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ABSTRACT

Objectives: Currently, masks against yellow dust and fine particulates are being certified with no consideration of facial
dimensional variations among children and adults. The aims of this study were to develop masks against yellow dust and fine
particulates for children in Korea and provide basic data to suggest new test methods for mask certification that consider the
breathing capacity of children.

Methods: A total of 730 study participants aged from six to 13 years old were recruited in the Seoul, Gyeonggi, and Incheon
region. This study used a 3D scanning instrument to obtain 16 facial anthropometric data points. Literature reviews, a comparison
of breathing capacity between adults and children, and analysis of children’s pulmonary physiological data were conducted in
order to suggest new test standards for certifying children’s masks against yellow dust and fine particulates. In addition, types of
children’s masks, choice of wearing a mask or not, and reasons for not wearing masks were surveyed.

Results: Based on a clustering analysis of participants’ facial dimensions, facial shapes were classified into three groups: small,
medium, and large. The sizes of children’s masks were subtracted by using 3D sketch techniques(Large: 121.25 mm x 89.46 mm,
Medium: 111.92 mm x 78.55 mm, Small: 102.13 mm x 72.87 mm). In certifying children’s mask, flow rates of 60 ¢/m for the
filtering efficiency test and 20 ¢/m for the breathing resistance test were recommended, since children’s pulmonary physiological
capacity is about 60-70% of adults’ pulmonary capacity.

Conclusions: The results of this study suggest that three mask sizes for children would be sufficient and practical for providing
protection against yellow dust and fine particulates. Revising current test methods for certifying respiratory protective devices for
children is important, since children’s pulmonary physiological capacity substantially differs from that of adults. Therefore, it is
recommended that new test standards for certifying children’s masks be promulgated in the near future.

Key words: anthropometric, 3D, child masks, facial dimension, physiological data
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Figure 2. Placing land marks on the subject’s face (left) and the

scanned image (right)
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Figure 3. 3D Modeling processes showing merging and registration
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Table 1. List of 3D facial anthropometry
Name Measurements Number(in Fig4)
Face length n-gn 1
Length Nose length n-prn 2
Subnasale-chin length sn-gn 3
Face width t-t 4
Nose width al-al 5
Width Lip width ch-ch 6
Gonion width £0-g0 7
Face curvature width t-t curvature 8
A Bitragion - pronasale arc t-pro-t 9
e Bitragion - subnasale arc t-sn-t 10
Nose protrusion angle n-prn-ac 11
Alare - nasal root angle al-n-al 12
Gonion - subnasale angle £0-Sn-go 13
Gonion - nose root angle £0-n-go 14
Nose root - pronasale - gonion angle n-prn-gn 15
http://www.kiha.kr/
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Figure 5. Extraction of 3D anthropometry data using the Software
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Table 2. General characteristics of the study subjects (N=730)
Classification N (%)
Boy 391(53.06%)
Sex .
Girl 339(46.04%)
6 53(07.03%)
7 55(07.05%)
8 79(10.08%)
9 100(13.07%)
Age
10 122(16.07%)
11 87(11.09%)
12 111(15.02%)
13 123(16.08%)
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" N : Number of subjects
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Table 3. Results of the survey on the use of masks
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73078 9] 3D scanning dataE modelingdt & 3D=
AL AXE= FA oA landmarke] F2 = o] (=
AA7E 53 O] datat= BA oA A QA FATE

