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Active fascial contractility: Fascia may be able
to contract in a smooth muscle-like manner
and thereby influence musculoskeletal dynamics
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Summary Dense connective tissue sheets, commonly known as fascia, play an important role as force transmitters in
human posture and movement regulation. Fascia is usually seen as having a passive role, transmitting mechanical
tension which is generated by muscle activity or external forces. However, there is some evidence to suggest that
fascia may be able to actively contract in a smooth muscle-like manner and consequently influence musculoskeletal
dynamics. General support for this hypothesis came with the discovery of contractile cells in fascia, from theoretical
reflections on the biological advantages of such a capacity, and from the existence of pathological fascial contractures.
Further evidence to support this hypothesis is offered by in vitro studies with fascia which have been reported in the
literature: the biomechanical demonstration of an autonomous contraction of the human lumbar fascia, and the
pharmacological induction of temporary contractions in normal fascia from rats. If verified by future research,
the existence of an active fascial contractility could have interesting implications for the understanding of
musculoskeletal pathologies with an increased or decreased myofascial tonus. It may also offer new insights and a
deeper understanding of treatments directed at fascia, such as manual myofascial release therapies or acupuncture.
Further research to test this hypothesis is suggested.

© 2005 Elsevier Ltd. All rights reserved.

ments and tendons may be regarded anatomically
as local thickenings of fascial sheets, which are
adapting to increased local tension with a denser

Introduction

Dense irregular connective tissue sheets in the hu-

man body — such as aponeuroses, joint capsules, or
muscular envelopes like the endo-, peri- and epi-
mysium — are usually referred to as fascia. Liga-

* Corresponding author. Present address: Department of
Applied Physiology, Georgenstrasse 22, 80799 Munich, Germany.
Tel.: +49 89 346016; fax: +49 89 337927.

E-mail address: schleip@somatics.de (R. Schleip).

and more parallel fiber arrangement. Aside from
ligaments and tendons, several other examples
demonstrate that fascia plays an important role
in musculoskeletal dynamics: stiffness of the plan-
tar fascia contributes to stability of the foot [1];
the lumbar fascia limits spinal mobility [2]; and
tension transmission across the epimysium contrib-
utes to muscle force [3,4].
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While this is currently accepted medical knowl-
edge, it is also assumed that fascia is solely a pas-
sive contributor to biomechanical behavior.
Contrary to this common conception, the authors
propose the hypothesis, that human fascia may
be able to spontaneously adjust its stiffness in a
time period ranging from minutes to hours and
thereby contribute more actively to musculoskele-
tal dynamics. If verified by future research, the
existence of active fascial contractility could have
implications for the understanding and treatment
of musculoskeletal disorders which are associated
with increased or decreased myofascial tension or
with diminished neuromuscular coordination. The
authors will review here four general indications
as well as two experimental in vitro reports as evi-
dence for the hypothesis. Finally, the implications
of this new perspective will be discussed and sug-
gestions will be offered for testing the hypothesis.

Evidence
The presence of contractile cells in fascia

Recent findings by Spector and others have shown
that fibroblasts, as well as chondro- and osteo-
blasts, are ‘‘connective tissue cells with muscle’’,
i.e., that they have an innate capacity to express
the gene for a-smooth muscle actin (ASMA) and to
display contractile behavior [5]. Expression can
be triggered by environmental factors, such as in-
creased mechanical stimulation as well as specific
cytokines. With fascia this expression happens nat-
urally in wound healing and in several pathological
situations. Additionally, fibroblasts which contain
ASMA stress fibers have been found in normal ten-
dons [6] and ligaments [7,8]. Cells containing ASMA
stress fibers are known to be either contractile
smooth muscle cells or to be a contractile pheno-
type of fibroblasts with smooth muscle-like fea-
tures, now known as myofibroblasts [9].
Furthermore, the potential contraction force of
myofibroblasts has been shown to be correlated
to the degree of ASMA expression [10].

While no quantitative immunohistochemical
examination has yet been published for cells con-
taining ASMA in normal fascial sheets, the exis-
tence of cells resembling smooth muscle cells was
accidentally discovered by Staubesand in normal
crural fascia and has been documented with elec-
tron microscopy [11,12]. Since the crural fascia
has a similar morphology to the lumbar fascia or
to the muscular epimysial envelopes, it seems rea-
sonable to extrapolate that the crural fascia is not

the only fascial sheet with this property. It there-
fore can be cautiously assumed, that contractile
cells are probably also present in other dense hu-
man fascial sheets, as have already been found in
tendons, ligaments and in the crural fascia. Given
the presence of contractile fibroblasts in normal
fascia, it is postulated that the regular expression
of this cellular phenotype would most likely serve
a functional purpose; i.e., that these cells are at
times used for smooth muscle like contractions.

