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 Fluid Flow - Fascia regulates fluid flow in the extracellular matrix, and fluid flow causes fascial 
remodeling.  The ground substance in the extracellular matrix is prevented from absorbing fluid 
by tension that fibroblast cells put on extracellular matrix fibers.  When this tension is relaxed, 
the extracellular matrix can absorb fluid rapidly so that transfer of fluid from the capillaries can 
increase 20-100 fold in a very short time. 

Clinical relevance: Presumably the increase in tissue fibrosis will stabilize the extracellular 
matrix, independent of the connective tissue generated tension, which will at least partially 
control the edema but will decrease the tissue’s ability to increase and decrease tension to 
regulate further variations in fluid flow.  This fibrosis may be clinically useful for tissues which 
are too lax and may be the underlying mechanism of prolotherapy and other tissue tightening 
techniques.  The massive stiffening of tissues seen within the first few hours after a motor 
vehicle accident may also be due to this mechanism.  Since anti inflammatory compounds 
reduce the drop in interstitial pressure and edema formation, very large doses of oral non 
steroidal anti inflammatory medications within the first hour after trauma may prevent this 
stiffening.  Similarly, immediate application of pressure from manual therapies may also prevent 
the edema from forming in the first place. 

Therapies designed to locally increase edema such as Chinese cupping may increase the 
adaptability of the fluid flow adjustment systems by temporarily increasing fluid flow.  Therapies 
designed to reduce lymphedema must take into account the tissue changes which take place 
with prolonged decrease in interstitial flow, including the increased tissue compliance or 
“overstretching” of the interstitial matrix.  Even if lymphatic channels are re-connected, the 
removal of lymph nodes decreases lymph resorption and puts a greater load on the fluid removal 
through the lymphatics. 

Finally, organs must be viewed in the context of the surrounding connective tissues and distant 
blood and lymphatic fluid flow, and specific organ pathology cannot be fully understood or 
treated without taking those tissues into account.   

 Mechanotransduction  The living cell is a mechanical structure with a force balance between 
compression bearing microtubules and tension bearing bundles of actomyosin filaments.  The 
cells are anchored to the extracellular matrix by clusters of integrin receptors which connect 
extracellular proteins to intracellular actin associated molecules.  These receptors also serve to 
sense physical forces outside the cell and transmit that information through mechanical 
connections throughout the cell to the nucleus as well as multiple locations in the cell.   This 
cytoskeleton provides both mechanical structure and direction to biochemical reactions within 
the cell.  The cell can thus convert external mechanical signals into internal biochemical 
reactions.   

Accomplishments in cell mechanics of particular interest to fascial research include the effect of 
fluid shear stress forces on the endothelium and on the osteocyte, the control of cell shape and 
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function by extracellular matrix stiffness, and impact of mechanical forces on remodelling of 
bone, muscle and cartilage.  Two mechanisms have been identified which cells use to protect 
themselves from excessive mechanical stretch:  first, cytoskeletal stiffening of the microfilament 
and microtubule lattice, and second, fluidization which allows a marked increase in mobility of 
macromolecules which ordinarily are restricted in motion by molecular crowding.   

Clinical relevance  - A better understanding of  mechanochemical control mechanisms may let us 
correct mechanical loading or mechanochemical signalling in adult conditions.  Use of the 
experimental methods developed may allow us to explore the effects of externally applied forces 
such as repetitive stress disorders or manually applied therapies. 

The major fascial cell, the fibroblast  Fibroblasts synthesize organize  and remodel collagen, 
depending on the tension between the cell and the extracellular matrix.  The myofibroblast 
produces a copious amount of collagenous extracellular matrix and generates tensile forces 
which play a large role in wound healing and excessive fibrosis in many tissues.  This cell 
develops primarily from local fibroblasts.  By changing shape, the fibroblast can affect stiffness 
and viscosity of connective tissue within minutes, consistent with the mechanotransduction 
models of microtubule network expansion and actomyosin generated tension proposed by 
Ingber.   

Clinical relevance - Connective tissue actively regulates matrix tension in response to stretch as 
a normal, dynamic physiological process.  Understanding how cells respond to forces can lead to 
potential treatments to decrease fibrosis in cases where the forces remain high. Yet to be 
explored are techniques to increase fibrosis in tissues which are too lax.  

