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Abstract
The use of compressive garments for severe burns is usually necessary for a long time. They consist of relatively
stiff fabric but very elastic that compresses skin layers in order to flatten them. As the healing of the skin that tends to
hypertrophy, the skin is forced to grow up but not by remaining relatively thin. Compression, defined as the pressure
applied by a garment on the member burned , depends on a complex interaction between physical properties and
manufacture of compressive garment, size and shape of the limb to which it is applied and the wearer’s activity.
The compression level is directly proportional to the tension application of the compressive garment and inversely
proportional to the size of the member (Laplace’s Law). Thus, there are other factors influenced directly or indirectly
to the interface pressure. The change in pressure by muscular activities can have a big effect on the compressed
member.

Keywords: Pressure; Factors; Compressive garment; Burned human

skin

Introduction
The medical sector is one of the main sectors in assets and strong
attraction for the producers of technical textiles. Several researchers
have been treated as potentially represent significant opportunities for
development of medical products: orthotics, hygiene and care. This has
assessed the application areas in which privileged textile technologies
have the potential for greater innovation. As part of this last theme,
we conduct this research paper on developments and applications of
textile technology in medicine.
Compressive garments are medical devices used to immobilize a body
part, restrict or assist movement, reduce stress forces of weight or correct a
deformity. A compressive garment must have qualities of comfort, in
terms of pressure. Others share the garments, by their mesh, hinders
the development of skin cheloidien. Compressive garments provide
excellent results, are the reason why they should be prescribed in
cases of deep and extensive burns. The use of local pressure on
the scar is certainly not new and is applied as a form of therapy. Several
researches popularized the use of pressure and compression therapy in
the medical sector [1]. Compressive garments provide excellent
properties due to their compositions and their manufacture. They
are intended to avoid the appearance of hypertrophic
scars or retractile or improve appearance. They are used for care
of burns affecting the deeper tissues. They prevent inflammation and
reduce the lack of cohesion of collagen fibers cross, and are worn
for several weeks to several months [2].
Own investigation has recently shown that the effective
compression therapy accelerated the maturation of the scar and made
the scars flatter. The compression therapy also reduces the hardness
and redness of the scar [3]. Several authors [4-6] however, postulated
that a pressure of at least 15 mmHg is necessary, especially when we
want to help accelerate the maturation of the scar. Continuous pressure
above 40 mmHg increases the risk of complications such as paresthesia
and maceration.
Compression is an effective treatment. Used correctly, it can
enhance healing and change the quality of life of a patient; used
incorrectly, it can result in delayed healing, pain, trauma, simply put,
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the compression works by squeezing the limb, reducing edema and
stimulating venous return to heart. It has effects on the venous, arterial
and lymphatic.
The compression exerted by garment depends on several factors.
Including those related to the mechanical properties of compressive
garment: extensibility and elasticity, Young’s modulus, coefficient of
Poisson; and those are related to the patient: the morphology of the
member pressed, the limb circumference and its variations, the activity
of muscles; and others are related to the mode and the pose technique,
the elongation and the number of layers.
During the establishment and during muscle activity, a compressive
garment undergoes changes along the three dimensions. The variation
in the length and width are related by the coefficient of Poisson, but
variation of the thickness isn’t considered by several research studies.
The variation of the thickness of a compressive garment is result in
increased elongation and shrinkage of the mesh. This is a desirable
effect for a burnt skin; this is a therapeutic used to the flexibility of the
skin depending on the thickness variation.

Materials and Methods
We realized four different types of compressive garment (Z1, Z2, Z3
and Z4) on a circular knitting machine type SANTONI English gauge
E=28.
Samples Z1 and Z2 are manufactured by assembling the following
thread:
•

A polyamide yarn 34 dtex

•

Two pieces of yarn: spandex covered with polyamide 44/34
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dtex and a polyamide yarn 33 dtex
Samples Z3 and Z4 are manufactured by assembling the following
thread:
•

A polyamide yarn 60 dtex

•

Two pieces of yarn: spandex covered with polyamide 44/34
dtex and a polyamide yarn 60 dtex (Figure 1)

Choosing the type of knitting
The circular knitting produces a seamless tube that requires
comparatively less finishes to produce the final compression.
Generally, circular knitting is thinner and therefore more
acceptable aesthetic, that knitting flat.

