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Findings from papers published by key speak-
ers at the 2007 Fascia Research Congress are
presented in preparation for the second con-
gress, October 2009, in Amsterdam.

The role of fascia is demonstrated in new sci-
entific findings in

e mechanotransduction between the cytoskeletal
structure and the extracellular matrix, and
its implications for health and disease.

e the presence of contractile cells (myofi-
broblasts) within thefascial fabric. Clinicians
are interested in their role in creating con-
tractile tonus in the fascial fabric—how
myofibroblasts form, how they are acti-
vated, and their influence on passive mus-
cle tonus.

e the biomechanical properties of fascial tissues:
creep, relaxation, hysteresis, effect of sus-
tained spinal flexion on lumbar tissues,
strain-induced hydration changes, myofascial
manipulation, and fascial viscoelastic defor-
mation. These properties underlie the re-
sponse of these tissues to therapy.

e how fasciaisinnervated, and how propriocep-
tion and pain are created, detected, and
modulated by the spinal cord and the rest of
the nervous system.

e formsof mechanical signaling within the fascial
matrix, such asthe tugging in the collagen ma-
trix created by twisting acupuncture needles.

e new techniques for measurement of fascial
motion in living tissue.

KEYWORDS: Fascia, muscul oskel etal manipula-
tion, research, congresses

INTRODUCTION

The purpose of thiseditoria isto providethereader
with relevant information in preparation for the Sec-
ond International Fascia Research Congressto be held
in Amsterdam, October 27-30, 2009 (http://www.
fasciacongress.org). Asat thefirst congress, we expect
attendance both by professionalsinvolvedinthethera
peutic manipulation of thisbody-wide structural fabric

and by scientistswhoseresearch interestsarethebody’s
connectivetissue matrix.

For the second congress, each scientific talk will
concludewith clinical applications, and discussiontime
for clinicians to ask questions is planned. The main
scientific presentations have been expanded to four days
to allow moretimeto absorb and processinformation
and to stimul ate more discussion. One day of post-con-
gressworkshops specifically geared toward practition-
ershas been added on October 31.

Background papers from the first congress were
compiled with the submitted abstracts and made avail -
able at the congress. This editorial reviews the pa-
persfrom the key speakers at the main 2007 congress
that arein the 2007 proceedings (available for order-
ing online at http://www.fasciacongress.org/2007/
proceedings-book-order.htm).() A glossary of scien-
tific terms in the papers is now available.(? These
papers were selected to provide awide overview of
scientific issues in fascia research. Readers of the
International Journal of Therapeutic Massage and
Bodywor k are encouraged to use them in preparation
for the 2009 congress and to come with questions.
Questions may also be submitted to mein advance at
info@fasciacongress.org. Please indicate whether the
question dealswith research, education, or practice,
and from which key speaker and congressyear (2007
or 2009) it comes.

WHAT IS FASCIA?

Fasciaisthe soft-tissue component of the connec-
tive tissue system that permeates the human body,
forming acontinuous, whole-body, three-dimensional
matrix of structural support. It interpenetrates and
surroundsall organs, muscles, bones, and nervefibers,
creating aunique environment for body systemsfunc-
tioning. The scope of our definition and interest in
fascia extends to all fibrous connective tissues, in-
cluding aponeuroses, ligaments, tendons, retinacul a,
joint capsules, organ and vessel tunics, the epineuria,
the meninges, the periostea, and all the endomysial
and intermuscul ar fibers of the myofasciae. Thereis
asubstantial body of research on connective tissue
generally focused on specialized genetic and molecu-
lar aspects of extracellular matrix. However, the study

INTERNATIONAL JOURNAL OF THERAPEUTIC MASSAGE AND BobyworRk—VoLume 2, Numeer 2, June 2009



http://www.fasciacongress.org
http://www.fasciacongress.org
http://www.fasciacongress.org/2007/proceedings-book-order.htm
http://www.fasciacongress.org/2007/proceedings-book-order.htm

FASCIA RESEARCH PERSPECTIVES

of fasciaand its function as an organ of support has
been largely neglected and overlooked for several
decades, with the number of publicationsrising each
year, particularly recently (Fig. 1).

Hypothesesthat accord myofasciaacentral rolein
the mechanisms of therapies have been advanced for
sometimeinthefieldsof acupuncture, massage, struc-
tural integration, chiropractic, and osteopathy. Practi-
tionersinthese disciplines, especially thosethat do not
have the longevity of osteopathy or chiropractic, are
generally unaware of the scientific basisfor evaluat-
ing such hypotheses. Many practitionersare unaware
of the sophistication of current laboratory research
equipment and methods. Laboratory researchers, in
turn, may be unaware of the clinical phenomena that
suggest avenues of exploration.

