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I Introduction

Compression hosieries (CHs) are one
type of medical textile products widely
used in compression therapy, which has
been demonstrated to be an effective non-
operative option to relieve symptoms as-
sociated with venous disorders in lower
human limbs, such as leg discomfort,
heaviness, varicose veins, venous throm-
bosis, etc.[1 - 3]. By providing a control-
led pressure gradient and support to the
skin and underlying tissue from the ankle
to the thigh (i.e. higher in the ankle then in
the thigh), compression hosiery can help
to reverse increased venous hypertension
and augment calf muscle pump, thus im-
proving the circulation and venous return
in lower limbs [4, 5]. Panty-hose as well
as knee-high and thigh-high stockings
are three major forms. For the aforemen-
tioned medical functions, “pressure mag-
nitude” and “gradient distribution” are
two critical parameters for the pressure
profiles of CHs, which largely depend
upon the fabric’s physical properties and
structural design of hosiery. However, it
should be noted that compression hosier-
ies are normally designed to be smaller
than the actual size of the wearer’s leg;
thus, they have to be stretched before

Fabric Mechanical-Surface Properties
of Compression Hosiery and their Effects
on Skin Pressure Magnitudes when Worn

Abstract

Compression hosiery (CH) is one kind of mechanical therapeutic approach for the prophy-
laxis and treatment of venous disorders in the lower limbs. Their compression functional
performance and comfort sensations are largely related to their material properties. The
objective of this study was to comprehensively investigate the mechanical and surface
properties of CH fabrics and their effects on corresponding skin pressure magnitudes in
practical application. The mechanical testing of the material and skin pressure objective
measurements applied to different kinds of CHs with four pressure levels were carried out
using the Kawabata Standard Evaluation System and Multichannel skin pressure measur-
ing system. This study shows that significant differences in material properties existed in
CH fabrics with different pressure levels. Tensile energy (WT), tensile strain (EM), shearing
stiffness (G) and bending rigidity (B) are key mechanical material indices, significantly
correlative to skin pressure magnitudes; CHs fabrics with higher levels of pressure were
rougher, stiffer and had less extensibility, but they had better dimensional stability. Signifi-
cant differences in tensile, compression and surface properties existed between CHs fabrics
in series A and those in B. The hosieries in series A produced more linear correlations
between the key material indices and skin pressure magnitudes, which can be attributed
to their fabrics having a smoother surface, greater elasticity, resilience and better dimen-
sional stability. Moreover, proper surface properties of the material and hose design may

enhance the pressure functional performance of compression hosiery products.

Key words: mechanical property, surface property, skin pressure, compression hosiery,

magnitudes.

application on the leg using high elastic
fabric which would produce almost no
space in the contact interface between
the hosiery and skin. Material-related
discomfort would induce or increase the
patient’s noncompliance with the treat-
ment. Therefore, fundamental researches
on the physical properties of various ho-
siery fabrics are necessary to improve the
therapeutic benefits and wearing comfort
sensation of medical compression ho-
siery products.

Textile research has shown that the me-
chanical behaviour, surface and dimen-
sional properties of fabrics are the most
important characteristics which ultimate-
ly determine their performance during
tailoring as well as the quality of the final
garment [6]. Under conditions of wear,
the pressure functional performance of
CHs are an integrated effect resulting
from the multidimensional deforma-
tions of hosiery knitted fabrics, which are
closely related to their multi-mechanical
behaviour, such as stretching, shearing,
bending, and compression. Character-
istics of the fabric surface and knitted
structures directly influence comfort per-
ception when the fabric and skin are in
contact.

In early related research, Johnson et
al indicated that the tensile modulus of
stocking fabric influenced the uniform

distribution of pressure over the leg cir-
cumference [7]. By using girdle fabric,
Ito et al found that the change in clothing
pressure largely depends on the biaxial
extension and stress relaxation proper-
ties [8]. However, most of the work was
focused on clothing for daily-use. Little
attention has been devoted to the study
of medical textile products, such as com-
pression stockings. Furthermore, there
have been few comprehensive investi-
gations into the material properties of
various compression hosieries and their
effects on the compression functional
performance during wear.

