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Abstract Myofascial pain syndrome (MPS) is described as
the muscle, sensory, motor, and autonomic nervous system
symptoms caused by stimulation of myofascial trigger points
(MTP). The participation of fascia in this syndrome has often
been neglected. Several manual and physical approaches
have been proposed to improve myofascial function after
traumatic injuries, but the processes that induce pathological
modifications of myofascial tissue after trauma remain
unclear. Alterations in collagen fiber composition, in fibro-
blasts or in extracellular matrix composition have been pos-
tulated. We summarize here recent developments in the
biology of fascia, and in particular, its associated hyaluronan
(HA)-rich matrix that address the issue of MPS.
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Introduction

MPS remains a medical mystery. The potential causes are
unknown, except that myofascial trigger points (MTPs) ap-
pear to be involved. Knowing the potential causes of MPS is
critical for developing effective treatment modalities. The
muscle and nerve components of MPS are well-explored
[1], involving motor, sensory, and autonomic components.
However, the participation of fascia in MPS is less well
described and far less understood. In the classic textbook
“Myofascial Pain and Dysfunction” by Simons et al [1], the
index does not contain a single entry for fascia. This reflects
the extent to which fascia has been ignored by clinicians, and
other members of the MPS community.

Only recently some authors [2—6] have suggested that
connective tissue could become tighter in overuse syn-
dromes or after traumatic injuries, but it is unclear if this is
due to an alteration of collagen fiber composition, of fibro-
blasts, or of ground substance. The same authors suggest that
the alteration of fascial pliability could be a source of body
misalignment, potentially leading to poor muscular biome-
chanics, altered structural alignment, and decreased strength
and motor coordination.

We now present an overview of fascia anatomy with an
emphasis on new aspects of fascia biology and the various
hypotheses to explain the role of fascia in MPS.

The Anatomy of Fascia

For the term deep fascia, we intend any dense fibrous sheath
that interpenetrates and surrounds the muscles, bones, nerves,
and blood vessels of the body, binding all these structures
together into a firm compact mass. Over bones, it is called
periosteum, around tendons, it forms the paratendon, around
vessels and nerves, it forms the neurovascular sheath. Around
joints, it strengthens the capsules and ligaments. So, we can
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consider the paratendon, the neurovascular sheath, and the
periosteum as specialization of the deep fascia, not only
because they are in continuity with it, but also because they
have the same histological features.

We can distinguish 150 i 5eS 0P USCIAF FASciae

however, according to

The Aponeurotic Fasciae

With the term

These fasciac are the better known; they correspond for
example to the
ICrural fascia, efe! Inside the aponeurotic fasciae, many fi-
brous bundles running in different directions are macroscop-
ically visible. For this reason, for a long time the aponeurotic
fasciac were classified as irregular dense connective tissues.
In reality, recent works [8—10] have demonstrated that the
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Moreover,

This pattern of deposition was confirmed by
the 3D reconstruction of the crural and thoracolumbar fasci-
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Several reports [11—17] suggest that the

Analyzing the relationship between these
nerve terminations and the surrounding fibrous tissue, i
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receptors, which are immersed in a fibrous stroma, are in this
way sensitive to the traction of the underlying muscles,
which the tendonous expansions transmit to the fascia. This
hypothesis is also substantiated by
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The Myofascial Insertion

Many researchers have found that many muscles have fascial
insertions [18-24], but their role is unknown. The best
known expansion is the lacertus fibrosus, an aponeurosis
that originates in the biceps tendon and then merges with

the antebrachial fascia. But, [iilteality, évery muscle has'its
v pecific cornection with the fascia. Usually these cx-

pansions are considered anatomical variations, but they are
actually present constantly and provide precise organization
[25].