Improved sturdiness — an evolutionary
benefit

Our biological make-up has been shaped through a
Darwinian process of selective survival, including
countless fight and flight reactions. Life-threaten-
ing situations often involve rapid and strenuous
activities. Survival in these situations not only de-
pends on luck, wit, speed or muscular strength,
but also on the mechanical sturdiness of one’s
limbs; i.e., not breaking a leg or dislocating an an-
kle while jumping or running for one’s life can be a
useful advantage. It would make biological sense
that animals equipped with an additional mecha-
nism to muscular coordination for a temporary in-
crease in tissue stiffness would have a distinct
advantage.

When exposed to several hours or even days of
high stress situations, an innate capacity to in-
crease fascial stiffness may be invaluable. The abil-
ity of fascia to actively contract, mediated by
mechanical strain, plus specific stress related cyto-
kines, would consequently provide us with a useful
secondary myofascial tonus regulation system. Gi-
ven the genetic capacity of fibroblasts to become
contractile, it seems feasible that our bodies now
may contain the ability to activate this advantage
when challenged by periods of high mechanical
and/or emotional stress.

Effect on neuromuscular coordination

In addition to this mechanical advantage, in-
creased fascial stiffness offers a further benefit.
Ligaments contain mechanoreceptors which pro-
vide sensory feedback for muscular coordination
[13,14]. Without their feedback, motor coordina-
tion is significantly impaired. The same kind of
mechanoreceptors are also found in broad fascial
sheets, and it is assumed that they serve a similar
proprioceptive function [15—17]. This is congruent
with the recent finding, that patients with chronic
low back pain demonstrate fewer mechanorecep-
tors in their lumbar fascia as well as impaired
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lumbopelvic proprioception and motor coordina-
tion [18,19]. Interestingly, low threshold mechano-
receptors apparently influence muscle activity via
the y-muscle spindle system, while high threshold
mechanoreceptors exert effects directly onto the
a-motorneurons [20]. An increased fascial stiffness
would therefore be expected to result in many
muscular responses elicited by fascial mechanore-
ceptors in a shift from a low threshold activated
y-system response towards a much quicker high-
threshold activated a-motorneuronal reaction.

A temporary decrease of ligament stiffness in
cats has been shown to result in the stimulation
of fewer ligamentous mechanoreceptors and in de-
creased periarticular muscle activation [21]. It
seems likely that this response would be similar
in the fascial tissues found in humans. A temporary
increase in fascial stiffness would consequently im-
prove fascial proprioception and increase muscular
activation. An animal or person with an enhanced
fascial stiffness would therefore have the advan-
tage of a generally more precise and more rapid
muscular reflex coordination in response to fascial
proprioception, as well as the increased sturdiness.
While a chronically increased fascial tonus may
over time have metabolic and physiological draw-
backs, the ability to temporarily increase fascial
stiffness may have helped our ancestors to cope
in situations demanding an increased motor
performance.

Existence of chronic fascial contractures

The ability of fascia to contract is further demon-
strated by the widespread existence of pathologi-
cal fascial contractures. Probably, the most well
known example is Dupuytren disease (palmar fibro-
matosis), which is known to be mediated by the
proliferation and contractile activity of myofibro-
blasts. Lesser known is the existence of similar con-
tractures in other fascial tissues which are also
driven by contractile myofibroblasts, e.g., plantar
fibromatosis, Peyronie disease (induratio penis
plastica), club foot, or — much more commonly —
in the frozen shoulder [22] with its documented
connective tissue contractures [23]. Given the
widespread existence of such strong pathological
chronic contractures, it seems likely that minor de-
grees of fascial contractures might exist among
normal, healthy people and have some influence
on biomechanical behavior.

One could argue, that there may be general dif-
ferences between long term chronic contractures
and the proposed ability of fascia to temporarily
contract in a smooth muscle like manner. Interest-

ingly, in the condition ‘‘frozen shoulder’’ the
fascial contracture sometimes improves spontane-
ously within a few days [24,25]. This seems to indi-
cate a fairly rapid release of cellular contractions,
rather than long term morphological changes in
the collagen architecture. Another supporting
indicator for a similar physiological basis are the
experiments with granulation tissue, in which
myofibroblast driven tissue contractions were sig-
nificantly increased by the addition of pharmaco-
logical smooth muscle agonists, with clearly
significant effects during as little as half an hour
[26].

