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Abstract

This study aims to design a new sizing system for hygienic masks to protect against
COVID-19-related respiratory disorders. The product sizes were collected from 70
commercially available hygienic masks, and 18 head measurements were obtained
from the three-dimensional (3D) scan data of 2,048 men and women aged 20 to 69
years from the 6th Size Korea Survey. The statistical analysis was performed using
the IBM Statistical Package for the Social Sciences (SPSS) 28.0 program. The
“bitragion-subnasale arc” and “menton-sellion length” were chosen as the key body
dimensions for the hygienic mask sizing system. The linear regressions with 18 3D
head measurements were analyzed, and it was determined that the key body dimen-
sions were useful for statistically predicting other 3D head measurements related to
hygienic masks. A new sizing system was proposed for two types of masks, “masks
with a tight fit” and “masks with a loose fit,”
Industrial Standards (KS) and the shortcomings of the sizes of hygienic masks on the

taking into account the existing Korean

market. The sizing system for tight-fitting masks consisted of the key body dimensions,
with their sizes indicated by a pair of numbers. The sizing system for loose-fitting
masks consisted solely of the bitragion-subnasale arc, with their sizes denoted by
letters such as S, M, and L (denoting small, medium, and large, respectively). Future
studies should consider this mask sizing system for different age groups, such as
children and adolescents.

Keywords: mask(Z}~3), 3D scan(33FE A7H), head measurements(%2] 2], key

body dimensions(Z[ERIFRL), sizing system(R7=77-Z)

I. Introduction

20199 Zol] 533 AR UHP| AL HF-19(COVID-19; ZEUH9)7F A AlA
Ao g i HA WHO= 20209 3¢ 119 Z 2195 Wd| 9 (pandemic; AEH
o ggow Akt T8/ 4B TEH99 Ay o) B L 2
fonve 55712 BEa] I8 QHolH vhA Aol ARE T geH, o)
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2 o|okolE WAz ol HE A 7F AT

A< ez
FE0] HATH(Hu, 2020). 9]Fe)EF2 AR At
A zof BAR AFOZ, AFooFEtHA 0 41 E
= 5712 wolof shuf oRAPH 0.2 Tl EThMinistry
of Food and Drug Safety, n.d.). QJFQ|& ufATE= 4=
£§ vhAZ, BAG kAT, ARG vhAT 5O
2 BRu, uALR @ ue e o] Het
AL utAFof= KF-80, KF-94, KF-99 ut=37}, v|Z
ApH-§ vpA o= KF-AD vk=L7} 37| tH(Ministry
of Food and Drug Safety, 2021).

Seltete) ookl nhad AR Ay 24 Bt
gdr1x o7 =it 20204 199 137749] upA=
AZPA 1012709) vjAT EBG Bj7pgtoy,
2022 299+ 1,6007 A 2FAON A 8,037712] vRA
A F55 S7PISkth o] F, A8 mAdE 5,240
FEoR M vFo] AH, HEAGE wpAdE
2,156&%, &8 ufAIdE 641EE0|JtH(Ministry
of Food and Drug Safety, 2022). ZZ1}19 Hjo[HA
of Aeke 9ol 7 Bol AHBEIE A2 KF-94 B
§ vhazz, W 0.6umO| |AYRE 4% o]4F A
o o QUTH(“KF mask”, n.d.). "EAT0] gh2Al=
ol 9] Aptho| IS A=, I SFEC] A=
of B2ts]= HA§ npAA ] ARoll= Z2H19 o
OIZZ(MAELZ)S 50% o AdT 4 U= vt
H, &g ttAIs 23 vpAT Abo]7) WALE R
271 ol vpAI floldz 37]5F0] A L=
19 ool 2&9] AhEo] 10% o2 Robth(Lee,
2021).

ofore]E mpAo gk fApel W AHA(Chao,
2020; Chu, Huang, Yang, & Tseng, 2015; Kim et al.,
2016; Kwon, 2018; Lee, Koh, Ryu, Hwang, & Lee,
2019; Morishina & Mitsuno, 2019), FFHj345 = A&
Alej(Han & Park, 2021; Kang, 2015; Ma & Kim,
2020; Seo & Lee, 2021), 45H7HChua et al., 2020;
Han, Cha, Yoo, & Han, 2021; Han, Kim, Kim, &
Kim, 2021; Purdy, 2019)0] tjsjxE ket A4}
Ao} & o] vla), kAo A48 ATE =8
2 @] 9} Ham, Choi, Lee, and Kang(2019)2 4]
FojorEebaA0] 528 639719 BAE vhao
2718 o=, WPAS 22070, SFAF 60

