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Testing of Compression Bandages

Hello everyone. So, we will discuss today new topic on the course Testing of Functional

and Technical Textiles.
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Testing of Technical Textiles

Testing of Fibre Reinforced Composite
Materials
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So, till now we have completed functional textile then in testing of technical textiles, we
have discussed testing of fibre reinforced composite material, then testing of filter fabrics,
then we have discussed testing of geotextiles, after that testing of ballistic protective

clothing, then we have discussed testing of UV radiation protective textiles.
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Today we will discuss one new topic which is Testing of Compression Bandage. Why do
we need compression bandage? What is compression bandage? Before we understand,
before we discuss the testing methods of compression bandage we must understand the
need of compression bandage. So, the need comes from the fact which is known as
compression therapy.
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COMPRESSION THERAPY

v A branch of medical science that treats ulcers and venous
diseases through application of pressure.

v" Such therapy uses compression bandages.
v Amount of pressure applied is of importance.
v Oedema: accumulation of capillary fluid in tissues.

Left - An ulcer affected Leg,

NPTEL Right - A varicosis affected leg

So, what is compression therapy? It is a branch of medical science that treats the ulcers

and venous diseases through application of pressure. So, here compression bandage comes



into picture. So, such therapy uses compression bandage which is used to exert external
pressure on the body. So, the pressure is maintained and which helps in healing this type

of disease.

So, amount of pressure applied is very important. Oedema is one such disease which is
accumulation of capillary fluid in the tissues; this capillary fluid should flow through vein
instead they have been accumulated in the tissues which causes this type of diseases. Also
the skin ulcers are also created in right side it is a varicosis affected leg and here its a skin
ulcer. So, for treatment of this type of disease, compression therapy is extremely important

and where we can use the compression bandage.
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Mechanism of Compression Therapy

vPure blood flows from the heart to the legs through arteries
taking oxygen and food to the muscle, skin and other tissues.

vBlood then flows back to the heart carrying away waste
products through veins.

+The valves in the veins are unidirectional which means that
they allow the venous blood to flow in upward direction only.

v If the valves do not work properly or there is not enough
pressure in the veins to push back the venous blood towards the
heart, the pooling of blood in the veins takes place and this
leads to higher pressure to the skin.

foo e skin deteriorates and eventually the ulcer occurs.

)

/Beéc}:se of high pressure and lack of availability of oxygen and
L

So, to understand the mechanism of compression therapy, we can use the compression
bandage. So, pure blood flows from heart to the legs which is furthest point from the heart
through arteries which takes the oxygenated blood; so, taking oxygen and food for the
muscles, skin and other tissues. And blood then flows back to the heart carrying away the
waste product through the vein and the problem comes here which actually is having
problem with flowing back to the heart. The valves in the veins are unidirectional which
means that they allow the venous blood to flow upward direction only.

So, if the valves work properly, they will only allow the blood flow from leg to the heart,
it will not allow the blood flow backward. So, for that we need certain pressure, so that the

blood flows from leg to the heart through veins. If the valves do not work properly; so,



valves if they do not work properly or there is not enough pressure in the veins to push

back the venous blood towards the heart.

So, there maybe two situations; one is that the valve does not work properly or there is not
enough pressure. In that case, what will happen? The pooling of blood in the veins takes
place and this leads to high pressure in the skin. So, this happens in the particular in the
lower part of the body mainly in the leg zone, because of high pressure and lack of
availability of oxygen, because those bloods they are having lack of oxygen and food. So,
those bloods are accumulated there, they are not coming back, not get purified, the skin
deteriorates eventually the ulcer occurs, so this deoxygenated blood should come back to
the heart.
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Why is it important?

v' Compression therapy- principal treatment for leg ulcers.

v' Sustainability and uniformity of bandage pressure
determines the speed of recovery of ailment.

v lnjssure applied should be in desirable range.
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So, this is the bandage is wrapped on the body part. The compression therapy, its a
principle treatment for leg ulcer; for leg ulcer, we use compression therapy. Sustainability
and uniformity of bandage pressure determines the speed of recovery of element, we apply
the pressure through the bandage, but it is very important to understand the sustainability
of pressure. The pressure should be maintained, but due to creep or other relaxation
characteristics, this pressure sometime gets reduced gradually that is called pressure drop.