Choosing the type of bonding
The binding of knitting done is chosen in a way to obtain desirable
effects of pressure and biocompatibility with human skin burned.
Indeed, the pressure is obtained by the composition and form of stretch
mesh. The alloys used are derived from jersey knit to have a flexible
interfacial area does not cause painful irritation to skin burned. The
samples are thermally fixed by automated machines. This step gives
their dimensional stability and excellent sustainable final appearance.
Samples will not change shape even after multiple washings.

A)

B)

Elongation test
The samples are packaged and tested with a dynamometer
LET5DYN01 to elongation with rate 100 mm/min according to the
Norm ISO13934-1.

Laplace’s law
The static pressure point exerted on a body, assuming cylindrical of
the radius R, can be roughly estimated by Laplace’s law:
p=(T/L)/R, {1}[7]
p: interface pressure (N/m2),
T: tensile strength (N),
L: width of the compressive garment (m),
R: radius of the body pressed (m).
Theoretically, the static pressure
point by a compressive garment depends on:

[8]

exerted

at

•

Technical intrinsic characteristics of compressive garment,

•

Circumference at the application point,

•

Method of installation.

a

Relationship between the Laplace’s law and the pressure in
vivo
The pressure exerted by the compressive garment depends on
the manufacturing technique, elastomeric characteristics of the
fabric, the applied tension and anatomical features of the limb
(size and shape). The amount of the interaction of these events is
expressed by Laplace’s law [9,10]. According to Laplace’s law, by
applying a compressive garment with the same tension, the pressure will
increase when the radius of the member decreases. So we must change
the tension compressive garment with its range of membership. The
pressure exerted by the compressive garment varies depending on
conditions (static or dynamic).

Results and Discussion
Factors affecting the pressure in the compressive garment
C)

D)

Figure 1: Binding of compressive garment Z1 (a), Z2 (b), Z3 (c) and Z4 (d).
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It is crucial to recognize many factors that affect the pressure in the
compressive garment.

Factors related to the compressive garment
The pressure in the compressive garment is determined by the
principles of the Laplace’s law. Some factors may affect the principles of
the Laplace’s law. It notes, for example, some mechanical properties
of compressive garment can be changed after prolonged use or after a
large cycle of washing.
Influence of the compressive garment tension: A compressive
garment is characterized by the restoring force that opposes the
stretch. Depending on the type of compressive garment chosen, for a
return force identical, it will stretch the compressive garment in
proportions ranging from 30 to 150%. Changes are considered “shortstretch” when the maximum elongation is below 70% and “middle
elongation” when the maximum elongation is between 70% and
140% [11].
Mode of application: At the static state of the patient,
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assuming that the muscle remains inactive at any given moment, in this
case the circumference of the limb becomes unchangeable (constant
radius). You can have the same effect by four different garments by
changing the rate of elongation at the time of installation. Indeed, from
table 1, when applying a tension of 100 N, we obtained different
elongation on the four garments: Z1 to 85%, Z2 to 80%, Z3 to
45% and Z4 to 44%. At dynamic state these results will not be valid.

Factors related to patient
Laplace’s law evaluates theoretically static pressure; we must
not forget the influence of patient mobility on the dynamic pressure.
The muscle pump function, the shape and the morphology of limb
and the patient’s ability to tolerate compression can all have an impact
on its effectiveness. The technique and application method used is also
critical to achieving success.
Influence of limb circumference: Regardless of other factors, more
the circumference of the limb is important, and then the interface
pressure is low (for a given compressive garment, with a tension and a
method of installation unchanged).
Therefore it is essential to take into account this parameter and
thereafter the morphological variations of the burned body. The limb
circumference at the measuring point is a parameter of major
importance in determining the pressure delivered and the effectiveness
of compression therapy.
The Laplace equation p= (T/L)/R= constant →if R varied from R1 to
R2 then T/L must varied from T1/L to T2/L.
And we have (T1/L)/R1= (T2/L)/R2 → (T2/L) = (R2/R1). (T1/L), it is
assumed that the width of the fabric remains constant (L=constant),
then T2 = (R2/R1). T1
If we put the same type of compressive garment with the
same tension and the same method of installation of two peoples
whose ankle circumferences are different, for example, 25 cm and
18 cm, then the pressure delivered will be greatly different.
Patient’s morphological and anatomical diversity: According to
Laplace’s law, in the absence of changes in other factors, if the limb
circumference increases, pressure decreases inversely. Indeed, over
bony prominences such as the Achilles tendon or the tibial
crest, the pressure will be stronger than those on flat areas or low
spots as the region retromalleolar. Since the radius of curvature of
these areas is protruding much smaller than that of the member [12,13].
The pressure exerted by a compressive garment changes in the calf. In
fact, this part represents a sponge venous anatomy [14]; therefore the
circumference at the calf can be reduced by the action of pressure and
consequently the pressure increases (Figure 2). The behavior of the

muscle and that of the fat differ in pressure at the interface. Indeed, the
Poisson’s ratio for fat is around 0.46 and that for the muscle is in the
order of 0.36 [14].

