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Osmotic phenomena influence the intervertebral disc biomechanics. Their simulation
is challenging and can be undertaken at different levels of complexity. Four distinct
approaches to simulate the osmotic behaviour of the intervertebral disc (a fixed boundary
pore pressure model, a fixed osmotic pressure gradient model in the whole disc or only
in the nucleus pulposus, and a swelling model with strain-dependent osmotic pressure)
were analysed. Predictions were compared using a 3D poroelastic finite element model of
a L4-L5 spinal unit under three different loading conditions: free swelling for 8 h and two
daily loading cycles: (i) 200 N compression for 8 h followed by 500 N compression for 16 h; (ii)
500 N for 8 h followed by 1000 N for 16 h. Overall, all swelling models calculated comparable
results, with differences decreasing under greater loads. Results predicted with the fixed
boundary pore pressure and the fixed osmotic pressure in the whole disc models were
nearly identical. The boundary pore pressure model, however, cannot simulate differential
osmotic pressures in disc regions. The swelling model offered the best potential to provide
more accurate results, conditional upon availability of reliable values for the required
coefficients and material properties. Possible fields of application include mechanobiology
investigations and crack opening and propagation. However, the other approaches are
a good compromise between the ease of implementation and the reliability of results,
especially when considering higher loads or when the focus is on global results such as
spinal kinematics.

© 2011 Elsevier Ltd. All rights reserved.

* Corresponding address: Institute of Orthopaedic Research and Biomechanics, Helmholtzstrasse 14, D-89081 Ulm, Germany. Tel.: +49

731 500 55342; fax: +49 731 500 55302.

E-mail addresses: fabio.galbusera@uni-ulm.de, fabio.galbusera@polimi.it (F. Galbusera).
1 Fabio Galbusera is a Ph.D. student at the University of Ulm, Germany, and has an exclusive research collaboration agreement with
IRCCS Istituto Ortopedico Galeazzi, Milan, Italy.
1751-6161/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.

doi:10.1016/j.jmbbm.2011.04.008


http://dx.doi.org/10.1016/j.jmbbm.2011.04.008
www.sciencedirect.com
www.sciencedirect.com
www.sciencedirect.com
http://www.elsevier.com/locate/jmbbm
mailto:fabio.galbusera@uni-ulm.de
mailto:fabio.galbusera@polimi.it
http://dx.doi.org/10.1016/j.jmbbm.2011.04.008