So, if pressure reduces due to reduction of the structure; so, the effectivity of the
compression therapy is reduced. So, the pressure applied should be in the desirable range,

we should know the level of pressure during compression therapy.
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Now, continuing with the mechanism of compression therapy, this oedema one of the
diseases under the purview of compression therapy is a state of accumulation of capillary
fluid in tissues that |1 have mentioned already. In the body there are two processes, one is

filtration process another is reabsorption process.
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Mechanism of Compression Therapy ...cont
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So, the filtration process is that, it moves the fluid out of the capillary, the fluid which is

coming here, it moves out of the capillary and reabsorption process drives the fluid inside



the capillary. So, if pressure in outside, in the tissue is high, then reabsorption will take

place and that fluid will go to the heart for purification.

So, the application of external force, namely the compression caused by the bandage which
helps the process of reabsorption, the reabsorption will increase. Hence, aids the removal
of fluid from the tissues back to the capillary hence, can help curing the oedema. So,
whatever excess fluids are there in the tissue, if we use the compression and use the
pressure, compression bandage that will push the fluid back to the capillary and we will
help in curing the oedema process, oedema the disease ok.
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Mechanism of Compression Therapy ...cont

The main effects of applying external pressure are as follows:

v'Reduction in vein diameter (the veins are elastic,
which explains why they are sensitive to the
application of external pressure)
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And this is the schematic diagram; the main effects of applying external pressures are
reduction in vein diameter. So, this is without any compression therapy, the diameter of
vein is more and once we use the compression by the compression bandage it reduces the
diameter of veins, the veins are elastic which explains why they are sensitive to application
of external pressure. So, if we apply as these are elastic in nature, they will get compressed

and diameter of the veins will reduce.
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Mechanism of Compression Therapy ...cont
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So, this is the process, once the diameter of veins reduces the functioning of the this valves
will be perfect. So, here its with disease and the damaged vein valves incorrect blood flow,
blood should not flow in other side. So, this is the damaged vein ok, healthy vein it is
unidirectional, it is blood flow is there, but in other direction it will be stopped here.

So, restoration of valvular function by bringing the walls of the veins closer together, that
is very important. Here the valves are wide apart; so, valve functioning is not proper. So,
once valve functioning is not proper, if we can by compression, if we can bring this valve
closer so, the valve will start functioning again properly. So, that will actually reduce this
venous diseases, this is these are the diseases due to venous disorder ok, accumulation of

fluid in the tissues.
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Mechanism of Compression Therapy ...cont
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Resulting in :

v'a reduction in venous volume, an increase in venous flow rate,
improvement of the venous pump and restoration of the direction of
the venous circulation from the superficial to the deep network and
back towards the heart

v'an acceleration in the filtration rate in the capillaries, stimulation of
lymphatic drainage and reduction of oedema

vfinally, the creation of conditions promoting the healing process
ot&e ous ulcers.
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So, this reduction in diameter results in reduction in venous volume and increase in venous
flow rate. So, venous flow rate will increase so as we increase the pressure so, venous flow
rate will increase improvement of venous pump and restoration of direction of venous
circulation; so, venous circulation will improve and from the superficial in the deep

network and back to the heart. So, from this tissues, the fluid will go back to the heart

properly.