Therefore, the objective of the present
study was to systematically investigate
and compare the material mechanical
properties and surface characteristics
of CH fabrics with different levels of
pressure, and to quantitatively examine
and evaluate the effects of the material
properties of CH fabrics on correspond-
ing skin pressure magnitudes in practical
wear by combining a series of physical
testing and pressure objective measure-
ments of the materials. This study al-
lowed us to explore the mechanisms of
the action of compression hosieries and
to provide a useful reference for design-
ing and developing more efficient CHs as
well as other medical textile products for
compression therapy.
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¥ Experimental

Physical testing of the materials

“Pressure level” is recognised as a sig-
nificant index in assessing pressure
magnitudes, which mainly depends on
the severity of the venous disease. and
is categorised according to the pressure
exerted on the ankle region of a human
leg. In this study, two series (A & B)
comprising eight kinds of pantyhose-like
elastic compression hosieries were tested
at diverse pressure levels (light, mild,
moderate and strong). Basic descriptions
are shown in Table 1.

The material properties to be tested were
divided into three groups: mechanical
properties, surface characteristics and ba-
sic structural features. The tensile, bend-
ing, shearing and compression properties
of the stocking fabrics together with the
surface roughness and friction were in-
vestigated using the Kawabata KES-FB
standard evaluation system (Kato-Tec
Co., LTD, Japan) under standard testing
conditions - temperature: 21 = 1 °C and
relatively humidity: 65 + 2% (accord-
ing to Standard ASTM D1776-04). The
physical properties involved in the KES
test and their corresponding instrument
settings, as well as the measure mecha-
nisms of the main mechanical properties
are shown in Table 2.

To objectively analyse the material
properties of CH fabrics and their ef-
fects on real skin pressure magnitudes,
three swatches of a standard size of
20 cm X 20 cm were directly obtained
from three different segments of each
pantyhose, which were named ‘ankle’,

Table 1. Basic characteristics and medical functions of the CH samples tested.

Pressure | Sample Specified ankle Thickness Weight Medical
p pressure, Fiber content mean ts.d, mean*s.d, func-
level Code mm Hg mm g/m? tions
Polyamide 80%
Lo A1l 10-14 Elastomeric yam 20% 0.41+0.01 | 106.7 +21 for
ig preven-
H 0, .
B1 12-16 Polyamide 83% | 5584001 63315 | ting
Elastomeric yarn 17%
1 0,
A2 184212  Polyamide64% = 124,000 | 2467421
Mild Elastomeric yarn 36%
i
Polyamide 75%
B2 18-25 Elastomeric yarm 25% 0.36 + 0.01 89.0+ 18
Polyamide 73%
A3 25.1-32.1 Elastomeric yam 27% 0.75+0.03 | 250.16 + 15
Moderate Polyamide 74% for
B3 20-30 Elastomeric yarn 18% | 0.97 £+0.04 | 251.3+23 | curing
Gomma 8%
Polyamide 73%
A4 36.4-46.5 Elastomeric yam 27% 1.18+0.02 | 376.3+16
Strong Polyamide 50%
B4 30-40 Elastomeric yarn 15% | 1.45+0.04 | 435.7 + 39

Gomma 35%

‘knee’, and ‘thigh’, respectively. Due to
differences in hose length between the
two series, the division of the three seg-
ments was different. From Figure I.a, it
can be seen that the average lengths of
series A hoses were around 40 cm, there-
fore the three segmental swatches were
obtained from the right and left hoses
of the same pair of hosiery. The hose
lengths of series B were about 60 cm,
which were directly separated into three
parts (as Figure 1.b). These differences
in hosiery shape, to some extent, reflect
one of the structural traits in the current
design of compression hosiery products.

