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Biological systems are usually characterized by internal structures and coupled fields which 
make them similar to microstructured materials although the processes are much more 
complicated. Here the physical mechanisms which govern the nerve pulse propagation in 
fibres including an accompanying mechanical wave are studied.    
The propagation of action potentials in nerve fibres is usually described by well-known 
Hodgkin-Huxley, FitzHugh-Nagumo and other models based on the ionic hypothesis. 
However, this hypothesis does not provide explanation of other experimentally verified 
phenomena like the swelling of fibres and heat production during the nerve pulse propagation.  
Nerve fibres are in structural terms cylindrical biomembranes composed by lipids and 
proteins and can be treated as microstructured tubes. Heimburg and Jackson [1,2] have 
proposed a model for describing the swelling of fibres like a mechanical wave excited by 
electrical activity inside the fibre. Their governing equation describes density waves 
propagating along the wall of a cylindrical biomembrane and takes into account (i) 
nonlinearity due to compressibility of the cylinder and (ii) dispersive effects modelled by an 
ad hoc chosen higher-order term. In this talk the possible dispersive effects in such a 
microstructured cylinder are analysed from the viewpoint of solid mechanics, particularly 
using information from the analysis of the well-known rod models. A more general governing 
equation is proposed which satisfies the conditions imposed by the dispersion analysis [3]. 
The numerical simulations demonstrate the influence of nonlinearities, the importance of 
various dispersion terms and the formation and propagation of solitary waves along the wall 
and corresponding transverse displacements which are characteristic to swelling. The linkage 
of electro-mechanical transduction is discussed. A simple model of swelling may be derived 
by including a bulk force into the balance of mechanical momentum motivated by possible 
electrostrictive and/or piezoelectric effects. The thermodynamics of such a process is analysed 
by using the concept of internal variables [4,5]. 
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