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B Introduction

The problem of comfortable shoes is an
important factor for many occupational
groups and individual people. Long-last-
ing exposure to environmental condi-
tions with heat stress can be a cause of
decreased work efficiency or occupa-
tional diseases for workers. Footwear
microclimate is also a crucial element for
performing physical activities, because it
is a part of energy balance for the whole
body. Moisture and water vapour change
continuously with the surrounding envi-
ronment during outdoor or indoor activ-
ities [1, 2].

The choice of footwear materials is very
important in shoe design. However, com-
fort is perceived differently by different
subjects. General comfort assessment
has not been done yet, because there is
a wide range of variables — from external
conditions to ontogenetic and psycholo-
gical or neurophysiological features 3, 4].

The fundamental factor which provides
comfort is shoe construction. The choice
of materials in the triad of upper — lining
— insole has a great impact on hygienic
properties from the user’s point of view.

In this work the authors focused on ana-
lysing the impact of insole materials and
their contribution to determining com-
fort. Nowadays the most popular insole
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Abstract

Insole material is an important factor determining the hygienic properties of shoes. It has
a significant impact on health and comfort while wearing them. In this paper, the authors
describe a scenario of three insole materials: flank leather, cellulose material and composite
leather. Quantitative research was done using five upper materials: calfskin full and top
grain leather, “buffalo” bovine leather, a soft type of grain leather, and aniline veal skin
type “cool”. Qualitative analysis was performed using 3D knitted fabrics as lining. The sta-
tistical significance of the differences obtained within the groups analysed is that they prove
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materials include synthetic cellulose
leather (75%) and less often — recycled
insole leathers, natural leather or nonwo-
ven materials [5].

Because these materials are in direct con-
tact with the foot, their ability to absorb
and accumulate moisture away from the
skin is important. It is especially crucial
from the usability point of view, because
insole materials are able to absorb be-
tween 85 and 90% of sweat in different
environmental conditions, like extreme
physical effort at a high temperature [6].

The physical properties of materials
which determine comfort include mois-
ture absorption and desorption, the water
vapour evaporation rate, thickness, po-
rosity, which is a measure of empty spa-
ces in a material, and the impact on the
moisture absorbing capacity. The kinet-
ics of sorption and desorption processes
depend on the pH range. It is slower in
alkaline and faster in acid environments
[7]. All of these details can be applied to
a set of shoe components like uppers, lin-
ings and, in particular, insole materials.

Currently we can find many reserved
solutions, like absorbing inners [8-9] or
layered composite materials which are
able to absorb and transfer moisture away
from the foot surface. The objective of
this is to improve the exchange of bio-
physical mediums between the interior

Table 1. Types of insole materials used in study.

Type of insole material

Flank leather
Cellulose material “texon”

Composition leather “salamander”

100

Thickness, mm

Symbol (according to [11])
SPP1 2.2

MPP1 1.7

MPP2 2.0

and the environment. The best effects are
achieved by dividing the insole material
into a hydrophobic (away from the skin)
and hydrophilic (close to the skin) layer.
The layer which is nearest to the foot is
superabsorbent and the other one accu-
mulates moisture due to environmental
conditions [10].

In this work, with the use of the ANOVA
tool, relations between the insole material
and changes in the shoe microclimate have
been shown. Discomfort indexes for a set
of shoe materials: upper, lining and insole
have been calculated and compared.

M Materials and method

The studies involved three kinds of in-
soles: natural leather, synthetic cellulose
material under the trade name “texon”,
and recycled leather under the name “sal-
amander” (Table I).

The construction materials were either
fixed in ashoe (midsole, uppers and
some linings) or had a form of removable
inputs — as a sort of sock. The model of
shoe which was used represents the class
oflaced outdoor footwear with an integral
ankle support with an adjustable stout-
ness level according to the nomenclature
given in [11]. Phase changes in the shoe
microclimate were detected during simu-
lation of the shoes used via an elliptical
trainer for a group of 7 men at the age
of 59.4+1.9, which have a BMI equal
to 24.9+3.7. Changes in humidity and
temperature were continuously recorded
using T/RH sensors (Figure I). T/RH
sensors were located between the toe cap
and forefoot in front of the arch (upper
sensor) and inside of the filler (lower
sensor). The measurement cycle encom-
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Figure 1. Distribution of T/RH sensors on measurement stand.

Figure 2. Water absorption and desorption ratio for insole ma-

passed 90 minutes divided between three
parts: rest (30 min), exertion (30 min), re-
laxation (30 min). The test stand was lo-
cated in an air-conditioned room, where
the temperature and air relative humidity
were 21 °C and 45%, respectively.

