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 Abstract 

 This pilot study explored whether the redirection of stress through trabeculae 
within morphologically constrained capitates provides information about habitual/po-
sitional behaviours unavailable from the study of external morphology alone. To assess 
this possibility, an experimental finite element approach was taken, whereby no at-
tempt was made to reconstruct the actual magnitudes and loading conditions experi-
enced by the capitates in vivo. Rather, this work addressed fundamental biological 
questions relating to bone plasticity, i.e. internal versus external bone morphology. The 
capitates of 7 species with different and – in the case of fossils – inferred locomotor be-
haviours were selected. Virtual models of capitates were created, scaled to the same size 
and subjected to the same theoretical load. In the first set of analyses, models were as-
signed the material properties of bone throughout, whereas in the second set, models 
were assigned 11 different material properties representing the trabecular architecture 
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derived from high-resolution CT. Species with arboreal behaviours consistently redi-
rected loads towards the ulnar aspect of the capitate when trabeculae were introduced, 
while terrestrial species, and the bipedal  Homo , redirected stress towards the radial side. 
From these preliminary analyses, it is tentatively concluded that  Australopithecus ana-
mensis  habitually engaged in arboreal behaviours, whereas  Australopithecus afarensis 
 did not.  Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 An assessment of locomotor/positional behaviours from isolated bones is dif-
ficult due to evolutionary constraints acting on morphology as well as the fact that 
bone shape reflects both mobility and stability [Rose and Lauder, 1996; Ward, 2002; 
Macho, 2007]. Evolutionary changes to primate carpals and tarsals appear particu-
larly constrained both phylogenetically and ontogenetically [Dainton and Macho 
1999a, b; Tocheri et al., 2007]. The relatively invariant morphometric dimensions of 
carpals across primates when compared with metacarpals and phalanges [Drapeau 
and Ward, 2007] is thus unsurprising, as is the apparent temporal lag between be-
havioural innovation, i.e. tool manufacture and use, and morphological adaptation 
[Tocheri et al., 2003, 2007]. Nonetheless, the hominin wrist has undergone consider-
able modifications over its evolutionary past and, while no longer habitually loaded 
in locomotion, has become adapted to a complex array of power and precision grips 
necessary for the manipulations required in tool use and manufacture [Marzke, 
1997]; anatomical changes in the hominin hand are particularly marked along the 
radial aspects of the wrist as they relate to more transverse force transmission during 
power, i.e. spherical ‘squeeze’, grips [Marzke, 1971, 1997]. What is uncertain is wheth-
er the relatively slow evolutionary change in overall bone shape was preceded, or 
compensated for, by adjustments of the internal bony architecture. This remains a 
biological possibility given the apparently greater potential of trabeculae for remod-
elling in response to external loads [Huiskes, 2000]. If so, (palaeo)biomechanical 
analyses of trabecular bone could provide further insights into the patterns of evo-
lutionary changes observed among early hominins.

  Bipedality has apparently been selected for in the earliest hominins. The post-
cranium of  Ardipithecus ramidus  suggests terrestrial bipedality with competent use 
of an arboreal environment [Lovejoy et al .,  2009a, b], while the later  Australopithecus 
afarensis  had largely abandoned arboreality [White et al., 2006], although some de-
gree of arboreality is still assumed [Ward et al., 2001]. An appraisal of the intermedi-
ate chronospecies  Australopithecus anamensis , dated between 3.9 and 4.2 million 
years ago [Leakey et al., 1995, 1998; White et al .,  2006], is thus crucial for an under-
standing of evolutionary pathways, but interpretations are contentious [Leakey et al., 
1995; Ward et al., 2001]. The upper limbs, and particularly the capitate, are primitive 
and it is unclear whether these plesiomorphic characters are a consequence of phy-
logenetic constraints, have been retained by stabilizing selection or have simply not 
been selected against. Although resolution of this question will ultimately only come 
from more complete fossils, insights may also be gleaned from analyses of the inter-
nal structure of bones. In order to explore this possibility the capitates of  Au. ana-
mensis  (KNM-KP 31724) from Kanapoi and of  Au.  cf.  afarensis  (KNM-WT 22944) 
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from South Turkwel were analysed vis-à-vis capitates of extant primates with differ-
ent locomotor and positional behaviours. Hence, the goals of this pilot study are 
twofold. Firstly, the study is of heuristic value and aims to determine whether the 
load transfer within phylogenetically constrained bones can be determined from 
overall bone shape alone. Secondly, it addresses the specific question whether the 
combined effects of external and internal morphology could provide novel insights 
into the positional and locomotor behaviour of  Australopithecus . 

