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Itiswith pleasurethat | introduce background ma-
terials to the Second International Fascia Research
Congress, to be held October 26 — 30, 2009, at Vrije
Universiteit (VU), Amsterdam, Netherlands. This
conferenceis sponsored by the faculty of Movement
Sciences of VU, aleading research university. The
submitted abstracts are posted at the congresswebsite,
http://www.fasci acongress.org/2009. The key speak-
ersareall new for 2009, although almost half the key
presentersfrom 2007 will bereturning with shorter pres-
entations (Langevin, Solomonow, Mense, Standley,
Bove, Huijing), and Guimberteau will haveanew video
presentation of fasciaimages obtained during human
surgery. The conference proceedings book Fascia Re-
search Il includesfull-text articlesthat form an impor-
tant basisfor the scientific study of fascia. Huijingisa
muscle physiologist who has for many years been
studying the connections between muscles and fascia.
He has recently developed an interest in the clinical
practicerelating to fasciaand has guided the selection
of these papers; some of thisinformation has not been
widely published. Van der Wal presents hisnew find-
ings on connective tissue architecture from his doc-
toral dissertation of 20 yearsago (to appear in the next
issue of International Journal of Therapeutic Massage
and Bodywork). Other papers come from widely dis-
parate scientific disciplines. Purslow, one of the key
speakersand an author of one of the papersin the con-
gress proceedings book, isafood scientist whose con-
nective tissue studies are sometimes seen by other
disciplines.

The organizers of the first Fascia Research Con-
gress (Boston 2007) based their invitation for this next
congress on a broad interpretation of the term “fas-
cia’: “Fasciaisthe soft tissue component of the con-
nectivetissue system that permeatesthe human body....
The scope of our definition of and interest in fascia
extends to all fibrous connective tissues, including
aponeuroses, ligaments, tendons, retinacul ae, joint cap-
sules, organ and vessel tunics, the epineurium, the
meninges, the periostea, and all the endomysial and
intermuscular fibers of the myofasciae.” This broad
definition offers several important advantages. Rather
than having to draw most often arbitrary demarcation

lines between joint capsules and their intimately in-
volved ligamentsand tendons (aswedll asinterconnected
aponeuroses, retinacula, and intramuscul ar fasciae),
fascial tissuesare seen asoneinterconnected tensional
network that adaptsitsfiber arrangement, length, and
density according tolocal tensional demands. Thister-
minology fits to the Latin root of the term “fascia”
(bundle, bandage, strap, unification, binding together)
and isalso synonymouswith the non-professional’sun-
derstanding of theterm “ connectivetissue.”

The purpose of this editorial is to share with you
information that | have learned from the papers to
appear in Fascia Research |1, from my perspective as
both aclinician and aresearcher.

First, | will share key findings from anatomy re-
garding connective tissue architecture and how joint
motion mechanically affects nerves.? The biome-
chanicsof these connectionsand the potential applica-
tions for human surgery is the second area in which
papers are presented.-9 The spotlight then movesto
the cellular and histologic levels, (19 [ooking in de-
tail at how individual cells respond to mechanical
forces.(11.12)

FASCIAANATOMY

Based on his studies of the anatomic structuresin-
volved in myotendinous force transmission at the rat
elbow joint, van der Wal® takes a new approach to
muscle and connectivetissue architecture.

Anatomical thinking hasbeen limited by thetradi-
tional dissection process, in which connectivetissueis
removed to display underlying tissues. Connectivetis-
sueis usually named based on the nearby structures,
suggesting littlerolefor thistissue. From the structural
Vviewpoint, connective tissue can be seen to have two
distinct functions: to separate or allow gliding, or to
connect and transfer forces. The same principles can
be seen in the connective tissue of the abdomen asin
thetissue of the extremities.

Van der Wal makes the argument that muscles and
ligaments cannot be viewed as separate structures next
to each other, each acting independently to handle
mechanical stresses across a joint. He realized that
because ligaments can bear stressonly when they are
stretched fairly tight, ligaments can serveto stabilize
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jointsonly if the distance between the bones on each
side of thejoint remainsfairly constant throughout the
joint range of motion; however, only two jointsin the
body meet thiscriterion, and other jointsareforced to
use adifferent mechanism. Using athree-dimensional
computer reconstruction program and anovel dissec-
tion approach that maintai ns the connections between
muscles and connective tissues, he was able to show
that there are specialized connective tissue structures
running between the muscles and the bone of origin or
insertion. Thisdynamic connection between connec-
tive tissue and muscle he terms the “dynament”—a
structural support that can adapt to changing distances
between bones throughout the joint range of motion.
Some muscles have these specialized connectivetis-
sue structures at the proximal end only, some at the
distal end only, some at both ends—and some at nei-
ther end. Furthermore, analysis of mechanical force
transfer through such structures showsthat nerve end-
ings are concentrated where the stresses are the high-
est, especialy in the proximal or distal end of the
“dynament.” This contrasts with the more traditional
approach that describes the density of innervation by
the named muscl e, rather than by the type of 1oad that
that portion of the muscle or connectivetissueis de-
signed to bear.

