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INTRODUCTION 
 

Electrical stimulation of nerves and muscles 

via surface electrodes is being used for various 

applications such as pain reduction, muscle 

strengthening, activation of paralyzed muscles 

and training of sensory motor mechanisms, 

among others. Common to all application of 

surface electrodes for stimulation is that it 

requires a great deal of skill and patience from 

the user and/or the therapist to place the 

electrodes in the optimal position for the 

function to be performed. 

 

Often, single self-adhesive electrodes are 

used, which must be taken off before they can 

be repositioned at a different location on the 

skin. Additionally, the optimal stimulation site 

can vary from day to day in patients, making 

the process time-consuming since it many 

convey repositioning the electrode once and 

again until the site is finally located[i]. It is 

difficult to try many different electrode sizes. 

For all these reasons a nonoptimal electrode 

position and electrode size are often chosen 

for stimulation sessions.  

 

In order to provide solutions to the challenges 

of previous generations of FES systems, Fesia 

Technology uses the multi-field electrode 

technology that consist of multiple elements 

which can be individually activated to form a 

virtual electrode of arbitrary size and location. 

The position and size of the activated region 

(virtual electrode) can be dynamically changed 

without the need of removing the electrode 

from the skin. One large layer of self-adhesive 

hydrogel is used as skin interface between the 

skin and the array electrode. 

 

This array-electrode (Figure 2) was developed 

to replace a single field electrode (Figure 1) in 

daily use in applications where selective 

activation is required for regaining functional 

movements.  

 

 
Figure 1. Conventional hydrogel electrode pair (red-

anode, black-cathode) 

 

 

Functional electrical stimulation (FES) is an evidence-based technique to treat foot drop. In order to provide 

solutions to the challenges of previous generations of FES systems, Fesia Technology uses the multi-field 

electrode technology that consist of multiple elements which can be individually activated to form a virtual 

electrode of arbitrary size and location. This document provides a scientific justification of the use of multi-

field electrodes of the Fesia Walk system. 
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Figure 2. Fesia Walk multi-field electrode. On the right 16 

cathode pads, on the left 4 anode pads 

 

As mentioned above, the major advantage of 

the Fesia Walk electrode is that during its 

operation is able to change the stimulation 

sites without stopping the stimulation. This 

allows the electrode size and shape to change 

dynamically in order to correspond to the 

relative movement of the position of the 

stimulation points vs. the electrode[ii]. The 

application of multi-field electrode is beneficial 

since optimal position and shape of the 

electrodes vary from individual to individual 

and day to day, so this indicates that it´s use is 

favourable compared with conventional 

electrodes[iii].  

 

The Fesia Walk´s matrix electrode covers both 

the posterior and lateral areas of the knee and 

thus can stimulate the common peroneal and 

posterior tibial nerves. It consists of 16 

cathodes (active electrode fields) and 4 

anodes (return electrode fields) that can be 

activated independently or in combination, thus 

allowing adaptation to the different patient 

anatomies. The configuration of the multi-field 

electrode allows the generation of 4 

movements, including dorsiflexion, 

plantarflexion, eversion and inversion and the 

combination among them. 

 

The array technology is a versatile approach 

that can dynamically change the size and 

position of the active region. This will enable 

clinicians to reduce the time-consuming 

procedure of finding optimal electrode 

positions and sizes[iv]. However, shaping the 

stimulation electrode becomes increasingly 

complex with an increasing number of possible 

stimulation sites and very time consuming. 

Many pads increase the number of possible 

combinations for stimulation electrode 

shaping. To overcome this scenario, an 

automated search for the optimal configuration 

is used. 
 

ASYNCHRONOUS STIMULATION 
 

Since high discomfort felt by patients can limit 

the effectiveness of FES, it is important to find 

stimulation methods that provide the intended 

performance while minimizing discomfort.  

 

Asynchronous stimulation activates different 

electrode fields one right after the other, 

whereas synchronous stimulation activates 

different electrode fields all at the same time. 

As actual electrode configuration consists on a 

multi-field electrode placed over the targeted 

muscle group, the synchronous method 

normally results in more discomfort than 

asynchronous stimulation due to higher 

amplitudes going through the anode, as a 

result of the summation of the currents flowing 

through each single field.  

 

Asynchronous stimulation has shown to be the 

best option between both methods using multi-

field electrodes since results showed that 

synchronous stimulation produces more 

discomfort than asynchronous stimulation 

where the anode was located when distant 

fields are activated[v].  

 

BENEFITS OF MULTI-FIELD 

TECHNOLOGY IN THE FESIA WALK 

SYSTEM 
 

Multi-field electrodes enable advanced FES 
system set-up resulting in real time controllable 
shape, size and position of the electrodes and 
stimulation parameters and consequently 
improved selectivity of stimulation, and simple 
and fast FES system setup process.  
 
Fesia Walk system supports both plantar 
flexion in terminal stage of stance phase of gait 
and dorsiflexion during swing phase. This 
feature provides a natural-like gait pattern 
which activate both muscle groups, therefore 
providing full ankle control and an input of the 
physiological gait pattern to the CNS. The 
exact selection of the site to be stimulated 

2 



 

 

 

 

  WHITE PAPER            Fesia Technology 

reduces compensatory movements when 
walking.  
 
Finally, wireless connections of the multi-field 

electrode with the stimulator, sensor and the 

SW application make the whole Fesia Walk 

system an extremely user-friendly system for 

professional users as well as for patients. 
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