Stecco et al [26] suggest that all of these fascial insertions
provide an excellent illustration of how the thickness and
strength of fasciae are a precise mirror of the forces generated

by muscular action. Indeed, e heSe MISEIES CONTECLTAOY
ey e alSo, he degp FiSEia. For cxample, the quadriceps

muscle inserts into the tibia by way of the quadriceps tendon, but
also projects a myofascial expansion that passes anterior to the
patella to contribute to the anterior knee retinaculum [27]. In a
similar manner, the Achilles tendon not only attaches to the
posterior aspect of the calcaneus, but also has fascial continuity
both with the plantar fascia over the back of the heel [28-30],
and with the fibrous septa of the heel fat pad [31]. Also, the pes
anserinus and iliotibial tract contain a component inside the
fascia. Dissections in the shoulder region of unembalmed ca-
davers [24, 32] reveal the

If we consider all the myotendineous expansions into
fasciae, the results indicate that the aponeurotic fasciae could
be considered the convergence of all of these expansions,
like a large flat tendon that receives all the tractions from
underlying muscles and transmits them at a distance. Thus, if
we consider all these insertions and map them [33], it is
evident that this illustrates perfectly the arrangement of col-
lagen fibers bundles inside the fascia lata, and by extension,
the fascia lata could be considered the sum of all of these
myotendonous expansions.

The specific
distribution of the myofascial expansions could also indicate

their specific functional role. Indeed, When muscles contract

So, according to the
various motions,
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fiavelved. Beninghoff [34] described that in the inferior limb
during the crouching movement, the angles of the hip, knee,
and ankle are the same, and above all, they vary in the same
manner. We suggest that it is the aponeurotic fascia that co-
ordinates this synchronicity. In reality, if we have, for example,
a damaged ankle, it depends less upon the angles involved. So,
the aponeurotic fascia stresses more the other two joints in order
to modify their angles as a compensation for this limitation.
Only the presence of different and autonomous fibrous
planes inside the aponeurotic planes are different muscles
permitted to contract, without opposing the action of other
muscles inserted into the same aponeurotic fascia. After a
trauma, surgery, or overuse syndrome, the sliding system
within the aponeurotic fasciae can change. We speculate that
the contraction of a muscle also influences the insertions of
other associated muscles. In addition, the creation of an
adhesion point involves the formation of new lines of force
within the fasciae. This strengthens the supposition that the

The Epimysial Fasciae

With the term

They present a concise fibrous structure and are able to

The epimysium and perimysium correspond to this defini-
tion, as do the deep fasciae of the pectoralis major, latissimus
dorsi, deltoid muscles, and the deep fasciae of the majority of
the muscles of the trunk. All of these could be considered
epimysial fasciae. In addition, the epimysial fasciae are formed
by superimposed layers. For this reason, in the fusiform mus-
cles, the collagen layers have an angle of incidence of 55° in
respect to the path of muscular fibers at rest [35]. It is evident
that the epimysial fasciae have the same organization as do the

aponeurotic fasciae;

confirming the degree to
which the epimysial fasciae are related to the activity of the
muscle itself. According to Purslow [38], they have a

mental role in the transmission of the force generated in the
il f0Wads e BORE Jevers, Inded the cpimysial fasciae

give insertions to aponeurotic expansion that introflex inside
the muscle and the muscular fibers. It should also be noted that

Gao et al [40] demonstrated that the epimysium from old
rats is much stiffer than that of young rats. The increased
stiffness cannot be attributed to variations in the ultrastruc-
ture and thickness of the epimysium or the size of the
collagen fibrils. Microscopic analysis do not demonstrate
any changes in the arrangement and size of the collagen
fibrils in the epimysium between old and young rats. The
age-related increase in the stiffness of the epimysium could
play an important role in the impaired lateral force transmis-
sion in the muscles of the aged rats and in the alteration of
intramuscular motor coordination.

[fascia. For example, different portion of muscular fibers of the
pectoralis major are activated in relation to the degree of
shoulder joint movements. Thus, different portions of the
corresponding fascia are stretched accordingly. Consequently,
specific patterns of intrafascial receptors could be activated
corresponding to the range of motion, and also to the specific

directions of movemen. [THEFEFORENTE S EAsy 0 MEAZIEa

Additionally, the epimysial fasciae make a connection
with another type of nervous receptor: the muscle spindles.

