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Abstract

Obijectives: The objective of this study is to explore the anatomical differences in the
insertion sites of the palmar radiocarpal ligaments between hylobatids and other
hominoids that may be related to their different locomotor behaviors.

Materials and Methods: The morphology of the insertion sites of the palmar radiocarpal
ligaments was analyzed with three-dimensional geometric morphometrics (3D GM) in the
distal radial epiphysis of 44 hylobatids, 25 Pan, 31 Gorilla and 15 Pongo.

Results: Relative to other hominoids, hylobatid insertion sites of the palmar radio-
carpal ligaments were relatively larger and the insertion site of the short radiolunate
ligament had a palmar orientation.

Discussion: Larger palmar radiocarpal ligaments in hylobatids can help stabilize the
wrist during the radial and ulnar displacement that occurs in ricochetal brachiation,
the characteristic locomotor behavior of hylobatids, and compensate for the large

traction loads on the wrist during extended-elbow vertical climbing.
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One of the most striking anatomical features of the hylobatids is

their long upper limb relative to a small body size (Schultz, 1933;

The primates of the family Hylobatidae have marked morphological dif-
ferences from the other primates in the superfamily Hominoidea
(Schultz, 1933). Hylobatidae comprises the genera Nomascus, Hylobates,
Hoolock and Symphalangus, which are genetically differentiated (Carbone
et al., 2014). These genera have a wide variety of locomotor behaviors,
including quadrupedal walking and jumping (Vereecke et al., 2006) and
three forms of arboreal locomotion (vertical climbing, orthograde clam-
bering, and brachiation), with brachiation being the most common (Fan
et al., 2013; Fleagle, 1976). In addition, they can use a wide variety of
other locomotor modes, such as diving, bridging, bipedal walking, run-

ning, quadrumanous climbing, and scrambling (Vereecke et al., 2006).

Takahashi, 1990; Zihlman et al., 2011), which permits a suspensory
locomotion that is kinematically different from that of other hominoid
and non-hominoid primates (Hunt, 1991; Isler, 2005). The brachiation
practiced by hylobatids is characterized by a high biomechanical effi-
cacy, short cycles, a high transfer rate between movements, and
asymmetrical cycles in the use of the lower limbs (Isler, 2002).
Together, these characteristics lead to a concentration in the upper
limb of virtually all the work factor generated during brachiation
(Thorpe & Crompton, 2006). In turn, this produces a series of traction
forces that necessitate morphological changes in the upper limb and

the wrist to stabilize the radial and ulnar deviation that takes place
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(Sarmiento, 1988). Another differential anatomical characteristic of

hylobatids is hypertrophy of the proximal muscles of the upper limb
(Michilsens et al., 2009), coupled with a relatively smaller distal muscle
mass. This anatomical configuration makes it possible to achieve a
smooth rolling movement during brachiation, since the non-
supporting limb can swing quickly and easily up to the next handgrip
(Michilsens et al., 2009). Finally, in contrast to other hominoids,
hylobatids can more easily move their center of body mass by flexing
or extending their elbow, thus enhancing the pendulum effect of the
body during contact with the handgrip and improving their speed
(Michilsens et al., 2009).

The anatomical peculiarities of the upper limb of hylobatids have
been explored over the past few years from both an osteological
(Orr, 2017; Prime & Ford, 2016; Richmond et al., 2001) and a muscu-
lar (Van Leeuwen et al., 2018; Vanhoof et al., 2020) perspective. How-
ever, few studies have quantitatively examined the functional
adaptations of the upper limb of hylobatids in relation to their loco-
motor behavior (Michilsens et al., 2009; Vanhoof et al., 2020).

Unlike other osteological regions of the upper limb, the distal
radial epiphysis has no well-defined muscle insertion sites to link its
morphological differences with the locomotor behaviors developed by
hominoids. However, in the distopalmar region of the distal radial
epiphysis, the insertion sites of the main ligaments that stabilize the
radiocarpal joint can be observed (Casado et al., 2019; Figure 1). Spe-
cifically, a common insertion site for the radioscaphocapitate (RSC)