Thenervereceptorshavetraditionally been divided
into muscle or joint receptors; however, acontinuum
of receptor types can be seen across both tissues, de-
fined by the types of stressesborne by the specifictis-
sue. Van der Wal suggests four classes of nerve
receptors. muscle spindles; Golgi tendon organs and
Ruffini corpuscles; lamellated or paciniform corpus-
cles; and free nerve endings. The first three classes
arefound in muscles, and the latter three, in the con-
nectivetissue surrounding joints.

Several pointsfrom this paper areimportant for the
study of therapiesdealing with fascial tissues: A con-
sideration of thetypesof receptorsthat are sensitiveto
dynamic force changesin compression (thelaminated
corpuscles) and tension or torsion (the spray-type end-
ings), and whether such endings adapt slowly or rap-
idly toloading or havelow or high thresholds, can help
inthe development of hypothesesregarding the poten-
tial effects of therapy on inputsto the nervous system.
The paper by Standley and Meltzer(® shows effects
at amolecular level of pressure and shear, the major
forcesthey see asinvolved in manual therapies. Many
therapies address the tissues at the junctions between
muscle and bone; defining the architecture at thislo-
cation may help in understanding how such therapies
work and in devel oping testabl e hypothesesfor treat-
ment effects and waysto improve treatmentsfor spe-
cific conditions. The full text of thisimportant paper
by van der Wal will appear inthe next issue of IJTMB.

The paper by Coppetiers and colleagues® from the
research group led by key 2009 speaker Hodges shows
clearly that motion at either the hip or the ankle results
in nerve motion not only at thejoint moving, but also at

moredistant joints. Motion at theankleincreased strain
in the tibial nerve only by about 3%, which is below
the range demonstrating physiol ogic changesin nor-
mal animal studies. However, local neural inflamma-
tionresultsin nervesthat are sensitive to thislevel of
strain and that cannot tolerate motion in the full nor-
mal range. Furthermore, motion at the hip combined
with motion at the ankleresultsin higher strainsin the
nervesat the ankleto levelsthat canimpair blood flow
even in normal nerves. Hip flexion can be used as a
test to strengthen the diagnosis of tarsal tunnel . Bove
addresses proximal and distal nerve effects from a
physiologic perspective.

FASCIA BIOMECHANICS

Mechanical connections between a muscle and
synergistic muscleshave been the subject of many years
of investigation by Huijing, akey speaker from the 2007
Fascia Congress, and two of the four papers in this
section (Kreulen et al.,®® and Huijing®) come from
his research group. Maas and Sandercock® suggest
that the existence of these connections does not mean
that, in normal physiologic conditions, they areactive,
because these authors find that the soleus muscle in
the cat (asingle-joint muscle) acts mechanically inde-
pendently of the neighboring musclesthat cross both
the ankle and the knee. As expected, passive ankle
moment isindeed dependent on knee position, reflect-
ing thetwo joint musclesthat arealsoinvolved in pas-
sive movement. When the distal tendon of the soleus
was cut, the sol eus continued to exert force acrossthe
ankle, demonstrating strong connectivetissuelinkages
to the neighboring muscles. However, active stimula-
tion of the intact soleus muscle showed effects at the
anklethat wereindependent of the knee position. Thus,
they concludethat the strong connections between the
muscles were not active at the normal ranges of mo-
tion in the intact limb in the specific positions of this
experiment. Other scientists, including Huijing, sug-
gest that thisfinding reflectslimitson, rather than the
absence of, myofascial force transmission. In either
case, extrapolation of these results to other muscle
groups must take into account the specific connective
tissue architecturethat differsfrom muscleto muscle.