  Material and Methods 

 Four isolated (dry) capitates belonging to  Homo, Pan, Gorilla  and  Pongo  were scanned at 
the University of Liverpool with an ACTIS 420/600 system (slice thickness: 100 mm; incre-
ments: 100 mm; matrix size: 512  !  512; voltage: 45–55 kV; current: 160–200 mA; effective 
monochromatic X-ray energy: 22.5–27.5 keV). The available non-human primate specimens, 
except  Pongo,  were catalogued unprovenanced or zoo animals, while the  Homo  capitate is from 
an archaeological collection [Macho et al., 2005]. As these putative zoo animals are terrestrial 
quadrupeds [Gebo, 1996], it was deemed acceptable to include them in the analyses: their ter-
restrial behaviours would not have been compromised by this artificial environment. The cap-
itates of  Theropithecus oswaldi  (KNM-OG 977) from Olorgesailie,  Au.  cf.  afarensis  (KNM-WT 
22944) from South Turkwel [Ward et al., 1999] and  Au. anamensis  (KNM-KP 31724) from Ka-
napoi [Leakey et al., 1995; Ward et al., 2001] were scanned at the National Museum of Kenya 
with a portable Stratech pQCT scanner at comparable settings.

  From the CT images the capitate-specific half-maximum height values were determined 
[McColl et al., 2006] and inputted into an algorithm to create an isosurface within the scan (Vi-
sual Toolkit, public.kitware.com); these were subsequently inputted into MSc Mentat, the finite 
element (FE) preprocessor. The isosurfaces were volumetrically meshed, whereby element sizes 
were gradually reduced from 0.4 mm (edge length) at 0.1 mm increments until the ratio of 
summed reaction forces at the ulnar and radial facets (i.e. the output variable) changed by less 
than 1%. Optimal element size for the different species was around 0.4 mm depending on the 
complexity of the outer surfaces. The final models of  Homo ,  Pan ,  Gorilla  and  Pongo  were 
meshed using 99,811, 157,432, 94,738 and 102,380 elements, respectively, and the fossil capitate 
element sizes were 25,996 (KNM-WT 22944), 33,289 (KNM-KP 31724) and 22,584 (KNM-OG 
977); mesh sizes also reflect differences in bone size.

  Loading Conditions 
 Difficulties in accessibility prevent testing of capitates under loading conditions habitu-

ally encountered and experimental data on non-human primates are particularly sparse [Jen-
kins and Fleagle, 1975; Jenkins, 1981]. Also, uncertainty remains as regards the kinematics of 
knuckle-walking in the African apes [Kivell and Schmitt, 2009]. Nonetheless, the predominant 
loads in the capitate are proximodistal during grasping [Manal et al., 2002] and in terrestrial 
locomotion [Jenkins and Fleagle, 1975; Patel, 2010]. This, together with the nearly parallel ori-
entation of the capitate head and the 3rd (and 2nd) metacarpal (MCIII and MCII) implies pre-
dominantly compressive loading along the longitudinal axis. Although the magnitudes of forc-
es across the wrist are not known and will depend inter alia on activity and body mass, the 
mechanism of load transfer (i.e. from head to distal surface) is expected to be the same. Accord-
ingly, all models were scaled to a height of 2 cm, and a theoretical load of 100 N was applied to 
the capitate head, and the joint reaction forces (RFs) at the distal facets were recorded. The dis-
tal capitate facets were partitioned into ulnar and radial components, following morphological 
criteria. In the great apes, where the distal facet is occupied by MCIII only, there is a distinct 
radial cupping, whose functional significance remains unclear [McHenry, 1983]. In  Homo ,  The-
ropithecus  and  Au. afarensis , the MCII facet has shifted – to varying degrees – onto the distal 
aspect of the capitate to facilitate increased manipulation [Marzke, 1997; Ward et al., 1999]. In 
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 Au. anamensis , the MCII facet is at a 90-degree angle to MCIII and resembles the morphology 
of the great apes, but there is some cupping of the MCIII facet also. Due to weathering and sur-
face damage, delineation of these cuppings is difficult, while the overall orientation of the distal 
facet is somewhat inclined (because of abrasion) compared to what it would have been in vivo. 
It is acknowledged that these limitations will affect the absolute RFs. However, the stress flow 
along trabeculae within the bone is unlikely to be affected, and an assessment of the potential 
effects of trabeculae on load transfer, i.e. redirection, thus seems valid. In all models, the later-
ally facing joint surfaces (e.g. primate MCII facets, human MCIII styloid process) were con-
strained also but, owing to their orientation relative to the axial loading direction (i.e. normal), 
no RFs were obtained; where these facets were slightly less/more than 90°, some small RFs were 
obtained, but these values were negligible and were thus not analysed further. Distal joint facets 
( fig. 1 ) were held fixed and the resulting RFs were used to quantify the load distribution. The 
summed RFs in the x-, y- and z-directions at each facet were subsequently divided by facet area 
to calculate mean facet stress. The results for the homogeneous model were compared with 
those of the heterogeneous model to appraise the redistribution of stress through trabeculae. 
Across the primate models, the distal partitionings differ in size, relate to either 2 aspects of 
MCIII or to MCII and MCIII, respectively, and are reconstructed in KNM-KP 31724. Conse-
quently, direct comparisons of RFs would not be valid (i.e. meaningful, comparable), and only 
the percentage differences between homogeneous and heterogeneous models are interpreted 
here. The proportional redirection of loads as a consequence of trabecular architecture is 
deemed a meaningful measure for (palaeo)biological and (palaeo)biomechanical enquiry.