Classification N(%)
Male 327 (51.7)
1. Gender
Female 306 (48.3)
6 41 (6.5)
7 36 (5.7)
8 61 (9.6)
9 97 (15.3)
2. Age
10 107 (16.9)
11 76 (12.1)
12 90 (14.2)
13 125 (19.7)
3. Protection against yellow dust & fine Use Masks 427 (67.5)
particulate matter Don’t use at all 206 (32.5)
For PM 166 (38.8)
For Children 185 (43.4)
3-1. Types of Mask Use
For Cold 46 (10.8)
others 30 (7.0)
Less than 1 month 291 (68.2)
3-2. Length of mask wear 1 to 2 months 95 (22.2)
More than 3 months 41 (9.6)
. yes 240 (56.2)
4. Use of Disposable mask
no 187 (43.8)
Use as long as no change in size 60 (32.1)
Once for Less than 1 year 102 (54.5)
4-1. Frequency of mask change
Once for 1 to 2 yrs 17 (9.1)
Use more than 2 yrs 8 (4.3)
inconvenient after wearing 118 (57.3)
. Questionable for effectiveness of mask 15 (7.3)
5. Reasons for not wearing masks . ) ]
difficulty in breathing 32 (15.5)
others 41 (19.9)
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o] w2 correlation analysis 2 #}2} independent
t-test AI=, 107] oA f-23 Zo](p<0.05)E

Table 4. Correlation analysis of facial dimension and age

Oﬂhfﬂ o] 5 A|2gt ofefjElAto] L H](gonion width),
o) I8 7 (alare - nasal root angle), 57}
E(nose protrusion angle) &-E-of| A FRlo]# o7} o=}
ojgdo]® ) 048, 0.18, 0.38 Eﬂ 74_1"1 ol e Z YA Z =
(gonion - subnasale angle), = o}g| 8 Z = (gonion
- nose root angle) &2 012]-01310]7} 0.93, 0.99 E]
AR qk O}EH B A}o] 1A H](gonion width)+= p= 0.571,
o] I8 7 = (alare - nasal root angle)= p= 0.613,
FE=7 E(nose protrusion angle)+= p= 0.347, o}=€l

Pearson

Classification Mean Std. Deviation . Sig (2-tailed) N
Correlation

Face length 95.35 6.97 .564 0.000* 730

Length Nose length 33.58 3.34 578 0.000* 730

Subnasale-chin length 55.96 4.83 377 0.000* 727

Face width 124.14 8.13 .182 0.000* 727

Nose width 33.01 2.67 443 0.000* 728

Width Lip width 38.30 4.01 449 0.000* 729

Gonion width 90.54 11.33 -390 0.000* 728

Face curvature width 157.72 14.31 .109 0.003* 721

Arc Bitragion - subnasale arc 159.48 114.38 .054 0.145 721

Bitragion - pronasale arc 162.87 13.73 .087 0.020* 720

Nose protrusion angle 86.42 5.49 -.180 0.000%* 730

Alare - nasal root angle 52.88 4.68 -.059 0.112 729

Angle Gonion - nose root angle 55.53 7.50 -.651 0.000* 729

Nose root - pronasale- gonion angle 136.76 5.19 -.047 0.208 728

Gonion - subnasale angle 83.63 8.17 -.586 0.000* 730

* significant at a=0.05 level (2-tailed)
Table 5. Results of correlation analysis and independent t-test on facial dimension by gender

Classification Boy Mean(SD) Girl Mean(SD) C(I:frzrlsa(t)ir:m p-value
Face length 96.45(7.07) 94.08(6.64) -177 0.000*
Length Nose length 33.82(3.34) 33.30(3.33) -.077 0.038*
Subnasale-chin length 56.71(4.93) 55.09(4.58) -.166 0.000*
Face width 124.75(8.33) 123.43(7.85) -.081 0.029*
Nose width 33.26(2.67) 32.71(2.64) -.101 0.006*
Width Lip width 38.70(4.12) 37.83(3.82) -.109 0.003*
Gonion width 90.76(11.41) 90.28(11.24) -.021 0.571
Face curvature width 158.95(15.10) 156.33(13.25) -.091 0.014*
Arc Bitragion - subnasale arc 160.49(14.30) 158.33(14.42) -.075 0.044*
Bitragion - pronasale arc 163.94(14.29) 161.64(12.98) -.084 0.025*

Nose protrusion angle 86.60(5.43) 86.22(5.56) -.035 0.347

Alare - nasal root angle 52.96(4.35) 52.78(5.04) -.019 0.613

Angle Gonion - nose root angle 55.07(7.16) 56.06(7.85) .066 0.075
Nose root - pronasale- gonion angle 136.22(5.35) 135.22(4.94) -.097 0.009*

