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Abstract

This study aims to examine the patterns and fit of cold protection masks sold in the South Korean market. Using
three-dimension analysis, we also assessed the skin changes in the face and adherence using different vowel pronunciations,
in order to obtain basic data to develop optimal cold protection masks. Typical mask shapes available in the market
were classified into three types. The flat masks without sewing lines had rectangular shapes that were not suitable
for the facial shape, and caused pressure in the respiratory areas. The dart masks with darts had the largest inner
area and cubic effect around the nose and the jaw. The cutting line masks had sewing lines in the border between
the face and the jaw, allowing for respiratory space in the nose, and had a relatively superior fit. According to the
findings on face vertical length changes for different vowel pronunciations, there was a noticeable change in the vertical
length after pronouncing “A (Korean vowels)”, as compared to the other vowels. After drawing the contour lines of
the mask under conditions for both no pronunciation and pronouncing “A” in three-dimensional facial shapes, we modeled
the drawing and patterned the results in two dimension. The dart amount increased in the jaw and cheek area when
pronouncing “A”. Additionally, the mask area in the face increased, and the area of the jaw decreased. Compared

to the existing products, the key feature of the two-dimensional pattern was that the darts were evenly distributed
in the nose, jaw, and cheek areas.
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[Figure 2] Winter facemask products

(Table 1) Measurement items of facemask patterns

Patterns

Measurement items

(a)

I (b) 1

(a) Face vertical length

(b) Lower jaw width

() Nasal dart length

(d) Nasal dart

(e) Jaw dart

63) Facial side position

(2) Lower jawbone position
* Pattern area
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(Table 2) Size specification of subjects and 2010 Size Korea

(Unit:cm)
Measurement items Subjects 2010 Size Korea

1 2 3 4 M M (SD)
Head circumference 57.8 56.0 54.5 53.3 55.4 55.3 (1.5)
Bitragion arc 36.5 35.5 35.0 35.7 35.7 349 (3.8)
Sagittal arc of head 34.0 31.0 28.8 29.2 30.8 28.1 (3.5)
Head height 23.8 21.5 20.8 18.3 21.1 213 2.7
Head length 19.0 18.0 17.3 17.0 17.8 17.3 (1.9)
Head breadth 15.3 15.7 15.6 15.7 15.6 14.8 (1.6)
Tragus to tragus breadth 14.3 15.6 15.4 153 15.2 13.8 (1.5)
Nose breadth 32 3.6 3.4 33 3.4 3.6 (0.3)
Nose height 1.9 1.8 1.5 1.1 1.6 11.8 (2.2)
Under nose jaw tip height 7.3 6.3 6.0 6.4 6.5 6.0 0.7)
Sellion_apex of nose height 3.2 4.5 4.6 3.6 4.0 3.5 (0.6)
Sellion_apex of nose length 4.1 4.4 4.7 3.8 43 4.0 (0.6)
Face length 11.6 11.1 11.2 10.4 11.1 10.5 (1.3)
Lip breadth 4.6 3.9 4.6 4.4 4.4 4.5 (0.5)

merge

Left view Front view Right view

[Figure 2] Merge method of 3D face data
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= Vertical angle : ZABC
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C:Menton D;: Cheek(R} Dy: Cheek{L}
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77t dxf T2 export A7 F
2C-AN(Patent 10-0767278-0000, Jeong et al, 2005; Kim
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‘UJ* prommciation T prommciation

F: Lower lip point
Gy Lips end points(L)

=¥Vertical length : E~F
= Horizontal length : G;~Gg

(b)

E: Upper lip point
G, Lips end points(R)

[Figure 3] Measurement items
(a) length and angle of face (b) length of lip end points

"

[Figure 4] 3D modeling process for patterns
(‘A’ pronunciation)
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(Table 3) Result of pattern measurement by product in market

Patterns
Flat mask Cutting line mask
(0 : o nT
11
— (ﬂ/ﬁa
Facial part @ Facial part i Facial part (@
Jaw (g)
(9) 1 )
_ o U Jaw part
Complete line (h)
C-F
H
9)]
) Flat mask Dart mask Cutting line mask
Measurement items
(Product A) (Product B) (Product C)
(a) Face vertical length 11.5cm 13.5cm 12.0cm
(b) Lower jaw width 8.5cm 12.0cm 11.0cm
(©) Nasal dart length . 6.8cm .
(d) Nasal dart . 1.6cm 1.6cm
(e) Jaw  dart . 2.5cm
) Facial  side position . 3.3cm 3.2cm
(2 Lower jawbone position : 2.3cm 4.3cm
(h) Jaw  height : : 6.4cm
@) Space  of the face-jaw : : 5.0cm
) Jaw  depth . . 1.2cm
(k) Cutting  line dart . : 9.3cm
. Pattern Facial part 97.8mm’ 116.2mm’ 95.1mm’
area Jaw part . : 40.9mm’