  For each species, 2 models were created. The first set was assigned homogeneous material 
properties throughout (i.e. solid); bone was considered homogeneous, isotropic and linearly 
elastic (E tissue  = 25 GPa and n = 0.3) [Turner et al., 1999]. These homogeneous models enabled 
quantification of stress distribution under compressive loading based on overall shape alone. 
The second models were assigned heterogeneous material properties and contain information 
about both the external shape and internal morphology. When compared with the homoge-
neous models, differences in stress distribution are considered to represent the effects of tra-
becular architecture; differences in morphological adaptation (adaptability) of overall bone 
shape vis-à-vis trabecular architecture can thus be assessed.

  Material Model Calibration and Validation 
 For extant species, micromodels of trabecular cubes were created in high-resolution poly-

gon and low-resolution voxel form. The former provide benchmark data while the latter are 
calibrated against these data to determine an appropriate conversion from CT numbers to ma-
terial stiffness. For this purpose, cubes of trabecular bone from the capitate head of  Homo ,  Pan , 

a b c d e f

  Fig. 1.  Distal view of the scaled capitates.  a   Homo sapiens.   b   Pan troglodytes.   c   Pongo pygmaeus. 
  d   Gorilla gorilla.   e   Australopithecus  cf.  afarensis  (KNM-WT 22944).  f   Theropithecus oswaldi 
 (KNM-OG 977). r = radial; p = proximal; u = ulnar; d = distal. Blue denotes the radial aspect 
analysed and yellow the ulnar one (colours in the online version only). Because of the assump-
tions made (although not affecting the internal stress flow), the outline for KNM-KP 31724 is 
not shown. 
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 Gorilla  and  Pongo  were extracted (4  !  4  !  4 mm each). For all cubes, the bone-air interface 
was calculated for each pixel row [McColl et al., 2006] and checked for normal distribution. Us-
ing Visual Toolkit (www.kitware.com), an isocontouring value equal to the respective mean 
half-maximum height values was used to extract polygon surfaces of trabeculae. The surfaces 
were meshed volumetrically using tetrahedral elements with an average element size of 0.12 mm 
[Kabel et al., 1999]. This ensured at least 2 internal nodes across any trabeculae. Bone within 
these models was considered homogeneous, isotropic and linearly elastic (E tissue  = 25 GPa, n = 
0.3). Voxel-based models (10  !  10  !  10 elements) of the same regions were then created using 
an element size of 0.4 mm, comparable to the average trabecular thickness (0.45 mm) in the hu-
man capitate [Macho et al., 2005]. All models were subjected to the same displacement-con-
trolled unconfined compression (strain = 0.1%) along their 3 primary axes in order to determine 
apparent stiffness. In the voxel-based models, the mean half-maximum height was chosen as 
the threshold above which the CT numbers (‘possible bone’) were separated into 10 equally 
spaced bands of linearly increasing stiffness. Following preliminary tests, the number of ma-
terial bands was gradually increased until no further changes (i.e. less than 5%) in calculated 
apparent stiffness occurred and a comparable level of anisotropy was maintained between
the voxel and polygon models. This was achieved when the high stiffness band was increased
to 50%. 