And acceleration in the filtration rate in the capillaries, stimulation of lymphatic drainage
and reduction in oedema; so, that will reduce the occurrence of oedema, finally, the
creation of condition promoting the healing process of venous ulcer. So, gradually if we
can increase the blood flow, if we can reduce the venous diameter gradually, the venous

ulcers will improve ok, it will start healing.
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Calculation of bandage pressure

The pressures to legs can be calculated according to Laplace's law :

TN x 4620
P=
CW

Where,
P= sub-bandage pressure (mm Hg)

T=bandage tension (in kg Force)
C= circumference of the limb (cm)
W= bandage width (cm)

N(: ber of layers applied

Now, coming to the compression bandage, how to calculate the pressure? So, we normally
calculate the pressure using Laplace’s law which says, the P is the sub bandage pressure
equal to, T is the bandage tension in kg force, C is the circumference in centimetre, W is
width in centimetre, N is number of layers and this is the constant for unit conversion. So,
this millimetre Hg is the pressure, so, using this formula we can calculate the pressure
exerted by the compression bandage, if we know the tension of bandage during wrapping,

if we know the circumference of the limb and number of wraps and width of bandage.
The pressures to legs can be calculated according to Laplace’s law :

TN x 4620

Ccw
Where,
P= sub-bandage pressure (mm Hg)
T= bandage tension (in kg Force)

C= circumference of the limb (cm)



W= bandage width (cm)

N= number of layers applied

So, from this equation we can see, if we use higher tension then pressure will be increased,
higher number of wrap pressure will increase and its inversely proportional to the
circumference of the limb; that means, the circumference of the limb if it is more, that for
same tension or same number of wrap or same width the pressure will be less and with the
higher width of bandage the pressure is less. So, by knowing all this fact, we can control

the sub bandage pressure.
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Calculation of bandage stiffness

Stiffness is a measure of how the pressures under the
bandage change during walking. It can be clinically
assessed using the static stifiness index (SSI)

Static stiffness index (SSI)

= [sub-bandage pressures (standing)] - [sub-bandage
pressures (lying)]

9

So, stiffness is another parameter, so, calculation of bandage stiffness is that, it is a measure
of how the pressure under the bandage changes during walking. So, if a person is say lying
and once he stand, there will be change in pressure, so that change in pressure is expressed
in static stiffness index. So, it is clinically assessed by using static stiffness index which is
the difference between sub bandage pressure when a person is standing with the sub
bandage pressure, when a person is lying, so, that difference is known as static stiffness

index.



Static stiffness index (SSI)
= [sub-bandage pressures (standing)] - [sub-bandage  pressures (lying)]

(Refer Slide Time: 17:41)

PRINCIPLES OF MEASUREMENT — LIMITATIONS

* Laplace Law — Validity doubtful

* Strain Gauge - Surface Profile altered.

* Piezo sensors — Repeatability and stability are
questionable

* Common problems —
— Hard Surface
— (Calibration
— Surface Profile
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So, principles are there ok, different principles of measurements are there. So, Laplace law
we can use the Laplace law principle, but the limitations are so validity is doubtful ok. We
can use strain gauge principle for measurement of compression pressure, but there we
cannot have smooth surface like our limb our body part, the surface profile has to alter,

then we can use the strain gauge.

Piezo electric sensor repeatability is doubtful and stability is are questionable and all this
principles, the main common problems are they use hard surface for all this principles we
need hard surface, but actual application, if we see the in actual application of compression
bandage, we do not apply compression bandage on hard surface. In all this principle they
need calibration which is important and surface profile like strain gauge, piezo electric

sensor, they change the surface profile which is not desirable.
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Based On Laplace Law

* Uses two gauges.

* One gauge for determining tension and one
for curvature.

* (Calculates pressure using Laplace equation.
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So, based on Laplace law there are instrument where we use two gauges; one gauge is
required for measuring the tension another gauge is required to measuring the curvature.
So, these two factors are required to calculate the pressure using Laplace law. So, this is
the pressure required in Pascal tension in Newton multiplied by n is the number of layers

divided by radius of curvature and the bandage width.

So, this is the typical formula equation where the number is known from the wrapping and
the bandage width is known as we know the bandage when we are wrapping, but tension
and radius or say curvature, we can get from two gauges. Using this formula we can

calculate the pressure exerted during compression.
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BASED ON LAPLACE LAwi

» Texilpress Device
— Based on Laplace Law

— Measuring matrix is equipped with two kinds of
measuring tensometric sensors called ‘closed’
and ‘open’.

