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Abstract

The development of functional knitted materials for cosmetological and post-surgical applications requires a comprehensive
assessment of their technological, structural, and hygienic characteristics. This study investigates six variants of knitted fabrics
intended for the manufacture of cosmetological compression mask products. The experimental materials were evaluated
according to surface density, thickness, air permeability, moisture absorption, and volumetric density. These indicators are
particularly important for mask products intended to maintain contact with the facial skin, provide controlled compression,
preserve dimensional stability, and ensure an acceptable level of physiological comfort. The experimental results demonstrated
considerable differences among the six variants. Surface density ranged from 379.5 to 661.8 g/m?, thickness from 1.20 to 2.20
mm, air permeability from 17.43 to 65.4 cm’/(cm?'s), moisture absorption from 5.9 to 11.8%, and volumetric density from 205.2
to 413.6 mg/cm’. The results demonstrate that structural parameters of knitted fabrics significantly affect the functional
performance of cosmetological mask materials. Variants with lower thickness and higher air permeability may provide improved
physiological comfort, whereas materials with higher surface and volumetric density can provide a more compact structure and
potentially greater mechanical stability. The obtained data can be used for selecting rational knitted structures for cosmetological
compression masks and for further development of functional medical and cosmetological textile products.
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1. Introduction

The development of functional textile materials for medical,
therapeutic, and cosmetological applications is an important
direction of modern textile engineering. Knitted materials are
particularly suitable for such applications because their looped
structure provides high extensibility, flexibility, conformabil-
ity, and the ability to adapt to complex body contours. These
characteristics are especially important for products designed
for the human face, where the material must closely follow

anatomical contours while maintaining comfortable contact
with the skin [1-5].

Cosmetological compression masks represent a specialized
type of functional textile product. Such products can be de-
signed for use during postoperative rehabilitation and for var-
ious cosmetological procedures in which controlled mechani-
cal support and fixation of facial tissues are required. In addi-
tion to compression performance, the textile material should
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provide sufficient air exchange and moisture management be-
cause prolonged contact between the product and the skin can
affect physiological comfort.

The functional performance of a knitted mask is determined
by a combination of structural and technological parameters.
Surface density and thickness characterize the material's mass
and geometric structure, while air permeability and moisture
absorption are important indicators of hygienic and physiolog-
ical properties. VVolumetric density, in turn, provides addi-
tional information about the compactness of the knitted struc-
ture [5-10].

The relationship between these characteristics is complex.
Increasing the compactness of a knitted structure can increase
surface and volumetric density while simultaneously reducing
the amount of air passing through the material. Conversely, a
more open structure can improve air permeability but may
have lower surface density and mechanical stability. There-
fore, the selection of a knitted fabric for cosmetological com-
pression applications requires consideration of several prop-
erties simultaneously rather than relying on a single indicator.
[11-15].

The objective of the present study was to comparatively
evaluate six variants of knitted fabrics intended for cosmeto-
logical compression mask products and to identify the differ-
ences in their principal technological and hygienic character-
istics.

2. Materials and Methods

Six variants of knitted fabric intended for cosmetological
mask products were investigated. The samples were evaluated
using five principal indicators:

1) surface density, g/m?;

2) thickness, mm;

3) air permeability, cm?/(cm?-s);

4) moisture absorption,%;

5) volumetric density, mg/cm?®.

These indicators were selected because they provide com-
plementary information concerning the mass, geometric struc-
ture, permeability, moisture interaction, and compactness of
the knitted material.

Surface density is an important technological characteristic
because it reflects the mass of fabric per unit area. For a cos-
metological compression mask, surface density is associated
with the amount of textile material used in the product and can
also influence its handling, drape, and structural stability.

Thickness characterizes the distance between the two sur-
faces of the textile material. In facial compression products,
thickness can affect the ability of the material to conform to
facial contours and may influence thermal and tactile comfort.

Air permeability characterizes the ability of air to pass
through the knitted structure. This property is particularly im-
portant for products that remain in direct contact with the skin
for extended periods. Adequate air exchange can contribute to
improved physiological comfort.