and long radiolunate (LRL) ligaments and an insertion site for the short

radiolunate (SRL) ligament can be identified. The RSC ligament con-
nects the palmar surface of the styloid process of the radius with the
scaphoid and the capitate bone (Buijze et al., 2011). Its main function
is to stabilize the scaphoid (Apergis, 2013; Ringler & Murthy, 2015).
The LRL ligament connects the palmar surface of the scaphoid fossa
of the radius with the lunate bone, and the SRL ligament connects the
palmar surface of the lunate fossa of the radius with the lunate bone
(Ringler & Murthy, 2015). The main function of the LRL and SRL is to
stabilize the lunate bone (Apergis, 2013; Ringler & Murthy, 2015). The
morphology of these insertion sites can be related to the functional
characteristics of the wrist of hominoids and their locomotor behavior
(Casado et al., 2019). The more terrestrial hominoids, such as gorillas,
are characterized by relatively small insertion sites, with an ulnopalmar
orientation of the SRL insertion site (Casado et al., 2019), which is
related to their osteological morphology. This morphology provides
greater stability of the scaphoid and the lunate and reduced mobility
of the wrist, which in turn reduces the need for the ligaments to pro-
vide stability (Orr, 2017). In contrast, the more arboreal hominoids,
such as chimpanzees or orangutans, have relatively large insertion
sites and a palmar orientation of the SRL insertion site (Casado
et al., 2019). This relatively larger size of the radiocarpal ligaments is
related to their use of arboreal locomotion, since these ligaments
compensate for the large traction loads on the wrist during suspen-
sory locomotion and vertical climbing (Richmond et al., 2001).

Based on these previous findings in other hominoid taxa, in this

study we analyze the insertion sites of the palmar radiocarpal

FIGURE 1
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Distal radial epiphyses of (a) Gorilla gorilla, (b) Pan troglodytes, (c) Pongo pygmaeus and (d) Hylobates lar, in a palmar view (upper
panel) and a distal view (lower panel). In each of the distal radial epiphyses, the insertion sites of the palmar radiocarpal ligaments are shown with
the locations of the landmarks. Landmarks L1-L4 identify the SRL ligament insertion site, and landmarks L5-L10 identify the RSC + LRL ligaments
insertion site. LRL, long radiolunate; RSC, radioscaphocapitate; SRL, short radiolunate.
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ligaments of hylobatids using three-dimensional geometric morpho-
metrics (3D GM) with the aim of determining whether their character-
istic morphology can be quantitatively differentiated from that of
other hominoids and whether it is related to their unique locomotor
behavior. The results obtained from this study can help to increase
the currently available knowledge of the anatomy and wrist function
of hylobatids, especially at the osteological and ligamentous level, and

may help inform behavioral reconstructions of fossil hominoids.

2 | MATERIALS AND METHODS

21 | Osteological samples

A total of 115 left radii (Table 1) belonging to Pan troglodytes (N = 25),
Gorilla gorilla (N = 31), Pongo pygmaeus (N = 12), Pongo abelii (N = 3),
Hylobates lar carpenteri (N = 26), Symphalangus syndactylus (N = 9),
Hylobates moloch (N = 4), Hylobates pileatus (N = 2), Hoolock hoolock
(N = 1), and Hylobates muelleri (N = 2) were analyzed in this study. All
the specimens came from the Anthropologisches Institut und Museum
(AIM) of the University of Zurich, Switzerland and correspond to adult
individuals who died from reasons unrelated to this study. All speci-
mens used in this study were wild-shot and did not present macro-
scopic pathology. The adult age of the specimens was estimated by
dental eruption patterns and the total fusion of the distal radial
epiphysis.

2.2 | 3D GM analysis

The distal radial epiphysis of each specimen was scanned by a 3D
Next Engine Ultra HD laser surface scanner, at a resolution of 0.1 mm
space-point separation with a density of 40 k (2x) points. The differ-
ent sections of the scans were fused with the Volume Merge option

of Next Engine HD software at a resolution of 0.5 mm and saved as a

TABLE 1 Osteological samples used in the 3D GM analysis.
UZH = University of Zurich. *Pan included one individual of
unknown sex

Total sample N Male Female Collection
Gorilla gorilla 31 17 14 UZH
Pan troglodytes 25* 11 13 UZH
Pongo pygmaeus 12 7 5 UZH
Pongo abelii 3 1 2 UZH
Hylobates lar carpenteri 26 13 13 UZH
Symphalangus syndactylus 9 4 5 UzZH
Hylobates moloch 4 2 2 UzH
Hylobates pileatus 2 2 - UZH
Hoolock hoolock 1 1 - UZH
Hylobates muelleri 2 2 - UzH
Total 115 60 54
RIGHTS L
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PLY file. The resulting triangle mesh was edited with the open-source

MeshLab software (Cignoni et al., 2008) and the models were impo-
rted into Landmark Editor software (v. 3.6) (Wiley, 2006) for placing
the landmarks (Casado et al., 2019).

