental evidence from SH suggests that
the full suite of derived Neandertal features did not
emerge as a single package, but that different features
appeared separately and at different times, illustrating the
process of mosaic evolution (Arsuaga et al., 2014) and sup-
porting the accretion model of Neandertal origins
(Hublin, 2009). Moreover, the pattern of morphological
change shows that the Neandertal-derived regions of the
SH skulls are functionally related to the masticatory com-
plex, suggesting that the origin of the Neandertal clade
coincides with a masticatory specialization (Arsuaga
et al., 2014). The overall SH postcranial evidence is consis-
tent with this hypothesis (Arsuaga et al., 2015), although
the pattern of morphological change in functionally
related modules is not yet well determined. In the specific
case of the humerus, most of the phylogenetically relevant
characteristics of the Neandertals were already present in
their SH ancestors, except maybe the length variation and
therefore, the upper limb proportions.

The shoulder griddle is a highly functional complex
indeed related to the neck, shoulder, elbow, and wrist
that shows a complicated evolutionary history in the
hominin fossil record. The detailed discussion of the evo-
lution and functional implications of the entire shoulder
girdle in SH and other hominins is far beyond the scope
of this paper, but the recovery and reconstruction of new
specimens and associations to one and the same individ-
ual, from both, SH Middle Pleistocene and Gran Dolina
TD-6 Early Pleistocene sites at the Sierra de Atapuerca,
probably will allow future studies of the entire shoulder
griddle complex with greater confidence.
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