Moisture absorption characterizes the ability of the textile
material to interact with and retain moisture. For cosmetolog-
ical mask products, this parameter is important because per-
spiration and moisture accumulation can influence the sensa-
tion of comfort during use.

Volumetric density is associated with the compactness of
the textile structure and is related to the relationship between
mass and thickness. Together with surface density and thick-
ness, this parameter provides a more complete characteriza-
tion of the spatial structure of the knitted material.

3. Experimental Results

The experimental results for all six variants are presented in
Table 1.

Table 1. Technological and hygienic characteristics of knitted fabric for cosmetological mask products.

Indicator Unit Variant 1 Variant 2 Variant 3 Variant 4 Variant 5 Variant 6
Surface density g/m? 451.6 430.9 392.5 661.8 661.3 379.5
Thickness mm 2.2 1.8 1.25 1.6 1.65 1.2

Air permeability cm?/(cm?-s) 48.3 65.4 26.5 17.43 31.4 61.9
Moisture absorption % 7.21 5.9 6.4 11.8 11.3 9.63
Volumetric density mg/cm? 205.2 239.3 314 413.6 400.7 316.2

The results demonstrate substantial variation in all investi-
gated properties. Such differences indicate that the structural
characteristics of the knitted materials have a pronounced ef-
fect on their functional performance.

3.1. Surface Density

The surface density of the investigated fabrics ranged from
379.5 to 661.8 g/m2. The minimum value was recorded for
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Variant 6, at 379.5 g/m?, whereas the maximum value was ob-
served for Variant 4, at 661.8 g/m?. Variant 5 had a very sim-
ilar value of 661.3 g/m?.
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Figure 1. Surface density diagram of cosmetological compression
masks.

The difference between the minimum and maximum sur-
face density is considerable. The maximum value is approxi-
mately 74% higher than the minimum value. This indicates
that the variants differ substantially in the amount of textile
material contained in a unit area.

Variants 4 and 5 are characterized by the highest surface
density. Such materials have a greater mass per unit area and
consequently a more material-intensive structure. This char-
acteristic may be associated with increased structural com-
pactness and mechanical stability; however, a higher surface
density should be considered together with permeability and
thickness when selecting a material for facial applications.

Variant 6, in contrast, combines the lowest surface density
with relatively high air permeability and the lowest thickness
among the investigated samples. This combination indicates a
comparatively less massive and more permeable structure.

3.2. Thickness

The thickness values varied from 1.20 to 2.20 mm. The
greatest thickness was observed in Variant 1, with a value of
2.20 mm, while the smallest value was recorded for Variant 6,
at 1.20 mm.

Variants 2 and 4 had thickness values of 1.80 and 1.60 mm,
respectively, whereas Variants 3 and 5 demonstrated values of
1.25 and 1.65 mm.

The differences in thickness are important for cosmetolog-
ical mask applications because a thinner textile may conform
more easily to facial contours and may be perceived as less
bulky. However, thickness cannot be evaluated independently
of the other characteristics.
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Figure 2. Thickness diagram of cosmetological compression masks.

For example, Variant 1 has the greatest thickness but only
an intermediate surface density, whereas Variant 4 has a sub-
stantially greater surface density but a lower thickness.

This observation demonstrates that surface density and
thickness are controlled not only by the total amount of mate-
rial but also by the spatial arrangement and compactness of
the knitted structure.

3.3. Air Permeability

Air permeability demonstrated particularly significant var-
iation among the samples. Values ranged from 17.43 to 65.4
cm®/(cm? s).

The highest air permeability was obtained for Variant 2, at
65.4 cm®/(cm? s), followed closely by Variant 6, at 61.9
cm®/(cm? s). Variant 1 showed a value of 48.3 cm®/(cm? s),
while Variant 3 had 26.5 cm®/(cm? s).

The lowest air permeability was recorded for Variant 4, at
17.43 cm®/(cm? s). Variant 5 also demonstrated relatively low
permeability, at 31.4 cm3/(cm? s).

