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Editorial on the Research Topic

Human upright walking from past to present
s

Upright walking is a hallmark trait distinguishing humans from other primates.
Although bipedalism has a central role in human evolution, when, how, and under
what selective pressures it evolved remain long-standing questions (DeSilva et al.,
2019; Holowka and Lieberman, 2018). Musculoskeletal adaptations of early hominins
suggest they balanced an arboreal lifestyle, including climbing, with a terrestrial
lifestyle, featuring bipedalism (Carlson et al., 2021; Prang, 2019; Sorrentino et al.,
2023; Williams et al., 2023). While there are undoubtedly multiple adaptive solutions
for achieving this balance, bipedalism eventually became the predominant hominin
locomotor mode after the emergence of genus Homo (Bramble and Lieberman,
2004; Pontzer, 2017). Variations in morphology and bipedal gait mechanics can be
heavily influenced by mobility, which in humans is partly a function of subsistence
economy, substrate use, choice of footwear, and other biological factors (e.g., sex, age,
and body mass) (Carlson and Marchi, 2014; Chirchir et al., 2015; Saers et al., 2019;
Sorrentino et al., 2020; Trinkaus, 2005). While documenting the extent of ‘normal’
anatomical variation in human lower limb and foot morphology, and contextualizing
its basis in human bipedal gait kinematics, continue to receive attention (Carlson et al.,
2007; Hollander et al., 2017; Holowka et al., 2022; Thompson and Zipfel, 2005),
morphological outcomes of gait adjustments are increasingly scrutinized (Uddin et al., 2020;
Zhang et al., 2017).

This Research Topic consists of 10 peer-reviewed Original Research articles that
contribute to our knowledge of the evolution of human bipedalism, and how bipedalism
is linked to anatomical variation in modern humans and our close relatives from past to
present (Figure 1).

Extant ape models have been recruited to frame selective forces driving the evolution
of bipedalism in the last common ancestor of humans and chimpanzees. Sarringhaus et al.
observed that chimpanzees use bipedal postures in arboreal settings primarily during
feeding, whereas bipedalism was adopted on the ground during numerous contexts
including aggressive interactions. They remind us that selective pressures at the origins
of hominin bipedalism may be multifactorial rather than singular in cause. Locomotor
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FIGURE 1
This Research Topic adds a piece to the puzzle of tracking the
evolution of bipedalism.

behaviors of chimpanzees and gorillas shift during ontogeny. Saers
highlights how age-related changes can be tracked in postcranial
bone parameters within and between ape species. Specifically,
he observes ontogenetic trends in relative bone density, i.e.,
diminishing in upper limb bones and increasing in lower limb
bones, mirroring rising frequencies of terrestrial quadrupedalism
approaching adulthood. Not only hard tissue structures track
behavioral changes, but so do soft tissue structures. Warrener
focuses on how muscles, specifically their scaling patterns, reflect
differences in ape locomotor behaviors. She observes greater positive
allometry in human hind limb muscles than has been reported in
other apes, potentially reflecting human adaptations to bipedalism.

Kinematics and musculoskeletal modeling of human bipedalism
provide opportunities to infer locomotor experimentation in early
hominin ancestors. Zeininger et al. investigate how children’s and
adults' feet interact with substrates, focusing on ankle joint torques.
Adults using a heel strike show more variable gearing than children
with an immature foot strike.The authors attribute this to anatomical
and motor control differences between juvenile and adult feet, and
suggest selective benefits of variable gearing may have appeared
around two million years ago with the emergence of a fully (adult-
like) modern foot. Murray et al. use an OpenSim computational
model to explore how lower limb bone curvature affects hominin
locomotion. Different combinations of tibial and femoral curvature
have distinct influences on muscle recruitment during uphill walking
(stair climbing), suggesting adaptive differences exist between them.
The authors revisit functional interpretations of long bone curvature
in humans and Neanderthals, emphasizing the dynamic nature of
different structural adaptations.

Through expressing form-function relationships in foot bones,
obligate bipedalism in Homo manifests biomechanical challenges
related to biological variables and mobility strategies (e.g., sex,
age, footwear, levels of mobility). Figus et al. investigate the role of

developmental age in the transformation of internal morphology
and external configuration of the human talus. They observe
plastic morphological and configurational changes during early
childhood upon achievement of mature bipedal locomotion, and
again during late adolescence potentially due to additional factors
such as body mass increases. Plastic shape change also can occur in
adult skeletal elements. Harper analyzes the effect of activity levels
and footwear on the calcaneus, finding that form varies between
sedentary and non-sedentary modern populations, with hunter-
gatherers exhibiting a superoinferiorly taller and mediolaterally
wider calcaneal tuber. This adaptive response is attributed to
higher activity levels and less rigid footwear. Dann et al. analyze
sexual dimorphism in calcaneal proportions of populations from
the Levant during the Late Pleistocene to the early Holocene.
Paleolithic H. sapiens exhibit calcanei better adapted for high
mobility independent of sex, while sex-specific adaptations begin to
appear with the transition to sedentary lifestyles.

An emerging research thread in evolutionary biomechanics
is the assessment of interventional or corrective measures for
abnormalities or pathologies in modern human walking gaits and
foot mechanics. In a 5-month follow-up study design, Allen et al.
demonstrate that custom-fit 3D-printed footwear modeled after
a minimalist type of indigenous footwear does not significantly
change peak pressure distribution compared to barefoot walking.
The customized footwear significantly increases toe strength,
however, and alters center-of-pressure (COP) patterns during gait,
slowing COP movement in early and mid-stance compared to
barefoot subjects. Alsenoy et al. evaluate different materials in
custom foot orthoses to examine their influences on lower limb
joint kinematics. Greater effects are observed in the ankle than in
proximal joints, with harder materials causing more pronounced
changes. Combining hard (in the heel) and soft (in the forefoot)
materials in orthoses induces the most favorable changes in joint
kinematics compared to shod subjects without orthoses.

Articles in this Research Topic cross-link disciplines, most
notably Paleoanthropology, Primatology, Biological Anthropology,
Orthopedics, Comparative Anatomy, Biomechanics, Functional
Morphology, Skeletal Biology, and Kinesiology. This is intentional.
The editors endorse a pluralistic approach to examining research
questions, namely, utilizing a range of methodologies and
interdisciplinary analyses to investigate bipedalism across different
periods of human evolutionary history.
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