In order to minimise the shape instabil-
ity of knitted fabric, all the test swatches
were placed on a flat surface in a control-
led environment for 24 hours to reach

Table 2. Outline of physical indices involved in the testing of material properties.

equilibrium prior to the formal meas-
urements. For biaxial deformations or
bidirectional tests, such as the tension,
bending, shearing and surface, each sam-
ple was measured three times in each di-
rection (i.e. wale and course), while for
the compression property, each fabric
sample was tested in five different posi-
tions. In this study, mean values of the
test swatches in the wale and course di-
rections were used to evaluate and com-
pare the material properties and charac-
teristics of different compression hosiery
fabrics and their effects on skin pressure
magnitudes.

Objective measurement
of skin pressure

To analyse the impacts of material prop-
erties on their corresponding pressure

Properties Test Nature Indices Symbol Unit Instrument settings
KES-FB1
Tensile energy WT mN-cm/cm2 Velocity: 0.2 mm/s
Tensile Linearity LT - Elongation: 50 mm/10v
Tensile resilience RT % Processing rate: 2.5 s,
Tensile strain EM % 0.5 s (only for GCS_A4 & B4)
Maximum load: 490 mN/cm
KES-FB2
Bendin Bending rigidity B mN-cm2/cm Rate of bending: 2.5/cm
9 Hysteresis of bending moment 2HB mN-cm/cm K=0.5to 1.5 cm-1
Mechanical K=1.0 cm-!
. KES-FB1
Shear stiffness G mN/cm-degree .
Shearing Hysteresis at ¢= 0.5° 2HG mN/cm Shear tension: 98 mN/cm
Hysteresis at 0 = 5.0° 2HG5 mN/om Maximum shear angle: + 8.0 to -8.0
’ 2HG =0.5,2HG5=5.0,G=0.5t0 2.5
KES-FB3
Linearity LC -- Velocity: 50 s/mm
Compression Compressional energy wC mN-cm/cm?2 Compression area: 2 cm2
Resilience RC % Processing rate: 0.1 s
Maximum load: 50 g/m?2
Coefficient of friction MIU - KES-FB4
Surface Surface Mean deviation of MIU MMD - Velocity: 1.0 mm/s
Geometrical roughness SMD pum Roughness contactor comp: 98 mN
Construction Weight Weight W mg/cm?2 Weight per unit area
Thickness Thickness T mm Thickness at 4.9 mN/cm?2
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magnitudes, objective measurements of
skin pressure were conducted in vivo
within a climate chamber (temperature:
23 + 0.5 °C; relative humidity: 65 + 3%).
Six healthy females of 25 - 39 yrs were
recruited for testing. Table 3 shows an-
thropometric parameters of the subjects
studied.

Each of them was instructed to wear all
the hosiery samples of suitable size in a
standing posture.

Since there was no machine available
that would be able to measure pressure
over the entire surface of the leg [9], skin
pressures at sixteen typical locations dis-
tributed over four height levels (ankle,
calf, knee, and thigh) and in four direc-
tions (anterior, posterior, medial, and
lateral) were examined using FlexiForce
T™ interface pressure sensors (Tekscan,
Inc., U.S.A) and a multichannel pressure
measuring system. To achieve accurate
and reliable pressure measurement, all
pressure sensors used in the objective
testing were strictly calibrated prior to
the test. The pressure sensor has a cir-
cular probe of 9.525 mm diameter and
0.127 mm thickness. The pressure sig-
nals produced by compression stockings
were recorded at a sampling frequency
of 10 Hz. During calibration, by using
weights of different levels of weight, ex-
ternal pressures were divided into seven
levels: 0, 5, 15, 25, 35, 45, and 55 g over
an area of 71.1 mm?2 (i.e. circular probe
of the sensor), which is then transformed
into the pressure unit Pa (= 1 N/m2). The
external load produced a series of cor-
responding voltage signals, which were
monitored and recorded automatically
using a computer. The calibration results
show that linear relationships exist be-
tween the pressures and voltages. Their
correlation coefficients were all greater
than 0.98, signifying that all the pressure
sensors used are reliable and accurate in
pressure measurement. More detailed in-
formation about this pressure testing can
be found in our correlative report [10,11].
The experimental procedures have been
approved by the Human Ethics Commit-
tee of the University.

