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Analysis and prediction of woven compression bandages properties

Abdelhamid Rajab Ramadan Aboalasaad and Brigita Kolcavova Sirkova

Department of Textile Technologies, Technical University of Liberec, Liberec, Czechia

ABSTRACT

Compression bandage (CB) as a porous material consists of elastic textile that exerts pressure on
muscles. Three common types of woven CBs are evaluated. Uniaxial stresses of the input yarns and
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the produced bandage will be tested. This work presents a new method to predict optimum required

tension when applying CB on lower leg ankle and mid-calf positions. Experimental measurements and
data analysis using NIS software enable to analyze and calculate the bandage porosity during exten-
sion using high speed camera. Practical bandage pressure is measured using PicoPress tester. The
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obtained results will be compared with theoretical compression forces calculated by a modified
Laplace’s law equation which predicts graduated compression ranging from 27 to 72mmHg at the
ankle, tapering to 18-8 mmHg below the knee. Results confirm that theoretical pressure is not exactly

consistent with practical compression.

1. Introduction

Medical compression bandages (MCBs) are widely used in
the treatment of venous leg ulcers. In order to design effect-
ive compression bandages (CBs), researchers have attempted
to describe the interface pressure applied by these bandages
using mathematical models (Al Khaburi, Dehghani-Sanij,
Nelson, & Hutchinson, 2012; Rimaud, Convert, & Calmels,
2014; Schuren & Mohr, 2008).

Venous ulceration is the most common type of leg ulcer-
ation and a significant health problem, affecting approxi-
mately 1% of the population and 3% of people over 80 years
of age in westernized countries (Franks et al, 2016).
Systematic reviews and meta-analyses have identified good
quality evidence from randomized controlled trials (RCTs)
to support the use of advanced or antimicrobial dressings
(such as iodine, honey or silver dressings) for chronic
wounds (Williams, 2016).

In clinical practice, bandages are applied in the form of
overlapping layers which results in multiple layers of fabric
that overlay a particular point of the surface of the limb (Al
Khaburi, Dehghani-Sanij, Nelson, & Hutchinson, 2011). For
example, MCBs applied with spiral 50% overlap technique
will overlay the leg with two layers of bandage, MCBs
applied with 66% overlap will result in three layers of ban-
dage and MCBs applied with the figure-of-eight technique
with 50% overlap will result in four layers of bandage (Al
Khaburi et al., 2012; Rimaud et al., 2014).

MCBs aim to provide graduated compression to the
lower limb from the ankle to the knee in order to improve
venous return, accelerate venous flow, reduce venous reflux
by realignment of valves, improve venous pump action, and
to reduce edema (Fletcher, Moffatt, Partsch, Vowden, &

Vowden, 2013; Halfaoui & Chemani, 2016). In order to
design effective compression systems, improve practice and
help nurses or patients to achieve the optimum gradient pres-
sure, many researchers have attempted to describe or predict
the sub-bandage interface pressure theoretically (Al Khaburi,
Nelson, Hutchinson, & Dehghani-Sanij, 2011; Sikka, Ghosh,
& Mukhopadhyay, 2016; Thomas, 2003). Most of the studies
reported in the literature have focused on the investigation of
some physical and mechanical properties of one-directional
stretch fabrics. However, there is paucity of literature on bi-
stretch fabrics comprising elastane containing core-spun cot-
ton yarns both in the warp and weft directions. Magsood
investigated the effect of elastane linear density, fabric thread
density, and weave float size on the fabric contraction, sub-
bandage pressure, fabric stretch, and recovery properties of
bi-stretch woven fabrics for compression garments (Magsood,
Hussain, Malik, & Nawab, 2016).

Hence, it was necessary to evaluate the structure of three
basic types of woven CBs showing the material, production
as well as deformation viewpoint during the uniaxial stress.
Then introduce a new method to predict suitable CB tension
by measuring the bandage porosity using high speed camera.
The obtained results are compared with theoretical compres-
sion forces calculated by a modified Laplace’s law equation as
follows (Chemani & Halfaoui, 2014; Magsood, Nawab, Umar,
Unmair, & Shaker, 2017; Partsch, & Mortimer, 2015):

Tension (N) x Number of layers

P Pa) =
ressure ( a) Radius (m) X Bandage width (m)

(1)

The level of pressure exerted from a medical device
answers to the Laplace equation stating that the pressure
(P expressed in Pa) of a compression applied to the skin
surface is proportional to the tension (T in N) of the
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Figure 1. Woven compression bandages characteristics.