, 2PAF 16071, 24FAF M2 BREUCH,

=

BAEGAT

5718 9] s E )ASE AlE7IEelA &£38%
utA39) 712, A2 9 #Zo]9] A5 E Al&dfof 5t
Ak, vpAa 3719] SRS AF g He= AL
O FAR}o] of}7] wiZof thEES JA|ofA= mkA
9] FE3t 2715 #7I5HA] &2 A wojstal QU
ot mAT AE2 A ZAEgojEy i 5= gle
A Eol7]ol ol FAHgR E7H4A2 F A= ofof
El=g

Im and Kim(2020)2 BAE AT E 2t A|2F
o]4] wpAH e} 3tk 7hEAolA] mAdE HRJt &
A&l 2718 S45taL npaao] FHE S48 4
HEHQ=H], mtAA Y] 7t olet N2 o] B 2%
Hol4] upAz T} 3d3gol4] wiAT HEL B Aglom,
2etgo] A 9] A9 7he-H7F EA Y A= o] 7]
2o 42 YAHoZ I 4= AT HFHo
2 mtAad ZE A Bt EHEE A K6k
A mAF 9 SME AfASoF she, oFAIEl
gt A= 9 SESA) A7 gt AXY kAo
qeiAe & X5 4, FH, 2 ol Bt &
ot At7F " asiohar shelth

npAFZF AR Qe g B AAY e #
flofl Hish g2 Z53 ohdRt S 7L Qlo] A
B4Q &4 Wioz:= AJust FHE Fetor)vt
o|HA5t, 3D A YR dFT|o|EE 35 <A
5 T4S AgstA S8 4 UthKim et al., 2016;
Kim, Kim, Lee, Lee, & Kim, 2003). Kim et al.(2016)
2 T 5AolA] 134] offo] 1447 9] QFHEE 3D &
e & BASE FHEAS AASHY of5-& At
9 oAHR] spAIE P (121x99mm), S (118
94mm), £3(102x91mm)2] 37}A] |42 A2} 0
™, Seo, Kim, Yoon, Shin, and Kim(2017)2 o]go]
HAnAF Y] QIA7E ufAE foiA 6~134] o=
o] 73074 9] 3D ¥ Hlo|EE &AI5to] thE(121.25
x89.46mm), =% (111.92x78.55mm), AF(102.13x
72.87Tmm) O 2 ob5-§ wtAT 9 A=F AR & ut
24 2 Al obE9] SRS 45tk ?HH, Eom
and Lee(2016)= 20 o4 182 Aoz A, T,
‘U9 B5S U o 42 HIlE 3D AR
ST T, npAIr X dE FHE 4 FHE

= 49 -
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Hdgsal o] FHslsto] WYk upA=o] HfHS
A|AISHATE. o]e} o] 3D P44 AMERE mRAE A
F7} chepsiA AEHI glott, 428 ojorelE ut
230) A% 9 HLAE 9190 3D ol BT
A7 oby BaEec,

SHFAFY S (KS: Korean Industrial Standards)o]
29, 979 XeFEol= |fOMHE(KS K 0052:
2019), GAFOFEE(KS K 9402:2019), oJAFOFEE(KS
K 9403:2019), A E(KS K 0050:2019), *g2lo]
AJE(KS K 0051:2019), L= AE(KS K 0055:2019),
T2-H| o] A OJFH(KS K 9404) 5o 1AL, 73] A4
TFAo|e AHKS M 6681:2017), FZH(KS K 0088:
2019), BZXHKS K 0059:2019) 5°] Jot. 1ol 73
gl BEoR AN A47AL @A) gloh, B
98 BHSAZHKS M 6643:2017), 7188 TEAZHKS
M 6633:2014), 928 TEGZHKS M 6640: 2017)
59 FA0MM AF d5S Brhote d¥er &%
3 A 24712 9 AARSE 85k ek mt
230 A= FAHaAI(KS M 6673:2018)2F =
EOtAI(KS M 6674:2021)2] EZEFZA0] 9oL} o]
£ 48 skage) A4 AAZ okl vkaael A
A5H7E B 9 71ES AAEE ZolH, @A wpAA
o] X|a= AA ] gt F7tEETELS Qe A¥olth