— The ‘closed’ gauges are for determining the radius
of curvature (R) of the circumference tested. The
‘open’ gauges measure the tension T.
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Another method based on Laplace law which is texilpress device which works on Laplace
law. Here again, so measuring matrix is equipped with two kinds of measuring tensometric
sensors; one is called closed, another is called opened. The closed gauges are for
determining the radius of curvature of the circumference tested and open gauges are to
measure the tension. So, if we measure the radius of curvature and tension, then we can

calculate the pressure exerted by the compression bandage using Laplace law.
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LIMITATIONS OF ON LAPLACE LAW

— Doubts over validity of Laplace equation:

= Several studies were performed to check
the validity.

= But the tested compression systems gave

pressures which is different from the
expected values  derived  from __ the
mathematical Laplace equation.
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The main limitations of Laplace law are doubts over validity of Laplace equation. There
are several studies which were performed to check the validity, but the tests the tested
compression system gave pressures which is different from the expected value derived
from the mathematical Laplace equation so, the values are not matching. And another
problem here is that, the measurements are done over hard surfaces for Laplace equation
so, if we use Laplace equation for such equipments we need hard surface, but in actual

practice its a our body parts are soft surface.
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Strain Gauge Based Systems

* Use aluminum gauge assembly.

« Conversion of Compressive force to
longitudinal force.

» Limitations:
— Surface modification may alter pressure profile.

- Frequent recalibration is required because of
creep

— Extraneous factors like temp can affect sensor
characteristics.

( )— Measurements done over hard surface.

Next principle of measurement of compression bandage is strain gauge based principle
where aluminium gauge assembly is used and the conversion of compressive force to
longitudinal force is required and the limitation is that the surface modification may alter
the pressure profile. So, we need surface modification because we have to place the strain
gauge on the surface and that total profile of the bandage also changes which also alter

pressure profile.

Here frequent recalibration is required due to creep effect of the strain gauge because in
compression bandage, the pressure is kept for long time that may result the creep of the
strain gauge, some external factors like temperature or humidity affect the sensor

characteristics and here again the measurement is done over hard surface.
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Using Piezoelectric Sensors

* Piezo crystal made to oscillate

* By measuring change in current on
application of pressure - pressure can be
estimated.
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Another method which is piezo crystal based method; piezo electric sensors are used and
piezo crystals are made to oscillate by measuring the change in current on application of

pressure, pressure can be estimated.
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Using Piezoelectric Sensors

Front View - Cylinder Side View

Wooden
Wedge

Schematic Diagram of Piezo sensor based system

Limitations
»Surface modification may alter pressure profile. N
»Extraneous factors like humidity can affect sensor
characteristics.
»Repeatability and stability questionable.
:geasurements done over hard surface.
#9nly instantaneous pressure was available.

So, here the limitations are same as that we have discussed earlier. Surface modification
is required which may alter the pressure profile, external factors are the affecting factors

like humidity temperature, repeatability and stability is questionable, measurements done



over hard surface and here one most important limitation only instantaneous pressure was

available so, continuous pressure profiling is a problem.
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Commercially available systems
- for compression measurement

The Kikuhime®
+ The Kikuhime® is simple, robust
and cost effective which provides
accurate and reproducible data.
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There are some commercially available systems one of them is the Kikuhime method. It is
a simple method, robust and cost effective which provides accurate and reproducible data.

This is the system which we place during the wrapping and it gives the pressure value.
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Commercially available systems

for compression measurement

The PicoPress®

* PicoPress® is a pneumatic measuring system fitted with an
ultra flat probe.

+ Inflated by means of an electronically controlled syringe
integrated in the system.

+ Calculation can also be carried out under the bandage and
this allows a series of sequential measurements.

* The data can be stored in the device memory and then
transferred to a computer.

* The system can be connected to a computer by a USB port
for continuous pressure measurement during dynamic
tests -

®
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Another commercially available system is it is a PicoPress, it is a pneumatic measuring

system fitted with ultra flat probe. So, here its ultra flat probes are there which is pneumatic



principle which works on pneumatic principle and after wrapping, we have to inflate by

and electronically controlled syringe ok, integrated in the system it will be inflated.

