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Summary

We would like to emphasize the following points:

The use of the spine and trunk in human locomotion is as important in humans
as it is in the locomotion of other tetrapodes: the ancestors and relatives of the
species Homo sapiens. The spine and trunk, and their musculature drive
locomotion; extremities transfer and modulate it.

The occurrence of a waist, especially in humans, indicates the importance of
rotations between the upper trunk (head, neck, and thorax) and the lower trunk
(pelvis) with an elastic joint (spine, paravertebral, and abdominal musculature)
within the rump. Of most importance seems to be the torsional twist around
longitudinal axes.

Human walking is an interplay between masses, gravity, and elasticity that is
modulated by musculature. Rigid body mechanics alone are insufficient to
describe human walking.

Posture control is a dynamic process that is necessary for efficient human
locomotion, and also for other basic motor functions, such as standing and
sitting. The systems underlying these motor functions interact.
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e During the locomotion of vertebrates—including humans—a task-specific
activation of the motor system is revealed, which is modulated by individual
motor realization strategies.

1. Introduction: the Common Mammalian Heritage

Humans are placental mammals, tetrapodes, vertebrates—those zoological
classifications in medical science that only seem to be of interest in the context of drug
tests using animals as measuring devices. However, as we make use of the common
genetic heritage of humans and the mouse in pharmaceutics, we have to be aware that
the common descent of mammals also restricts our therapeutical approaches. Human
beings are no new invention—our species incorporates the developmental possibilities
and restrictions of our ancestors. Evolutionary selection in former times may have acted
on our precursors under quite different ecological circumstances. Evolution has not
flowed purposefully towards humans as the “Lords of Creation.” The outcome is the
result of a zigzag course through adaptations towards circumstances that have changed
during time. No species is “optimal.” All are adapted to fulfill the needs of survival, and
as long as they perform this function there exists no driving force towards an optimum.
In addition, knowledge about the phylogenetic development of humans is as important
for physicians as knowledge about their ontogeny, so that they can avoid therapeutic
approaches that aim to act against developmental constraints incorporated in our genetic
heritage—a fight that cannot be won.

The bipedal specialization of humans, with its unique functio-morphological adaptations,
especially provokes anthropocentric approaches in the therapy of diseases of the human
locomotor apparatus. For the locomotion humans use have the same principles as most
other mammals. In the following, we shall explain some of the key features of
mammalian locomotion and their implications for human medicine.

e The main locomotory organ of vertebrates is the trunk, which incorporates the
structure defining the whole group: the vertebral column. Small, ancestral mammals
realize up to 50% of the spatial gain per movement cycle of the whole body
(contributed by the overlapping step lengths of the extremities and by flight phases)
by motions of the trunk. Humans have reduced sagittal bending of the trunk and
spine, but the systematic use of deformations of the trunk during walking still
indicates the function of a nonrigid trunk for locomotion; be it as a pacemaker for
the extremities giving a central clocking mode, as an energy source (which is the
subject of controversial debate), or to provide optimized conditions for the use of
self-stabilizing mechanisms.

e The stem line of mammals is characterized by sagittalized extremities with three
long segments: scapula, humerus, and lower arm, and the corresponding leg
segments of the thigh, shank, and elongated metatarsus. The human hindlimb still
owns the ancestral three-segmented construction, showing proportions adapted to
the needs of self-stabilization. The human forelimb seems to be reduced to two long
segments—the locomotor meaning of the scapula is usually ignored due to the fact
that in humans this bone is in an rectangular orientation to the plane of motion. As a
consequence of the missing kinematic coupling between forelimbs and ground in
bipedalism, misfunctions of the scapular pivot only lead to dynamic disturbances,
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which may generally be compensated for by additional input of energy into the
system with consecutive disturbances of other parts of the locomotor system.

e Neural control of locomotion, for both the trunk and the extremities, is derived from
excitatory waves running down the spinal cord cranio-caudally. Spatiotemporal
redistribution of these excitations from the spinal cord onto the musculature is
realized by nerve plexus; different locomotor schemes of the extremities may
correlate with different formations of plexus.

e In locomotion, energy is periodically transferred between its different subentities of
kinematic and potential energy. Potential energy may be stored in the gravitational
field, which leads to the concept of the extremities forming pendula, or it may be
stored in elastic springs. In large master-cursors, such as horse and camel, these
springs may be realized by collagen in tendons or by elastic giant proteins such as
titin or nebuline in the muscle bellies of all mammals, including humans.

For limbed animals, the mechanics of terrestrial locomotion follow surprisingly simple
common rules. Boundary conditions are given by morphology (body mass and body
height: the results of evolution), gravitation (a natural constant), and elasticity (material
properties, which seem to have been remarkably unchanged during mammalian
evolution). Timing is restricted by neural mechanisms, which may be derived from
reptile precursors more than 140 million years ago. Since, within one species, such as
Homo sapiens, proportions and mass distribution are fairly common for all individuals
(these features formed the basis for the differentiation of species in zoological terms),
locomotor capabilities are quite restricted within the limitations of our evolutionary
heritage. Knowledge about these facilitates rational therapy.
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