2 i
Figure 2. Testometric M350-5CT instrument adjustment with high speed camera.

compression material and number of layers, and inversely
proportional to the radius of curvature (R in m) of limb sur-
face to which it is applied and the bandage width (w in m)
(Kumar, Das, & Alagirusamy, 2013a; Rimaud et al.,, 2014).

There are two types of practical pressure (i.e. static
and dynamic pressure). Static pressure is the permanent
pressure a compression means exerts to tissue and vessels
while the musculature is relaxed. The resulting power to
apply or stretch a CB is equal to the power which is
affected to the tissue as static pressure. Therefore, static
pressure is often described as the applied pressure.
Dynamic (operating) pressure occurs when the muscle
acts against the resistance of the compression means,
because its volume increases through contraction. This
way, the operating pressure is generated and is therefore
described as muscle pressure (Kumar, Das, &
Alagirusamy, 2013b; Rotsch, Oschatz, Schwabe, Weiser, &
Mohring, 2011).

2. Experimental work

2.1. Materials

a. Four basic types of woven CBs (Cotton/Polyamide/
Polyurethane, 100% Cotton, Viscose-Lycra, and

Viscose-Polyamide bandages as shown in Figure 1) are
evaluated. These bandages structure is plain weave.
Yarn counts and densities are different depends on the
construction and technology of the final product.

b. Two groups of warp yarns were kept in a conditioning
room for 24h at standard temperature (20+2°C) and
relative humidity (65%) before testing. The tested warp
yarns characteristics can be summarized in Tables 1
and 2.

Testing procedure

1. Load-elongation curve of the yarns is measured accord-
ing to test method ISO 2062:2009(E) (ISO, 2009).
Instron 4411 tensile testing machine was used to meas-
ure the tension developed in the yarn while extension
at a constant speed of 180 mm/min. A 100 N load cell
was used to measure the bandage tension. The device
gauge length was set to 500 mm.

2. CBs tension is evaluated according to test method ISO
13934-1:1999(E) (ISO E., 1999). Testometric M350-5CT
was used to measure the tension developed in the ban-
dage while extension at a constant speed of 100 mm/
min. A 100 N load cell was used to measure the tension
in the bandage. The device gauge length was set
to 100 mm.

3. Bandage porosity is calculated by measuring the binary
area fraction during different bandage extension using
high speed camera as shown in Figures 2, 9, 10.

4. Bandages pressure was measured for all the bandage
samples using PicoPress as shown in Figure 3
(Jariyapunya, Kholiavko, & Musilovd, 2017; Kwon,
et al., 2018). The obtained results are both digital
numbers and graph forms. There are three levels of
bandage tension (low: 50% extension and 50% over-
lap, medium: 100% extension and 50% overlap, and
high: 100% extension and 66% overlap) applied on
Ist position (ankle at radius 3.9 cm), 2nd (mid-calf at
radius 6.2cm), and 3™ (below the knee at
radius 4.9 cm).



Table 1 Yarn properties (group 1: plied yarns, single yarn 6 tex).
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Yarn twist (T/m) Yarn count (tex) Tenacity (cN/tex)

SD of tenacity Extension (%) SD of extension

300 11.78 23.64
600 12.16 24.86
900 12.87 23.51
1200 13.24 20

1500 13.71 18.09
1800 13.96 16.49

1.4275 4.75 0.6118
1.5201 5.14 0.6515
19156 6.44 0.8210
1.7504 6.98 0.7502
1.4808 7.67 0.6346
1.5827 8.21 0.6783

Table 2 Yarn properties (group 2: plied yarns, single yarns 25 and 40 tex respectively).

Yarn twist (T/m) Yarn count (tex) Tenacity (cN/tex)

SD of tenacity Extension (%) SD of extension

1850 49.37 15.53
2100 50.15 12.85
2200 74.72 9.86
2300 85.27 8.52

1.2982 12.01 0.6491
1.2596 12.19 0.6298
1.4965 15.78 0.7483
1.2289 15.77 0.6144

Figure 3. Microlab PicoPress instrument M-700 and its results.
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Figure 4. Load-elongation curves of the 1st group yarns.
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Figure 5. Load-elongation curves of the 2nd group yarns.

3. Results and discussion
3.1. Load-elongation curve of the yarns

A Matlab code was prepared to calculate the average load
elongation curve for each twist (using raw data for 50

samples for each twist). For comparison between yarns the
program interpolates the elongation data using equal step
(0.05 mm) before the break point and gives the correspond-
ing load values.