ϑ=

transverse contraction
axial elongation unit

(2)

And ϑ {2} is the Poisson’s ratio. Poison’s ratio is the ratio of stress
(contraction) normal to the applied load, constraint (extension) in the
direction of load application.
According to figure 3, the pressure increases in the calf and this
phenomenon is caused by the decreasing radius of the member upon
application of compressive garment. But this reasoning is not
always valid because the decrease in limb circumference is
also reflected by the decrease in tension compressive garment
applied. The Laplace equation in two variables involves the effect of the
tension and the radius of limb simultaneously. In fact, p=(T/L)/R with
L constant; if T decreases and R remains constant then p decreases. If R
decreases and T remains constant, then p increases. In our
case, T decreases and R simultaneously decreases, so just study from
the curves the variations of T and R.
Example: A calf with circumference of 400 mm is equivalent to a
radius R=63.7 mm. The decrease of circumference of the calf during
compression can attend 5% is equivalent to a radius R = 60.5 mm, figure
4. The slope of the line of 1 / R is in order of -0.64 According to the
table 2, the only line admits a positive slope in the vicinity of 0.6 with
difference of elongation less to 10% is the tangent to the forceelongation curve of Z3 for an elongation between 0% and 10%; in which
case the slope is equal to 0.7. We can conclude that in this case the
effect of decreasing the circumference is almost canceled by the effect
of reducing of the tension of compressive garment (0.7-0.64=0.06 a very
low slope almost horizontal). Therefore, at these conditions, the
pressure remains constant if the calf circumference varies. For
example, if we applied a pressure of 25 mmHg over the calf is
equivalent to 3333.6667 N/m2 equivalents to a compressive
garment tension of 33.34 N with 200mm length and 50mm wide. The
elongation of compressive garments and the slope of tangent line are
given in table 3. The nearest slope of 0.64 is that of the tangent to Z1 such
as 1.2 for an elongation between 50% and 60%; and the tangent to Z2 for
an elongation between 40% and 50%.
In the four cases studied the effect of the tension of compressive
garment is more important than the effect of a change
in radius to circumference of a calf under a compression exerted on the
order of 25 mmHg.
Influence of the dynamic state of the member: Many
researchers [10,15-18] are interested in measuring the pressure
change caused by the interaction of changes in the size of
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Elg%: Elongation in percent (%) expressed in percentage
T (Zi): is the tension in Newton (N) of the compressive garment Zi applied for a corresponding elongation.
Table 1: Tension in Newton of samples studied in terms of extensions.
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the compressed member. The reason behind this interest is the fact
that activated the muscles in the limb will result in a change in the
extension of the compressive garment. This will lead to a change
in the tension forces in the fabric and therefore a modification of
the interface pressure applied by the fabric compression. In fact,
once a compressive garment is applied to a member, the material
stiffness and the type of bonding plays the biggest role in producing the
difference between static and dynamic pressure 1 [7,19,20]. The
pressure exerted by a compressive garment applied to a member in
a static state is different to that exercised by the same compressive
garment applied to that member in a dynamic state. Indeed, in dynamic
conditions, the change of circumferential member will result
in increments of elongation [18]. The ability to oppose muscular
work increases the volume in motion can generate high peak
pressure (60-80 mmHg). However, the interface pressure is
directly proportional to the tension of the garment [9].

R is the radius of compressed member,
And ∆Elg% is the variation of the elongation of compressive garment.
Figure 4: Variation of the inverse of the radius of the calf in terms of the
variation of the elongation of compressive garment.