@ Results and discussion

General analysis of the

material properties of CH(s)

at different pressure levels
Comparisons of the fabric mechanical
and surface properties of eight kinds of
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Figure 1. Schematic diagram of test fabric samples taken from the hosieries; W - wale
direction, C - course direction, a) series A hosiery samples, b) series A hosiery samples.

Table 3. Basic anthropometric characteristics of subjects,; * Body Mass Index.

ltems Height, | Weight, = BMI*, Minimum
cm kg kg/m? | ankle girth, cm
Mean | 159.67 | 52.58 | 20.48 26.08
S.D 4.70 5.04 1.90 2.67

CHs with four different pressure levels
are displayed in the form of a chart in
Figure 2. In order to plot all the test indi-
ces on the same scale for comparison, the
results measured have been normalised
using the relationship x = (X - X)/o,
in which x = normalised value, X = meas-
ured value of a typical index, X = mean
value of all test CH fabrics for one typi-
cal index, o = standard deviation of all
test CH fabrics for one typical index.
The “zero” axes indicate the mean val-
ues of all the CH fabrics for correspond-
ing physical properties of the materials
tested.

From Figure 2 it can be seen that some
inerratic changing tendencies in the ma-
terial properties occurred among the CHs
at different specified pressure levels. For
tensile properties, the CH fabrics with
higher pressure levels had higher values
of LT, and lower values of WT, EM and
RT, meaning that at higher pressure lev-
els, CHs have less extensibility but better
behaviour with respect to tension linear-
ity. As for bending, shearing and surface
properties, higher values of bending
rigidity (B) and shear stiffness (G) oc-
curred in the CH fabrics with higher pres-
sure levels, meaning that these fabrics
possess a higher resistance to shearing
and bending deformation than those with
lower ones. Moreover, their fabric sur-
faces were more accidented and rougher

Maximum calf | Knee Mid-thigh Groin
girth, cm girth, cm | girt, cm high, cm

32.12 39.05 52.75 70.3

2.29 3.37 5.30 4.3

(i.e. higher values for MIU, MMD and
SMD). Meanwhile, during the elevation
of pressure levels, the CH fabrics became
thicker and heavier. The values of com-
pressional energy (WC) and resilience
(RC) were also greatly increased. These
testing results implied that CH fabrics
with lower pressure levels would have a
softer handle and are easier to compress,
while those with higher pressure levels
would have a better compressional re-
covery and dimensional stability.

Using one way-ANOVA analysis, differ-
ences in the mean values of each index
of the material properties among CHs
with four pressure levels were quanti-
fied and summarised in Table 4 (see page
95). It can be seen that, except for the
surface properties, significant differences
(P<0.05) occurred in the structure charac-
teristics (e.g. value of thickness P=0.022,
value of weight P = 0.026) and most of
the indices of mechanical properties (7a-
ble 4). For instance, significant differenc-
es dominate in the bending and shearing
properties (P < 0.01) (e.g. value of bend-
ing rigidity P = 0.006, value of shear stiff-
ness P =0.009). Significant differences in
the tensile properties also existed among
CH fabrics with different pressure levels,
especially for the tensile linearity (LT)
(P = 0.001), whereas for compression
properties, significant differences ap-
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Figure 2. Material properties of CH fabrics with different pressure
levels; a - the corresponding practical unit, O - light pressure
(Al & BI), A - mild pressure (A2 & B2), © - moderate pressure
(A3 & B3), ¢ - strong pressure (A4 & B4).