Yu and colleagues” demonstrate the first in vivo
evidence of epimuscular myofascial force transmis-
sion. They found that activation of the flexor pollicis
longus (FPL), amuscle uniqueto human primatesthat
contributesto manual dexterity by independently flex-
ing the thumb, resulted in aload on the index finger
about 5% of theforcelevel of thethumb. Thisloading
occurred without any time delay, which would be ex-
pected if theforcetransfer wasthrough aviscoelastic
mechanical connection between the muscles. For load-
ing on the other fingers, about 1/3 of the motor unitsin
the FPL produced loading, 1/3 produced unloading, and
1/3 had no effect; however, these effects were not as
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closely synchronized in time aswith theindex finger.
The authors concluded that the loading on the index
finger reflected a neural synchronization with co-
contraction of the musclesrather than direct forcetrans-
mission, and they had no explanation for the variability
of the effectson other fingers. Their techniquefor de-
tecting synchronization of muscleforceswill be use-
ful in human studies to detect differences between
neural and connective tissue connections between
muscle groups. Yucesoy and Yaman will present addi-
tional in vivo evidence at the Fascia Congress 2009

Myofascial connections between adjacent muscle
groups has been studied in animals, in which it is
possibletoisolate both the proximal and the distal ten-
donsto aparticular muscle. In children with cerebral
pal sy, orthopedi c surgeons perform atendon transfer
procedureinwhichitisnecessary to cut thedistal ten-
donsof theflexor musclesof thewrist, which arethen
dissected from the nel ghboring musclesand transferred
to the other side of thejoint to becomewrist extensors.
Smeuldersand Kreulen® were able to study the flexor
carpi ulnaris (FCU) in these patients during surgery.
They looked at tendon excursion with wrist flexion/
extension intheintact muscle, after distal tenotomy of
the FCU, and after dissection of the FCU from the
neighboring muscles just before transplantation. The
proximal end of thetendon continued to movewithwrist
motion, showing 90% of the original excursion despite
atenotomy disconnecting it from theinsertion. After
dissection of the muscle, there waslittle motion with
wrist movement, supporting the notion that there are
connective tissue connections between adjacent mus-
clesthat allow forcesto be transferred between those
muscles. The FCU was maximally electrically stimu-
lated to contract, comparing before/after tenotomy and
before/after tissue dissection. Tenotomy changed the
maximally shortened length by only 1.5%, compared
with a4% decrease after muscle dissection, again sup-
porting the concept that connective tissue connection
between adjacent muscles limits muscle excursion.
They reviewed the implications of myofascial force
transmission for tendon transfer in humans with spas-
tic paresis. Spastic muscleshave altered propertiesthat,
by themselves, do not explain muscle stiffness and
contractures. Not only the musclefiber and inter- and
extramuscular connective tissue, but also the adapta-
tion of theseto muscleuse and disuse, will affect func-
tional resultsfrom tendon transfers. Studieson similar
tendon transfersin rats will be presented by Maas at
the Fascia Congress 2009.

Huijing® reviewed the concepts of myofascial force
transmission between and within muscles, showing
connections between both synergistic and antagonist
muscles. Within amuscle fiber, up to half of the total
forcegenerated by the muscleistransmitted to surround-
ing connectivetissuesrather than directly to the origin
and insertion of the muscle fibers. Force can be trans-
mitted to adjacent musclesthat are synergistic, aswell
asto extramuscular tissues such as the neurovascular

tract and various septa and membranes; by this
extramuscular pathway, such forces can reach antago-
nistic muscles. And so the findings that synergistic
muscles are not mechanically independent seem also
to apply to antagonistic muscles. Thesefindingshave
implicationsfor the management of muscle conditions
found in people with spastic paresis, who often find
themselveswith jointsfixed in aparticular position—
for example, wrist flexion or ankle plantar flexion.
Immobilization of ahighly pennate muscleresultsin
atrophy if the muscleisin the shortened position, but if
the muscleisin alengthened position at immobiliza-
tion, hypertrophy may even result. In any particular
joint position, some of the sarcomeresin agiven mus-
clemay be shortened, and otherslengthened, because
of thelocal connective tissue connections with other
muscles. Theanalysisof theimpact on agiven muscle
therefore becomes quite complex. Huijing suggests
severa quite novel perspectivesbased on hisanatomic
and physiologic investigations. If the joint iskept in
one position, the muscles on the stretched side may
hypertrophy. Forces causing movement limitationsin
people with spasticity may come from the antagoni st
muscles, transmitted to the distal tendons of the
synergistic muscles. He suggeststhat clinical dissec-
tion of the affected spastic muscle, without tendon
transfer, may be sufficient to disrupt these pathways
and provideclinical improvement.