  Despite some minor differences in comparability between models ( fig. 2 ), it was deemed 
appropriate to settle for a common conversion factor (i.e. 11 materials) across all models, includ-
ing fossils. Mechanical tests (MTS Systems Corporation, Eden Prairie, Minn., USA) were then 
performed on a dry, apparently male capitate (unprovenanced) held within the teaching collec-
tion of the Department of Human Anatomy, University of Liverpool. The bone was fixed to a 
clamp, and a hemispherical stainless-steel indenter (2 cm diameter) was attached to the load 
cell. The indenter was polished smooth to minimize friction during testing and attached to the 
10 Newton load cell and actuator. Indentations up to 0.05 mm were applied to the specimen in 
both proximal-distal and medial-lateral directions with a speed of 0.1 mm/s. The  Homo  capitate 
model, created following the conversion algorithm outlined above, was then subjected to an 
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identical loading regime and the force-displacement curves were compared ( fig. 3 ). Overall, the 
external behaviour of the model was similar to the real capitate, although slightly less stiff under 
the lower loads when applied medial-laterally.

  Limitations 
 Sample sizes of this exploratory study are small and are limited by the assignment of ma-

terial properties to the thin outer cortical shell of capitates, which has to be done manually: the 
CT numbers at the interface cannot be automatically converted due to volume-averaging ef-
fects, which makes the creation of the models very time consuming. Also, (our) computational 
limitations restrict the structural detail (i.e. number of elements) required to predict local stress 
values within trabeculae [Ryan and van Rietbergen, 2005]. Accordingly, these predictions are 
not made here, and load redistribution is the reported parameter. Perhaps the limitations with 
the greatest potential influence for assessing the actual behaviour of capitates under load are 
the material properties used: data were taken from the literature and adapted. They were cali-
brated locally with data derived using high-resolution structural models and confirmed glob-
ally with data from dry bone under mechanical compression. No in vivo   testing was carried out, 
and anisotropy was assumed to result from architectural fabric alone.
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capitate and the corresponding FE model (stippled line) for proximodistal ( a ) and mediolateral 
( b ) loading. 
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  The models are simplistic representations of in vivo   capitate biomechanics. For example, 
it has been suggested that the waisted neck of the capitate in  Pan  and  Gorilla  (shared by  Au.  cf. 
 afarensis  [Ward et al., 1999]) forms part of a close packing mechanism at the mid-carpal joint, 
whereby the scaphoid rotates around the capitate head to fit into the neck, thus preventing fur-
ther extension. This could provide stability at the mid-carpal joint during suspensory locomo-
tor behaviour [Lewis, 1972] or may prevent wrist collapse during knuckle-walking [Tuttle, 1967, 
1969]. Whatever the functional significance, such a stabilizing mechanism would exert a pal-
marly directed force on the capitates, a force not incorporated in the loading regime of this 
study. Also, while it is reasonable to suggest that the capitate is mainly loaded proximodistally 
in compression, the actual loading during different behaviours may vary [Manal et al., 2002; 
Patel, 2010]. Differences in body mass were not taken into account either, nor were possible sex-
related differences in behaviour. 

  Results and Discussion 

 The mechanical and anisotropic behaviour of carpals is determined by their 
external shape, which forms a thin shell, and their complex trabecular arrangement. 
Trabecular bone is often considered to be particularly plastic and to respond to ex-
ternal loads [Huiskes, 2000]. However, recent studies have highlighted the (presum-
ably genetic) predetermination of trabecular strut development in utero [Volpato, 
2008; Cunningham and Black, 2009a, b]. Furthermore, like subchondral bone den-
sity and organization, trabecular bundle orientation appears to reflect positional 
[Carlson and Patel, 2006; Abel and Macho, 2011] rather than locomotor behaviour 
[Ryan and van Rietbergen, 2005; Volpato et al .,  2008]. Against this background, it 
was explored whether biomechanical analyses of internal and external bone ar-
rangement yield comparable results to those derived from analyses of external bone 
alone. 