Figure 4. Comparison of the fabric properties of the two series of
CHs.; —— : the measured mean values of Series A; = = = = . the

measured mean values of Series B.
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and B2 had significantly higher values of
LC and lower values of T and W. These
results indicate that hosieries B1 and B2
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were thinner and lighter but had less ex-
tensibility than the hosieries in series A,
while hosieries Al and A2 were easier to
stretch but had a better performance with
respect to dimensional stability.

In chart (c), it can be seen that most of
the values of the test indices were located
near the “zero” axis. That is, their prop-
erties were closer to the average. Com-
pared with B3, hosiery A3 has higher val-
ues of EM, WT, RT, RC, B and shearing
properties, and lower values of LC, WC,
T and surface properties, which means
that hosiery A3 was easier to stretch,
compress and had better resilience. Fur-
thermore, it also had greater resistance to
shearing and bending deformation than
hosiery B3.

From the fourth chart (Figure 3.d), it
can be seen that hosieries A4 and B4 had
very close values of EM, LT, WT, LC
and WC, meaning that they had a similar
stretch and compressibility, but hosiery
A4 had a relatively better tensile and
compressive recovery (higher values of
RT and RC); however, the most signifi-
cant differences between them appeared
in their fabric surface properties. Hosiery
A4 was slicker, smoother and had greater
shearing stiffness (G). Hosiery B4 was
thicker, heavier and had higher bending
rigidity (B). From the analysis above, it
was considered that differences in mate-
rial properties may exist between the two
series of hosieries at the same level of
compression.

Using ANOVA analysis and the intui-
tionistic “snake line” (Figure 4), the gen-
eral differences between series A and B
hosieries for all the indices of material
properties tested were further quantified
and summarised. Overall, significant dif-
ferences (P < 0.05) in material proper-
ties between the two series of hosieries
existed in the following testing indices:
LC, RC, WC, WT. EM and SMD, which
relate to compression, tensile and surface
properties of the materials, respectively.

Under tensile, bending and shearing de-
formation, series A hosieries have better
elasticity and dimensional (or shape) sta-
bility than those in series B (due to higher
values of WT, RT, LT, B & G, and lower
values of 2HB) (Figure 4). The hosiery
fabrics of series A were fluffier, softer,
and were easier to compress and recover
under compression forces (e.g. lower val-
ues of LC and WC, and higher values of
RC), which, to a great extent, was related
to their thicker and heavier fabric struc-

FIBRES & TEXTILES in Eastern Europe 2010, Vol. 18, No. 2 (79)

Table 4. Summary of the analysis of variances of material properties among the CHs with

different pressure levels.

Properties Indices
Light
EM, % 48.40
WT, mN.cm/cm? 112.60
Tensile
RT, % 67.97
LT, -- 0.97
B, mN-cm?cm 0.10
Bending
2HB, mN-cm/cm 0.20
G, mN/cm-degree 3.43
Shearing 2HG, mN/cm 9.31
2HG5, mN/cm 10.49
LC, -- 0.49
Compression | WC, mN-cm/cm? 1.37
RC, % 35.05
MIU, -- 0.20
Surface MMD, -- 0.01
SMD, pm 5.64
T, mm 0.35
Structure
W, mg/cm? 0.01

Pressure Levels

P (Sig.)
Mild Moderate Strong
35.96 32.69 12.31 0.023
95.94 78.99 35.18 0.041
68.04 60.51 55.03 0.064
1.18 1.22 1.10 0.001
0.39 1.18 2.94 0.006
0.59 1.37 6.17 0.006
5.59 12.94 27.93 0.009
18.33 51.94 128.38 0.002
19.70 50.96 118.48 0.004
0.40 0.40 0.36 0.741
1.76 2.94 5.88 0.008
38.04 41.79 41.79 0.105
0.23 0.27 0.29 0.077
0.02 0.02 0.02 0.157
7.68 8.10 10.02 0.362
0.56 0.87 1.32 0.022
0.02 0.03 0.04 0.026