Calculating the change in pressure caused by the change in the
Z1
Elg% (T=
33,34N)

Z2

Z3

Z4

between 50% between 40% between 20%
and 60%
and 50%
and 30%

Slope of the
1,2
Tangent line

1,2

1,9

between 20% and
30%
2,2

Elg% (T= 33,34N) is the elongation of compressive garment in percent to have a
Tension=33,34N
Table 2: Slope of line tangent to the force-elongation curve for a tension
of 33.34 N applied to compressive garments.

Figure 2: Curve of circumference-pressure effect of the calf.

Samples

Chord modulus E

Thichness t (m)

∆p

Et

πd2

∆d

Z1

0,25

0,001

∆p1 = 5,97 ∆d

Z2

0,65

0,00113

∆p2 = 17,55∆d

Z3

1,15

0,00128

∆p3 = 35,145∆d

Z4

1

0,00095

∆p4 = 22,68∆d

∆pi is the variation of pressure,
E the Chord modulus of garment (N/m2),
t is the thickness of garment (m),
d is the diameter of member (m),
And ∆d is the variation of diameter of member (m).
Table 3: Chord modulus of compressive garments studied.

shape of the member: If we consider surface element dS of normal n,
undergoing a force F then the pressure p is defined by: dF.n=p. dS
In the case of a force perpendicular to a flat surface of area S, is
obtained: p=F/S.

p is the pressure expressed in N/m2,
d is the initial diameter of the inner cylinder expressed in m,
L is the length of the cylinder which is the width of the garment expressed in m
t its thickness expressed in m,
E  is the chord modulus for compressive garment expressed in N/m2,
σC is the circumferential stress expressed in N/m2,
σL is the longitudinal stress expressed in N/m2,
σR is the radial stress expressed in N/m2
And {2} is the Poisson’s ratio. Poisson’s ratio is the ratio of stress
(contraction) normal to the applied load, constraint (extension) in the direction of
load application
Figure 3: Cylinder subjected to an internal pressure.
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The term obtained by constructing the ratio of the component of
force tangential to the surface of the exercise is called shear stress. It
is homogeneous pressure. In this section we are interested to find
a mathematical relationship used to estimate the variation of the
pressure caused by changing the diameter of a pressed member.
Increasing the size of the member may be done instead to
circumferential stresses, longitudinal and diametrical applied to the
surface of compressive garment.
In the case of linear elasticity, the stress field is related to the strain
field by the generalized Hooke’s law:
σ = Eε

(3)
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This law can so easily relate the elasticity of the material to its
elongation as a function of the stress that is exerted on it.

εC =

1
σ C − ϑ (σ L + σ R ) 
E

(4)

εL =

1
σ L − ϑ (σ C + σ R ) 
E

(5)

1
ε R = σ R − ϑ (σ C + σ L ) 
E
or by solving the constraints:

(6)

σC =

E
(1 − ϑ )ε C + ϑ (ε L + ε R ) 
(1 + ϑ )(1 − 2ϑ ) 

(7)

σL =

E
(1 − ϑ )ε L + ϑ (ε C + ε R ) 
(1 + ϑ )(1 − 2ϑ ) 

(8)

σR =

E
(1 − ϑ )ε R + ϑ (ε C + ε L )  p
(1 + ϑ )(1 − 2ϑ ) 

(9)

With
 d − d 0  ∆d
 L − L0  ∆L
 t − t0  ∆t
εL = 
εR = 
=
=
=
d
d
L
L




 t  t

εC = 

Equation (4) gives

∆d 1
= σ C − ϑ (σ L + σ R ) 
(10)
d
E
Assuming that compressive garment is an isotropic material, so the
Poisson ratio can be written

ϑ=

(d − d0 ) / d0
( L − L0 ) / L0

Longitudinal, transverse and radial constraints can be expressed as
follows:

pd
σC =
π
t
pL
σL =
t
σR = p

This is a variation of the pressure exerted by the compressive
garment due to the variation of the circumference of the limb in a
dynamic state.
For a member of diameter d=20 cm, = 0.20 m, one seeks the
variation of the pressure exerted by the muscle on the four compressive
garments studied.
Figure 5 shows the change of the interface pressure as a function
of change in the shape of the member caused by the action of the
muscle. The garment Z1 represents the minimum pressure induced
during muscle activity. Figure 5 shows that the model presented
in equation 16 can be used to visualize the change of the interface
pressure due to changes in diameter of the member. This could be
useful in selecting appropriate type of compressive garment according
to the needs of patients. For example, by measuring the change in
the size of the limb for a patient, clinicians can select appropriate
materials that provide the best care for this particular patient and
can use the mathematical model to estimate the change of interface
pressure that occur in a compressive garment when the patient begins
to exercise. The result shown in figure 5 improves the capacity of
the chord modulus to classify garments.
Modeling of variation in the dimensions of the compressive
garment according to the variation of pressure at the dynamic
state: In the real case the compressive garment is not an isotropic
material. There is also a technical formulation, which shows the elastic
modulus and Poisson’s ratios.

