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Ape fracture patterns show higher
incidence in more arboreal species.

ABSTRACT

In the following study, the Hamann-Todd Osteological Collection at
the Cleveland Museum of Natural History was examined to compare long
bone fracture incidence among wildshot chimpanzees (Pan troglodytes),
gibbons (Hylobates lar), and lowland gorillas (Gorilla gorilla). The initial
hypothesis was that the more arboreal species, the chimpanzees and gib-
bons, would have greater incidence of longbone fractures as a consequence
of spending more time in an arboreal environment and the associated in-
creased risk of falling.

First, the percentages of individuals that had long bone fractures,
including fractures of the radius, ulna, humerus, tibia, fibula, and femur, out
of the total population for each species were compared. Additionally, among
those individuals with long bone fractures the percentages that had long
bone fractures of specifically the upper limb were compared among species.
The results showed a general trend toward higher incidence in long bone
fractures among the more arboreal species. However, comparison of propor-
tions of upper limb fractures shows that chimpanzees have the highest ratio
of upper to lower limb fracture, followed by gibbons, and then followed by
both humans and gorillas. These findings do not appear to correlate to time
spent in the trees but may be caused by other factors such as bone strength,
behavioral adaptations, and possible selection bias. Apes suffer a very high
fracture incidence as a result of their arboreal lifestyles, but since there is
such an enormous risk associated with this form of locomotion, there must
be great evolutionary advantage to outweigh the cost. Analysis of these frac-
ture patterns gives insight into behavior, adaptation, and evolution of apes.

INTRODUCTION

For the great apes in the wild, long bone fractures can be devastat-
ing, and their occurrence is an important factor in evolution. Since one likely
cause of long bone fractures is falls, the hypothesis was that more arboreal
primates would show greater fracture incidence. Since the upper limb is lon-
ger than the lower limb in apes, the upper limb was expected to sustain a
greater proportion of the fractures. Differences in the proportions of upper limb
bone fractures could elucidate how the apes vary in the causes for long bone
fractures. In this study, the proportion of individuals with long bone fractures
and the proportion of upper limb fractures were compared in Pan troglodytes
and Hylobates in samples from the Hamann-Todd Osteological Collection
at the Cleveland Museum of Natural History. These data were compared to
previous literature on different collections of gibbons, chimpanzees, gerillas,
and humans. The differences between these apes’ behavior and physiology,
based on their divergent evolutionary histories, should elucidate the underly-
ing causes for differences in fracture incidence and distribution.
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MATERIALS AND METHODS

Data were collected from the Hamann-Todd Col-
lection at the Cleveland Museum of History using gibbons
and chimpanzees. The specimens’ long bones were ana-
lyzed for fractures, with 37 gibbons and 62 chimpanzees
sampled. Data were also obtained from a study by Rob-
ert Jurmain (1997) involving investigation of skeletons
of chimpanzees and gorillas for traumatic injuries. Lovell
(1990) also studied chimpanzee and gorilla fractures, us-
ing a sample from the National Museum of Natural History
in Washington D.C. Bulstrode (1990) sampled wild gibbons
for fractures. Human samples were obtained from Don-
aldson and colleagues (1990) and Meling and colleagues
(2009).

RESULTS

For the data sampled from the Hamann-Todd Col-
lection, 7/37 (18.9%) of the gibbons had long bone frac-
tures, and 6/62 (9.7%) of the chimpanzees had long bone
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fractures. Using the values obtained from this study and
previously published data, averages were calculated. The
averages were 26.0% for gibbons, 20.1% for chimpan-
zees, and 18.9% for gorillas (Figure 1). Jurmain also saw
a difference in gender ratios, where males had a higher
fracture incidence in chimpanzees, whereas females had
higher fracture incidence in gorillas (1997). The data col-
lected from the Hamann-Todd Collection shows lower lev-
els of overall fracture incidence in both gibbons and chim-
panzees than expected, since the literature values for both
are higher. The incidence may have been lower due to a
small sample size. However, within each study, the rela-
tive proportions show the expected trend. For the Hamann-
Todd collection, gibbons show greater rate of fractures
than chimpanzees. In Jurmain’s study (1997) and Lovell’s
study (1990), chimpanzees show higher rate of fractures
than gorillas. The study by Bulstrode (1990) shows that
gibbons have a higher rate of fracture than chimpanzees
and gorillas.
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Figure 1. Incidence of long bone fractures in gibbons, chimpanzees, and gorillas. While the
values. particularly for chimpanzees, vary among studies, the averages show that the more arbo-
real animals, shown decreasing from left to right, incur a higher proportion of fractures.
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Figure 2. Proportion of long bone fractures that occur in the upper limb for samples of gibbons,
chimpanzees, gorillas, and humans, shown decreasing in arboreality from left to right. Chim-
panzees show the highest proportion of upper limb fractures. followed by gibbons. Gorillas and
humans have a lower proportion of upper limb fractures.