And calculations can also be carried out by the this sensor during the wrapping and also
under the bandage and this allows a series of sequential measurement. So, during
wrapping, we can measure and also under the bandage cover, we can measure the pressure
value. This data can be stored in the computer and also we can take in the connect with the
computer by USB port and take continuous value of pressure. This PicoPress measurement
system is very close to actual system of measurement due to ultra thin probe.
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Commercially available sensors

Air sensor

The air sensor is a small air filled device. The sensor has
a sponge filling used to maintain the shape of the
device and reduce discomfort to the patient.

Force sensor

The force sensor operateston the principle that the
resistance of silicon implanted piezoresistors will

increase under an applied force. ii i

There are other methods like air sensor, it is a small air filled device. The sensor has a

sponge field used to maintain the this sponge filling it is to maintain the comfort level of

the patient. Force sensor can also be used here.
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Parameters Affecting Bandage Pressure
* Winding tension

— It is expected the pressure applied to increases as the
winding tension increases, since tension is translating to
pressure N

* Number of wraps

— It is expected the pressure applied to increase as the
number of wraps increases, since the total tension
developed in a bandage is the sum of the tension in its
individual layers

®
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And the parameters which has already been discussed, this parameters are winding tension,

number of wraps, width of the bandage, time elapsed after bandaging.
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Parameters Affecting Bandage Pressure ... cont

+ Width of bandage

- Itis exrected that larger width would mean lower pressure. In the
case of a single layer of bandage a{)plied to a cylinder or limb, the
gr;gsure is only exerted upon tha

ric.

area covered by the bandage
+ Time elapsed after bandaging

— Itis observed that most bandages exert lesser pressure after long
periods of time have elapsed after bandaging.

» Curvature of the limb

— It is expected that the pressure would increase with increase in
curvature.

* Physical activity taken by the patient
— Calf muscle pump and the foot pump
(; oint (Knee or ankle) movement
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This is one important parameter because, when we start recording the pressure just after
bandaging, the pressure is high, but as the time elapsed after bandaging. It is observed that

most bandages exert less lesser pressure after long period due to creep effective stress.

Stress relaxation effect that needs to be studied carefully also curvature of the limb and

most important is that, the physical activity taken by the patient. Once we apply bandage,



it does not mean the patient will be stationary they will try to walk or move ok. So, calf
muscle pump and the foot pump joint that is knee and ankle movement so, these physical
activities affect the pressure profiling. So, we have studied detailed | will just show the
result so, to study all these one instrument has been developed. So, these are the factors as

we have already discussed here.
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‘ Parameters Affecting Bandage Pressure ... cont
P = (T*N"4630)/ (C*W)

P = pressure (in mmHg)

T = bandage tension (in kgf)

C = circumference of the limb (in cm)
W = bandage width (in cm)

N = number of layers applied
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New approach

* Principle

— Pressure changes in the fluid on application of an external
‘ pressure

— Bladders are inflated with air at a particular pressure, and then
:he bandages are wrapped over the bladder at a particular
ension

— Wrapping exerts some pressure on the bladder, which is duly
‘ observed by the change in the pressure of the internal air by
electronic pressure gauge

— By calculating the differences in two pressure readings we can
find out the pressure exerted by the bandage
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Now, the principle of the new instruments is that pressure changes in the fluid on

application of external pressure that is the basic principle. Suppose, we inject some air in



a bladder so, bladder is filled with some air of certain pressure. If we apply external
pressure on bladder, the pressure will increase. So, that principle is being used here to
develop new instrument. The bladders are inflated with air at a particular pressure, then
the bandages are wrapped over the bladder at a particular tension.