Among thevariouskinds of tissuesthat areinvolved
in muscul oskel etal dynamics, fasciahasreceived com-
paratively little scientific attention. Fascia, or dense
fibrous connectivetissue, nevertheless potentially plays
amajor and still poorly understood rolein joint stabil-
ity, in general movement coordination, and in back pain
and many other pathologies. In anatomic displays, the
fascia is usually removed so that the viewer can see
the organs, nerves, and vessels, but thisapproach fails
to appreciatethefasciathat connects—and separates—
these structures.

In particular, thereisincreasing interest in certain
therapeutic communities concerning therolethat fas-
ciaplaysin musculoskeletal strain disorders such as
low-back instability and postural strain patterns of all
types, fibromyalgia, pelvic pain, respiratory dysfunc-
tion, and chronic stressinjures, and in wound healing,
traumarecovery, andrepair. Therole of fasciais dem-
onstrated in new scientific findings in the following
categories:

e Mechanotransduction between the cytoskel etal
structure and the extracellular matrix, and itsim-
plicationsfor health and disease.

e The presence of contractile cells (myofibro-
blasts) within the fascial fabric. Clinicians are
interested in their rolein creating contractiletonus
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Fic. 1. Number of Medline-indexed publications each year with the
term* fascia” inthetitle, abstract, or subject heading.

inthefascia fabric, how myofibroblastsform, how
they are activated, and their influence on passive
muscletonus.

e Biomechanical properties of fascial tissues:
creep, relaxation, hysteresis, effect of sustained
spinal flexion on lumbar tissues, strain-induced
hydration changes, myofascial manipulation, and
fascial viscoel astic deformation. These properties
underliethe response of these tissuesto therapy.

e How fasciaisinnervated, and how propriocep-
tion and pain are created, detected, and modu-
lated by the spinal cord and therest of the nervous
system.

e Forms of mechanical signaling within the
fascial matrix, such asthetugging inthe collagen
matrix created by twisting acupuncture needles.

e New techniques for measurement of fascial
motioninlivingtissue.

SUMMARY OF BACKGROUND PAPERS FROM
FASCIA 2007 CONGRESS

Microdynamics: From Mechanotransduction
to Cellular Dynamics

For the muscul oskel etal system, Chen and Ingber®
describedesign principlesthat result in special improve-
mentsin performance. They first explain engineering
principles of tension and compression, with emphasis
on effects of architecture and pre-stress. Pre-stressing
in biologic systems servesto obtain stability with mini-
mum mass, providing rapid mechanical responsiveness
to added stress and reducing loads on individual struc-
tures, thus reducing structural fatigue. A hierarchical
organization of afew types of material inthe muscu-
loskeletal system allowsfor abroad spectrum of me-
chanical properties exhibited by bones, muscles,
cartilage ligaments, and tendons (and other forms of
fascia). The remodeling of bone in response to local
mechanical stress, known as Wolff’s Law, resultsin
deposition of bonein specific patternsthat correspond
to engineering lines of tension and compression. This
molecular organi zation resultsin increased strength for
less massin the bony system.

Thedesign principles carry through to the mol ecu-
lar level in other biologic tissues, including cartilage,
tendons, and ligaments. In soft tissues composed pri-
marily of collagen and elastin, the pre-stressis gen-
erated from active contraction of the myofibroblasts.
Mechanical engineering at the cellular level begins
with the observation that all living cellsare contrac-
tile: In muscle cells, the contractile system is highly
organized, and in other cells, the contractile elements
areorganized into aloose network. Cellshaveastruc-
tural framework that allowsforcesto be transmitted
withinthe cell. The cytoplasmitself canlocally alter
its stiffness using changesin cytoskel etal polymeri-
zation. Living cellsreact to amechanical stimuluson
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the cell surface by immediate changes in the cyto-
plasm and nucleus.

The basic design principles of the muscul oskel etal
system result in maximal use of tensile materialsfrom
the molecular to the whole-body scale. How the vari-
ous elements are connected in a three-dimensional
network is more important than the material proper-
tiesof theindividual components. Stability isachieved
through pre-stress and geometric organization such as
triangulation. Hierarchical organization of components
structured on smaller and smaller scalesresultsin over-
all structural efficiency. Finally, dynamic remodeling
resultsin an ability to modify stiffnessand flexibility
inresponseto loading patterns experienced over time.
Thedesign principlesinliving systems can be described
by the architectural system known as “tensegrity.”
(“Theword “tensegrity” isan invention: acontraction
of “tensional integrity.” Tensegrity describes a struc-
tural-relationship principlein which structural shapeis
guaranteed by the finitely closed, comprehensively
continuous, tensional behaviors of the system and not
by the discontinuous and exclusively local compres-
siona member behaviors. Tensegrity providestheability
to yield increasingly without ultimately breaking or
coming asunder.” )

In this system, isolated compression elements are
connected by continuous structure providing tension.
In contrast, most fabricated structuresrely on continu-
ous stacks of bricks or similar compression objects.
Evenwhen pre-stressisincorporated, asin pre-stressed
concrete, the stiffness in such fabricated objects re-
mains constant regardless of theimposed stresses. In
contrast, stiffness increases and stress loads are in-
creased in living tissues and also in fabricated three-
dimensional tensegrity structures. Thetensegrity model
suggests ways in which living tissues can sense and
respond to mechanical stresses.