While none of these indications are conclusive
on their own, collectively they add considerable
support to the hypothesis, that fascia may be able
to influence biomechanical behavior by an active
temporary contraction of intrafascial myofibro-
blasts. As well as these general theoretical indica-
tions, there are two experimental studies, which
offer more concrete evidence for our hypothesis.

Biomechanical in vitro evidence

In what appears to be the most thorough examina-
tion of the viscoleastic behavior of a normal (non
pathological) fascial sheet so far, Yahia et al. [27]
reported an unexpected discovery of fascial behav-
ior, which they termed ‘ligament contraction’. In
this in vitro study pieces of human lumbar fascia
were isometrically stretched for 15 min, then al-
lowed to rest for 30 or 60 min, and then stretched
again. Contrary to the authors’ expectation, the
resistance force of the tissues proved to be stron-
ger at the repeated stretch compared with the pre-
vious time, i.e., they had become stiffer. After
carefully ruling out other possible explanations
for this response, the authors discussed the congru-
ence of this behavior with similar in vitro stretch
responses of visceral musculature, and they con-
cluded that the most likely explanation would be
the presence of smooth-muscle like cells in this
fascia.

Pharmacological in vitro evidence

The second line of experimental evidence comes
from recent research into the pharmacological
control of wound contraction. In order to under-
stand more about the contractile behavior of myo-
fibroblasts in wound healing, several authors
conducted in vitro contraction tests with fascia in
response to pharmacological substances. While
most authors performed their studies with injured
or pathological fascia only, Pipelzadeh and Naylor
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[28—30] included tissue from normal superficial
fascia of rats. Suspending thin strips of this fascia
in a superfusion system, they were able to induce
clear and reversible tissue contractions in response
to mepyramine, calcium chloride, as well as aden-
osine. The contractile behavior of this fascia was
found to be similar to that of injured fascia from
rats, which again was fairly congruent with the
contractility of human myofibroblasts reported
elsewhere [31,32]. The rapid onset, the reversibil-
ity, the repeatability and the dose dependency of
the contractile responses in all these tissues sug-
gest that cellular receptors are responsible for
the observed effects. Given the usual caveats of
extrapolating from in vitro animal data to living hu-
mans, these results appear as congruent with the
hypothesis of a cellular driven active contractility
in normal fascia.

Implications

Assuming that human fascia does contract in vivo as
proposed in our hypothesis, how strong would the
resulting force be? For an estimation of this we chose
the data from the in vitro experiments with human
lumbar fascia by Yahia et al., reported earlier. With
a tissue strip of 1.5 mm x 1.0 mm x 30 mm the max-
imal measured force increase during an isometric
stretch was 1.5 N. If we hypothetically apply the
same forceratio to whole fascial sheetsin the human
body, it seems clear that such fascial contractions
could have substantial biomechanical influences.
As an example, the superficial lamina of the lumbar
fascia, with a reported horizontal cross sectional
area of 71 mm x 0.53 mm at the level of the third
lumbar vertebra (plus adjusting for the 45° oblique
fiber angulation in this fascial layer) would have a
theoretical bilateral contraction force of 38 N.

This would put the force of active fascial con-
tractions within a biomechanically significant
range, at which it could cause a lumbar paraspinal
compartment syndrome [33]. It is also in a range
where a decreased fascial tonus can contribute to
spinal segmental instability, which is frequently
associated with the onset of low back pain
[34,35]. Similarly a loss of fascial tone could also
be responsible for sacroiliac pain, which is often
caused by a lack of force closure of the sacroiliac
joint [36] and resulting hypermobility (an example
of this is the high incidence of pelvic pain during
pregnancy due to hormonal changes [37]). Manual
deep tissue therapies, such as Rolfing or myofascial
release, which claim to influence fascial tone [38],
may be able to benefit from more specific under-

standing (and new questions) from this new per-
spective. It is also possible, that acupuncture,
which has been recently shown to be intimately
linked with fascial anatomy [39,40], may be better
understood and its effectiveness improved.

The authors therefore suggest that this hypothe-
sis be tested with further research. A first step
could be a quantitative immunohistochemical
examination of human fasciae for cells containing
ASMA stress fibers. Additionally a replication of
the pharmacological in vitro contraction experi-
ments of Pipelzadeh and Naylor could be done with
human surgical fascia. If verified, this might not
only have interesting therapeutic implications,
but the new appreciation of fascia would also pose
new questions: How is fascial contractility related
to microinjuries, to hypoxia, to stress or infection
related cytokines? How does it respond to different
hormonal or pharmacological agents? Why does the
fascial contraction in frozen shoulder often heal
spontaneously, while this is rarely the case with
the palmar fascia in Dupuytren contracture? How
do different types of static and cyclic mechanical
stimulation influence fascial contractility? As
intriguing as these questions may be, before
attempting any clinical research, first an explora-
tion of the hypothesis through basic research is
suggested.