Table 5. Effects of different CH(s) on skin pressure magnitudes, a - R squared = .083 (Adjusted
R Squared = .075), b) CH(s) with different pressure levels, c¢) CH(s) in two different series

Dependent variable: skin pressure (Pa)

(A & B).
Source Type Il Sum df
Of Squares
Corrected Model 45491944 4722 7
Intercept 800094088.299 1
Levels b 26045427.804 3
Series ¢ 10923722.269 1
Levels -Series 8522794.398 3
Error 499963466.585 760
Total 1345549499 .4 768
Corrected Total 545455411.057 767

tures, while the fabrics of hosieries in
series B appeared to possess a stiffer and
rougher handle (see Figure 4).

Impacts of mechanical-surface
properties on the skin pressure
magnitude performance

Through objective measurement of skin
pressure, we obtained skin pressure val-
ues, respectively, by applying eight dif-
ferent kinds of medical elastic compres-
sion hosieries. It was found that with an
increase in the pressure levels of CHs,
the skin pressures applied gradually in-
creased. The average skin pressure pro-
portions of light/mild/moderate/strong
levels were 100:108:136:157. A detailed
analysis of this is reported in our correla-

Mean Square F Sig.
6498849.210 9.879 0.000
800094088.30 1216.232 0.000
8681809.268 13.197 0.000
1923722.269 16.605 0.000
2840931.466 4.319 0.005
657846.667

tive paper [13]. Using the generalised lin-
ear model univariate analysis of variance,
a quantitative analysis of the effects of
pressure levels and series of CHs on skin
pressure magnitudes was carried out (7a-
ble 5). It can be seen that significant dif-
ferences in the skin pressure magnitudes
existed among CHs at four different pres-
sure levels (P <0.001), and skin pressure
magnitudes of the two series of hosier-
ies also presented significant differences
(P < 0.001). However, the levels and
series interacted with each other sig-
nificantly, i.e. significant differences in
skin pressure levels existed among CHs
within the same series (P < 0.01), and
significant differences in skin pressure
also occurred between the two series of
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Table 6. Summary of material properties significantly correlated with skin pressure
magnitudes; a. ** Correlation is significant at the .01 level (2-tailed); *. Correlation is

significant at the .05 level (2-tailed).

Skin pressure (Pa)

Properties/ Indices " - " N .
Correlation Coefficient 2 Sig. (2-tailed) Asterisk?
EM -0.660 0.000 *
Tensile WT -0.702 0.000 *
LT 0.516 0.010 *
) B 0.535 0.007 **
Bending
2HB 0.527 0.008 *
G 0.667 0.000 *
Shearing 2HG 0.615 0.001 *
2HG5 0.643 0.001 **
Compression LC -0.476 0.019 >
Structure W 0.496 0.014 *
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Figure 5. Scatter plots of correlations between the key indices and skin pressure magnitudes.

CH with the same specified pressure lev-
els (P < 0.01). This result demonstrated
that the material properties of compres-
sion hosiery fabrics did indeed have an
extremely significant influence on their
skin pressure performance.

By conducting correlation analysis with a
two-tailed test of significance, the indices
of material properties significantly corre-
lated with the skin pressure magnitudes
were quantified and are summarised in
Table 6. 1t can be seen that most of the
indices of the mechanical properties of
CH fabrics have significant correlations
with skin pressure magnitudes, espe-
cially for tensile and shearing properties.
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The tensile energy (WT), with the high-
est correlation coefficient, and tensile
strain (EM) have strong significant nega-
tive correlations with skin pressure mag-
nitudes, meaning that CH fabrics with
less tensibility under tensile forces would
exert greater skin pressure. Shear stiff-
ness (G) and bending rigidity (B) have
a significant positive relationship with
skin pressure magnitudes, indicating that
fabrics with higher resistance to shearing
and bending deformation would perform
stronger pressure functions.

