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The effect of flexoelectricity, which couples strain gradients with electric polarisation in a broad
range of materials, see e.g. [1], has recently been found to be present in cortical bone and, in
particular, to play a role in bone remodelling processes. More specifically, Núñez-Toldrà et al.
[2] experimentally showed that flexoelectricity can induce osteocyte apoptosis in mechanically
stimulated bones which is a starting point for targeted bone remodelling. Due to the size-
dependency of flexoelectricity, the importance of this effect is most relevant on small scales.
Accordingly, strain gradients in the vicinity of bone micro cracks lead to the generation of
electric fields that are sufficiently high to induce osteocyte apoptosis.

Since successful bone remodelling is most relevant to maintain the structural integrity of bones, it
is crucial to investigate the entire process, starting with the initiation by, e.g., flexoelectricity and
proceeding with bone cell migration and formation of new bone material. However, appropriate
experiments are difficult to conduct and consequently, a computational modelling approach has
been proposed in [3] which can be used to study the process by numerical simulations.

Due to the higher gradients that occur in the governing equations when flexoelectricity is con-
sidered, Isogeometric Analysis [4] is employed in this computational approach since the NURBS
basis functions used therein possess the required continuity properties. Apart from the electro-
mechanical coupling in terms of flexoelectricity, a coupling to chemical fields is employed in order
to model the behaviour of the different bone cells and biochemical signals which participate in
the remodelling process. The involved bone cells in this regard are osteocytes, osteoclasts and os-
teoblasts, whereas the signalling tasks are performed by different types of messenger substances
in the proposed model. All of these chemical substances and bone cells are accounted for by the
introduction of additional field variables as well as diffusion equations so that a chemo-electro-
mechanical coupling is obtained.

The proposed modelling approach is applied to the initial boundary value problem of a small
sample of cortical bone with a narrow micro crack subjected to a mechanical tensile load. In
this example, particular focus is on the electric fields that are induced in consequence of the
flexoelectric effect, as well as on the subsequent cell diffusion which leads to remodelling.

[1] Shu, L., Liang, R., Rao, Z., Fei, L., Ke, S., Wang, Y. Flexoelectric materials and their related
applications: A focused review. J. Adv. Ceram. 8, 153173, 2019, https://doi.org/10.1007/s40145-
018-0311-3
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