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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]. 

References
 1. Kuklane K, Holmér J. Effect of sweating 

on insulation of footwear. International 
Journal of Occupational Safety and Er-
gonomics 1998; 4(2): 123-136.

 2. Heus R, Schols E, Van den Eijnde W. 
Water vapour transport as a determinant 
of comfort in evaluating shoes. Elsevier 
Ergonomics Book Series 2005; 3: 445-
448.

 3. Mundermann A, Nigg B M, Stefanyshyn 
D J, Neil Humble R. Development of 
a reliable methods to assess footwear 

comfort during running. Gait and Pos-
ture 2002; 16: 3-45.

 4. Hole L G. Sweat health disposal from 
footwear and hygiene of foot skin. Jour-
nal of the Society of Cosmetic Chemists 
1973; 24: 43-63.

 5. Falkiewicz-Dulik M. Charakterystyka 
materiałów stosowanych na podpo-
deszwy. Technologia i Jakość Wyrobów 
2016; 61: 86-94.

 6. Smith C J, Havenith G. Body mapping 
of sweating patterns in male athletes in 
mild exercise – induced hyperthermia. 
European Journal of Applied Physiology 
2011; 111(7): 1391-1404.

 7. Irzmańska E, Brochocka A. Influence 
of the physical and chemical properties 
of composite insoles on the microcli-
mate in protective footwear. FIBRES & 
TEXTILES in Easter Europe 2014; 22, 
5(107): 89-95. 

 8. US5763335A: Composite material for 
absorbing and dissipating body fluids 
and moisture, 1998.

 9. US5727336A: Footwear insole with 
a moisture absorbent inner layer, 1998.

10. Matusiak M. Investigation of the thermal 
insulation properties of multilayer tex-
tiles, FIBRES & TEXTILES in Eastern 
Europe 2006; 14 (5): 98-102.

11. PN-EN ISO 20344:2012: Środki ochro-
ny indywidualnej – Metody badania obu-
wia.

12. Langmaier F. Hygiena a komfort obuté 
nohy. Kozarstvi 1990; 40: 345-348.

13. Serweta W, Olejniczak Z, Woźniak B. 
Influence of the thermal and humidity 
properties of multi – layered lining fab-
rics on microclimate of leather footwear. 
In: Frydrych I, Bartkowiak G, Pawłowa 
M, editors. Innovations in Protective and 
E-textiles in Balance with Comfort and 
Ecology. Lodz: Lodz University of Tech-
nology; 2017. 

14. Weiner J S. The regional distribution of 
sweating. Journal of Physiology 1945; 
104: 32-40.

15. Tatano F, Acerbi N, Monterubbiano C, 
Pretelli S, Tombari L, Mangani F. Shoe 
manufacturing wastes: characterisation 
of properties and recovery options. Re-
sources, Conservation and Recycling 
2012; 66: 66-75.

 Received 17.11.2017 Reviewed 30.01.2018

Table 9. Recommendations for insole materials for certain compositions: upper and 
lining. 

Upper and lining  
combination Insole material Discomfort  

index ratio Recommendation

L1 – MP2 SPP1 vs MPP2 0.76 SPP1

L1 – MP42 SPP1 vs MPP2 0.77 SPP1

L2 – MP1 MPP1 vs MPP2 0.71 MPP1

L4 – MP2 SPP1 vs MPP2 0.81 SPP1

L4 – MP42 SPP1 vs MPP1 1.18 MPP1

L4 – MP42 SPP1 vs MPP2 0.81 SPP1

L5 – MP1 MPP1 vs MPP2 0.75 MPP1
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