
Introduction
Myofascial tissue is composed of cellular and 
non-cellular elements. Both components are 
sensitive to physical strain, temperature, pH 
and humoral factors. This chapter describes the 
physiological and biochemical properties of fas-
cial tissues, as well as the interaction with con-
nected tissues, most notably skeletal muscle, 
and repair mechanisms after injury. Knowledge 
of underlying neurophysiological pathways is 
indispensable because “you can’t depend on 
your eyes when your imagination is out of focus” 
(Mark Twain, 1889). 

Neurophysiological fundamentals
Movement in sport, first and foremost, involves 
a sophisticated interaction of the central and 
peripheral central nervous system, force gen-
erating muscle and connective tissues, such 
as fascia, which is intrinsically tied to skeletal 
muscle.

Upper and lower motoneuron
The protocol of a movement (engram) is gener-
ated in the motor cortex of the brain. The elec-
trical impulses originating from pyramidal 
neurons propagate along their axons, crossing 
over to the contralateral side on the brainstem 
level. This is the reason why the left hemisphere 
of the brain controls the right side of the body. 
In most cases, the left hemisphere is dominant. 
This is evident not only in right-handed people 

but, surprisingly, also in the vast majority of left-
handed individuals. Aside from the brain, left 
predominance is found in other matched organs 
such as kidneys or testicles, which are slightly 
bigger on the left side. The heart is also localized 
on the left. The asymmetry of our bodies origi-
nates from the directional movements of cellular 
fimbriae in an early stage of fetal development. 

Nerve fibers of the pyramidal tract, also 
denominated corticospinal tract or upper moto-
neurons, carry information from the brain to the 
spinal cord. The electrical signal from the upper 
motoneuron is then transmitted in the anterior 
horn of the spinal cord to the lower motoneuron, 
which finally carries the information to the skel-
etal muscle (Figure 2.1). By definition, an injury 
of the upper motoneuron leads to a spastic palsy 
due to disinhibition of motor reflexes. By con-
trast, lower motoneuron lesion results in flaccid 
paralysis. Connective tissue reacts to such dis-
turbances of the reflex circuit in due course. For 
example, after damage to upper motoneurons, 
as in stroke or spinal cord injury, there is signifi-
cant fascial stiffening, which in some cases may 
require surgical relief of the strain. The myofas-
cial stiffening is the result of hyperreflexia due 
to the lesion of the central nervous system, most 
notably the upper motoneurons. In summary, 
two nerve cells, including their long axons, carry 
the motor information from the brain to the 
muscle. On the sensory side, three nerve cells are 
assembled. The peripheral sensory neuron trans-
mits the information to a second neuron in the 
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dorsal horn of the spinal cord. Here, the signal is 
forwarded, through the spinal cord, to a nut-like 
part of the brain called the  thalamic nuclei. This 
is the central part of the sensory system, which 
is composed of two interconnected neurons. The 
thalamus is located at the center of the brain and 

is also known as “the door to consciousness”.

Extrapyramidal movement coordination
This system of motor control is subject to a vari-
ety of influences and modifications, which are 
collectively known as the extrapyramidal motor 
system. Important anatomical components of 
the extrapyramidal motor system are the basal 
ganglia, the cerebellum and numerous interneu-
rons, which interconnect pyramidal axons recur-
sively, side by side and with brain nuclei. The 
extrapyramidal system is designed to enhance 
or hamper signal transduction. It receives sig-
nals from the somatosensory input, and coor-
dinates and fine-tunes movements (Chaitow & 
DeLany, 2000). A loss of function of this system, 
e.g. in Parkinson’s disease, leads to a very spe-
cific  akinetic and rigid movement disorder.

Interestingly, other inputs converging in the 
thalamic nuclei also influence the extrapy-
ramidal movement coordination. Here, impor-
tant factors are emotion and pain. Emotion is 
believed to be generated by a circular flow of 
electrical impulses along a set of anatomical 
brain structures known as the limbic system. 
Furthermore, the limbic system is a key element 
for memory, olfaction and evolutionary survival. 
It includes several anatomical brain structures, 
notably interfering with the thalamic nuclei and 
thereby giving an explanation as to why emo-
tional state can influence movements and vice 
versa. In this context, it is interesting that regular 
sporting activity improves learning, reduces the 
probability of dementia, and significantly pro-
longs life expectancy. 