Microscopic anatomy of the fascia  Deep fascia has parallel longitudinal collagen bundles and 
rudimentary elastic laminae, giving it both high tensile strength and elasticity.  The deep fascia 
is a highly vascular structure with a superficial and a deep layer, each with an independent rich 
vascular network of capillaries, venules, arterioles, and lymphatic channels.   At the junction 
between the deep fascia and the muscle, without any special secretory cells, the fascia is able to 
maintain a lubricating layer of hyaluronic acid .  The deep fascia is not just a tough barrier 
structure of collagen and elastin, but is a metabolically active vascular layer which provides 
gliding and protective functions.  There is a multifibrillar network of intertwined filaments 
running in multiple directions, creating 3 dimensional partitions of microvacuoles ranging in size 
from a few to a few hundred microns.  The smaller vacuoles are found in tissues which have 
greater excursion.  These fibers provide a supporting framework for vascular, lymphatic and 
nervous connections between tissues which routinely move, such as tendon and tendon sheath. 

Clinical relevance - fascial layers are able to produce a lubricant, hyaluronic acid, which allows 
sliding between the fascia and neighboring muscle.  The architecture of the fascia allows 
continuity of nerves, blood and lymph vessels between the sliding tissues.  With trauma to the 
muscle, the overlying fascia no longer produces the sliding layer of hyaluronan.  Anatomic and 
clinical studies will be necessary to identify and improve methods to maintain sliding after tissue 
trauma. 
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Fascial anatomy There is widespread presence of myofascial extension from the muscle at its 
distal end into fascial layers of the more distal extremity.  Ligaments crossing a joint are not 
independent of the neighboring muscle, but rather are an intimate part of the fascial portion of 
the end of the muscle and can thus be tensed or relaxed by the muscle.  There also are direct 
myofascial connections between neighboring muscles, so that up to 50% of the muscle force 
may be transmitted to neighboring tissue rather than to the tendon of insertion.  There also are 
preserved fascial sheaths to muscles which are present in primates but no longer in humans – 
the muscle has disappeared in evolution but the enveloping fascia is still present. 

Clinical relevance – traditional muscular anatomy as presented in the anatomy textbooks does 
not take into account the multiple fascial connections both laterally along the muscle and 
longitudinally at the ends of the muscles.  This anatomy is quite evident in all extremities where 
muscle crossing joints is quite clear, but has not been studied in as much depth in trunk 
muscles.   

Pain can have muscle, fascial, and nerve components.  Myofascial trigger points have local 
thickening of muscle fibers, while muscle tender points to palpation have no identifiable specific 
pathology.  Nerves are surrounded by three layers of fascia and can become sensitized to 
normal motion by more proximal nerve irritation.  Delayed onset muscle soreness is seen 1-2 
days after eccentric muscle contraction, and increased fascial sensitivity can be seen in this 
condition.   

Clinical Relevance: 
Understanding the physiology of pain and pain perception can help the clinician initiate and 
evaluate treatment although there are also strong psychological components. 

Fascia references.  
 BOLD ones are available for free at http://www.ncbi.nlm.nih.gov/pubmed/
 
Abraham, T., G. Fong, et al. (2011). "Second harmonic generation analysis of 

early Achilles tendinosis in response to in vivo mechanical loading." BMC 
Musculoskeletal Disorders 12: 26. 

Ahn, A. C. and A. J. Grodzinsky (2009). "Relevance of collagen piezoelectricity to 
"Wolff's Law": a critical review." Medical Engineering & Physics 31(7): 733-741. 

Ahn, A. C., M. Park, et al. (2010). "Electrical impedance of acupuncture 
meridians: the relevance of subcutaneous collagenous bands." PLoS ONE [Electronic 
Resource] 5(7): e11907. 

Benjamin, M. (2009). "The fascia of the limbs and back--a review." Journal of 
Anatomy 214(1): 1-18. 

Bhattacharya, V., P. Barooah, et al. (2010). "Detail Microscopic Analysis of deep 
fascia of lower limb and its surgical implication." Indian Journal of Plastic Surgery 
43(2): 135-140. 

