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Within the treatment of neurological diseases, neurorehabilitation is still a 
young special discipline. No other medical field aims for a need of such close 
cooperation between the disciplines and players. For this reason, this book 
addresses large parts of the neurological rehabilitation network.

Neurorehabilitation has changed significantly over the past 30 years as a 
result of a steady increase in knowledge in the areas of motor learning, neu-
roplasticity, and the efficacy of therapeutic procedures. Significant research 
activity, particularly in the last two decades, has challenged existing treat-
ment approaches and introduced new ones. One of these modern therapeutic 
approaches, Functional Electrical Stimulation (FES), is presented compre-
hensively in this book with its many possible applications in a wide variety of 
diseases. These range from the treatment of sensorimotor disorders to forms 
of therapy in the neck area for improving swallowing and speech. Neuro-
urological application areas are also discussed.

This book reveals therapeutic possibilities to the professional audience on 
how various neurological diseases can be treated in a target-oriented, evident 
way. The importance of FES is underlined by a steadily growing body of 
evidence.

This fascinating therapeutic progress has been made possible by global 
research activity in this field. The further development of medical technology 
for user-friendly electrical stimulation devices tailored to patient needs has 
also led to an improved range of products. The added value of this develop-
ment can be seen particularly in individualizable and adaptable multichannel 
therapy devices for electrical stimulation which in many cases also enable 
patient-directed movement triggering.

In their contributions, the authors expressly refrain from naming and 
describing commercially available medical devices for functional electrical 
stimulation. Instead, they describe the therapeutic requirements for the patient 
and thus the requirements that are placed on the medical devices to be ade-
quately used for the respective applications.

The aim of the book is to provide the reader with therapeutic instructions 
for treatment as well as relevant background information on the mode of 
action of FES. It is not intended to be another book on electrotherapy, but a 
first comprehensive standard work on FES and its great importance in the 
context of therapy in neurorehabilitation.

All authors contributing to this book are scientifically active and clinical 
experts in the field of neurorehabilitation, FES, or electromedical engineering. 
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We have deliberately focused on the treatment of structural, functional, and 
activity deficits in upper and lower motor neuron damage, improving mobil-
ity, sensitivity, and perception, as well as facial expression, swallowing, and 
oral function.

I hope this book contributes to many inspiring insights into FES with its 
wide range of applications in neurological patients.

Innsbruck, Austria� Thomas Schick   
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design and implementation of the countless graphics, tables, photographs, 
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Introduction and History 
of Functional Electrical 
Stimulation

Thomas Schick

Persons interested in neurorehabilitation are con-
fronted with a wealth of technical information 
and scientific findings. Filtering out the most 
important and current information for one’s own 
professional field from this wide range of infor-
mation would require regular study of scientific 
literature. Also, the decision for the appropriate 
therapy method – depending on the problem con-
stellation of the patient – such as functional elec-
trical stimulation (FES), can be a challenge. This 
book is intended to provide valuable assistance 
for searching specific and therapy-relevant 
approaches. This makes it easier to achieve the 
goal of patient-centered, high-quality therapy. 
The main focus of this book is FES and its wide 
range of applications in neurological patients 
with various symptoms. The special nature of 
modern FES with its importance in the context of 
motor learning and its strongly task-oriented 
approach compared to classic methods is dis-
cussed intensively. It is not uncommon for initial 
difficulties to arise in the search for current litera-
ture due to the internationally very variable use of 
FES terms. In this chapter, the reader gets a basic 
overview of the numerous technical terms and 
their meaning.

1.1	 �Introduction 
and Explanation of Terms

It is intended to provide a useful classification of 
the inconsistent terminology and reflects the 
opinion of the author. The most frequently used 
terms are described. Fig. 1.1 illustrates the terms 
and their predominant use for the therapeutic 
field in the context of electrical stimulation (ES).

Figure 1.1 is based on extensive literature 
research and experience of the most common 
usage and does not claim to represent the lan-
guage choice of all actors in electrical stimula-
tion in a universally valid way. This list is to be 
understood as a contribution to the improved 
comparability of studies and clinical applica-
tions. The classification and division of the forms 
of therapy is based on the structure and function 
level as well as the activity level of the ICF 
(International Classification of Functioning, 
Disability and Health).