The percentage of long bone fractures that oc-
curred in the upper limb out of those individuals with frac-
tures was calculated using their data and graphed (Figure
2). The Hamann-Todd Collection had 5/7 (71.4%) upper
limb fractures in gibbons compared to 5/6 (83.3%) in chim-
panzees. The averages, using values from published data
and the Hamann-Todd Collection, gave a value of 58.7%
for gibbons, 83.0% for chimpanzees, 40.4% in gorillas, and
40.9% in humans. The data show that for chimpanzees
a substantially higher percentage of their fractured long
bones occur in the upper limb, as compared with both goril-
las and humans. Gibbons had a lower proportion of upper
limb fractures than chimpanzees but generally higher than
gorillas and humans.

DISCUSSION

The numbers of fractures observed are artificially
low because of the nature of museum specimen collec-
tion. These museum specimens were wild shot, meaning
these numbers do not include those animals that fell from
trees and died of their injuries, only those who survived

their injuries. This also presents an artifact since some
species may be better adapted to survive fractures than
others. Since smaller animals are generally less likely to
die from falls, they may have an artificially elevated fracture
incidence in the museum population. When larger animals
fall, they often die, so their skeletons would not reach a
museum osteological collection. Therefore, proportions
could reflect this difference rather than the differences in
how often these apes fall, producing a selection bias. This
could contribute to the higher incidence in gibbon fractures
than in gorillas, although these rates also reflect the fact
that gorillas spend less time in the trees due to their large
bodies. As Bulstrode describes, the strength of bone is re-
lated to the severity of the penalty if it is broken (1890).
Gorillas have very robust bones, so if they are fractured, it
may be more devastating to the individual than if a gibbon
breaks the same bone. This means more gibbons may be
surviving with fractures, causing the wild shot populations
to have many gibbons with fractures and fewer gorillas
with fractures, since possibly a greater proportion of gorilla
fractures are fatal. However, this does not necessarily in-
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dicate that gibbons fall more, though it would make sense
because they are both more arboreal and their elongated
upper limbs may be more susceptible to random breaks
upon falling.

Gorillas likely have a lower proportion of upper limb
fractures because they spend less time climbing trees than
chimpanzees, so they have less risk of falling and caus-
ing trauma to the upper limb. This hypothesis was tested
by analyzing gibbons, which are even more arboreal than
chimpanzees, to see if they have even higher rates of frac-
ture and particularly upper limb fracture. The gibbons did
have higher rates of longbone fractures than chimpanzees
in the Hamann-Todd Collection, although specimens from
the Hamann-Todd Collection showed a much lower overall
fracture incidence in chimpanzees compared to the litera-
ture values. The gibbons showed a smaller proportion of
upper limb fractures compared to chimpanzees.

The fragility of the gibbon skeleton might explain
why gibbons had a lower proportion of upper limb fractures
than chimpanzees. It was expected, since gibbons have
very long upper limb bones, that they would have a greater
proportion of upper limb fractures than chimpanzees, but
the data show the reverse is true. The cause may be that
since gibbons have smaller and more fragile skeletons,
they are more prone to fractures of the lower limb caused
by hitting branches while climbing. For chimpanzees, they
may only suffer long bone fractures from falls, which more
frequently break their upper limb bones. Their bones and
muscles of the lower limb may be too strong to suffer from
fractures through hitting branches while climbing. Since
several gibbon specimens were observed to have fractures
in the femur but not in the tibia or fibula, it is suspected
that they sustain lower limb injuries from swinging through
the trees more frequently than chimps and the other large
apes.

In humans, the upper limb is not nearly as robust
but is much less used than the other apes due to bipedal
locomotion. While bipedalism reduces the amount of up-
per limb fractures in humans, other behaviors contribute to
high rates of fracture in modern humans, including sports
and other activities that strain the human skeleton in ways
it is not evolved to tolerate. Humans are evolved to use
their upper limb to carry loads such as food collected to
provision the family or to carry a dependent infant. Such
use does not overly strain the upper limb, so in wild human
populations, one would not expect much trauma to the hu-
man upper limb. The proportion of upper limb long bone
fractures would most likely be much lower in a wild human
population.