The sets of landmarks proposed by Casado et al. (2019) (Table 2)
were used to represent the morphology of the two insertion sites of
the palmar radiocarpal ligaments in the distal radial epiphysis
(Figure 1). Ten type lll landmarks were used: the L1-L4 landmarks for
the SRL insertion site and the L5-L10 landmarks for the common
insertion site of the RSC and LRL. The raw data obtained with Land-
mark Editor software based on the landmark coordinates were
exported into the Morphol statistical package (Klingenberg, 2011).

In order to confirm the reliability and reproducibility of the land-
marks, we calculated intra- and inter-observer error before beginning
the 3D GM analysis. Three experienced investigators each placed all
the landmarks in the 44 hylobatids specimens on three separate days,
with a 48-h interval between the days to decrease the possibility of
an investigator mechanically repeating the placement of the land-
marks. Observer error in the other specimens had been calculated in a
previous study by our group (Casado et al., 2021). Differences were
analyzed with a pairwise Mann-Whitney analysis to detect any lack
of reliability in the landmarks or the data.

A generalized Procrustes analysis (GPA) was used to eliminate
variability due to differences of size, placement, or orientation and to
minimize the sum of square distances between equivalent landmarks
(Bookstein, 1991; O'Higgins, 2000; Zelditch et al., 2004). This proce-

dure allows the resulting data, termed Procrustes coordinates, to be

TABLE 2 Numbering, description and types of landmarks used in
the 3D GM analysis (O'Higgins, 2000)

Landmark Type Description

1 I Most distal-ulnar point of the SRL ligament
insertion area

2 1] Most proximal-ulnar point of the SRL
ligament insertion area

3 1] Most distal-radial point of the SRL ligament
insertion area

4 Il Most proximal-radial point of the SRL
ligament insertion area

5 1l Most distal-ulnar point of the RSC + LRL
ligaments insertion area

&) 1] Most proximal-ulnar point of the
RSC + LRL ligaments insertion area

7 1] Most proximal-radial point of the
RSC + LRL ligaments insertion area

8 1] Most radial point of the RSC + LRL
ligaments insertion area

9 Il Most distal-radial point of the RSC + LRL
ligaments insertion area

10 1] Intermediate point between landmarks 5

and 9

Abbreviations: LRL, long radiolunate; RSC, radioscaphocapitate; SRL, short
radiolunate.
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used in a multivariate analysis (Rohlf & Marcus, 1993; Zelditch

et al., 2004). A principal components analysis (PCA) was then per-
formed in order to reduce complex multidimensional data to fewer
components, or eigenvectors, which could be used to explain the main
differences between the groups (Klingenberg, 2011; O'Higgins, 2000;
Zelditch et al., 2004). Subsequently, the normality of the sample was
tested using the Shapiro-Wilk and Anderson-Darling tests in PAST
software. Multivariate analyses of the variance (MANOVA and PER-
MANOVA) were performed to explore the observed differences
between all major components and determine their potential statisti-
cal significance. Differences between males and females were
explored at the genus level with the Mann Whitney U and T tests, but
we did not include species with no male or no female specimens.

In order to determine the influence of size on variation in shape
(allometric scaling), a multivariate regression analysis (MRA) was per-
formed with the PC1 as the dependent variable and the logarithm of
the centroid size as the independent variable (Bookstein, 1991;
Klingenberg, 2011; O'Higgins, 2000; Zelditch et al., 2004).

For more robust results to complement those obtained with the
3D GM analysis, we used the 3D scans of the distal radial epiphysis to
obtain quantitative data on the ligament insertion sites. We used

ﬂ O PC2 (12.60%)

FIGURE 2

MeshLab to calculate the surface area of the insertion site of the
RSC + LRL ligaments in mm? and we normalized these values relative

to the surface area of the distal articular surface of the radius.

2.3 | Ethical note
The research complied with protocols approved by the Institutional
Animal Care and Use Committee of the University of Barcelona and

adhered to the legal requirements of Spain.