In this book, the authors use the umbrella term 
FES. This was coined by the scientists Moe and 
Post in 1962 [1]. The older term Functional 
Electrotherapy (FET) [2] has not gained accep-
tance among experts (Fig. 1.2) and is now used 
only occasionally [3]. The term FES is probably 
the most commonly used term in literature [4]. 
Electrical stimulation is called functional if the 
contractions triggered by the stimulation are 
coordinated in a way that they compensate for a 
restricted or absent support function.
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Fig. 1.1  Comparison of functional electrical stimulation (FES) and neuromuscular electrical stimulation (NMES) and 
their further development

Thus, FES in the proper sense does not denote 
muscle stimulation that triggers contractions of 
muscle groups or a single muscle by means of an 

electrical stimulus [5]. According to another logi-
cal definition, the FES is an electrical stimulation 
during the execution of a voluntary movement. 

T. Schick
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This means that every time a person wants to per-
form a movement, he or she receives electrical 
assistance from the electrical stimulation device 
[3]. This distinguishes FES from passive neuro-
muscular electrical stimulation (NMES), which 
is not designed for active, functional, or task-
oriented patient cooperation. Some authors con-
sider FES a sub-area of NMES [6]. The author of 
the contribution does not agree with this classifi-
cation. NMES has a rather passive treatment 
approach which focuses mainly on structural and 
functional deficits. It is used for atrophy prophy-
laxis, muscle strengthening, toning or detonation 
of muscles, for certain forms of spasm treatment, 
to promote blood circulation, or to improve sen-
sory perception. This represents a significant dif-
ference from the above-mentioned definitions.

If the stimulations are given by an electrical 
stimulation device at defined, temporally repeat-
ing intervals, this is referred to as cyclic neuro-
muscular electrical stimulation (cNMES).

Early work further specifies FES as 
Electromyography (EMG)-triggered FES 
(EMG-FES), in which impulses are triggered 
when a certain threshold is reached according to 
EMG measurement [7, 8]. EMG-triggered stim-
ulations are mostly described in the literature as 
EMG-triggered neuromuscular electrical stimu-
lation (EMG-NMES) [9]. The emphasis of the 
therapy with EMG-NMES is based on a cyclic 
movement electrically supported by the stimula-
tion device, which is actively initiated by the 
patient. The conscious initiation of movement 

and muscular activity of a stroke patient is the 
main focus of EMG-NMES. EMG-triggered 
stimulation devices with only one stimulation 
channel are usually used in these cases [10]. 
This form of therapy focuses on the repetitive 
aspect similar to cyclic stimulation. This distin-
guishes the EMG-NMES from EMG-triggered 
multichannel electrical stimulation (EMG-
MES; see below), in which a task-oriented, 
active therapy approach is explicitly required. 
Switch-triggered neuromuscular electrical stim-
ulation (sNMES) [11] is another option. This 
technique is used to assist stroke patients or 
paraplegic patients while walking, again mainly 
using the term FES [3]. Transcutaneous electri-
cal nerve stimulation (TENS) is used not only in 
pain treatment, but also in electrical myostimu-
lation (EMS), for example in postoperative 
functional paresis, in sports, but also occasion-
ally in stroke therapy [9]. In the case of TENS, 
which is also designed to be passive, the mini-
mization of muscle atrophy rather than func-
tionality is usually the first priority apart from 
pain treatment. Muscle contractions in this case 
are amplitude-dependent, since one cannot only 
stimulate in the sensory-threshold area but in 
the motor-threshold area via neuromuscular 
excitation at the motor end plate [12].

Also, the term EMS is misleading since the 
muscle itself is not directly stimulated, but always 
the upstream nerve based on the corresponding 
stimulation parameters. Only a few studies on 
muscle stimulation after nerve damage in animal 

Fig. 1.2  Milestones in functional electrical stimulation
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