Wrapping of the bandage exerts some pressure on the bladder which is additional pressure
on the bladder, which is duly observed by the change in pressure in the internal air by
electronic pressure gauge. So, internal air pressure is changed the level of change is being
observed and that is recorded. By calculating the difference in two pressure readings we

can find out the pressure exerted by the compression bandage.
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Simulation of Dynamic Movement
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Now, this is one equipment, the schematic diagram of the equipment here as we have
discussed we will consider here two situations; one is bending of leg, so, this is the leg
mannequin and motor, it is attached with the motor and the bending level and the rate of

stroke can be changed.
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Simulation of Dynamic Movement

lnsirumen; setup

This is the picture of the instrument setup.
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Simulation of Dynamic Movement

[ Case 2 : Calf muscle expansion or contraction ]
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And in case 2, where the calf muscle expansion or contraction have been reported like this
is, these are the different diameters of calf muscles and the black colour these are the
bladders which are inflated by using pump and this pump are inflated and deflated
cyclically to simulate the calf muscle expansion. And over this bladder the compression

bandage is wrapped.



So, initial pressure is recorded by the pressure sensor and after bandage is wrapped, the
pressure sensor record the pressure again as the difference is the effective pressure by the

compression bandage.
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Work Plan

[ Case 1: Bending of leg ]

Characterization and Testing

Variables for study in dynamic mode

Speed of movement
(Strokes/min) 80 ’ 90
Displacement of leg(cm) 12 I 18 [ 24

O

Now, here in case 1, when we study the bending of leg, the stroke speed; the speed of
movement, the stroke per minute has been changed one is 90 and another is 60; that means,
a person once he is walking, it simulates the speed of walking and the pressure drop for a
particular bandage is studied. And displacement of leg; that means, stretch of leg a person
moving or walking with the smaller step or with the longer step that simulates here, the

level of bending of leg are simulated with the displacement at 12, 18 and 24 centimetre.
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[Testing Under Dynamic Mode ]

‘ [ Case 1: Bending of leg ]

Testing Conditions

~Test Duration = 2 hours

~Initial tube Pressure = 40 mmHG

~Measurement of Interface pressure
every 1second
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And test duration is 2 hour, initial pressure is 40 millimetre HG, initial pressure actually
shows the limb hardness, measurement of interface pressure is done after every 1 second

and this is the result here.
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[ Case 1 : Bending of leg ]
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Which shows the sub bandage pressure, it reduces as time elapse with the time sub bandage
pressure reduces gradually; that means, there is stress relaxation for both bandage A and

bandage B, but the ideal bandage should be that there should not be reduction in sub



bandage pressure. We have to decide, we have to select the bandage where the pressure

drop is least with the time.
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[ Case 1 : Bending of leg ]

- Comparison of pressure drop in static and dynamic mode
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[__]Bandage A Width of bandage=10 cm
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And this picture shown, this figure showing the sub bandage pressure with a static mode
and the dynamic mode, this is the drop in pressure. So, if you see in static mode both for
bandage A and B, the pressure drop is least so, which is required, but once the person is
dynamic, the pressure drop is much higher than that; the which means, after putting
bandage a person if he moves, the pressure drop will be high; that means, reduction in
pressure of compression bandage will be high.

So, after certain time the pressure will be reduced so, in that case what will happen, the
effectivity of the treatment will be lost and we have to either replace the bandage or rewrap

the bandage.
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[ Case 1 : Bending of leg ]
mp Effect of strokes/min on pressure profile of bandage B

304

—o— Bandage A Number of layerused=5
. ~w—Bandage B Width of bandage=10 cm
1 AtKnoe position

Displacementofieg = 24 cm
20 4

15 4 n/_'_,___c

(mmHg)

Sub-bandage pressure drop

Low (60 ﬂ‘okulmln) High (90 .'loknlmm)
& Speed of reciprocating movement

MPYRL

This figure shows the speed of reciprocating movement. Once, the person moves at slower
speed the pressure drop is less, but with the increase in speed the pressure drop is high,

this is due to structural change of the bandage.
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[ Case 1 : Bending of leg ]
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Here this picture shows that, the displacement of mannequin limb as the displacement
increases from 12 centimetre to 24 centimetre, the pressure drop increases; that means, if

the bending of the limb, bend is there it is more or if the step length is more, if he is walking



with the longer step, in that case pressure drop will be high. So, higher pressure drop

means, the lower effectivity of the compression therapy.
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Outcomes
[ Case 1: Bending of leg ]

» Pressure drop is higher in case of dynamic conditions as
compared with static condition. This is because of faster
relaxation of stress under dynamic conditions.