Acknowledgements

The authors acknowledge the support of the Inter-
national Society of Biomechanics, the Rolf Institute
for Structural Integration (USA), and the European
Rolfing Association.

References

[1] Cheung JTK, Zhang M, An KN. Effects of plantar fascia
stiffness on the biomechanical responses of the ankle—foot
complex. J Clin Biomech 2004;19:839—46.

[2] Barker P, Briggs CA, Bogeski G. Tensile transmission across

the lumbar fasciae in unembalmed cadavers: effects of

tension to various muscular attachments. Spine
2004;29(2):129-38.

Garfin SR, Tipton CM, Mubarak SJ, Woo SL, Hargens AR,

Akeson WH. Role of fascia in maintenance of muscle

tension and pressure. J Appl Physiol 1981;51(2):317—20.

Huijing PA. Muscle as collagen fiber reinforced composite

material: force transmission in muscle and whole limbs. In:

Fukunaga T, Fukashiro S, editors. Proceedings of the XVIth

congress of the international society of biomechan-

ics. Tokyo University; 1997. p. S7.

Spector M. Musculoskeletal connective tissue cells with

muscle: expression of muscle actin in and contraction of

fibroblasts, chondrocytes, and osteoblasts. Wound Repair

Regen 2002;9(1):11-8.

[3

—_—

[4

—

[5

—_



Active fascial contractility: Fascia may be able to contract in a smooth muscle-like manner 277

[6] Ralphs JR, Waggett AD, Benjamin M. Actin stress fibres and
cell—cell adhesion molecules in tendons. Matrix Biol
2002;21:67—74.

[7] Wilson CT, Dahners LE. An examination of the mechanism
of ligament contracture. Clin Orthop 1988;227(2):286—91.

[8] Murray MM, Spector M. Fibroblast distribution in the
anteromedial bundle of the human anterior cruciate
ligament: the presence of alpha-smooth muscle actin-
positive cells. J Orthop Res 1999;17(1):18—27.

[9] Hinz B, Gabbiani G. Mechanisms of force generation and
transmission by myofibroblasts. Curr Opin Biotechnol
2003;14:538—46.

[10] Hinz B, Celetta G, Tomasek JJ, Gabbiani G, Chaponnier C.
a-Smooth muscle actin expression upregulates fibroblast
contractile activity. Mol Biol Cell 2001;12:2730—41.

[11] Staubesand J, Li Y. Zum Feinbau der Fascia cruris mit
besonderer Beriicksichtigung epi- und intrafaszialer Ner-
ven. Manuelle Medizin 1996;34:196—200.

[12] Staubesand J, Baumbach KUK, Li Y. La structure fine de
’aponévrose jambiére. Phlébologie 1997;50(1):105—13.

[13] Dyhre-Poulson P, Krogsgaard MR. Muscular reflexes elicited
by electrical stimulation of the anterior cruciate ligament
in humans. J Appl Physiol 2000;89:2191-5.

[14] Solomonow M, Zhou B, Harris M, Lu Y, Baratta R. The
ligamento-muscular stabilizing system of the spine. Spine
1998;23:2552—-62.

[15] Yahia LH, Rhalmi S, Newman N, Isler M. Sensory innervation
of the human thoracolumbar fascia — an immunohisto-
chemical study. Acta Orthop Scand 1992;63(2):195—7.

[16] Stillwell DL. Regional variations in the innervation of deep
fasciae and aponeuroses. Anat Rec 1954;127(4):635—53.

[17] Sakada S. Mechanoreceptors in fascia, periosteum and
peridontal ligament. Bull Tokyo Med Dent Univ
1974;21(Suppl.):11-3.

[18] Bednar DA, Orr FW, Simon GT. Observations on the
pathomorphology of the thoracolumbar fascia in chronic
mechanical back pain. Spine 1995;20(1):1161—4.

[19] Radebold A, Cholewicki J, Polzhofer G, Greene H. Impaired
postural control in lumbar spine is associated with delayed
muscle response times in patients with chronic idiopathic
low back pain. Spine 2001;26:724-30.

[20] Dyhre-Poulson P, Krogsgaard MR. Muscular reflexes elicited
by electrical stimulation of the anterior cruciate ligament
in humans. J Appl Physiol 2000;89:2191-5.