AFS] A4 AAE Fest= Yo r Tds
2] (grid method)¥} E#AE HF2](clustering method)©]
g2 th(Laing, Holland, & Niven, 1999; Robinette &
Annis, 1986). Z12]E W42 2|5 A A 9] 7]F0] =
© 52 AR 71 2 2 A9 ke s vy
T, ZF F71o] &5k ARFElA YA A5 AAE
Folgh= Aotk A4 #7142 Aok FHe WAl
UARE A Ao FA AR oA HoEold 4=
Aojof st 2| 7HAS Atz 2 AH T
T Atk A5 AA A Al ABRE9] 90~95%F
ot s A5=9 Jf5E dHste 2ol Fdsitt. 2
AH A 2HAE 2 9] Ade s RS,
Zrzye] o] A7 ALAAE Foiste Aol
A E5ol AMSEE il SAEAYH K-
Yo €318 Z(K-means clustering algorithm)<, 3
Z dlolelE KM ZAHE FiL 7 ZAFH}
A2 #olo] BAtE FAashhs WA og 747t 9
g blolHE YAt &, 7 Fdof FolEs got A

o
il

)

LAY - Ml 3

S5 Ak Walolth. 28t A5 AA s A
9] A A 4= Ez2o} AA = ofof 5l ofo]d ] Al
AHQl A ABE AFotes FAR FAEIL, 4]
A7 GA JAAD 4= Qlojof gtk T3 Y A5 ®
£9 £ FAIGHAA B4t 9 /-5 3 WSl et
&&= 4= Qlojof St} (Nam, Lee, & Jung, 2014). T}
239 A5 A= dH D& Hro IFE F= <
= A+F #Farsto] Azbefjof ot=d], WY utAA
9] A= 4= dolet dF EZ E8st= Aol AT
8} (Hack & McConville, 1978), ¥FAY mpAz9] A
f-olli= FolA EE7HA Aozt A stth(Oestenstad
& Perkin, 1992).

O|oFQlE mpA A 2Hgo] AASHE WY g
o +EE AlE0] k& E o] o, upAF o High
EE3ME Aeid2 @A AREA 2 AdeolH,
3D FA 4 Ao 7|6kt QoFgE AT BAH A
T BT BE3 Agolth. B Ao = 20109 A6
A} Ato] = Afo]zFfofofl A =37t AJ QI (2,048
)9 3D WA S0l F vEAT 9] Afo] =&}

Bo| Gl AARASL BRGoH, vad A

1p

)

% AA) Tbo] H ARAARE AL 4
S BRES BHF T, FGE vAd A5 AAY
T3 8 AL Akt st

Il. Research Method

1. Market survey of the commercial hygienic masks

2 Aol A= oAl whiEar Gl oJokelE ul
239 dgkg AR $8l, o)7L (E-commerce)
AJolE % 20224 19 71208 WEA & A9 1-5
29l 53 (Nielsen, 2022)0l4] Tulf &9 1~209 o]y
ol oJobolE AT 1005 %, 52 AAE 2t 4
ANt e Y AEQ 3052 AT 7059 ofere]
E vhAdS AASHL, WRHL G vhaIo] &
SRt Wi Aol Eo] SAH E AF L7E

Htoiet.

2. Development of standard sizing system for
hygienic masks

EEREEVEEEE R L R e
< AlQrsl7] s gl JAAAL=RAAFG A 3D
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3 ojopj

2R 53 2255 B3I 2020~
2021950 UAE AgA} Aol 23iejopof Al A=
1}19 4o 2 013 upAIE 2-83F AlefoA] 3D A
7idol APEAL, 1 A3} vpAaR st 43 2
9ol gt 3D X|5:&7o] o] FojX | Ert. Eg
201530] AAE A7} Ato] 23 Eote] L waj R
A ARA e ARASTACEZR SHEYL 3D
HExpe A dokth g L QbR 3D
257} w2t 79] glo] $7H 22 20109%0] 44
gl Ao} Apo] =T 2jop ZAAFIOI UL kA &
Fo AL QJFQlE utAT 9l X4 A AL A
Aox}p Ato]=F 2] of FAMAIIOA 7L W 204~
Tk 694 AR 2,048 9] 3D W FA F, upAT
o} §olo] gl 187) PR 43T 3D A4S 2
At

