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MECHANICAL PROPERTIES OF HUMAN FASCIAE

The knowledge of the mechanical properties of the human fasciae could 

permit a rational explanation of possible response/modification of this 

tissue to various physical and manual therapies. 

FIRST STUDY: THE PLANTAR FASCIA

We have started from this fascia because:

-It is a well known fascia

- it is a simple structure, with almost all the collagen fibres disposed along 

the longitudinal direction, the transversal fibres could be neglected. 
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THE PLANTAR 

FASCIA

• samples of plantar 

aponeurosis were isolated 

from frozen donors who had 

no previous history of 

fasciitis

• The samples were cut along 

the proximal-distal direction, 

which corresponds also to 

the main direction of the 

collagen fibers.

• We tested only one 

direction!

THE MACHINE

The instrument consists 

of two linear motors on a 

horizontal baseplate that 

can be configured also 

for bi-axial tests. 

A heated saline bath can 

be added to the 

baseplate to provide a 

physiological 

environment.

A digital video 

extensometer is available 

for strain measurements. 

Planar Biaxial TestBench® Test System 

(Bose ElectroForce®)
6

THE SAMPLES
• The tests were performed 

at ambient temperature of 

(20±2) °C, keeping the 

samples in hydrated 

conditions. 

• The test duration for each 

specimen was up about 9 

minutes. 

• The instrument imposes an 

elongation to the sample 

along the proximal-distal 

direction. The free region 

of the specimens between 

the grips was 10 mm 

length. 

PRECONDITIONING TEST

• At the beginning, 10 sine shaped strain cycles were applied to every 

sample. Each cycle lasted 1 second. 

• The value of the peak stress in the first cycle was reduced during the 

subsequent 5-6 cycles to reach a stable value. 
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CLINICAL APPLICATIONS

• The “warming-up” could have a role also into the 

fasciae, permitting to them to reach a new 

balance

• The “warming-up” reduces the stress response 

of the fascia to the applied strain

• After the warming-up, the mechanical proprieties 

of the deep fascia remain constant 

ELONGATION TESTS

If we stress the fascia with a strain range of 4% or 8%, the fascial
behavior is the same and, if we leaves a sufficient time, the fascia 

returns to the beginning state. 

Some samples were tested 

in elongation by applying 

two subsequent triangle 

shaped cycles with nominal 

strain range from 0 to about 

4% (first cycle) and from 0  

to about 8% (second cycle). 

The two cycles were 

separated by a rest 

condition of 60 s in order to 

obtain the equilibrium of 

possible viscous processes. 

THE FASCIA IS NOT A PLASTIC TISSUE

STRESS-STRAIN CURVE 

THE FASCIA HAS A NON-LINEAR BEHAVIOUR

It is the graphical 

representation of 

the relationship 

between stress, 

derived from 

measuring the 

load applied on 

the sample, and 

strain, derived 

from measuring 

the deformation 

of the sample.

TOE PORTION: NON-LINEAR BEHAVIOR

Due to the un-

crimping of 

collagen fibers 

and elasticity of 

elastin, the initial 

portion of stress-

strain curve has a 

high 

deformation/low 

force 

characteristic.
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THE LINEAR PORTION: ELASTIC BEHAVIOUR 

For each increasing of 

applied strain, the 

fascia answers with a 

corresponding 

increasing of stress

The collagen fibres are 

fully oriented in the 

direction of the load. It 

is assumed that the 

amount of extension is 

now fully governed by 

the behavior of tensed 

collagen fibres. 

THE FAILURE PROCESS

�This behaviour was 

identified in the region 

of the stress-strain 

curve where it was 

found a lowering of the 

curve slope with the 

increasing of the strain.

�Physical rupture of the 

fibres commenced over 

a nominal strain of 

about 12%. 

�Over this level, the 

fascia is unable to 

tolerate any further 

increase in load. 

COMPARISON WITH TENDONS

The bone is very few adaptable, 

the linear part starts from 0

muscle

bone

The muscle is highly 

adaptable (the toe portion 

of the curve arrives more 

than 50% of elongation)

The linear portion is rapid

During a muscle tear, also the 

fascia could be damaged. 

.  
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THE 

COLLAGEN 

BEHAVIOR 

WHAT MEANS? 

• The fascia is like a string. Until the string is not completely 

stretched, it is sufficient a small strength to modify its form. 

Then, when the fascia is stretched, to have just  a little 

deformation the applied force has to increase a lot.  

• It is possible that the deformation up to 4% is physiological, 

it allows the volume variation of the muscles during their 

contraction. 

• Up to 4%, the fascia becomes rigid, and thus it is perfect to 

transmit forces at a distance.  

• In the chronic compartment syndrome the adaptation of 

deep fascia is probably reduced

THE HYSTERESIS

• In the fascia, the 

unloading curve will not 

follow the loading curve. 

The area between the two 

curves represents the 

amount of energy that is 

dissipated or lost as heat 

during loading (hysteresis 

area) due to viscous 

phenomena.

• The area under the 

unloading curve represents 

the returned energy.

CLINICAL 

APPLICATION

• The hysteresis is independent of compliance or stiffness. 

Stiff fascia can have low hysteresis, which means high 

force recoil, with maximized stretch potential energy, or 

high hysteresis, which may counteract the benefits of the 

strong and rapid recoil. 

• All athletes would wish to have fasciae with the minimum 

of hysteresis, as this means that every movement will be 

more efficient, producing more power for less muscular 

effort. 
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STRESS RELAXATION 

ANALYSIS

The fascia underwent to a 

constant applied strain, 

modifies its stress over 

time.

The relaxation curve is the 

same in all the three 

subsequent relaxation 

tests with constant tensile 

nominal strain of 

increasing magnitude: 4%, 

6% and 8%. 

In particular, the fascia 

takes about 120 s to 

reduce its tension of 40%. 

CLINICAL 

APPLICATION

The fascia shows
high or low stiffness
depending on the 

rate of loading

The slow or fast stretching 
has different effects into 

the fascia

If the load is
maintained constant, 

the  stress 
decreased over time

The fascia need of 120 s 
of static stretching to 

decrease stress of 40%

CAN WE APPLY THESE RESULTS TO 

ALL THE DEEP FASCIAE?

• The deep fasciae are usually 

formed by two fibrous layers 

with the collagen fibres 

disposed in different directions. 

The two sublayers have 

probably a predominant 

direction, along which the 

mechanical behavior will be 

similar to the plantar fascia

• The main problem is to 

understand as the sublayers 

interact

THE CRURAL FASCIA

Anterior and posterior regions of human crural

fascia have been dissected from adult frozen 

donors. 

The samples have been cut with length of 30 mm 

and width of 0.5 mm. The average thickness has 

been estimated in 0.54 mm for the anterior 

region and 0.91 mm for the posterior region. 7
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The crural fascia presents a strong anisotropy.

medial-lateral directionproximal-distal direction

STRESS-STRAIN BEHAVIOUR PRECONDITIONING TEST

The crural fascia shows the same behaviour of the plantar fascia in 

the preconditioning test. This means that also the crural fascia needs 

of 5-6 cycles to be pre-conditioned. 
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stress relaxations tests have been 

developed applying different levels 

of strain, in the range of 7-11%.

Stress relaxation phenomena have 

shown a stress reduction of 35-40% 

in about 240 s.
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MECHANICAL FEATURES OF 

THE DEEP FASCIAE

Bo 
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