Figure 4 illustrates that increasing the plied yarn twist
from 300 to 900 turns/m increases the breaking load and
elongation by a percent ranges 12.8 and 43.4% respectively.
After that the yarns breaking load is proportionally decreas-
ing by increasing the yarn twist from 900 to 1800 turns/m.
On the contrary the yarns elongation is increasing.

Whereas the plied yarns at twist 2100 turns/m is giving
less tension values than 1850 turns/m, then the load
increased by a percent 23.4% at 2300 turns/m. Moreover the
yarn extension is proportionally increasing when the yarn
twist increased from 1850 to 2300 turns/m by a percent
39.43%, as shown in Figure 5.

The obtained results in Figures 3 and 4 are giving some
remarks to select the optimum yarn twist, but it’s not
enough because the twist range and the yarns count are dif-
ferent. At least (1500-1800 turns/m) are required for pro-
ducing high extension cotton CBs, whereas to achieve 100%
elastic cotton CB (2200-2300 turns/m) would be used.

3.2. Relation between yarn twist and tenacity

Taking into consideration the yarn properties; the compari-
son would be using the tenacity and strain (extension %) of
the yarns.
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Figure 6. Effect of yarn twist on its tenacity.
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Figure 7. Effect of yarn twist on its extension.
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Figure 8. Load-elongation curves of Viscose-Lycra and Cotton bandages.

(a) At 1 sec

Figure 9. Binary area of Cotton bandage during tension.

(a) At 1 sec

Figure 10. Binary area of Viscose-Lycra bandage during tension.

250

Tenacity = Breaking load (N) x 100/Yarn count (tex) (2)

Strain = AL/L; or extension(%) = AL x 100/L, 3)

AL =L,- L, (4)

where L, is the extended length of yarn, L; is the initial
(gauge) length.

These yarn parameters can be displayed as shown in
Figures 6 and 7 to give clear comparison and good selection
of the optimum yarn twist. The candidate results of yarn
tenacity and breaking elongation wouldn’t be reached when
producing the elastic CB because these bandages are only
produced using the elastic region of the yarns. The Ist
group of plied yarns is giving higher tenacity values than
the 2nd group but lower elongation (%). So the best selec-
tion of the yarn twist and count depends on the end use of
the CB.

3.3. Load-elongation curve of the bandages

Load-elongation curves for both Cotton and Viscose-Lycra
bandages were analyzed as shown in Figure 8. Bandage sam-
ples were subjected to 200% extension of its original length.
Both Cotton and Viscose-Lycra bandages required tension
of 10N at 130% extension; these values are achieving the
required bandage pressure (4000 Pa or 30 mmHg) according
to Laplace’s law equation (1) for two layers bandaging at
radius 5cm and bandage width 10cm. For pressure more
than 30 (mmHg): Viscose-Lycra bandages have more exten-
sion than Cotton bandages, (i.e. Viscose-Lycra bandages can
be stretched 200% using load 20N, whereas Cotton ban-
dages are stretchable to 180% only then it will break at
point 52N).

(c) 120 sec
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Figure 11. Effect of applied tension on bandage porosity.

Figure 12. Structure of interlacing cell in woven fabric crossing point of plain
weave, warp and weft diameter (d;, d,), warp and weft spacing (B, A).
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Figure 13. Pressure of Cotton bandage on leg model.
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3.4. Effect of applied tension on bandage porosity

While subjecting the bandage samples to constant extension,
the resultant images were recorded using high speed camera
as shown in Figures 9 and 10. There are 120 frames
(images) for each sample; these images were analyzed to
measure bandage porosity as a function of binary area frac-
tion using Threshold technique during loading and exten-
sion as shown in Figure 11.

3.5 Relation between bandage porosity and
applied tension

Figure 11 illustrates the relation between binary area frac-
tion - which represents the bandage porosity - and the
applied tension. Taking the fabric thickness into consider-
ation, “Fabric porosity is defined as the volume of voids

among fibers” (Abo-Taleb, El-Fowaty, & Sakr, 2015;
Havlova, 2014; Neckar & Das, 2012).
Porosity = Vp/Vr (5)

where Vjp is the volume of air pores (cm’), V7 is the total
volume of the sample (cm®).

If we deal with two dimensional fabric, porosity is
defined as the ratio of the projected geometrical area of the
opening across the material to the total area of the material
(Cay, Atrav, & Duran, 2007; Hani et al., 2013). An area of
pores is calculated as a perpendicular projection of the
woven fabric (horizontal porosity). Real values can be meas-
ured as illustrated in Equation (6) (Elnashar, 2005):

Ps =1— CF = 1—(d,D, + dyD, — dydyD,D,) (6)

where d,, d, are the diameters of warp and weft yarn
respectively, and D,, D, are the sets of warp and weft yarns
respectively.