Figure 5.a & 5.b shows that with the
increase in WT and EM values, the skin
pressure exerted by the two series of ho-

sieries decreased correspondingly. The
skin pressure readings for series A are
generally higher than those for series B.
The values for series A show a linear re-
lationship between the skin pressure and
tensile indices (i.e. WT and EM). From
Figure 5.c & 5.d, we can observe that
with a rise in the values of B and G, the
skin pressure applied by the two series of
hosieries increased. Compared with se-
ries B, the hosieries in series A produced
a more pronounced, positive increase, as
well as greater skin pressure values at
moderate and high pressure levels.

The results above indicate that the CHs in
series A would exert higher pressure dur-
ing wear. These differences in pressure
function between the two series were
largely related to their differences in ma-
terial properties, as shown in Figure 4.
However, some other possible influential
factors should also be taken into account.
The laboratory physical testing of the
materials undertaken may not have simu-
lated the practical wearing situation ex-
actly. In Figure 1, we have shown that
some differences in hosiery shape ex-
isted between series A and B. The hose
lengths of the CHs in series A were about
40 cm, which were shorter than those
of series B by 20 cm on average. In the
objective testing of the pressure, the av-
erage distance of the subjects from the
anklebone to the groin was measured
to be about 60 cm. That is, the original
hose lengths of hosieries in series A were
elongated in the longitudinal direction
by approximately 50 % on average when
worn, while very little elongation oc-
curred in the hose length of CHs in series
B. Hence, larger elongation in the wale
direction occurred when CH was worn,
and the superior elasticity of the fabrics
of series A would be likely to enhance
their general pressure function, thus pro-
ducing more satisfactory pressure levels
than those of series B.

In addition, the surface properties of the
materials, especially geometric rough-
ness (SMD) and the frictional coefficient
(MIU), would also influence skin pres-
sure magnitudes, although the statistical
analysis results showed no statistically
significant differences in the surface char-
acteristics of CHs with different pressure
levels (see Table 4). In the pressure test-
ing, the pressure sensor employed was
a circular probe of 9.525 mm diameter
and 0.127 mm thickness. A rough fabric
surface would not completely and equa-
bly have contact with the probe surface,
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thus decreasing the measured interface
pressure magnitudes between the skin
and hosiery. From the materials testing
and analysis results, we found that sig-
nificant differences in SMD values ex-
isted between hosieries in series A and B
(P < 0.001), and almost all values of
SMD and MIU of series B hosieries were
greater than those of series A, especially
for CHs with high pressure levels (i.e.
B4). This could also be one possible rea-
son for the higher skin pressure of the
CHs in series A.

@ Conclusion

The present study comprehensively eval-
uated the mechanical properties and sur-
face characteristics of different compres-
sion hosieries which are popularly applied
in the prevention and treatment of venous
disorders of lower extremities in daily
life and clinics. Quantitative analysis was
conducted to study the effects of the ma-
terial properties of CHs fabrics on their
corresponding skin pressure performance
in wear. It was found that significant dif-
ferences in material properties existed for
CH fabrics with different pressure levels.
Tensile energy (WT), tensile strain (EM),
shearing stiffness (G) and bending rigid-
ity (B) are the key mechanical material
indices significantly correlative to skin
pressure magnitudes. The CH fabrics
with higher pressure levels were rougher,
stiffer, and less extensible, but they had
better dimensional stability. Significant
differences in tensile, compression and
surface properties existed between the
CH fabrics within series A and series B,
although they experienced the same pres-
sure levels. Linear relationships between
the material mechanical indices tested
and skin pressure magnitudes existed in
the compression hosiery fabrics in series
A, which can be attributed to their fabrics
having smoother surfaces, better elastic-
ity and dimensional stability. Through
further analysis of the hose shape design
and surface property, it is suggested that
the less geometric roughness of the mate-
rial surface and proper hose shape design
may enhance the pressure performance
of compression hosiery products in prac-
tical wear.
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