Cerebral hormones such as dopamine and ser-
otonin are key promoters for movement but also 
for happiness. For example, this coherence can 
be observed in patients with psychiatric mania, 
who are restlessly in motion until they are  treated 
with neuroleptic drugs, i.e. dopamine antago-
nists, after which rather robotic movements may 
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Figure 2.1 Basic neuronal elements of movement control
Two efferent nerve cells, upper and lower motor 
neuron, conduct specific movement information 
(encoded as action potential frequency) to the target 
organ, i.e. skeletal muscle. On the sensory side, there 
are three neurons interconnected. The extrapyramidal 
system integrates information such as optic, acoustic 
and sensory input and modulates the efferent 
coricospinal tract, i.e. the upper motoneuron. A major 
component of the extrapyramidal motor system is the 
thalamic nuclei. Formation of peripheral nerve plexus 
is not shown in the figure.
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be observed. On the positive side, good mood is 
often associated with physical activity, such as 
dancing. Another example is the need for move-
ment in children, especially as an expression of 
happiness. The direct effects of these hormones 
on fascial tissue have only been shown indirectly 
to date. For instance, long-term medication with 
potent dopamine agonists leads to fibrosis in the 
lungs and around the kidneys, as well as thicken-
ing and stiffening of cardiac valves.  

Pain is a complex topic involving humoral fac-
tors, peripheral nervous structures and higher 
brain centers, e.g. thalamic nuclei. Fascia con-
tains numerous nociceptors such as free nerve 
endings, whose stimulation triggers pain 
 sensations. These nerve endings are linked to the 
autonomic nervous system (ANS), which com-
prises the sympathetic and the parasympathetic 
systems. ANS collects the information from the 
body and the external environment, and acti-
vates specific responses in the body. 

In contrast to the aforementioned somatosen-
sory neurons, which have an impulse conduction 
speed of 10–100 m/s, a specific type of nocicep-
tor, the C-fibers, are not surrounded by a myelin 
sheet and, therefore, conduct impulses more 
slowly, at roughly 0.5 to 2 m/s. The resulting pain 
sensation is dull and less localized. Fascial tissue 
mostly contains unmyelinated nerves with free 
nerve endings serving as unspecific receptors. 
These free nerve endings detect several stimuli 
such as tension, temperature or pain, and are 
connected to wide dynamic range neurons for 
further processing of the input.

Irritation and coupling of sympathetic fibers 
with sensory fibers is one of the known mecha-
nisms for the development of chronic pain, such 
as in the Complex Regional Pain Syndrome (also 
called Sudeck’s disease). Moreover, fascia also 
contains neurons that release humoral  mediators, 

such as substance P or  calcitonin-gene related 
peptide, which are associated with chronic and 
self- sustaining pain (Tesarz et al., 2011). Further 
details can be found in Chapter 15. 

Muscle and fascia – together strong
Skeletal muscle is composed of myofibers, which 
develop as a merger of several single muscle 
cells via multiple cell fusions. Microscopically, 
myofibers are readily identifiable by the regu-
lar arrangement of the contractile proteins. The 
subcellular contractile units are called sarcom-
eres, in which effective force generation requires 
optimum interdigitation of actin and myosin 
filaments. In vitro experiments have shown that, 
after surgical excision of a muscle bundle, the 
elastic fibers shrink by roughly one third of their 
length in vivo. Therefore, in vitro force meas-
urements in a laboratory cell-dish environment 
require an experimental pre-stretching of the 
bundle. 

For efficient contraction development, this 
pre-stretch may be dynamically regulated in the 
body by fascial tissue. Depending on the cross-
link tension, hydration, elastic content, and 
even active fascial contraction, the strain on 
myofibers can be regulated in order to intensify 
or weaken muscular force generation. In other 
words, fascia acts as an energy-saving and intel-
ligent servomechanism.

Myofascial tone
Muscle tone is a feature that is regularly assessed 
by a broad variety of medical professionals.  
However, diagnosis is based on the experience of 
the examiner, as reference standards are lacking 
for symptoms such as body aches or subjective 
stiffness. Manually assessed excessive muscle 
tone is also often attributed to postural pain 
syndromes. Systematically, it is more precise 
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to use the term “myofascial tone” because the 
tensional properties originate not only from 
the muscle tissue itself but also from the fas-
cial tissue (i.e. the epi-, peri- and endomysium), 
which can alter its mechanical properties (see 
below). Interestingly, the amount of connective 
tissue found in a specific muscle is dependent on 
its function. Tonic muscle contains significantly 
more and firmer fascial components than phasic 
muscle (Klingler et al., 2012). Differences are also 
found between species. For example, meat from 
mountain goats has a much higher percentage 
of collagenous connective tissue compared with 
domestic pigs. In hereditary muscle diseases, 
fibrosis is one of the most prominent features and 
may even be the first symptom of the disease. 
Therapeutic efforts aim to reduce the fibrosis in 
muscle disease, such as Duchenne myopathy. 
Here, corticosteroids are effective inhibitors of 
fibroblast proliferation and collagen synthe-
sis. Corticosteroid treatment then significantly 
postpones the onset of disability, in relation to 
walking. Due to the adverse effects of high cor-
ticosteroid doses, alternative treatment options 
are currently being explored for the management 
of such pathologies (Klingler et al., 2012). In sum-
mary, the contribution of fascia and myofibers 
to muscle tone is highly variable and adaptive to 
external and internal factors. 