Gonion - subnasale angle 83.20(8.01) 84.13(8.32) .057 0.124

* significant at a=0.05
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Figure 6. Distribution of facial size and facial length by age

W ZF = (gonion - subnasale angle)= p= 0.124, ZH
o}2l| & Z} = (gonion - nose root angle)+= p=0.075%2
Ho] FAHCR o7t Zo) 7k {ISUTHTable 5).
of &2 74 A Ay Ao wEt A= Ao
= v TAACE {3 AHd(p<0.05)°]
Holsh F7htel wet 21 21719} Aol 574}
S 2 5= 99Uk Figure 63} 7o) AdF7o]9]
o7 Z7katl et 1 ol Z7ksteel.

Ao R
N =
3

<

3.3%13 53 Azl 222 2N
ojlo] 7307 IR 32k 54 A=E cluster

w
O
1
M
£
+
a
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Figure 8. Plot of facial dimensions of three clusters
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analysis® HA8}gich 4, QhHE F7] H=o] o "2 7} (alare - nasal root angle), o} €l AU A7t
A2 AASY]) 95te] chAA ZREAH | 7|\t (gonion - subnasale angle), ZH 2] o} ¥l Z = (gonion -
A% F72E A (hierarchical clustering)2 A5}, nose root angle), I-&=2FE(nose protrusion angle), 5
ward%] 2 W e 5788 EZ e (nose root - pronasale - gonion angle)

= MRS dERTYS Foke] A #
47t AAE QA ckFigure 7). AFA7] ¥ #
gto] AFHEEE AL ol & HATH &

X(k-means clustering)2 AA|5lo] 2E2 o7 S
H 182 37122 FLEE Q) Figure 8 A=
9} dZu|E o] 83t 3714 clustere] 33 J
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Table 6. Results of facial dimensions by cluster

S AEolAe A Uk

cluster analysisol| 4] 7] & EHF7} ¥R &2 57)
=3} correlation analysis(Table 4. 5)of| A} §-2]at 2}
o7} ™ 77 &= A& T4 o|(bitragion -
subnasale arc), T 2] Y7 = (alare - nasal root

angle), F¥2] L€ L7 =(nose root - pronasale - gonion

Cluster

Classification =5 2 (=299) 3 (n=324) F Sig.

Face length 101.31 91.99 96.71 96.686 .000*

Nose length 35.82 32.60 33.84 38.856 .000*

Subnasale-chin length 59.58 53.74 56.87 81.726 .000*

Face width 135.30 117.69 126.79 451.394 .000*

Nose width 34.71 32.16 33.26 39.651 .000*

Lip width 40.62 36.71 39.02 51.069 .000*

Face curvature width 183.19 145.80 161.26 987.732 .000*

Bitragion - pronasale arc 186.75 151.33 166.46 937.702 .000*

* Significant at a=0.01 for ANOVA, F test
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=& 1H]), bitragion - pronasale arc(HT+EIZEEZ
o)), face width(F=1H)+= |28 72 W&
SoI3 Aol = AW aFA. ol2} Zo| EHH 2

2H 1, 2, 39 o]glo] dF Fe= HH|et do]
oM o, F & A7|2 FREIL BEFE iF ok

F= d=40] 101.31 mm, =1 4] 135.30 mmo| 3}
o, T dHF= d=Zo] 96.71 mm, D= H]
126.79 mm$ 1L, 22 QPR A= Zo]= 91.99 mm

dZdd]= 117.69 mmo] it
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A= (Figure 9. 10)& W=t o] HEL= o]0 A]
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Figure 9. Representative facial shape of each cluster

http://www.kiha.kr

O.0. .0.860a \AGCE

vow

Figure 10. Representative 3D facial shapes extracted from of the
clusters
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]
H HiEde ol Figure 113 o] 3204 AAIA =
UAIE WEQITh vhAa A7) 33H ofu] R[]