The results suggest an association between structural com-
pactness and air permeability. Variants 4 and 5, which have
the highest surface densities and volumetric densities, demon-
strate comparatively low air permeability. In contrast, Vari-
ants 2 and 6 have relatively high air permeability.

For cosmetological mask products, air permeability is an
important physiological characteristic because the product is
intended to remain in direct contact with facial skin. Higher
air permeability may facilitate air exchange through the textile
and contribute to improved wearing comfort.

4. Discussion

The comparative analysis demonstrates that the six knitted
fabric variants possess distinctly different combinations of
technological and hygienic properties. This is important for
the development of cosmetological compression masks be-
cause the required material characteristics depend on the in-
tended function of the product.

A cosmetological compression mask should provide suffi-
cient structural stability while maintaining flexibility and

74


http://www.sciencepg.com/journal/ajma

American Journal of Mechanics and Applications

http://www.sciencepg.com/journal/ajma

physiological comfort. High surface density and volumetric
density may contribute to a compact textile structure, but ex-
cessive compactness can be accompanied by reduced air per-
meability. This relationship is clearly demonstrated by Vari-
ants 4 and 5, which have the highest surface densities and rel-
atively low air permeability.

Conversely, Variants 2 and 6 demonstrate substantially
higher air permeability. Variant 2 has the highest air permea-
bility of all samples, while Variant 6 combines high air per-

meability with the lowest thickness and lowest surface density.

From a technological perspective, these results indicate that
the structure of the knitted fabric can be used to regulate the
balance between material consumption, thickness, compact-
ness, and permeability. This is particularly relevant when de-

signing products that must combine compression with comfort.

The results also demonstrate that no single indicator can
fully characterize the suitability of a knitted fabric for cos-
metological applications. For example, a high surface density
may indicate increased material consumption, but it does not
automatically imply improved functional performance. Simi-
larly, high air permeability is beneficial for physiological
comfort but should be considered alongside mechanical and
dimensional requirements.

Therefore, the selection of a rational knitted structure
should be based on a comprehensive evaluation of surface
density, thickness, air permeability, moisture absorption, vol-
umetric density, and, in further studies, elastic and compres-
sion properties.

5. Conclusions

The experimental investigation of six knitted fabric variants
intended for cosmetological compression masks led to the fol-
lowing conclusions:

1) Significant differences were established in the techno-
logical and hygienic characteristics of the investigated
knitted fabrics.

2) Surface density ranged from 379.5 to 661.8 g/m?, with
the highest values recorded for Variants 4 and 5 and the
lowest value for Variant 6.

3) Fabric thickness varied from 1.20 to 2.20 mm. Variant 1
had the greatest thickness, while Variant 6 had the small-
est.

4) Air permeability ranged from 17.43 to 65.4 cm?/(cm?-s).
The highest value was obtained for Variant 2, whereas
the lowest value was observed for Variant 4.

5) Moisture absorption ranged from 5.9 to 11.8%, with the
maximum value recorded for Variant 4.

6) Volumetric density varied between 205.2 and 413.6
mg/cm?®. The highest value was observed for Variant 4
and the lowest for Variant 1.

7) The samples with higher surface and volumetric density
generally demonstrated lower air permeability, indicat-
ing a relationship between structural compactness and
air exchange.

8) Variant 6 demonstrated a combination of relatively low
surface density (379.5 g/m?), low thickness (1.20 mm),
high air permeability (61.9 cm?/(cm?-s)), and compara-
tively high moisture absorption (9.63%). This combina-
tion identifies it as a useful subject for further investiga-
tion of lightweight and breathable cosmetological mask
materials, while final selection should also consider
compression, elasticity, recovery, and skin-contact per-
formance.

The obtained results demonstrate the potential for regulat-
ing the functional characteristics of knitted materials through
structural design. Further research should focus on the rela-
tionship between these technological parameters and the com-
pression pressure, elastic recovery, dimensional stability, and
repeated deformation resistance of finished cosmetological
mask products.
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