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In anthropological studies of cortical bone
adaptation in limb-bone diaphyses there is an
unrecognized bias — the bones examined are
often habitually/stereotypically subjected to
complex loading. Consequently, bone matrix
adaptations can be difficult to interpret because
complex
loading
engenders
prevalent/predominant shear strains. Of the
three strain modes (shear, tension, and
compression) shear is potentially most
deleterious (bone is strongest and more resilient
in
compression).
Non-uniform
strain
distributions in cortical bone, whether produced
by bending or combined bending/torsion, are an
essential consequence of a bone’s function
because they are linked to predictability of load
and nutrient delivery. One solution for the
regional prevalence/predominance of tension
and compression in generally exclusive regions
in habitually bent bones is the formation of
strain-mode-specific
osteon
morphotypes
and/or predominant collagen fiber orientation
(CFO). If, however, a bone is loaded primarily
in torsion, then clear regional variations in
histomorphological adaptations for these
‘conventional’ strain modes do not occur. This
is because in limb-bone diaphysis loaded in
habitual torsion there are no significant regional
disparities
in
strain
modes.
The
prevalent/predominant mode in torsion is shear;
by the adult stage, the adaptation for this mode
might be seen as relative greater uniformity in
matrix organization when compared to bones
that experience habitual bending with little
torsion (e.g., CFO is relatively more uniform
across the entire bone cross-section). Because
this is not intuitive, we recommend considering
the “shear resistance-priority hypothesis” (see
figure at far LOWER RIGHT), which helps in
understanding how a bone might adapt at the
material level when the strain milieu has
prevalent/predominant shear.

Most anthropology
studies use bones
in “High Complexity
Category”.

At LEFT top are bones of an adult horse showing a
spectrum from low to high complexity loading, respectively:
calcaneus (A), radius (B), and third metatarsal (MC3) (C).
The drawings are simplified renditions showing: (A) the
calcaneus as a cantilevered beam, (B) the radius as a
curved beam with longitudinal loading; the curvature
accentuates bending. Torsion (dotted line) is also present
but is less than the torsion in the MC3 (solid circular line in
C), and (C) the MC3 with off-axis longitudinal loading
producing bending and torsion, the latter being greater
than in the other two bones. At the LOWER LEFT and at
RIGHT are the hypothesized multidomains for a human
and chimpanzee femur.