Also, examining the evolution of the locomotor system, it

becomes evident that the FUSCIESpindIes are imly conected

Muscle spindles are sensory receptors within the belly of a
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muscle that primarily detect changes in the length of this
muscle. The

fension of 3'grams. In actuality, the epimysial fascia plays a

fundamental role.

From a clinical point of view, this means that some parts of a
muscle are not involved in the movement, causing an alteration
in the vectors of force acting on a joint. This causes an unbal-
anced movement of the joint, with resulting uncoordinated
movement and pain.

The muscles spindles could be activated also by a passive
stretching (see patellar reflex), stimulating the contraction of
the corresponding muscle fibers. In actuality,

paticulaF round e Fgger pOMMIS [45,46], In additon, this

second situation causes an imbalanced use of muscles, and is
therefore an incorrect and unbalanced movement of the joint.

the neck pain observed in whiplash injury [47]. Taking into
account the important role of deep cervical flexors (longus
colli and capitis) in support of the physiological cervical
lordosis [48], Jull and colleagues described the presence of
altered patterns of coordination between the deep and super-
ficial cervical flexors (sternocleidomastoid). They report an
increased electromyographic activity of the superficial neck
flexor muscles as compensation for reduced deep neck flexor
muscle activation in patients with whiplash associated disor-
ders (WAD) [47-49]. Moreover, cervical flexor endurance
has been described as an important index of neck function in
whiplash. This is consistent with previous studies that dem-
onstrate a reduction in the neck pain following cervical
flexion endurance training [50, 51]. A recent paper by
Elliott et al [52] further emphasizes the role of neck flexors
in WAD, describing the presence of fatty infiltration into

muscle and GiNgES 1 e Gross-Sectional afea i the cervical
anterior muscles during the chronic phase of illness. These

authors observe that the most substantial changes in muscu-
lar fatty infiltration are present in the deeper muscles (longus
capitis and colli), compared with the more superficial
sternocleidomastoid muscle [52]. These authors describe
that the fatty infiltration varies by cervical level, with the
longus capitis/colli having the largest amount at the C2-C3

@ Springer

level [52]. It is interesting to note this, although histological
modifications have been observed in neck muscles during
the chronic phase of WAD [52]. Alterations in connective
tissue after traumatic injuries have also been suggested [3,
53, 54] as a source of potential motor dysfunctions. To date,
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elasticity of the fascial tissue and associated HA shapes the
dynamic response of the mechanoreceptors.

as discussed below.
o such changes is possible, but only

The adaptation of fascia

Deising et al [61] injected NGF
(nerve grow factor) into the fascia of the erector spinae muscles
at the lumbar level. He observed a long-lasting sensitization to
mechanical pressure and to chemical stimulation when used
with an acidic solution. Sensitization is confined to the deeper
tissues, but not to the skin, suggesting that the

jpain. Interestingly, the same authors demonstrate that the sen-
sitized free nerve fibers endings within muscle fascia are stim-
ulated more effectively when the fascia is “pre-stretched” by
muscle contraction. Changes in innervations can occur patho-
logically in fascia. Sanchis-Alfonso and Rosello-Sastre [15]
report the ingrowth of nociceptive fibers, immunoreactive to
substance P, into the lateral knee retinaculum of patients with
patello-femoral malignment problems. Furthermore, Bednar
et al [62] find an alteration in both the histological structure
(inflammation and micro-calcifications) and the degree of in-
nervation of the thoracolumbar fascia in patients with chronic
lombalgia, indicating a possible role of fascia in lumbar pain.

The Role of Hyaluronic Acid

consisting of alternating units of
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glucuronic acid and N-acetylglucosamine connected by beta
linkages, with the total absence of any secondary modifica-
tions. This is in marked contrast with all other GAGs that are
attached to core proteins and undergo reactions such as
sulfation and epimerization.

69, 70]. HA
is also present in the endomysium surrounding individual
muscle fibers, and in perivascular and perineural connective
tissue [69, 70, 71]. We have confirmed that HA is located in
considerable amounts at the interface between deep fascia
and the surface of muscle [39]. This provides a lubricant, as
fascia glides over muscle epimysium.