A4=9] SARA =

1

—
=]
ha

IBM SPSS Statistics 28°] A}

shazel B A% 74

BAEGAT

282458 20]°9 27} PR ERE
5912 AL, oF HS U HHOE e
SEA oifo] met 278 SHS Fofste] 49l
Ol vhro] M4 AAE Aster

Sl o

o=

A

ol

T
8 o

Ill. Results and Discussion

1. Size analysis of the commercial hygienic masks

1) Measuring methods of hygienic masks by types

ojorolE thadl AEojokEANGN EAL
estal Jlow, npA=9] Ao figh 7|&Ee of
Ye} vpaze] 434 37 24 WyE Adsln 9
t}. Ministry of Food and Drug Safety(2021)2] ‘9]
1% vfaz 71F 9 Aol fa, vaas 3
glof wat JAF vpAaet Pug vkadg E

L5 on, B (mean)d}t EZHIKSD), AF3|HE
=&
Bl AdEAtol-ZL(Z)Zol e} =

A(linear regression), A8 E (scatter plots) 5

ssict. 2

4e

= O
=

o, AAF
F127olg o th B

<Table 1> Product measurements by the hygienic mask types

g2 g Pl et 25 Az Yol 38

FERECHTable 1). AP k2

SR FEELEE

3-Dimensional mask
Types Flat panel mask
2-Fold horizontal 3-Fold vertical
L Width |
. ‘ L Width |
Ear loops | .
: Height Oy — — ‘
Flgure g Width Ear loops Heilght
length l
Height Ear loops length
. The longest width when the face|The longest width when the face| The longest width of the face
Width . .
panel is 2-folded panel is 3-folded panel
Face - ]
panel . The longest h?lght when the | The longest he.:lght when the The longest height of the face
Height face panel is folded as face panel is folded as ancl
bilaterally symmetrical shape | bilaterally symmetrical shape P
Far The length of the string after | The length of the string after | The length of the string after
Length | cutting the junction of the ear | cutting the junction of the ear | cutting the junction of the ear
loop
loop from the face panel loop from the face panel loop from the face panel

Notel. When measuring the face panel, the tolerance of the width or height of the mask is within £10mm.
Note2. When measuring the ear loop, the tolerance of the length of the loop is within +10%.
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Zo] o]ojzl gHjo]7] miol nkA=ZF A=oll YA
Aoz dzkd 4 Qe wh, Huy wpAde AAR
o] 2400 389 FHFEel e FHA FHo|
7] 2o IAF vpAI R Wzeo] oA

9JoFQ|E utA 7 9] W PRS- Ministry of Food
and Drug Safety(2021)9] 4ol %3 A3 EA 9
719t #9] Zdojof| tigt FEE AHEA AF
Sfof Rttt UAF mhAa= o] Zhzdold= ntAaE
gog HS  7I=r 7H 21 99 A7 271
o, Alzdolol= 2& A=Al 49 Bl vk

£ A2z H2 dH, 31 7204 vAag &

<Table 2> Size ranges of the hygienic masks in market

A2 39 Yol HES F4E He geolA Az
2 7P 71 5919 N5ARsk Algech Buy ok
29] Aol WA Aeold BAQ shzet Ao
714 70 Zol9] M%7k BAH 3L, Bgol npaIe)
90l BAglo] Tt BARRE B JYRES
LI Zol7t 714k,

=43

2) Size ranges of the commercial hygienic masks
O|oFe}E wtA ] WSS AT HT| 5 Alw mRA
2 705 Sgoto] A1EE W) 599] Wolg B4t
FTH(Table 2). RAF A} AfAT A|E9] SFE vl

Mask sizes
Mask types Products Total
Extra Small | Medium | Large Extra No label n(%) n(%)
small large
o 8(11.4)
[ 2( 2.9)
[ [ 2( 2.9)
[ [ 1( 1.4)
([ [ 7(10.0)
2-Fold
horizontal 34(48.6)
3D-
mask
° 17(24.3)
- [ [ 4( 5.7)
3-Fold 24(34.3)
vertical P ° 2( 2.9)
(] 5( 7.1)
[ [ ) 2( 2.9)
Flat panel mask [ ) o 2( 2.9) 12(17.1)
(] 2( 2.9)

Note. [__] one size, [__] two sizes, [l three sizes, [l four sizes.