FASCIA CYTOLOGY AND HISTOLOGY

Ingber, one of the key speakersfrom the 2007 Fas-
cia Congress, introduces the concept that “cells act
locally but think globally” in sensing tensional forces
inthe extracellular matrix (ECM).( Integrin receptors
on the cell surface are mechanically coupled to the
actin cytoskeleton of the cell, forming a pathway to
senseexternal forcesand allow the cell to respond with
changes in cell shape. Cells can activate internal
chemical signaling pathways, increase stress-fiber as-
sembly and adhesive strength, and form focal adhe-
sions in response to externally applied mechanical
forces. Ordinarily thismechanism isdamped to lower
itssensitivity to normal physiologic fluctuations. How-
ever, once a large-scale change occurs in the ECM,
altering the cell shape, that cell then becomes more
responsiveto itsimmediate mechanical domain.

Grinnell® summarized his key presentation at the
2007 Fascia Congress with adescription of hisuse of
three-dimensional collagen matrices to demonstrate
that cells adhere to matrix fibrils specifically, rather
than to nonspecific matrix proteins, and that cellscan
remodel these matrix fibrils or can penetrate into the
matrix. These interactions are controlled by the ten-
sion between cell and matrix, which in turn depends
on collagen density, growth factor, and matrix restraint.
Grinnell findsthat cellsunder high tension show stress
fibers, focal adhesions, and enzymatic activationrelated
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to the adhesions. At low tension, cellslack thesefea-
tures and assume adifferent morphol ogy, resembling
dendritic cells. These cells resemble the mechanore-
ceptor osteocytesin bone, and the formation by soft-
tissuefibroblasts of amechanosensing network can be
hypothesized. That hypothesisprovidesacellular basis
for the mechanoreceptors noted in the architectural
scheme described by van der Wal.(D)

The paper by Engler and colleagues® describes
specific effects of the ECM on thecellsit surrounds.
Differentiated cells contact and move within matri-
ces whose stiffness ranges from as soft as the brain
to as firm as collagen-coated glass. Among already
differentiated cells, fibroblasts are the most respon-
sive to the stiffness of the matrix, but undifferenti-
ated stem cells are even more influenced.
Mesenchymal stem cells (M SCs) are bone marrow—
derived adult stem cells that can differentiate into
neurons, myoblasts, and osteoblasts. These cells ex-
ert force against the ECM though a non-muscle
myosin |1 mechanism that tensions actin structures
linked to focal surface adhesions, which in turn are
connected to the ECM. Depending on the force re-
quired to deform the matrix, neurogenic, myogenic,
or osteogenic RNA transcriptional markers are pro-
duced if, respectively, the matrix is soft (brain-like, 1
kPaelasticity), morerigid (muscle-like, 10 kPa), or
stiff (bone-like, 100 kPa). The myosin genes appear
sensitiveto matrix stiffness, so that asthe matrix be-
comes stiffer, more myosin isproduced, allowing the
cell to generate sufficient force to accommodate an
up-to-100-timesdifferencein stiffness. Cellscan also
remodel their micro-environment, with effectsgoing
the other direction, from the cell to the matrix.

Physiologists have known for along timethat blood
flow to tissues rapidly increases when muscles con-
tract through local mechanisms. This change supports
theincreased metabolic demandsof thetissues. Hocking
et a.19 were able to demonstrate mechanical cou-
pling of skeletal muscle contraction with local arterioles
through the ECM fibronectin, which usesanitric oxide
mechanism to stimulate an increase in arteriolar di-
ameter. They found that actively contracting skel etal
muscle generates tensile forces that change the con-
formation of fibronectin fibers surrounding the arteri-
olar wall. Thischangebriefly exposesaheparin binding
areaof thefiber, which they hypothesizeinteractswith
heparin sulfate proteoglycans on the smooth muscl e of
the vessel or on the skeletal muscle itself, releasing
nitric oxidethat initiates smooth muscle rel axation and
hence vasodilation. This process demonstratesanovel
method of mechanotransduction, which may servein
other capacities as well. While not mentioned by the
authors, a testable mechanism is also suggested,
whereby chronic low-level muscle contraction may
cause ablunting or downregul ation of this pathway, so
that when the muscle contraction is stronger, the blood
flow response is inadequate and tissue metabolites
collect, causing pain and muscle dysfunction.

