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A Study on Improving the Functionality and Wearing Comfort of
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Abstract

Wearing a mask during outdoor exercise can protect skin from the sun. The purpose of this study was to evaluate
physiological responses and subjective sensation of functional face mask with different designs. Three different types
of masks were knitted in three-dimensional tubular masks(M1), flat tubular mask(M2). and ear-strap mask(M3) with
cotton/chitosan yarn and evaluated by four healthy female subjects. Skin temperature, eardrum temperature, blood pressure,
heart rate, thermal perception, perception of humid,, and comfort perception were obtained. Results are as follows.

Skin temperature in the face area was lower in M1 than in M2 and M3. Skin humidity in the face and neck area
was the lowest in M3 and the highest in M2. Wearing a mask during exercise affected subjective sensations. Three-dimen
sional tubular masks have been rated as cooler, less humid, and more comfortable to breathe and wear than flat tubular
masks and earstrap masks.
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Material chitosan fiber 3%/ cotton 97% KS K 0210-2
Yarn count 30's/4 KS K 0414
Structure plain -
Fabric density (walexcourse) 12x13 KS K 0511
TP.L 11.2 KS K 0417
Weight(g/piece) 23.28 KS K 0516
Thickness(mm) 1.8 KS K 0506
Abrasion(number) over 20,000 KS K 0604
Tear strength(kPa) 1,139.2 KS K 0351
Air permeability(cm’®/min/cm?) 5,870.4 KS K 0570
Water absorption rate(%) 2325 AATCC21-1983
UV protection rate(%) 91 KS K 0850
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Arens®}Zhang(2006)0]] oJ3hH %5 Al B2 &-2]o|A

A
F-value
RE-0 EX-1 RE-1 EX-2 RE-2
M1 33.0 34.1(0.89)a 34.7(1.03) 35.1(0.95) 35.0(1.34)
M2 33.1 34.4(0.94)ab 35.0(1.36) 35.4(1.27) 35.2(1.20)
Tcheek(oc) 5.19%*
M3 33.1 34.6(0.82)b 35.1(1.02) 35.4(0.91) 35.2(1.21)
4.14%* 1.09 1.54 0.11
M1 34.2 34.5(0.20)b 34.5(0.26)a 34.7(0.30)a 34.5(0.91)a
M2 343 35.2(0.27)c 35.2(0.10)b 35.3(0.37)b 35.3(0.66)b
Tenin(C) 194.46%%*
M3 34.0 34.3(0.49)a 34.7(0.50)a 34.7(0.29)a 34.5(0.82)a
177.98%** 42.19%** 83.56%** 5.79%*
Ml 33.9 33.8(0.23)b 33.5(0.35)a 33.8(0.20)b 33.7(0.56)a
M2 34.7 34.9(0.15)c 34.9(0.17)b 34.9(0.17)c 35.1(0.44)b
Theek(C) 866.22%**
M3 34.0 33.6(0.24)a 33.7(0.36)a 33.6(0.36)a 33.6(0.71)a
649.01 *** 118.92%%** 445 44%** 33.82%**
M1 33.1 33.2(0.51)a 33.9(0.15)a 33.7(0.27)a 34.0(0.83)a
M2 334 34.3(0.38)b 34.8(0.43)c 34.6(0.35)b 34.8(0.53)b
Those(C) 198.19%**
M3 33.7 34.2(0.43)b 34.6(0.16)b 34.5(0.19)b 34.5(0.72)b
112.74%** 53.55%** 172.98%** 5.86%*

* p<.05, ** p<.01, ***p<.001 indicates significant effect with ANOVA.

* a<b<c by Duncan's test
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(E 5) IR TREE