ϑCL = ϑLC =
ϑtL =

(t0 − t ) / t0
(t0 − t ) / t0
,ϑCt = ϑtC =
( L − L0 ) / L0
(C − C0 ) / C0

So the equations (4), (5), (6), (7), (8) and (9) become:

εC =

1
σ C − ϑCLσ L − ϑCtσ R ) 
EC 

(17)

εL =

1
σ L − ϑLCσ C − ϑLtσ R ) 
EL 

(18)

(11)
(12)

( L0 − L) / L0
,ϑLt =
(C − C0 ) / C0

(13)

The equations (10), (11), (12) and (13) give:
∆d
p  dπ
L

(14)
= 
−ϑ −ϑ 
d
E t
t

And consequently the pressure variation caused by changes in the
size of members

(

Et
∆d
∆d
) :→ ∆p =
d
d dπ − ϑ ( L + t )

(15)

With Δp is the change in the pressure expressed in N/m2 that is
caused by the change of the diameter of member expressed in N/m2
and E is the chord modulus expressed in N/m2.
Assuming that the deformation in the circumferential direction will
not change in the width of the garment or in its thickness, while the
Poisson’s ratio becomes zero, then equation (15) becomes:
Et ∆d
∆p =
(16)
πd2
J Textile Sci Eng
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∆P the variation of pressure expressed in (N/m2),
∆d the variation of diameter of the limb pressed by compressive garment
expressed in (m). The variation of the limb does not exceed 5% of the initial
diameter of limb which correspond to 2cm.
Figure 5: Curves of variation of the pressure in terms of the variation of the
diameter of member.
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εt =

1
σ R − ϑtCσ C − ϑtLσ L ) 
Et 

σC =

1
2
3 − ϑCL

2
− ϑtL

2
− ϑCt

[

2
(1 − ϑLt
)
εC +
EC

(ϑCL + ϑtLϑCt )
(ϑ + ϑCLϑLt )
ε L + Ct
εt
EL
Et
(ϑ + ϑLtϑtC )
σL =
[ LC
εC
2
2
2
EC
3 − ϑCL − ϑtL − ϑCt

(19)

(20)

References

1

+

2
(1 − ϑCt
)
(−ϑLt + ϑLCϑCt )
εL +
εt
EL
Et

σR =
+

(ϑ + ϑLCϑtL )
[ tC
εC
2
2
EC
− ϑtL − ϑCt

(21)

(ϑtL + ϑtCϑCL )
(1 − ϑCLϑLC )
εL +
εt
EL
Et

(22)

The equation of the variation of the width of the compressive
garment according to the pressure variation induced is given by the
following relationship:
(23)

Variation of the length of the compressive garment C = 2π ( R + t )
The equation of the change in the length of the compressive garment
according to the variation of the pressure member and the diameter is
given by the following relationship:
∆C  dπ
L
 ∆p
=
− ϑCL − ϑCt 
C
t
 t
 EC

(24)

Variation of the thickness of the compressive garment
The equation of the variation in the thickness compressive garment
according to the variation of the pressure member and the diameter is
given by the following relationship:
∆t 
dπ
L  ∆p
= 1 − ϑtC
− ϑtL 
t 
t
t  Et

(25)

Conclusion
This document describes the mechanisms by which compression is
achieved and maintained, and discusses the factors influenced
the pressure value in the compressive garment. The degree of
compression produced by any type of compressive garment over
a period of time is determined by complex interactions of five main
factors such as physical properties of compressive garment; the elastic
properties of the compressive garment (composition); the size and
shape of the member to which it is applied; the ability and the insertion
technique; and the nature of physical activity undertaken by the patient.
These factors may change in the pressure of the interface. The change
in the shape of the member is considered important. This leads to a
mathematical model which determines the variation of the pressure as
a function of the variation in the circumference of the member caused
by the muscular activity. This model uses the Chord modulus and is
based on the assumption that the change in limb circumference lead
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