» Pressure drop increases with increasing strokes/min.

» Pressure drop increases with increasing displacement of leg.
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So, the outcome of case 1 is that, pressure drop is high in case of dynamic condition as
compared with the static condition. This is because of faster relaxation of stress under
dynamic condition, pressure drop increases with the increase in stroke per minute and

pressure drop increases with increasing displacement of leg.
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[[esﬁng Under Dynamic Mode ]

B [ Case 2 : Calf muscle expansion J
or confraction

Testing Conditions
v Test Duration = one cycle (30 sec)

v Measurement of Interface pressure every 1
second
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And in next study; case 2, where calf muscles is expanded and contracted. This type of
situation we normally come across, when we try to stand up or try to move, try to fold our
legs, in those cases the muscles will get expanded and contracted, but if we do not move,
if we lay stationary condition; in that case, calf muscle movement will not be there. But in
actual practice the calf muscle expansion and contraction take place because the person
will definitely move. This result will show how this calf muscle expansion and contraction

affect the pressure drop characteristics.

The test duration here is a 30 second and the calf muscle expansion and contraction is
simulated using one piston. So, where air is being pumped and it is taken away so,

measurement of interfacial pressure is done in every 1 second.
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Work Plan
[ Case 2 : Calf muscle expansion ]
or contraction
Characterization and Testing
1 Bandage extensibility E nlow Medium High
2 Bandage tension T Low - High
3 The amount of air bladder A Low Medium High
expansion or contraction
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So, along with the bandage extensibility and bandage tension here the amount of air
bladder expansion and contraction there are three levels, expansion and contraction in

lower level, medium level and higher level. So, this is showing with the term A.
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Case 2 : Calf muscle expansion
or contraction
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So, this result it shows the with time that is the cycle time is 30 second, this is 30 second
cycle time; as we increase this is air bladder pressure one cycle without bandage as we
increase the pressure; the calf muscle expansion, its simulating the calf muscle expansion,

the air pressure is increased and then it is decrease.

And once we apply the bandage, wrap the bandage over the bladder, the pressure is
increasing and then its decreasing. The difference between these two are actually the
pressure; pressure exerted by the bandage which is shown here, the rest resting sub
bandage pressure that is the, this is the sub bandage pressure ok.
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[ Case 2 : Calf muscle expansion
or confraction

Effect of the amount of air bladder expansion or contraction
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Now, this picture shows here, this is the cyclic amplitude of initial air pressure, the
excessive sub bandage pressure here that is the pressure drop here at low level; low level
of expansion contraction the pressure drop is low, but whereas, at higher level of expansion
contraction, the pressure drop is very high. So, this is the initial pressure drop here at lower
level, this is at lower level, initial pressure at higher level and it this is at medium level.

This is with the time and 30 second is the cycle time.

(Refer Slide Time: 43:11)

Outcomes [ Case 2 : Calf muscle expansion ]
or contraction

~Working pressure is higher for short-stretch
bandage (low extensible) as compared to long
stretch (high extensible).

» Higher tension leads to higher working
pressure as well as higher resting pressure.

» The working pressure for a cycle increases if
the amount of expansion or contraction of air

adder increase.
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And this we have discussed here and the outcome here, the result here, the working
pressure is higher for short-stretch bandage, that we have used two types of bandage, short-
stretch bandage and long-stretch bandage. Short-stretch bandage is low extensible bandage
and long stretch bandage is highly extensible bandage so, pressure is high if we can

develop a short stretch bandage.

Higher tension leads to higher working pressure, that is obvious that we have already
discussed using Laplace equation also, the working pressure for a cycle increases if the
amount of expansion and contraction of air bladder increases that we have already seen

and we have come to the end of this session.

Thank you.