A
F-value
RE-0 EX-1 RE-1 EX-2 RE-2
M1 18.2(0.0) 34.1(7.1)a 19.5(5.9) 34.2(7.3)b 18.2(0.0)
M2 18.2(0.0) 41.5(6.2)b 18.4(0.5) 52.2(6.7)c 18.2(0.0)
Hcheek(%) 1 64 80 *k ok
M3 18.2(0.0) 33.7(4.5)a 18.2(0.0) 31.0(0.2)a 18.2(0.0)
0.00 250.22%** 0.84 348.55%** 0.00
M1 18.2(0.0) 34.1(6.5)ab 19.1(5.9) 33.5(4.8)a 18.2(0.0)
M2 18.2(0.0) 34.5(5.9)b 18.4(0.8) 35.3(5.6)b 18.2(0.0)
Hchin(%) 228
M3 18.2(0.0) 32.4(4.8)a 18.2(0.0) 33.3(6.1)a 18.2(0.0)
0.00 2.95 0.79 3.71% 0.00
M1 18.2(0.0) 29.2(5.0)b 18.7(2.5) 27.3(3.6)b 18.2(0.0)
M2 18.2(0.0) 32.0(7.1)c 18.2(0.0) 34.0(7.4)c 18.2(0.0)
Hneck(%) 8384***
M3 18.2(0.0) 22.9(3.8)a 18.2(0.0) 21.9(3.8)a 18.2(0.0)
0.00 96.10%** 0.95 245.04%%%* 0.00
M1 18.2(0.0) 31.8(5.9)a 18.9(3.4) 37.5(10.9)a 18.2(0.0)
M2 18.2(0.0) 38.2(5.5)b 19.0(3.6) 38.6(5.2)a 18.2(0.0)
Hiose(%0) 14.83%*
M3 18.2(0.0) 45.4(10.2)c 18.2(0.0) 43.4(11.2)b 18.2(0.0)
0.00 02,78 *** 0.51 13.45%** 0.00
* p<.05, ** p<01, ***p<.001 indicates significant effect with ANOVA * a<b<c by Duncan's test
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(¥ 6) OlA3 REH M2
Al
P-value
RE-0 EX-1 RE-1 EX-2 RE-2
Ml 35.6 35.8(0.25) 35.8(0.14) 36.0(0.16) 36.0(0.42)
Ea(rfér;lm M2 35.6 36.0(0.27) 35.9(0.42) 36.1(0.30) 36.0(0.63) N.S
M3 35.6 35.6(0.32) 35.6(0.21) 35.7(0.18) 35.8(0.42)

* p<.05, ** p<.01, ***p<.001

indicates significant effect with ANOVA.

* a<b<c by Duncan's test
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7vet A& ouEt 1, 23 25710l Mlo] M29} M31.

A
F-value
RE-0 EX-1 RE-1 EX-2 RE-2
Ml 4.00 5.2a 4.0a 5.0a 4.5a
B M2 5.00 5.8a 5.0a 6.7¢c 5.5a
A7 13.86%**
M3 5.00 5.8a 5.0a 6.0b 5.5a
0.50 2.96 0.10 19.00%** 1.33
M1 4.50 4.7a 4.0a 4.0a 4.0a
M2 4.00 5.7b 4.5a 5.3ab 5.5a
Fazt 6.58*
M3 4.00 5.7b 5.0a 6.0b 5.5a
1.00 5.00%* 0.60 3.97* 1.50
Ml 5.00 6.0b 6.0a 6.3b 6.0b
e M2 3.50 2.8a 4.0a 2.5a 3.5a
35 79.67%**
M3 3.50 2.3a 3.5a 2.2a 2.5a
4.50 22.01%%** 4.20 85.14%** 6.50*
M1 4.50 5.3b 4.5a 4.8b 5.0a
B M2 4.50 3.8a 4.0a 3.8a 3.5a
M3 4.50 4.7ab 4.0a 3.7a 3.5a
0.00 6.77** 1.00 11.94%%* 4.50
M1 4.50 5.3a 5.0a 4.8a 5.0a
_ M2 5.00 5.2a 5.0a 5.0a 5.0a
=7} 2.66
M3 5.00 4.5a 4.5a 43a 4.0a
1.00 1.50 0.11 0.67 0.50
M1 4.50 4.0a 4.5a 4.0a 4.0a
M2 4.00 4.0a 4.0a 4.0a 4.0a
JEZ}F 3.18
M3 4.00 3.8a 4.0a 3.8a 4.0a
1.00 1.00 1.00 1.00 0.00
M1 4.50 4.7b 4.5a 5.0b 5.5a
M2 4.00 2.5a 3.5a 2.2a 3.0a
I =zF 45.37%%%
M3 4.00 2.8a 3.5a 2.2a 2.5a
0.60 12.67%* 1.33 144.50*** 5.16

* p<.05, ** p<.0l,

***p<.001 indicates significant effect with ANOVA

* a<b<c by Duncan's test
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