Bove, g. (2008). "epi-perineural Anatomy, Innervation and Axonal Nociceptive 
Mechanisms." J Bodyw mov ther 12(3): 185-190. 

Fredberg, J. J., D. Discher, et al. (2009). "Biomechanics: cell research and 
applications for the next decade." Annals of Biomedical Engineering 37(5): 847-859. 

Grinnell, F. (2008). "Fibroblast mechanics in three-dimensional collagen 
matrices." Journal of Bodywork & Movement Therapies 12(3): 191-193. 

http://www.ncbi.nlm.nih.gov/pubmed/


4 
 

Guimberteau, J. C., J. P. Delage, et al. (2010). "The role and mechanical behavior of the 
connective tissue in tendon sliding." Chirurgie de la Main 29(3): 155-166. 

Hinz, B. and G. Gabbiani (2010). "Fibrosis: recent advances in myofibroblast 
biology and new therapeutic perspectives." F1000 Biology Reports 2: 78. 

Ingber, D. E. (2010). "From cellular mechanotransduction to biologically inspired 
engineering: 2009 Pritzker Award Lecture, BMES Annual Meeting October 10, 2009." 
Annals of Biomedical Engineering 38(3): 1148-1161. 

Khan, K. M. and A. Scott (2009). "Mechanotherapy: how physical therapists' 
prescription of exercise promotes tissue repair." British Journal of Sports Medicine 
43(4): 247-252. 

Langevin, H. M., N. A. Bouffard, et al. (2011). "Fibroblast cytoskeletal remodeling 
contributes to connective tissue tension." Journal of Cellular Physiology 226(5): 1166-1175. 

Maas, H. and T. G. Sandercock (2010). "Force transmission between synergistic 
skeletal muscles through connective tissue linkages." Journal of Biomedicine & 
Biotechnology 2010: 575672. 

Mammoto, T. and D. E. Ingber (2010). "Mechanical control of tissue and organ 
development." Development 137(9): 1407-1420. 

McCombe, D., T. Brown, et al. (2001). "The histochemical structure of the deep fascia and 
its structural response to surgery." Journal of Hand Surgery - British Volume 26(2): 89-97. 

Meltzer, K. R., T. V. Cao, et al. (2010). "In vitro modeling of repetitive motion 
injury and myofascial release." Journal of Bodywork & Movement Therapies 14(2): 
162-171. 

Mense, S. (2008). "Muscle pain: mechanisms and clinical significance." 
Deutsches Arzteblatt International 105(12): 214-219. 

Oxnard, C. E. and D. Franklin (2008). "Ghosts of the past II: muscles and fasciae in the 
primate forelimb domain." Folia Primatologica 79(6): 441-457. 

Pfeffer, C. P., B. R. Olsen, et al. (2008). "Multimodal nonlinear optical imaging of 
collagen arrays." Journal of Structural Biology 164(1): 140-145. 

Pohl, H. (2010). "Changes in the structure of collagen distribution in the skin caused by a 
manual technique." Journal of Bodywork & Movement Therapies 14(1): 27-34. 

Purslow, P. P. (2010). "Muscle fascia and force transmission." Journal of Bodywork & 
Movement Therapies 14(4): 411-417. 

Reed, R. K., A. Liden, et al. (2010). "Edema and fluid dynamics in connective tissue 
remodelling." Journal of Molecular & Cellular Cardiology 48(3): 518-523. 

Rutkowski, J. M., C. E. Markhus, et al. (2010). "Dermal collagen and lipid 
deposition correlate with tissue swelling and hydraulic conductivity in murine primary 
lymphedema." American Journal of Pathology 176(3): 1122-1129. 

Rutkowski, J. M. and M. A. Swartz (2006). "A driving force for change: interstitial flow as 
a morphoregulator." Trends in Cell Biology 17(1): 44-50. 

Skovgaard, D., A. Kjaer, et al. (2011). "Use of cis-[18F]fluoro-proline for 
assessment of exercise-related collagen synthesis in musculoskeletal connective 
tissue." PLoS ONE [Electronic Resource] 6(2): e16678. 

Tesarz, j., H. U, et al. (2011). "Sensory Innervation of the Thoracolumbar Fascia in Rats 
and Humans." Neuroscience in press  