L angevin and Sherman(® suggest amodel for low-
back pain that incorporates connectivetissue plasticity
with pain psychology, postural control, and neuroplas-
ticity. They start by describing what is known about
tissue structure abnormalities, psychological factors,
changesin movement patterns, and increased periph-
eral pain sensitivity and brain cortical activation pat-
ternsin peoplewith low-back pain. They suggest that
connective tissue remodeling in people with chronic
low-back pain may result from either increased stress
(“overuseinjury™) or consistent absence of stresslead-
ing to atrophy and fibrosis. Theloose connectivetissues
surrounding and within the musclefibers play important
roles in the response of muscle tissue to mechanical
stressand in the sensory input from that tissue.

The authors propose that connective tissue fibrosis
occurs in the low back because of decreased activity,
muscl e spasm co-contraction or microtrauma, and neu-
rally mediated inflammation. Thismodel can beusedto
evaluateinterventionsthat invol ve application of exter-
nal forces (for example, massage, manipulation, and acu-
puncture), movement education such astai chi andyoga,

and general increasein activity level and conditioning.
They rightly point out thet “ the devel opment, testing and
implementation of effective treatment strategies are
highly dependent on understanding the pathophysi ol ogi-
cal mechanismsof the condition being treated.”

Grinnell1® describesthe ability of fibroblaststo re-
organize collagen matrix in cell cultureto adense mass
one tenth the original size. These mechanical forces
arelarge enough to cause scarring and deformationin
many body organs after injury. Applying amechanical
load to thefibroblastsresultsin generation of actin stress
fiberswithin the cells and devel opment of those cells
into myofibroblasts; absence of amechanical load for
as little as 24 hours causes the same cells to become
quiescent through the extracellular signal—regulated
kinase pathway. Microscopic examination of the col-
lagen matrix shows avast differencein structure and
organi zation of thefibroblasts depending on whether
tension on the cellswas rel eased immediately or after
4 hours during culture. Because the collagen matrix
contractsto the same degreein both cases, little atten-
tion has been paid to the differences in structure and
cellular mechanismsthat may signal contractioninthe
two models. Grinnell emphasizes that “ cells use dif-
ferent signaling mechanisms for contraction accord-
ing to whether they aremechanically loaded or unloaded
at thetimewhen contractionisinitiated.”

Myofibroblasts and Fascial Tonus Regulation

Myofibroblasts are connective tissue cells that con-
tain dense stress-fiber bundles composed mostly of al-
pha smooth muscle actin. First discovered by a group
working under Gabbiano and M gjono (see Montandon et
a.() in the early 1970s, the myofibroblasts have been
shownto play amagjor roleinwound healing and alsoto
be involved in many other normal and pathol ogic con-
tractiletissue processes. Most of these cellsdevel op out
of normal fibroblasts stimul ated by theinfluence of me-
chanical tension and specific cytokines. A smooth mus-
cle-like contractility enables these cells to maintain
contractileforce over long durationswithlittleenergetic
cost. Anincreased presence of myofi-broblastsisadriv-
ingfactor behind chronicfascia contracturessuch asthose
inMorbusDupuytren, plantar fibromatos's, excessivescar
formation, and frozen shoulder. Recently, the presence
of myaofibroblasts (or myofibroblast-like contractilecells)
hasa so been demonstrated for normal dense connective
tissues such asjoint ligaments, menisci, tendons, organ
capsules, and others.

Gabianni’sreview of myofibroblasts® emphasizes
the heterogeneity of this cell type and proposes four
different phenotypes of this versatile cell. Many im-
portant advances in understanding this new cell type
are covered by Hinz and Gabbiani,®19 particularly
thetransition from normal fibroblaststo myofibroblasts
and the role of force transmission between this cell
and the extracellular matrix via specially developed
adhesion complexes at the cell membrane.
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Anatomy and Biomechanical Features of
Fascia

Huijing® reviews availableliterature on myoten-
dinous and myofascial force transmission in general.
He suggests that muscles may be viewed asfiber-re-
inforced composite materials, and that cellular and
extracellular space must both be considered. Muscle
force transmission passes not only sarcomere to sar-
comere through the tendon to the bony skeleton, but
also sarcomereto myofascial complex and then to the
muscle tendon and to other structures. The Huijing
paper forms the basis for understanding more recent
studies on myofascial forcetransmission.