In modern humans, injuries to the upper limb occur
in many sports, including baseball and tennis, behaviors to
which humans are certainly not adapted. Fractures of the
upper limb were shown to vary based on sports in a study
by Sinha and colleagues (1999), which showed fractures
involving weight lifting (football, weight lifting, wrestling)
had fractures distal to the elbow whereas throwers (pitch-
ers, soccer goalie, javelin) had fractures in the shoulder
girdle. Swingers (golf, tennis) had stress fractures in the
lower ribs. This study shows how injuries to the upper limb
are common in sports that require humans to use it in ways
that they are not adapted for. A chimpanzee would have no
problem pitching all day, since its upper limb is adapted to
that type of motion (overhead suspension). Chimpanzees
and present-day humans must be considered differently in
their limb fractures since chimpanzees are living in the en-
vironment in which they evolved, whereas humans have
relatively recently rapidly changed the stresses on their
bodies. It would be interesting to study the upper limb frac-
ture incidence in a wild human population.

In humans, as bipedal animals, common injuries
such as rotator cuff tears to the upper arm do not affect re-
productive success as strongly as in quadrupedal animals.
In a pair-bonding human, a fractured upper limb may mean
the human could not hold as much food or as many babies,
but he or she would still be able to locomote, gather food,
and mate. In a chimp, upper limb fractures are much more
serious, jeopardizing the ability of the animal to locomote
at all, let alone find food or a mate. The relatively high rates
of healed fractures in the apes (T20%) suggest that they
must fall very often, since fatal falls are not accounted for,
and that they are well-adapted to surviving despite frac-
tures. Jane Goodall (1986) noted how often chimps fall
from trees, observing 23 falls over 2990 hours in 1878 and
28 falls over 1975 hours in 1979. These values are lower
than actual numbers, since not all falls could be observed.
For adults, particularly males, most falls occurred during an
instance of aggression with another chimpanzee, whereas
infants fell most often while playing. Goodall recorded how
chimps surviving injuries had limited abilities to locomote
for weeks after the injury (1986). Nonhuman primates that
sustain serious fractures must have some way to survive
without use of their broken limbs, most likely through so-
cial relationships. Some evidence shows gibbons may pair
bond (Geissman and Orgeldinger 2000), so a gibbon may
provision food to its injured mate, allowing it to survive an
injury that would otherwise Kill it.

Gender differences may also shed light on the
causes of upper limb fractures. Male chimpanzees had a
higher incidence of fractures than females, whereas the re-
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verse was true for gorillas in Jurmain’s study (1997). Male
chimpanzees likely had higher rates of fracture due to ag-
gression between males for access to females. The most
commeonly fractured bone in the chimpanzee skeleton is
the ulna. As Jurmain (1997) describes, such fractures are
called “parry fractures” in humans and are caused by rais-
ing the arm to block a blow. This suggests that chimpan-
zees are engaging in aggressive behavior that may also
influence the distribution of their fractures. However, such
fractures can also be caused by falls so it remains unclear
whether one of these explanations or a combination of the
two best reflects reality. For the gorillas, the cause of gen-
der discrepancies is that females spend more time in the
trees, making them more susceptible to falls, and therefore
fractures. For gorillas, their body size makes climbing par-
ticularly risky, though they spend less time in the trees than
chimpanzees and gibbons, which is reflected in their lower
fracture incidence.

Chimpanzees are adapted for living in the trees
and there is very strong selection for chimpanzees that
are good climbers, since falls are often fatal or debilitating
enough to negatively impact reproductive success. Natu-
ral selection is always eliminating those who lack the agil-
ity or bone strength to avoid severe injuries. Those with
stronger bones may be more likely to survive a fall or avoid
a fracture, however, natural selection is confined by how
strong chimpanzee bones can be before the weight of the
bone and the resources required to make it are too great
(Bulstrode, 1890). There will inevitably be a large amount
of fractures caused by falls from trees as a consequence
of non-human primates’ adaptations to tree climbing. They
are evolved in numerous ways, from the grasping hallux
to the inflexible spine to the long upper limb bones, to be
good climbers, a form of locomotion central to their way
of life. Fractures from falling out of trees is a necessary
consequence of life in the trees, but one which chimps can
accept since the benefits of climbing trees so greatly out-
weigh the costs for them. Trees contain the food they eat
and keep them safe from predators. Though it may be risky
to climb trees, it may be more risky not to.
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