_ [72—74]. These fibroblast-like cells may be of
monocyte/macrophage origin, similar to the HA-secreting
cells of joints and the eye. In joints, these are termed
synoviocytes, secreting the HA of the synovial fluid. In the
eye, they are called hyalocytes, responsible for the HA of the
vitreous fluid. We have termed these fascia-associated HA-
secreting cells “fasciacytes”. Whether or not these cells are of
monocyte/macrophage origin is yet to be determined [75¢].

Because of its

considerable charge at neutral pH,

Pathology of the Fascia

Alteration of HA

Short HA chains have the ability to self-associate, particu-
larly under the conditions provided by physiological solutions.
This self-association generates

jgregated structures: This process is facilitated on the spread

surfaces provided by the fascial sheath and muscle bundles

[77]. By increasing their concentration and/or size, HA
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component of B eFapy 1 0 Teverse these changes i FIAL
This includes a féversal oF the aggregation oF the HA ag:

Chemical Alterations (Acidification)

The loose connective tissue inside and around the fasciae is
an important reservoir of water and salts for surrounding
tissue. This provides a reservoir for the accumulation of
different degradation products. The eventual variations in
the contents of water, ions or other substances could alter
the biomechanical proprieties of the loose connective tissue.
This facilitates variations in the sliding motion of different
fascial layers, and thus provides another potential cause of
myofascial pathologies.

Particular attention should be placed in the interaction
between HA, lactic acid and alterations of pH in fascial
tissues. Different authors [78—80] document that the pH inside
muscle can decrease until pH 6.6 is reached, representing the
point of exhaustion. This value is even lower than the mean
pH value found in the blood stream, which is 7.4 to 7.2.

and perimysium of muscle can increase considerably. This is
demonstrated by the experiment of Gatej et al [81]. He
documents that at pH 6.6, the complex viscosity of the HA
approaches 5 Pa s. (this is the measure of the dynamic fluid
viscosity: N s m ?) instead of the typical 3.8 (the normal

value at pH 7.4). TS ANCHEASE A VAScOSity can explain the

. The alteration of pH stimu-
lates the reaction that increases HA viscosity. The dense
connective tissue spreads the stiffness throughout the sur-
rounding areas, driving even further the sensation of muscle
stiffness.
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stiffness disappears quite soon with rest in athletes, with a full
restoration of range of motion and cessation of symptoms. We
postulate that this same mechanism can underlie alterations that
do not permit full restoration nor relief of symptoms. We spec-
ulate that specific areas may not be restored to entirely normal
viscosity; thus, the high viscosity profile is maintained. From the
clinical point of view, such areas can be defined as undergoing
densification and constitute potential MPS Trigger Points.

Treatment
Local Increase in Temperature

Manipulation and massage of muscles and their associated
fascia increases local temperatures. The 3-dimensional su-
perstructure of HA chains by inter- and intra-molecular water
bridges (Van der Waals and hydrophobic forces) break down
progressively when the temperature is increased to over
40 °C. There is a change in viscosity of HA solutions at
precisely that temperature [78]. This decrease of the viscos-
ity is able to restore normal gliding and normalizes the
activation of the mechano-receptors in that area. It is reason-
able to assume that the quantity of HA in that area will not be
altered by increases in temperature, but rather its associative
behavior and its three dimensional structure. For this reason
it is postulated that the aggregative properties of HA with rest
can be regenerated soon thereafter. This hypothesis can
explain the short lasting effects of various body work thera-
pies that simply increase temperature.

Self-Resolving Inflammatory Reaction Cascades

(%)
ac]
E. ‘ ‘
=]
()]
(g}
=

(as Trigger Points, area of
high viscosity etc.) where the clinician has worked. In other
word, the real efficacy of the manipulation of deep tissue is
as a catalyst for resolving the inflammatory reaction.

Imaging of the Fascial Components
Diagnosis of Myofascial Pain Syndrome

Physical examination of the patient with MPS provides little
insight and is often unreliable. Various imaging procedures
also are not contributory, and usually do not correlate with
location of the pain. Even though MPS is a frequent reason
that patients seek medical advice, the clinician often has little
to offer. It is abundantly clear that the pathophysiological
mechanisms underlying MSP have to be understood so that
rational treatments can be undertaken.