* (hy~(k) : only measurement on cutting line mask(product C)
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(Table 4) Result of wearing test facemask by product in market

qhule] FARgl wFro] WAEo] S| fold

UARE & Fate] WojA|ar Qlo] HeAds Ashi

Product Product Product
Items A B C F P
M(SD) M(SD) M(SD)
1. Is the size appropriate? 4.5(.6) 6.0(.0) 6.0(1.4) 3.857 .062
2. Is the protected area (wearable area) 5.008) 58(5) 65(1.0) 3500 074
appropriate?
3. Is it fitting well? 5.0(1.2) 5.0(1.4) 6.3(1.5) 1.119 .368
Expression ; :
dess face gl(smg;e wearing - sensation of nose 35100 5002° 58(5)" 6097 021
(1-8 items)
5. Is the cover of jaw area appropriate? 3.52.4) 43(2.1) 6.5(1.0) 2.679 122
Pronunciation
face 6. Is the breathing easy? 2.8(1.5)* 3.8(1.7)* 6.8(.5° 9.600 .006%*
(9 items)
7. Is the appearance  good? 3.5(.6)* 43(1.0)* 6.5(.6)" 18.474 .001+*
8. Is the whole wearing sensation A AB B "
comfortable? 3.0(1.4) 4.8(1.3) 6.3(1.5) 5.443 028
9. Is it fitting well during pronunciation? 3.0(.8)* 3.0(1.6)* 6.5(.6)" 13.364 002%*

Duncan test A<B. *p<0.05, **p<0.01
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<Dart mask>

<Flat rmask>

Front
View

<Cutting line mask>

<Cormbine line>

Side = Flat mask
View
——— Dart mask
Cutting line mask
[Figure 5] Protected area outline of facemask by product in market
{Flat mask> {Dart mask> {Cutting line mask>
Front
View
Side
View
Ormnrmn b= [
[Figure 6] Mesh deviation between face and facemask by product in market
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(Table 5) Result of length and angle of face and length of lips end points

Face length(cm) Face angle Lips length(cm)
Pronunciation
Vertical Horizontal Vertical Horizontal Vertical Horizontal
Expressionless face 13.2 16.2 145.3° 116.3° 1.8 5.0
A 17.5 164 133.6° 115.6° 5.0 44
U 14.1 15.8 141.6° 116.2° 29 4.5
‘T 132 16.2 140.8° 119.8° 24 53

{Guideline spacing: lcm>

Front
View

Side
View

[Figure 7] 3D modeling in accordance with the guideline spacing

{Patterns of Expressionless face>
SN @ B

B =

{Patterns of ‘A’ pronunciation>

{Quideline spacing: 2cm>

{Guideline spacing: 3cm>

-C

[Figure 8] Obtaining 2D pattern from 3D scan data using 2C-AN and Yuka CAD
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(Table 6) Result of 3D patterns

Expressionless face

‘A’ pronunciation

(b)

\ﬂjI:

{

(b)

Facial part

Jaw part

)

ih)‘

(m)

Facial part

()

Measurement items

Expressionless face

‘A’ pronunciation

(@ Face vertical length(cm) 10.1 132
(b) Lower jaw width(cm) 11.1 114
©) Nasal dart length(cm) 6.2 4.0
(d Nasal dart(cm) 1.4 1.5
(e) Jaw dart(cm) 14 2.6
® Facial side position(cm) 2.6 3.5
(2 Lower jawbone position(cm)
(h) Jaw height(cm) 33 3.5
@) Space of the face-jaw(cm)
) Jaw depth(cm) 9.7 8.7
&) Cutting line dart(cm) 35 2.1
()] Cheek dart(cm) 0.8 L5
(m) Cheek dart length(cm) 2.2 4.2
Facial part (mn) 91.2 1235
* Pattern area 5
Jaw part (mm”) 22.3 15.5
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