The final shoe was analysed according
to the composition of three combinations
of elements: insoles, linings and uppers.
Some kinds of knitted fabrics were used
as lining materials. The shoes had leather
uppers (Table 2).

On the basis of the literature sources
[12-14], the range between 70 and 85%
for relative humidity was considered
a partial discomfort zone, and over 85%
— atotal discomfort zone. Thus the fol-
lowing indicators are true:

T709%
T b

Tru>709% =

(M
where T, is time when relative humid-
ity is higher than 70% and T is the total
time period.

Therefore the discomfort index for rela-
tive humidity higher than 70% is defined
as follows:

%—70%
APPROX ,;,:];]70 % 70/’ @)
where APPROXGy; - 70, 1S the approximate
value of the relative humidity result from
a set of values exceeding 70%.

DIpps709 =

Hence a generalised discomfort index is
defined as:

DI = Trys70% * DIrn>70%-

©)

terials studied (according to [11]).
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Figure 3. The values of discomfort index for materials combined with L1 upper.

B Results of experiment

One of the most important material char-

acteristics from the comfort measure-
ment viewpoint is the water absorption
and desorption ability, because they can
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Figure 4. Values of discomfort index for materials combined with L4 upper.
Table 2. Types of lining and upper materials used in study.
Lining material Symbol BaSich:'nfzight’ Upper material Symbol
Smooth knitted fabric . .
with compact structure MP1 288 Calfskin full — grain leather L1
Knitted fabric with openworks MP2 320 Calf skin top — grain leather L2
Knitted fabric with polyester (5%) = MP42 320 Bovine leather ‘buffalo’ L3
Silky polyester fabric . et
(sock — input) MP39 140 Grain leather type ‘soft L4
Nonvowen fabric — sock input - . . s
(polyester 65% + 35% viscose) MP41 250 Aniline veal skin type ‘cool L5
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Table 3. Post hoc analysis values for given materials: L1 (upper) — MP2 (lining).

Treatment pair Tukey HSD Q statistic

SPP1 vs MPP1 4.0819
SPP1 vs MPP2 4.72624
MPP1 vs MPP2 0.6445

Tukey HSD p-value

Tukey HSD inferference

0.0623909 insignificant (p > 0.05 = a)
0.0356644 significant (p < 0.05 = q)
0.8881731 insignificant (p > 0.05 = a)

Table 4. Post hoc analysis values for given materials: L1 (upper) — MP42 (lining).

Treatment pair Tukey HSD Q statistic

SPP1 vs MPP1 4.1944
SPP1 vs MPP2 4.7269
MPP1 vs MPP2 0.5826

Tukey HSD p-value

Tukey HSD inferference

0.0565032 insignificant (p > 0.05 = a)
0.0341663 significant (p < 0.05 = a)
0.8999947 insignificant (p > 0.05 = a)

Table 5. Post hoc analysis values for given materials: L2 (upper) — MP1 (lining).

Treatments pair Tukey HSD Q statistic

SPP1 vs MPP1 0.8152
SPP1 vs MPP2 3.9504
MPP1 vs MPP2 4.7655

Tukey HSD p-value

Tukey HSD inferference

0.8245787 insignificant (p > 0.05 = a)
0.0701089 insignificant (p > 0.05 = a)
0.0344980 significant (p < 0.05 = a)

Table 6. Post hoc analysis values for given materials: L4 (upper) — MP2 (lining).

Treatmentpair Tukey HSD Q statistic

SPP1 vs MPP1 4.0833
SPP1 vs MPP2 4.8038
MPP1 vs MPP2 0.7206

Tukey HSD p-value

Tukey HSD inferference

0.0623160 insignificant (p > 0.05 = a)
0.0333983 significant (p < 0.05 = a)
0.8598232 insignificant (p > 0.05 = a)

Table 7. Post hoc analysis values for given materials: L4 (upper) — MP42 (lining).

Treatment pair Tukey HSD Q statistic

SPP1 vs MPP1 4.5714
SPP1 vs MPP2 5.4286
MPP1 vs MPP2 0.8571

Tukey HSD p-value

Tukey HSD inferference

0.0407052 significant (p < 0.05 = a)
0.0199802 significant (p < 0.05 = q)
0.8089343 insignificant (p > 0.05 = a)

Table 8. Post hoc analysis values for given materials: L5 (upper) — MP41 (lining).

Treatment pair Tukey HSD Q statistic

SPP1 vs MPP1 1.5639
SPP1 vs MPP2 3.0301
MPP1 vs MPP2 4.5940

predict the amount of moisture and sweat
which the material will absorb at a given
level of humidity (Figure 2).