[21] Solomonow M, Zhou B, Baratta R, Lu Y, Harris M. Biome-
chanics of increased exposure to lumbar injury caused by
cyclic loading: part I. Loss of reflexive muscular stabiliza-
tion. Spine 1999;24:2426—34.

[22] Bunker TD, Anthony PP. The pathology of frozen shoulder —a
Dupytren-like disease. J Bone Joint Surg 1995;77(5): 677—83.

[23] Mengiardi B, Pfirrmann CW, Gerber C, Hodler J, Zanetti M.
Frozen shoulder: MR arthroscopic findings. Radiology
2004;233(2):486—92.

[24] Grey RG. The natural history of idiopathic frozen shoulder.
J Bone Joint Surg Am 1978;60(4):564.

[25] Diercks RL, Stevens M. Gentle thawing of the frozen
shoulder: a prospective study of supervised neglect versus
intensive physical therapy in seventy-seven patients with
frozen shoulder syndrome followed up to two years. J
Shoulder Elbow Surg 2004;13(5): 499—502.

[26] Hinz B, Mastrangelo D, Iselin CE, Chaponier C, Gabbiani G.
Mechanical tension controls granulation tissue contractile
activity and myofibroblast differentiation. Am J Pathol
2001;159(3):1009—-20.

[27] Yahia LH, Pigeon P, DesRossiers EA. Viscoelastic properties
of the human lumbodorsal fascia. J Biomech Eng
1993;15:425-9.

[28] Pipelzadeh MH, Naylor IL. The in vitro enhancement of
rat myofibroblast contractility by alterations to the pH
of the physiological solution. Eur J Pharmacol
1998;357:257-9.

[29] Pipelzadeh MH, Naylor IL. The role of histamine on
myofibrblast contractiltity and its role in wound healing.
J Pharm Pharmacol 1997 (Suppl. 4):P7.

[30] Pipelzadeh MH, Naylor IL. The response of intact and
damaged fasciae to potassium and calcium ions. J Pharm
Pharmacol 1996;182(Suppl.):P104.

[31] Takeda T, Goto H, Arisawa T, Hase S, Hayakawa T, Asai J.
Effect of histamine on human fibroblasts in vitro. Arznei-
mittelforschung 1997;47(10):1152-5.

[32] Irvin LR, Naylor IL, Holms W. The contractility of knuckle
pads. J Hand Surg 1997;22B(1):110—2.

[33] Carr D, Gilbertson L, Frymoyer J, Krag M, Pope M. M.
lumbar paraspinal compartment syndrome: a case report
with  physiologic and anatomic  studies. Spine
1985;10:816—20.

[34] Preuss R, Fung J. Can acute low back pain result from
segmental spinal buckling during sub-maximal activities?
A review of the current literature. Man Ther 2005;10:
14-20.

[35] Solomonow M, Baratta RV, Zhou B-H, Burger E, Zieske A,
Gedalia A. Muscular dysfunction elicited by creep of lumbar
viscoelastic tissue. J Electromyogr Kinesiol 2003;13:
381-96.

[36] van Wingerden JP, Vleeming A, Buyruk HM, Raissadat K.
Stabilization of the sacroiliac joint in vivo: verification of
muscular contribution to force closure of the pelvis. Eur
Spine J 2004;13(3):199—205.

[37] MacLennan AH, Nicolson R, Green RC, Bath M. Serum
relaxin and pelvic pain of pregnancy. Lancet 1986;2(8501):
243-5.

[38] Grodin AJ, Cantu RI. Soft tissue mobilization. In: Basmajian
JV, Nyberg R, editors. Rational manual therapies. Balti-
more: Williams & Wilkins; 1993. p. 212.

[39] Langevin HM, Yandow JA. Relationship of acupuncture
points and meridians to connective tissue planes. Anat
Record (New Anat) 2002;269:257—65.

[40] Langevin HM, Churchill DL, Wu J, Badger GJ, Yandow JA,
Fox JR, et al. Evidence of connective tissue involvement in
acupuncture. FASEB J 2002;16(8):872—874.

Available online at www.sciencedirect.com

sc.ence@n.“m@



	Active fascial contractility: Fascia may be able  to contract in a smooth muscle-like manner  and thereby influence musculoskeletal dynamics
	Introduction
	Evidence
	The presence of contractile cells in fascia
	Improved sturdiness  ndash  an evolutionary benefit
	Effect on neuromuscular coordination
	Existence of chronic fascial contractures
	Biomechanical in vitro evidence
	Pharmacological in vitro evidence

	Implications
	Acknowledgements
	References