FASCIA CYTOLOGY AND MECHANICS

Thefirst section of the paper by van der Wal® notes
that connective tissue comes as either dense or loose
tissue. latridiset al.(1) focus on thelesser-studied loose
tissue. Many therapeutic techniques are based on the
stretching of connective tissues, but whether that
stretching isgreater than the stretching applied in daily
life, or whether it isof anormal range applied to tissues
that have themsal ves been subjected to | ess-than-normal
stressesisnot known. latridis and colleaguesfound a
very low, but linear, viscoelastic biomechanical re-
sponse to applied stressin subcutaneous tissues. The
tensile modulusissimilar to levelsreported by others
for the pericellular matrix of the cell, articular
chondrocytes, skin, and the nucleus pul posus, and about
2.5%107% that of the medial collateral ligament. This
tissue has a much lower tensile elastic modulus and
relaxes faster than do most other tissues, suggesting
that it isalready bearing load even at thelowest strain
levels. latridisinterpretsthisfinding asindicating that,
rather than having aload-bearing function, it servesto
transmit mechanical signals.

The“separating” function of connectivetissue de-
scribed by van der Wal® is most evident in the con-
nections between atendon and thetendon shesath, which
allows for a great deal of excursion. Readers inter-
ested in pictures at surgery of this loose connective
tissue and in a theoretical framework for a structure
that remainsunder relatively constant |oad throughout
awiderange of displacement aredirected to the work
by hand surgeon Guimberteau (speaker at Fascia2007),
both in video® and in papers.(16:17)

Key 2009 speaker Purslow(1? addresses the three
distinct layers of intramuscular connective tissue
(IMCT): epimysium surrounding whol e muscles, per-
imysium separating fascicles or bundles of muscle
fibers within the muscle, and endomysium covering
theindividual musclefibers. These structures provide
intramuscul ar pathways and reinforcement for nerves,
blood vessdls, and lymphatics. Although types| and 11
collagen are the major components of these tissues,
withtypelV predominating at the basement membrane
immediately next to the sarcolemma, small amounts
of typesV, VI, Xll, and X1V are present aswell. The
interaction between the myoblast and the ECM iscriti-
cal to muscle growth and development (see also the
paper by Engler et a.), and the number of muscle
fiberswithin the muscle does not change after birth. In
performing the ultimate connectivetissue—-sparing dis-
section proposed by van der Wal® (digesting the mus-
cle tissue and leaving only the network of collagen
fibers), the IMCT can be seen as an extensive matrix
of connected tunnels. Continued interaction between
the muscle cellsand the ECM governs muscle turno-
ver, hypertrophy, and injury repair throughout growth
and adult life, affecting the size of each of these con-
nective tissue compartments. Several functions are
found for these layers. Mechanical support for large
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and small nerves and blood vessels parallels the
connections between tendon and tendon sheeath observed
by Guimberteau.(16)

Purdow hypothesizesthat, as muscles change shape
during contraction, the connectivetissuelayersallow
thesetissuesto slide past each other with acontrolled
amount of resistance. He al so notesthat the very thick
outer layer of fasciathat divides musclesinto various
compartments (for exampl e, the anterior compartment
of thelower leg) isusually seen by physiciansonly as
asource of trouble when the pressure rises too high,
creating a“ compartment syndrome” that becomes a
surgical emergency. However, in normal activity, con-
traction of one muscle within the compartment results
in asmall elevation of pressure, which increases the
contractile efficiency of other muscleswithinthat com-
partment. Not noted by Purslow isanother function of
thislayer: these normal pressure changesresultincy-
clical changesthroughout the gait cycle, which assists
in venous return of blood to the heart, with the calf
muscles serving as a “second heart pump” 1819 and
assisting with perfusion to the muscle itself.C9 Fur-
thermore, the arteriolar dilation previously noted by
Hocking© may further contributeto thismuscle pump-
ing mechanism.

o3

Whereas the academic field of “connectivetissue
research” has shifted its main focus mostly to mo-
lecular dynamics (with particular attention to bone
dynamics, cartilage, and genetic analysis), the newly
emerging field of fasciaresearch pays particular at-
tention to aspectsin which the body’ s coll agenous soft
connectivetissueswork together asabody-widethree-
dimensional fibrous network for support. Huijing and
Langevin®Y propose a further recommendation for
describing fascial tissues with more specification.
Depending on morphol ogy and arrangement, they sug-
gest criteria by which alocal tissue can be correctly
described as “superficial fascia,” “deep fascia,”
“epimysium,” and so on. Theinclusion of specified
descriptions such as these can be extremely hel pful
in understanding thedifferencesin the structural func-
tion of thetissue.
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