3 | RESULTS

The analyses of intra- and inter-observer error revealed no significant
differences (Table S1). The PCA identified 23 principal components
(PCs), the first six of which explained 74.58% of the variation in shape
of the two insertion sites of the palmar radiocarpal ligaments (PC1,
32%; PC2, 12.6%; PC3, 11.03%; PC4, 7.7%; PC5, 5.83%; PC6, 5.42%).
The remaining PCs accounted for <5% each of the variation in shape.

The scatterplot of PC1 versus PC2 (Figure 2) shows the differences

u Pan
¥ Gorilla
Pongo
e Hylobates
e Symphalangus
® Hoolock hoolock

0.21

PC1 (32 %)

Scatter plot of PC1 versus PC2 derived from the PCA of the 3D GM analysis. 95% equal frequency ellipses of the groups are

depicted. Dark blue wireframes show the extreme shape of each PC in a palmar view (upper panel) and a distal view (lower panel). Light blue
wireframes show the mean shape (coordinates 0.0). 3S GM, three-dimensional geometric morphometrics; PCA, principal components analysis.
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among the groups studied, although there is a high degree of overlap
between groups. The hylobatids are located in the negative PC1
values, with members of the genus Symphalangus having more posi-
tive values than those of the genus Hylobates. Within the group of
Hylobates, there is a separate cluster comprising four specimens
(Figure 2); this cluster has no taxonomic significance since it is made
up of three Hylobates lar and one Hylobates pileatus. Gorilla is located
in the positive PC1 values, and Pan and Pongo are located near the 0.0
PC1 value. PC2 does not show large differences between the four
groups of hominoids, nor do PC3 or PC4 (Figures S1 and S2).

The PC1 findings (Figure 2) showed that specimens with positive
PC1 values were characterized by a relatively small insertion site of
the RSC + LRL ligaments and by an ulnopalmar orientation of the SRL
insertion site (Figure 1). In contrast, in specimens with negative PC1
values, the RSC + LRL insertion site was relatively large and the SRL
insertion site had a palmar orientation (Figure 1). The MANOVA anal-
ysis for PCs with parametric distribution (PCs 1, 3, 5-8, 10-15, 17-
20, 22, and 23) identified significant differences between hylobatids
(including Symphalangus) and the other hominoids (F: 6.1; p < 0.001).
The PERMANOVA analysis for PCs with non-parametric distribution
(PCs 2, 4,9, 16, and 21) also identified significant differences between
hylobatids and the other hominoids (F: 8.6; p < 0.001), except in the
case of the PC2 for Gorilla (p = 0.20). There were no significant differ-
ences in PC1 between males and females in any of the groups studied
(Gorilla U = 80, p = 0.13; Pan U = 69, p = 0.91; Pongo F = 1.18,
p = 0.29; Hylobates U = 111, p = 0.23; Symphalangus
F=0.36,p =0.35).

The MRA of PC1 on the logarithm of the centroid size indicated
that 68.10% of the variation in the shape of the insertion sites of the
palmar radiocarpal ligaments was attributable to size (p < 0.001). The
quantitative analysis of the RSC + LRL insertion site normalized to
the distal articular surface of the radius (Table 3) showed significantly

TABLE 3 Mean, standard deviations (in parenthesis), and
statistical significance of the quantitative analysis of the surface area
of the insertion site of the RSC + LRL ligaments normalized to the
surface area of the distal articular surface (DAS) of the radius

RSC + LRL/DAS

Hylobates vs. Pan troglodytes 0.35(0.11) vs. 0.25 (0.8)