A2 Aol 27k F2E9leh. Figure 129} 2o 3714
nfaz ojmlXe sk Z7)E HE mhAI 12125
mm x 89.46 mmo| o, & nlA 111.92 mm x
78.55 mmo|¢lil, A% ufATE 102.13 mm x 72.87
mm Table 7)0]¢lom, 6-84] ojFo]&o 2= 47,
9-114] ofglol ot 53, 124] o|F oflolgo
2 o)y vpaa @717t 242 Agshech
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BARAE Foto] Tt Arel ofdlo] BEY
A5 (Figure 14)2 AR A3, Qo] st A% o
Y RIQ0I3O A 7} 5 8 ofglo] TS Aoln
o v £ BEee] 70% A, WAGHPHS o
70%(Table 8) AThi slgon, QJBo] nfaz 27}
ARTFA 5% 85 £/ 70% 57291 60 £/mo] %
o= AFHe Aeo] ojglolg npad Al A

121.25 111.92 102.13
' ' ' alchar s}l chHiroki et al., 2016).
B | T S 73 A A3t A 2w
e 734 ATHNIER, 2008)2}=0f 2|3} Table 99F 2

89.46
V8555
72487

o] o]go]e] A E ] F4o] 2832 £/mOE 4419

Figure 12. Images of the large, medium and small size of masks PEFR(L/m) vew
450.00 ) ) »
Table 7. Suggested mask sizes for Korean children . o~ |? ~
SIZE Width Length so0m /\/\/ o=
Large 121.25 89.46 =0 il
Medium 111.92 78.55 S
Small 102.13 72.87 Figure 13. Trends of PFT by age

=10} wre] 2ghe] Welsk A A
o A% Aumel 7zol A4

= gaa @Y ARED el 2eAe ,,
£ 13 71+o] Bas) {

th(Kim et al., 2016). Figure 14. PFT for children

Table 8. Comparison of pulmonary capacities between adults and children by activity

o Minute Volume(L/m) . Peak Flow(L/m) .
Activity - Proportion (%) - Proportion (%)
Children Adult Children Adult

Don’t moving 8.0 11.2 0.72 27 38 0.72
Writing on the board 9.6 15.0 0.64 33 51 0.65
Walking up the stairs 13.3 18.2 0.73 42 60 0.70
Moving on a chair 16.9 23.5 0.72 53 77 0.70
Running 21.4 30.2 0.71 66 95 0.70

Table 9. PEFR of Children living in Seoul and Jeju

N PEFR(L/m)
Seoul Jeju Seoul Jeju
110 105 275.4 290.9
Children 283.2
Adult 420-520
Proportion (%) 60
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Table 10. Proportion of PFT by adults and Children

Age N PEFR(L/m) VC(ml) VT(ml) FVC(L)

6-16 235 284 2180 500 2.35

19-90 2659 500 3.67

Normal 420-520 3200-4800 500 4.00

Proportion (%) 60 55 1 59
oF 60%°] siFslt:. AeM WHHel of7o] 64-16 st stlen, wEbd &2 dgts A S
Al 23573 975 BARR S AAFEEANA 4 ol vl SAgAIZEe] SEE L wSA A gt
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Z7kek WA7}F QTH=(Choi et al, 2005) 413 A2
Azt -2 Axloln, Figure 1394 o] &7}
S5 PFTY| S717F Qe Zo2 yepdth

uhEkA] ofdlole] TERE et Apdskd v
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w3l @7} Hkal dFti(Yan et al., 2010).
H o3Lo]| A}8-E scanner= 0.08 mm<e] AT L},
300 mmofA 0.06 mme] AUEE 7IXH AT
9,850,000 21 E/ 0.3 sec] Ho]E] FE=8-2 714 LED
T =AY Aot Geomagic Capture, 3D SYSTEMS.
USA). ©]9} 7+ 3D scanningS 7]4WHS 2 modelingd}
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al., 2016).
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