Solomonow(12) then examinestherole of ligaments
in muscul oskel etal disorders such aswork-related |ow-
back pain. He emphasizesthe important sensory func-
tion of these fascial structures and their viscoelastic
properties of cregp and relaxation in response to ex-
tensive loading. These basic properties account for
mechanical disorders such assprain and joint laxity.

Neuromuscul oskel etal disordersresult from changes
in kinesthesis and proprioception, particularly in cu-
mul ative traumadisorders. Olson et al.(13 explorethe
“flexion—relaxation phenomenon” inwhich trunk flexion
from the standing position resultsin amyoelectric si-
lent period of the lumbar posterior muscles, whichis
commonly attributed to a taking over of spinal
stabilization by the passive stretch resistance of poste-
rior lumbar connectivetissues. Interestingly, thisphe-
nomenon is radically altered when trunk flexion is
performed from asupine body position rather than from
the classically used standing position. It is concluded
that lumbar kinematicsor fixed sensory motor programs
by themselvesare not sufficient to explain theflexion—
rel axation phenomenon. Certain bodyworkers are ac-
customed to observing clinical differencesin muscle
and fascial motion between supine and standing body
positions, and the Ol son paper beginsto establish the
scientific parameters of those observations.

Fascia and Pain

Simons and Mense review muscletone asit re-
latesto clinical muscle pain. Muscletone dependson
thephysical propertiesof the soft tissues—viscoel astic
properties of the muscul ar and associ ated tissues, and
anatomic limitationsin motion—and thedegree of elec-
trical activation of the contractile elements of the mus-
cle, both voluntary and involuntary (muscle spasm).
These authors measured viscoel astic tone (by resonant
frequency of the muscle) and el astic stiffness (by slow
movements). In both cases, electrical activity of the
muscle may or may not be detected by electromyogra-
phy, but this determination iscritical to knowing just
what isbeing measured. Clinical usage and measure-
ment of muscle toneis covered, as are definitions of
mechanical properties of muscle. Muscle is thixo-
tropic—that is, whenfirst moved, it resists motion, but

after theinitial motion, viscosity decreases by up to a
factor of ten. Similarly, the authors cover clinical us-
age and measurement of contracture and muscle
spasmsand also severeclinical conditions such asten-
sion headache, torticollis, and night cramps. Thereader
will gain insight into clinical practice, definition of
terms, and measurement, which are essential to re-
search inthisarea.

K halsal’® provides areview of the system used to
perceive musculoskeletal pain. Inthissystem, periph-
eral and central neurons can both adapt from millisec-
onds to weeks after noxious stimuli. Sensory stimuli
are sent from muscles over nerves that conduct at a
wide range of velocities, from under 2 m/s to more
than 100 m/s. Half of the sensory innervation of mus-
clesisinthedowest category. M usclenociceptorsvary
in mechanical thresholds and can be sensitized by a
number of local chemicals. Theresponse at the cellu-
lar level to local mechanical trauma in a muscle is
described in detail. Different mechanisms may bein-
volved for compression and for stretch.

Nerves and nerve sheaths are themsel vesinnervated
by the nervi nervorum. An experimental study in rats
by Sauer et al.(1®) showed that stimulation of the nerve
and nerve sheath rel eases neuropeptides involved in
inflammation. Thisfinding supportsthe hypothesisthat
the nervi nervorum surrounding nerve axons playsan
important rolein the pain response, both muscul oskel -
etal and neuropathic.

Measurement of Fascial Change in Humans

Langevin et al.1”) used ultrasound to image and
quantify dynamic changesin human connectivetissue
structure. These techniques can be used to compare
connectivetissue structure with histol ogic study of the
same tissue and can show changes in structure after
acupuncture needl e rotation.

Hand surgeon Guimberteau(® hasused invivo dis-
sections of the wristsin humansand in cowsto exam-
ine the structure of subcutaneous tissues that allows
sliding of the tendons. He identified a “ multimicro-
vascuolar collagen dynamic absorption system” that
alowsgliding at all levelsbelow the skin surface. This
gliding structure seemsto be present in fascial tissues
throughout the body.

New Hypotheses

Langevin®® suggests that connective tissue may
transmit electrical, cellular, and tissue remodeling sig-
nal sthroughout the body, each in response to mechani-
cal forces, but on different time scales. Many tissues,
including collagen, display immediate local electrical
gradientsin responseto mechanical stress. Mechanical
contacts between fibroblast cells are actively altered
within minutes. Finally, tissue remodeling has been
shownintendons, ligaments, and joint capsules, and if
thisprocessisal so present in loose connectivetissue, it
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would provideabody-wide pattern for remodeling con-
nectivetissue based on movement and locd tissuestress.
Interactions among these three systems could provide
both short-term and long-term responses.
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