p = 0.0001

Hylobates vs. Gorilla gorilla 0.35(0.11) vs. 0.27 (0.10)
p = 0.05

Hylobates vs. Pongo pygmaeus 0.35(0.11) vs. 0.27 (0.08)
p = 0.032

Symphalangus vs. Pan troglodytes 0.34 (0.11) vs. 0.25 (0.8)
p =0.02

Symphalangus vs. Gorilla gorilla 0.34 (0.11) vs. 0.27 (0.10)
p=0.99

Symphalangus vs. Pongo pygmaeus 0.34 (0.11) vs. 0.27 (0.08)
p=0.18

Hylobates vs. Symphalangus 0.35(0.11) vs. 0.34 (0.11)
p = 0.607

Abbreviations: LRL, long radiolunate; RSC, radioscaphocapitate.
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higher values in Hylobates than in Pan troglodytes (0.35 vs. 0.25;
p = 0.0001), Gorilla gorilla (0.35 vs. 0.27; p = 0.05), and Pongo
pygmaeus (0.35 vs. 0.27; p = 0.032). Higher values were also observed
in Symphalangus than in the other hominoids but the difference was
only significant when comparing Symphalangus with Pan troglodytes
(0.34 vs. 0.25; p = 0.02) but not with Gorilla gorilla (0.34 vs. 0.27;
p = 0.99) or Pongo pygmaeus (0.34 vs. 0.27; p = 0.18). There were no
significant differences between Symphalangus and Hylobates (0.34
vs. 0.35; p = 0.607) in the RSC + LRL insertion site normalized to the
distal articular surface of the radius.

4 | DISCUSSION

The main finding of our 3D GM analysis is the separation of most
Hylobates from the other hominoids. Hylobates had negative PC1
values (Figure 2), indicating a relatively large RSC + LRL insertion site.
This finding is in line with the results of our quantitative analysis,
which indicated that the RSC + LRL insertion site in hylobatids was
larger than in the other hominoids (Table 3). This larger insertion site
may be the result of osteological modifications in the radiocarpal joint
of Hylobates, primarily in the scaphoid and lunate bones. Hylobates
have a relatively small scaphoid with a relatively large lunate facet,
which gives them more wrist mobility (Kivell et al., 2013). In addition,
their lunate bone is proximodistally shorter and mediolaterally
narrower than that of other arboreal primates, with a smaller radial
facet and a larger scaphoid facet (Kivell et al., 2013). These osteologi-
cal differences could explain the need for a greater development of
the palmar radiocarpal ligaments, since these ligaments limit the
extension and ulnar deviation of the wrist and are fundamental in the
stabilization of the scaphoid (by the RSC) and lunate (by the LRL;
Apergis, 2013; Bateni et al., 2013; Cardoso & Szabo, 2007; Nordin &
Frankel, 2001; Ringler & Murthy, 2015; Short et al., 2002; Short
et al., 2007). In addition, Hylobates had a palmar—rather than
ulnopalmar—orientation of the SRL insertion site (Figure 1). The SRL is
functionally important since it limits the extension and ulnar deviation
of the wrist and stabilizes the lunate bone (Apergis, 2013; Short
et al., 2002; Short et al., 2007).

However, the allometric scaling of 68.10% on the PC1, where the
largest interspecific differences were detected, indicates that the dif-
ferences observed in the 3D GM analysis in the insertion sites of the
palmar radiocarpal ligaments may well be related to the size of the
individuals analyzed. The separation on PC1 of most hylobatids from
the other hominoids may reflect the smaller body size of the
hylobatids. This smaller body size has enabled the hylobatids to
develop their own specific locomotor behavior (Cartmill, 1985), which
can account for the morphological characteristics that we have
observed in the insertion sites of the palmar ligaments of the wrist.
Hylobatids combine safer locomotor behavior, such as brachiation and
vertical climbing (Chatani, 2003; Thorpe & Crompton, 2005), with
ricochetal brachiation, arm swinging, and more dangerous aerial
phases (Fan et al., 2013; Orr, 2017). This characteristic locomotor
behavior is made possible by the combination of a small body size
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(Schultz, 1933; Zihlman et al., 2011) with a characteristic morphology