According to the theory of 2-D model, the woven fabric
porosity is defined as a complement to the woven fabric
cover factor (CF), see Figure 12.

Cover factor can be calculated on the basic of illustrated
structure of woven fabric as illustrated in Figure 12 by

----- 1st Position High
2nd - High

Pressure (mmHg)

Figure 14. Pressure of Cotton bandage on real leg while walking.

50 60 70 80 90 100
Time (S)
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Equation (7):

d]A + dzB dldz
AB

CF — visible area covered by yarns _

totalareaofcell
= CFwarp + CFweft_CFwarpCFweft

(7)
Based on known parameters of the warp and weft density

(D; and D,) respectively, Equation (8) could be derived as
following:

1 1
A=—and B=—

D, D (8)

3.6. Testing of bandage pressure using PicoPress

Experimental pressures of CBs (100% Cotton and Viscose-
Lycra) are measured using PicoPress on mannequin leg as
shown in Figure 13. The same compression test for all types
of bandages on real leg at Ist, 2nd and 3rd positions as
shown in Figures 14-17. First type of bandages is 100%
cotton using highly twisted plied cotton yarns. Average
compression values at 1st position for the three tension lev-
els (low, medium, high) were about (24, 37, 59 mmHg). All
Ist position results are decreasing by average percent 12%

------- 1st Position Low
2nd - Low
3rd - Low

------- 1st Position Medium
2nd - Medium
3rd - Medium

------- 1st Position High
2nd - High
3rd - High

Pressure (mmHg)

0 10 20 30 40 50 60 70 80 90
Time (S)

Figure 15. Pressure of C-PA-PU bandage on real leg while walking.

1st Position Low

1st Position Medium

after 180s, whereas for 2nd position compression values
were (16, 29, 50 mmHg) decreasing by average percent 11%.
This decrease may be due to bandage slippage and less fix-
ation on leg model.

As for applying CBs on a real leg; all compression tests
were applied on the same group of 4 men, their age ranges
28-37 years old. Figure 14 emphasizes the significant change
of compression during walking, which is oscillating between
(18-33, 27-43 and 36-61 mmHg) for 1st position, (8-16,
18-27 and 35-51) for 2nd position. These oscillations dur-
ing walking and running should be considered while wear-
ing the CBs for long time to achieve effective healing rates.
Figure 15 shows the pressure of C-PA-PU CB while walk-
ing; that is ranging (10-19, 20-35 and 34-50 mmHg) for Ist
position, (17-23, 22-26 and 27-37 mmHg) for 2nd position
and (12-15, 13-18 and 13-19mmHg) for 3rd position.
Oscillating ranges of C-PA-PU bandage are less than for
high twist Cotton bandage because of more extensibility.

While Viscose-Lycra CB introduced less oscillating pres-
sure range i.e. (14-19, 26-30 and 46-56 mmHg) for 1st pos-
ition and (12-16, 17-22 and 32-45) for 2nd position, as
illustrated in Figure 16. This low range of pressure is due to
Lycra extensibility. Moreover the Viscose-Polyamide ban-
dages are giving the lowest compression pressure values
compare to other types; this may be due to yarns character-
istics and type of heat setting to give the stretch and extensi-
bility of the bandages, this type of bandage is more suitable
for hand muscles, see Figure 17.

4. Conclusion

Candidate work presented a new method to predict bandage
tension as a function of bandage extension; that enables the
patient to use the bandage himself more easily. The experi-
mental compression results were compared with theoretical
pressure calculated by Laplace’s law equation. Statistical ana-
lysis confirmed that there are significant differences between
theoretical pressure and practical compression results.
PicoPress results confirmed that 100% Cotton bandages
achieved the highest pressure ranges ie. (18-33, 27-43 and
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Figure 16. Pressure of Viscose-Lycra bandage on real leg while walking.
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Figure 17. Pressure of Viscose-Polyamide bandage on real leg while walking.

36-61 mmHg) for 1st position, (8-16, 18-27 and 35-51) for
2nd position. The best selection of bandage type and opti-
mum gradual pressure decreasing at the ankle through the
calf to the knee, depends on the type of patient disease, age
and suitable healing rate. The higher oscillating ranges of
practical pressure may be due to applying these bandages on
a little group of men having varied ages and strength; these
oscillating ranges may be decreased when applying the ban-
dages for a large group of patients at the same conditions.
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