a b

  Fig. 4.  Cross-section through the  Homo  capitate to illustrate the stress flow (van Mises stresses) 
for the homogeneous ( a ) and heterogeneous ( b ) models. The joint surfaces at the distal end (bot-
tom) were constrained, and a point load was applied to the capitate head (arrow). The radial 
aspect of the capitate is towards the left and the ulnar towards the right.  
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  In  Homo  the highest proportion of force (55%) is transmitted onto the capitate’s 
radial aspect ( fig. 4 ,  5 ), while in non-human primates the ulnar aspect of the distal 
facet generally shows the highest overall RFs [Schmitt, 2003]. This finding is expect-
ed from morphological considerations alone, i.e. the incorporation of the MCII ar-
ticulation onto the distal capitate surface in modern humans. However, the relative-
ly great disparity between homogeneous and heterogeneous models, when compared 
to  Pan  (0.6%) and  Gorilla  (1.4%), is unexpected ( fig. 4 ). It is probable that this 2.5% 
differential between homogeneous and heterogeneous models in  Homo  ( fig. 5 ,  6 ) re-
flects the relatively late acquisition of modern human wrist anatomy. Indirect evi-
dence for a still incomplete adaptation comes from observations that the most com-
mon degenerative disorders in the modern human hand and wrist collapse are radi-
al-sided [Taniguchi et al., 2003]. In contrast, the great ape capitates appear well 
designed, whereby the introduction of trabeculae resulted in only small changes in 
load transfer. The overall results between species, as well as the subtle differences 
between homogeneous and heterogeneous models, are however meaningful with re-
gard to both behaviour and phylogeny.

  The African apes share a unique mode of terrestrial locomotion, but the kine-
matics of their knuckle-walking behaviours differs [Inouye, 1994; Kivell and Schmitt, 
2009]. Importantly, gorillas spend more time in terrestrial locomotion, in part due 
to their larger body mass [Inouye, 1994], whereas chimpanzees are more arboreal. 
The results of this FE study can be interpreted within the context of these behav-
ioural differences. Of all species analysed,  Pan  transmits the greatest proportion
of stress towards the ulnar component of the distal capitate facet, and this trend
is exacerbated even further when the effects of trabeculae are taken into account 
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( fig.  5 ,  6 ). Contrarily,  Gorilla  concentrates proportionally less stress on the ulnar 
component of the MCIII facet and, importantly, redirects stress towards the radial 
side when trabeculae are taken into account ( fig. 6 ). This pattern of overall force 
transmission is in line with observations that gorillas transmit forces more equally 
through metacarpals II–IV than chimpanzees [Inouye, 1994]. The ulnar redirection 
of loads through trabeculae in chimpanzees, but not in gorillas, is conceivably in-
dicative of the greater arboreal behaviour of the former. This interpretation is based 
on the results for  Pongo.  Although the positional and locomotor behaviours of the 
orang-utan, as well as the overall joint morphologies of its wrist, are highly special-
ized [Sarmiento, 1988], there are commonalities which allow such inferences to be 
made (and even though the results for  Pan  are limited).

  The hand of  Pongo  is adapted to a high degree of rotational movement necessary 
for movement in the canopy despite its large body size. In quadrumanous behaviour, 
the orang-utan may load the wrist proximodistally in suspension (but see Cartmill 
and Milton [1979]) as it does in terrestrial locomotion, such as fist or knuckle-walk-
ing [Tuttle, 1967]. During vertical climbing, however, the hand is apparently loaded 
in compression while adducted [Rose, 1988]. The extreme redirection of stress to-
wards the ulnar aspect of the bone thus appears to compensate for constraints im-
posed by overall bone shape necessary to accommodate movement. The capitate of 
the orang-utan may thus reflect a compromise between two very different loading 
conditions. Although further analyses are clearly needed to ultimately clarify this 
issue, the consistency between stress patterns and arboreal versus terrestrial behav-
iours is remarkable ( fig.  6 ) and may shed some light on the behaviour of extinct 

0

A
b

so
lu

te
d

if
fe

re
n

ce
in

lo
a

d
o

n
u

ln
a

r
a

sp
e

c
t

b
e

tw
e

e
n

h
o

m
o

g
e

n
e

o
u

s
a

n
d

h
e

te
ro

g
e

n
e

o
u

s
m

o
d

e
ls

(%
)

30

Pongo

Au. anam
ensis Pan

Goril
la

Hom
o

T. osw
ald

i

Au.
afa

re
nsis

cf.

5

10

15

20

25

–5

–10

Arboreal Terrestrial

  Fig. 6.  The percentage difference between the respective homogeneous and heterogeneous mod-
els. Arboreal species apparently redirect load towards the ulnar aspect when trabeculae are in-
troduced into the models, while terrestrial species redirect the load towards the radial side. 



 Finite Element Analyses of Primate Capitates 301Folia Primatol 2010;81:292–304 

hominins, while the pattern found in  T. oswaldi  is consistent with interpretations of 
a terrestrial primate with unique manipulatory capabilities. 