of hominoids: a shortened lumbar region, a dorsoventral flattening
and lateral expansion of the thorax (Selby & Lovejoy, 2017), a dorsally
repositioned and craniocaudally elongated scapula, and a shortened
olecranon that facilitates elbow extension (Byron et al., 2017). In addi-
tion, hylobatids have their own unique anatomical adaptations: thin,
hook-shaped hands with extremely long fingers; a unique ball-and-
socket wrist joint; particular muscle characteristics, such as powerful
elbow flexors; and an extremely long anterior limb (Isler, 2005) that
decreases the specific metabolic cost of mass per unit distance trav-
eled (Pontzer, 2007; Pontzer, 2016). This differentiated morphology
makes it possible for hylobatids to rely on suspensory behaviors, with
a significant proportion of aerial phases during arboreal locomotion
(Cant et al., 2001; Cant et al., 2003). The use of brachiation in
hylobatids ranges from 48% to 84% of total locomotion time, with
guadrupedal locomotion being virtually non-existent, unlike other
members of the hominoid superfamily (Cant et al., 2001; Gebo, 1996).
Furthermore, several studies have found that the type of suspension
used by hylobatids in the aerial phases is kinematically different from
that of other primates (Fan et al., 2009; Usherwood et al., 2003), as
hylobatids uses a ricochetal brachiation that includes a phase of true
flight between contacts with the support elements (Chang et al., 2000;
Prime & Ford, 2016). This type of brachiation involves both a rotation of
the trunk and the complete extension of the supporting limb before the
flight phase (Bertram & Chang, 2001) as well as a considerable radial and
ulnar deviation of the wrist (Sarmiento, 1988). This deviation would then
be compensated by a greater development of the palmar radiocarpal liga-
ments to stabilize the radiocarpal joint in a neutral position (Byron
et al.,, 2017). In addition, the smaller body of the hylobatids permits the
use of extended-elbow vertical climbing, which is characterized by a lon-
ger duration of the support phase and is mechanically more demanding
than other types of vertical climbing (Isler & Thorpe, 2003). This use of
extended-elbow vertical climbing could well explain the larger size of the
insertion sites of the wrist ligaments in hylobatids, which would compen-
sate for the traction forces generated in the wrist (Tamagawa
et al., 2020). Finally, hylobatids are the only hominoids with suspensory
behavior where the load falls exclusively on the upper limb, while other
primates have either clambering-type suspensory locomotion, where all
four limbs are called into play, or transfer locomotion, where the load is
on the upper limb only 10%-15% of the time (Cant, 1987; Rein
et al., 2015; Thorpe & Crompton, 2006).

The characteristic brachiation of hylobatids, with the greater
involvement of the upper limb, means that large traction loads affect the
radiocarpal joint over an extended period of time (Rein et al., 2015) and
this could explain the larger size of the insertion sites of the palmar radio-
carpal ligaments that we have observed in our PCA (Figure 2). During this
type of brachiation, the upper limb is under great tension, but the joints
are also subjected to strong compression forces related to muscle con-
traction, since the flexor muscles of the elbow and the wrist work against
gravity while the extensor muscles, which are more developed, work
with gravity (Michilsens et al., 2009; Swartz et al., 1989). To compensate
for this tension in the radiocarpal joint, the wrist will have great strength

but a low range of motion, which will guarantee its stability (Michilsens

RIGHTS L

et al,, 2009). It is therefore likely that the larger size of the insertion sites
of the palmar radiocarpal ligaments in hylobatids is due to their unique
body morphology, which can support a locomotor behavior that is impos-
sible for other hominoids with larger bodies. This morphological variance
could thus be explained by the fact that brachiation is unworkable in
large-bodied primates, since a large body would produce greater tension
in the supporting limb during swinging, which would increase the risk of
rupture (Fan et al, 2013). The slight difference in the PCA between
Hylobates and Symphalangus (Figure 2), although without statistical signifi-
cance, supports this argument. Symphalangus have a larger body and their
locomotor behavior is primarily swinging brachiation (Fleagle, 1974),
which would explain their slight tendency toward more positive PCA
values than Hylobates and their overlapping values with Gorilla and the
arboreal hominoids Pongo and Pan. In contrast, Hylobates have a smaller
body and their locomotor behavior is primarily ricochetal brachiation with
more effective aerial phases (Cheyne, 2011), which requires a more stable
radiocarpal joint and larger palmar radiocarpal ligaments.

In conclusion, our 3D GM analysis has identified significant differ-
ences in the RSC + LRL and SRL insertion sites in hylobatids compared
to other hominoids. We have seen that the morphology of these inser-
tion sites in hylobatids is more similar to that of arboreal primates like
Pan and Pongo than to that of more terrestrial primates like Gorilla. We
have also observed that the particular shape of these insertion sites in
hylobatids may well be related to their unique locomotor behavior and
to their smaller body size. Nevertheless, the high degree of overlap
among the different groups in the PCA limits the functional interpreta-
tion of the morphological differences in the ligament insertion sites and
highlights the relative morphological similarity of the distal radial epiphy-
sis in different hominoids. Furthermore, since there was a large allometric
influence on the PC1 and since we were unable to access complete data
on the body size of our specimens, we suggest that future studies with
access to these data should include allometric analyses to further exam-
ine the relationship between the smaller body size of hylobatids and the

morphology of the radiocarpal ligament insertion sites.
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