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Nonlocal bone remodelling with open system peridynamics
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Bone tissue as living material is able to continuously adapt its external and mainly internal
structure to mechanical and biological alterations. In recent years, research regarding
bone remodelling processes has focused on, i.a. healing processes, the porosity of bone
structure and the biological stimulus. While the latter has already been introduced as a
nonlocal quantity, the mechanical governing equations have been realised only in a local
continuum form. To add a new perspective by fully capturing nonlocal material behaviour,
we introduce a formulation for open system peridynamics including constitutive equations
for bone remodelling processes [1]. To do so, we exploit the local evolution equations of
Kuhl and Steinmann [2] and reformulate them in a peridynamic sense. In peridynamics,
every continuum point interacts with points in its finite-sized neighbourhood. Due to the
nonlocality, the governing equations are obtained via integro-differential terms instead of
divergence terms, enabling to easily model discontinuities, such as material damage.

We simulate different numerical examples, including a unit square and a proximal femur,
to justify our formulation and to demonstrate the influence of nonlocality [3]. We compare
our numerical examples with local finite element simulations to verify convergence with
diminishing neighbourhood size. The results of our peridynamic simulations are in good
agreement with the local finite element simulations when a small neighbourhood is used
compared to the domain size. The influence of nonlocality of the peridynamic model
is highlighted by increasing the neighbourhood size. We show that our peridynamic
formulation can be used to model and study nonlocal material behaviour during the
complex process of bone remodelling.
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