  In  Theropithecus , an improvement in manipulation to facilitate the unique feed-
ing behaviour [Jablonski, 1993] apparently underlies the shift of the MCII facet onto 
the distal aspect of the capitates and may explain the relatively high percentage dif-
ference between  T. oswaldi  models, similar to modern humans ( fig. 6 ). Yet, unlike 
 Homo , the total proportion of stress directed towards the ulnar side of the theropith 
capitate (approx. 80%) almost certainly reflects the species’ quadrupedal locomotion 
and positional behaviour [Jolly, 1972; Ciochon, 1994]. This is in accord with experi-
mental studies on the loading of the forelimb in cercopithecids that revealed ulnarly 
directed ground RFs during quadrupedal walking [Schmitt, 2003]. Although exper-
imental data are not available for extant  Theropithecus , it is reasonable to infer that 
the high percentage of ulnarly directed load observed in the capitate of  T. oswaldi, 
 and its relative position between  Pan  and  Gorilla  in overall values ( fig. 5 ), reflects the 
species’ terrestrial quadrupedalism. Conversely, the patterns found in the extinct 
hominins analysed here do not suggest loading of the wrist in terrestrial locomotion. 

  Morphological differences between the capitates of  Au.  cf.  afarensis  (KNM-WT 
22944) and  Au. anamensis  (KNM   -KP 31724) are considerable and suggest that the 
former species had abandoned arboreality, whereas the latter had not [Leakey et al., 
1995; Ward et al., 2001]. Although the MCII joint surface of the  Au. anamensis  cap-
itate is apparently continuous, as in later hominins, it is radially orientated, as in 
apes. To what extent this plesiomorphic feature has been retained by stabilizing se-
lection remains unclear however. The results of the FE analyses for the  Au. anamen-
sis  capitate mirror the pattern of load transfer, i.e. redirection, found in the highly 
arboreal orang-utan and, to a far lesser extent, the partially arboreal chimpanzee 
( fig. 6 ). Hence, both the external morphology and the internal structure seem to im-
ply that  Au. anamensis  may have habitually engaged in arboreal activities and/or 
hand-assisted bipedality in either a terrestrial [Hunt, 1994] or an arboreal context 
[Thorpe et al., 2007]. Conversely, the findings for  Au. afarensis  do not indicate ha-
bitual arboreal behaviours. Rather, once the MCII facet became increasingly incor-
porated onto the distal capitate joint surface, as in KNM-WT 22944, the greater pro-
portion of load directed towards the radial aspect increased even further through the 
arrangement of trabeculae. This combined effect of external and internal morphol-
ogy is most pronounced in the capitate of the dexterous modern human hand. Taken 
to its logical conclusion, the results of our preliminary study seem to suggest that a 
behavioural shift in habitat exploitation occurred between  Au. anamensis  and  Au. 
afarensis . 

  Conclusion 

 This pilot study assessed the changes in load transfer through capitates as a re-
sult of trabecular arrangement. An appraisal of the combined effects of internal and 
external bone shape is primarily of heuristic value for palaeobiomechanical research. 
Developmentally and phylogenetically constrained capitates were selected for analy-
ses; these bones also have the potential to provide insights into the adaptations and 
evolutionary processes underlying the evolution of the hominin wrist. Particular fo-
cus was on the positional/locomotor behaviour of  Au. anamensis  and  Au.  cf.  afaren-
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sis  with a view to shed light on propositions that early hominins may have retained 
the plesiomorphic features of the upper limb by stabilizing selection. 

  Despite numerous limitations pertaining to experimental set-up, model cre-
ation and sample size, the results of this exploratory study are encouraging: they 
highlight the importance of trabeculae in load transfer. The differential between ho-
mogeneous and heterogeneous models was particularly marked in  Pongo  (28%). Im-
portantly, a common pattern of load transfer emerged with regard to broad posi-
tional/locomotor categories, irrespective of differences in outer morphology of the 
capitates and phylogenetic divergence of the species: arboreal species  (Pongo, Pan)  
tend to redirect loads toward the ulnar aspect of the bone with the introduction of 
trabeculae, whereas more terrestrial species  (Gorilla)  and those with increased ma-
nipulatory capabilities  (Homo)  redirect loads towards the radial aspect. Against this 
backdrop, the manipulatory capabilties of the extinct  T. oswaldi  could be confirmed. 
Significantly, the results suggest that  Au. anamensis  habitually engaged in arboreal 
activities, while  Au.  cf.  afarensis  probably did not. 
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