Further statistical analysis was based on
discomfort indexes, which were comput-
ed during the experiment procedure de-
scribed above. For certain combinations
of materials in the field: uppers (L1, L2,
L3, L4, L5), linings (MP1, MP2, MP42,
MP39, MP41) and insoles (SPP1, MPP1,
MPP2), discomfort index contingen-
cy maps were prepared (e.g. Figures 3
and 4 for L1 and L4, where the statistical
significance was obtained for more than
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Tukey HSD p-value

Tukey HSD inferference

0.5455517 insignificant (p > 0.05 = a)
0.1606513 insignificant (p > 0.05 = a)
0.0399235 significant (p < 0.05 = a)

one lining material) and statistical analy-
sis performed.

B Results of statistical analysis

Analysis of the experimental method
was performed using one way ANOVA,
where discomfort indexes in relation to
footwear material were independent var-
iables. Hypotheses H, and H, were given
as follows:

H, — means of values of discomfort

indexes are equal,

H, — some differences between values

of discomfort indexes exist.

To determine which groups of materials
differ from each other, the Tukey post
hoc test was performed, where the confi-
dence interval was computed and fixed at
95%. In Tables 3-8 Tukey post hoc inter-
ferences are disclosed for different kinds
of upper and lining materials.

ANOVA analysis of groups of insole ma-
terials provided the information that the
discomfort index is different because of
insole materials applied in finished foot-
wear. Significant differences occurred for
specific sets of upper and lining materi-
als: L1 — MP2, L1 — MP42, L2 — MPI,
L4 — MP2, L4 — MP42, LS — MP1. In
accordance with the direct calculation
of the impact rate for individual insole
materials, the d-Cohen coefficient was
obtained. Then for lining material MP2
and compositions MP2-MP39, MP2-
MP41 in connection with the L1 upper,
the d-Cohen coefficient was equal to
0.66 (between SPP1 and MPP2), which
means a medium strength of dependency.
A slightly higher coefficient (0.74) was
obtained for the group of MP42 materials
i.e. MP42-MP39, MP42-MP41. For the
L2 upper the largest differences appeared
between MPP1 and MPP2 in composi-
tions with MP1: MP1-MP39 and MP1-
MP41. The d-Cohen coefficient was
equal to 1.47, which means a large effect
size between these insole materials. For
L2 upper material, significant differences
occurred between SPP1 and MPP2 (0.67)
and SPPI versus MPP2 (0.49) with the
use of MP2 and MP42 linings. Then
for the L5 upper, a difference described
by the d-Cohen coefficient exceeding 2
was observed between MPP1 and MPP2.
The size effect is the highest of all com-
binations of materials. For the L4 upper
statistically significant differences did
not occur.

B Summary

The analysis of dependences between dis-
comfort indexes performed shows that for
the materials applied these dependenc-
es exist and are statistically significant.
The optimal choice of materials in the
triad of upper, lining and insoles makes
it possible to establish a correct level of
comfort in the shoe interior. It is especial-
ly important for work and sports shoes,
where the risk of intense sweating or
water permeability is high. The hygienic
properties of shoes have a great impact
on health and comfort from the user’s
point of view. Shoe materials like insoles
are very important for the establishment
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Table 9. Recommendations for insole materials for certain compositions: upper and

lining.

Upper and lining

P Insole material
combination sole materia

L1 - MP2 SPP1 vs MPP2
L1 —MP42 SPP1 vs MPP2
L2 - MP1 MPP1 vs MPP2
L4 — MP2 SPP1 vs MPP2
L4 — MP42 SPP1vs MPP1
L4 — MP42 SPP1 vs MPP2
L5 - MP1 MPP1 vs MPP2

of temperature and humidity conditions
inside footwear. In the case where all ma-
terials create a barrier against circulation
between the foot and the environment, the
temperature inside rises rapidly, the foot
sweats intensely, and fungi and other mi-
croorganisms appear.

In accordance with the methodology de-
scribed in [14], during a simulation of
exertion, differences between the dorsum
and sole fluctuate between 21% and 76%.
This fact shows that in certain environ-
mental conditions it is necessary to drain
the moisture from the sole surface. In this
case, the role of insole materials is piv-
otal.

Based on previous analysis, we can high-
light the best insole materials for specific
combinations of upper and lining materi-
als which can reduce the discomfort in-
dex for users (Table 9).

Results obtained from the analysis above
correspond to a commonly known fact
that from the user’s point of view nat-
ural leather has better hygienic proper-
ties than other materials, like cellulose
material or leather from recovery. But
when footwear manufacturers want to
use alternative, often cheaper materials,
it is possible to create other combinations
which could be equally healthy and com-
fortable for consumers [15].
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