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Introduction
Osteoblast activity in a remodeling osteon is characterized by a rapid apposition of bone at
the start of refilling process, which progressively slows down as the osteon is filled. In line
with earlier work, we hypothesize that osteoblast activity is related to the local stimulation of
osteocytes. The question addressed here is whether the osteocytes are steered by interstitial
fluid flow or by deformation of the bone matrix.

Methods
We used BiotÕs theory in a biphasic finite element model of a remodeling osteon (Fig.1) to
calculate fluid flow and matrix shear strain rate under the loading regime of a walking cycle.

Figure 1: Axysymmetric FE mesh of a tunneling osteon. The arrows indicate the longitudinal
loading direction.

Results
Along the whole surface of the closing cone, the magnitude of fluid flow was equal, following
the external dynamic loading regime (Fig.2a). So, fluid flow amplitudes did not change during
the refilling process. On the other hand, local shear strain rates in the bone matrix gradually
diminished as refilling progressed (Fig.2b); this correlated linearly to the decreasing bone
apposition activity by osteoblasts (graph not shown).

Figure 2: (A) Fluid flow, and (B) shear strain rate of the bone matrix in the closing cone as a
function of time during the complete walking cycle, taken at two positions (see insert): near
the reversal zone (black), and at the base of the cone (blue).

Discussion
Osteoblast refilling in a remodelling osteon thus is related to the local mechanical strain
environment in the closing cone. Matrix shear strain seems to be the relevant mechanical
stimulus controlling bone apposition rather than fluid flow.


