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Functional Electrical Stimulation (FES) can be a versatile tool for support of movement 

rehabilitation. On basis of non-invasive (electrodes at the skin surface) or invasive (implanted 

electrodes) techniques there are 3 options for reactivation of lost muscle functions:  

1) Stimulation of efferent nerves - neuromuscular stimulation - as established method,  

2) Direct activation of muscle fibers - muscle stimulation - in absence of the motor nerve, 

which can lead to similar contraction responses, and 

3) Stimulation of afferent nerve structures, which can lead to improvement in impaired 

movement patterns by artificially substitution of missing neural inputs to central neuronal 

networks in the spinal cord - movement pattern generators.  

 

Applications of electrical stimulation for restoration of movement reach back in the 18th 

century. At this time stimulators based on electrostatic discharge became available and were 

applied for treatment of post-stroke movement disorders. Though over the years we see a 

constant growth in the knowledge on physiology and pathophysiology of movement, 

technically supported rehabilitation methods and associated equipment progress was limited 

till the invention of the bipolar transistor mid 20th century that suddenly enabled the 

construction of compact battery-powered stimulators. Numerous non-invasive and 

implantable devices for a variety of applications where develop since, for experimental and 

clinical research, only few got transferred to market and permanent availability for patients in 

need. 

 

Earlier concepts focused on stimulation of efferent motor nerves for direct reactivation of 

paralysed muscles or muscle groups to make FES induced muscle contractions act as kind of 

biological braces. Extension of these concepts to multiple channels and inclusion of biosignal 

and sensor feedbacks led to closed-loop approaches with the intention to come to more 

physiological execution of complex "more natural" movement patterns. Many difficulties 

were experienced regarding handling of equipment, costs and achievable stability of control.  

 

In the recent past new developments started to rely more in taking advantage from remaining 

intact neural structures in and below the lesion zone in the spinal cord. There are promising 

developments in using non-invasive stimulation of posterior roots at the lumbar spinal cord 

level to assess, in combination with multi-channel EMG and sensor recordings, functional 

injury profiles. These can be of value for primary assessment and intervention planning as 

well as for monitoring of applied protocols and biological developments with time.  Similar 

setups can act as neuroprosthesis for enabling, augmenting or modifying movements by 

influencing altered central control mechanisms via non-invasively or epidurally placed 

electrode arrangements. 

 