Resting tone
What is resting myofascial tone? This question 
is not trivial and will be addressed in the follow-
ing paragraph. By definition, the resting skeletal 
muscle is electrically silent. This means that the 
voluntary innervation is zero and the reflex cir-
cuit is quiescent. In theory, this is a clear condi-
tion and should be easy to assess by examining a 
resting muscle in terms of resistance to passive 
movement and firmness of the tissue (Masi and 
Hannon, 2008). However, from a practical point 

of view, it can be observed that in awake and 
even sleeping subjects resting muscles appear 
to be far from silent. In most patients who are 
examined by means of electromyography (EMG), 
signs of neural activity in the muscle tissue can 
be seen, even if the muscle is voluntarily slack. 
Indeed, the creaky sound of the EMG device can 
be used as a biofeedback method in order to calm 
and relax the patient. Another problem during 
clinical examination is that many people tend to 
innervate (“unconscious helping”) the muscle/
limb under investigation or suffer from disinhibi-
tion of monosynaptic reflexes, e.g. in encephalo-
myelitis disseminata, stroke or other pathologies 
of the central nervous system. A long-term neu-
ronal overstimulation leads to a fascial remod-
eling, increase of collagen fibers, and more rigid 
and less hydrated connective fascial tissue. This 
fits with altered tissue microperfusion, hydra-
tion and nutrition (Chapter 9). From a purpose- 
or function-oriented teleological point of view, 
fascial hypertrophy is not only a compensation 
for muscle overstimulation, but also a reaction 
to inflammatory processes. In other words, the 
strategy of our bodies is based on the principle 
that fast healing is more important than func-
tion. This is not only visible in muscle fascia, but 
also in the scarring of skin lesions, or in organs, 
such as connective tissue replacing heart muscle 
after myocardial infarction, leading to a persis-
tent loss of cardiac output. Hence, fascial hyper-
trophy is embedded in the survival strategy of 
our bodies. 

A complete inhibition of innervation can be 
observed during general anesthesia in the hos-
pital. Here, neuromuscular blocking agents are 
used for induction and tracheal intubation. For 
training purposes, it is helpful for any movement 
professional to visit an operating theatre to gain 
an impression of the effect of a complete neuro-
muscular block on myofascial tissue. 
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Figure 2.1 Basic neuronal elements of movement control
Two efferent nerve cells, upper and lower motor 
neuron, conduct specific movement information 
(encoded as action potential frequency) to the target 
organ, i.e. skeletal muscle. On the sensory side, there 
are three neurons interconnected. The extrapyramidal 
system integrates information such as optic, acoustic 
and sensory input and modulates the efferent 
coricospinal tract, i.e. the upper motoneuron. A major 
component of the extrapyramidal motor system is the 
thalamic nuclei. Formation of peripheral nerve plexus 
is not shown in the figure.
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be observed. On the positive side, good mood is 
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potent dopamine agonists leads to fibrosis in the 
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ing and stiffening of cardiac valves.  
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tains numerous nociceptors such as free nerve 
endings, whose stimulation triggers pain 
 sensations. These nerve endings are linked to the 
autonomic nervous system (ANS), which com-
prises the sympathetic and the parasympathetic 
systems. ANS collects the information from the 
body and the external environment, and acti-
vates specific responses in the body. 
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eres, in which effective force generation requires 
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filaments. In vitro experiments have shown that, 
after surgical excision of a muscle bundle, the 
elastic fibers shrink by roughly one third of their 
length in vivo. Therefore, in vitro force meas-
urements in a laboratory cell-dish environment 
require an experimental pre-stretching of the 
bundle. 
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pre-stretch may be dynamically regulated in the 
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even active fascial contraction, the strain on 
myofibers can be regulated in order to intensify 
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Figure 2.1 Basic neuronal elements of movement control
Two efferent nerve cells, upper and lower motor 
neuron, conduct specific movement information 
(encoded as action potential frequency) to the target 
organ, i.e. skeletal muscle. On the sensory side, there 
are three neurons interconnected. The extrapyramidal 
system integrates information such as optic, acoustic 
and sensory input and modulates the efferent 
coricospinal tract, i.e. the upper motoneuron. A major 
component of the extrapyramidal motor system is the 
thalamic nuclei. Formation of peripheral nerve plexus 
is not shown in the figure.