Investigators have tried a variety of instruments in an
attempt to assess and measure myofascial pain in an objec-
tive manner. These include electrodermal instrumentation,
thermography, sonography, echography, and magnetic reso-
nance imaging (MRI) scans. However, these often give var-
iable results. None of these have been entirely satisfactory.
Examination of fascia, using some of these imaging tech-
niques, as has been documented recently [90], can provide
clues however, to the etiology of MPS.

Jensen and Harms-Ringdahl [91] have addressed the clin-
ical reality that patients presenting with neck pain can have
several concurrent sources of pain: from joints, muscles, and
ligaments. Often a specific origin of the neck pain is not
recognizable. For this reason the term non-specific neck pain
and myofascial pain is often used. But these diagnoses are
done by exclusion and are based only on clinical aspects of
the problem. There are very few studies describing objective
and clinically applicable methods for identifying and classi-
fying myofascial pain. Shultz [92] has quantified the most
painful regions using electrodermal instruments. Arokoski
[93] has demonstrated increasing superficial soft tissue stiff-
ness. Sonography is a readily available, portable, and inex-
pensive imaging modality, suitable for use in a physiatrist’s
office to complement physical examination and to evaluate
treatment outcomes. Different investigators and clinicians
have used sonography or MRI scans to compare the thick-
ness of fascia in different area of the body between healthy
and symptomatic subjects [94-97]. In vivo studies using
diagnostic ultrasound (DUS) demonstrate that this type of
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imaging is a valid tool for use in measuring longitudinal and
transverse movement of nervous tissue [98—102]. It is be-
coming commonplace to use dynamic ultrasonography
methods in order to appreciate the gliding between different
structures. This modality of evaluation permits collection of
data regarding the movement of one structure in comparison
with another. Software (the speckle tracking) can be used to
evaluate the gliding of nerves in comparison with muscle or
epineurium. The possibility of the nerve gliding inside the
epineurium is fundamental to impaired intrafascicular glid-
ing. An alteration of the viscosity, fibrosis or adhesions can
create internal stretch lesions [103—106]. All these authors
are in agreement that the thickening of the fascia is a well-
established criterion for the diagnosis of MPS.

The variation in thickness of the fascia correlates with the
increase in quantity of loose connective tissue (black layers)
and not with the dense connective tissue (white layers). For this
reason we suggest not to use the term "fibrosis" that correlates
most closely with production of DCT from fibroblasts.

Fibrosis vs Densification

The real pathology or dysfunction of the fascia continues to be
difficult to discern from the anatomical point of view. On the
other hand, imaging and dissections have helped to clarify the
differences between a simple alteration of function and mor-
phological alteration of tissues. The latter correlates with a
macroscopic rearrangement of the composition and confor-
mation of the entire fascia tissue. This also correlates with an
alteration in dense connective tissue (collagen types I and III)
that is quite easy to recognize using common imaging pro-
cedures such as MRI, CAT scans, and ultrasonography. We
suggest that the definition of [fibrosis be defined as fibrotic
tissue whenever the dense connective tissue component is
altered. This can be recognized with an [increase in quantity,
most of the time recognized by a hyper-intense signal.

At the opposite end of the spectrum, dysfunction of fascia
correlates only in an alteration of the loose connective tissue
(adipose cell, GAG, and HA). This alteration can involve one
or all three components. As we have explained in the previ-
ous paragraph, an alteration of the quantity or quality of the
component of the LCT may change the viscosity and there-
fore the function of the lubricant that the LCT facilitates.
This clinical situation does not create a macroscopic alter-
ation of the morphology of the fascia tissue that can be
appreciated during dissection or biopsy. For this reason it
was and is still difficult for the clinician to make the diagno-
sis of MPS. We suggest this syndrome be defined as “densi-
fication of fascia.” This is different from the functional
alterations observed from morphological alterations such as
frank fibrosis. This distinction also appears abundantly clear

for clinicians. [ CHCHNGIGISICIUDCOCaue

[ISESISENSHN 1his is due to the simple fact that it is [N
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