- 499 -



(o)}

< AR, 27 A2 ol4 mhAIE 34%(48.6%),
3G 7hE o] HEAT L 24%5(34.3%), BUF wkA
3= 12&(17.1%)°] ATk

wlE Y Qs 39 FRE AWEY, 1719 A
olzzul WujE ufAIL 32%(45.7%)0goH, F
2 digez AAHAS. 27) Afolzz 4 wha
IE 20%(28.6%) 28 3 - UF, 47 - Y, &
g -3 2o o]FojA YL, 37 o]
54 2FOR Ao|=7} AFH B9 165(22.9%)
ojAL KT tfFgo] 7[EA oz E3Ef At A
A FAA; oFAT9] 92.8%11 65F0)A Y A&
< st ACE ey, npA0] {33 el
o Al 2ofelE npAl] 7| Afol2E WP AZ
AT & A EHF Atz 28 Al=Fol4
ofMet W= AoH, 24P Aelz2e JAF
upA oAt HafE I QA

shte] xzto® FdE Buy vpAg kT I
2o 9A vhAaa 249 wieo] 2~372 Z2E A
AR wkAI AFA BFske W2 WS S0
ATEHIL ANeH, JAY vtad FolA= 2¢ A
ZHo]4 AL 35 7h2 Aol 4] upAI H T Thef
gt Ao]2E AHAEOIA AlFst A tEE
o wpAF o= HEet 54 #7171 AgloH, BHy
ot AR(2F, 2.9%)001-E Aol tiet B9
717} fle AHE &FAECA ATEHL 9o, =
A w700 tiet AFOFELHAY Kt JAT
2|7} BQa3t Ao7 HQlch

3) Size specifications of the hygienic masks

Al OJoFQJE miAH 70F-S SHEE R 2
I, EAE 57, tiF 6571, 59 2171, &9 317, %
&% = FEEHULH, T Ao]EA AHANE
oA ATk e vkAIY FAHE AFE L=
(Table 3)3 2ot vpA= AA A AlF2] 7t=4
o} Az Zolo] tigt FEE LHARSA AFot=
WL (Table 1)014 AARE AF2]FEQA B 7+
o] mpAT AlF =271 &7 T ZUA 3T Th=
Fo]4] mpA=0] A i RZ] JA A TtE HIF
9] 3Z BT H2 AHIA ST SHFY A=
ZdolE F7I= Algstal A 3 7k Aol wh
23%E 7tz 9oz 33 He Az dEy] o

SJofolE vhade] BE A4 74 A ERELE

-+

=
b

B0 35 Zt=AHol4) ntanie] 2718
4 v APHOE WLe| 41e A Lol 4

=
ol
FOFEPA T oA AAE 2A TS wet &
o
o

opd mpAI Y] ZAE EAS W HiE Hol: AHd
ol mtAa AxAAEE
& WIJRt HaL dolE F7I= AFIIAL Sl AL
2 Helrh

Al OJOFQIE uhAS 0| AlF A7]E AuE, vf
23 THo] S7IESE vpAd 279 BHEE S
7tk BdFE Hou, 24 St e v A
719 $71FE #5T TALE WS gfoko,
3 4 TR EAAR UAE 2 olAE ¢
A7F AgetL A vkaa AFY A7) E7 /3
HE 23 g2 3 YoMz 2717t dEH0IA
oot &S0l mAao] F7]0] ghe 23E A

3710 ojHEo] S AR =AU

W
Ay
lo
fru
ey
Mo
=,
N
iy
o

2. Sizing system for hygienic masks

1) Analysis of 3D head data in the 6th Size Korea

FA7HA Y E Ato]=F2|of RAAY F, HE
F919] 3D 4= st d= AE A5 AST
AL A|5Aket Alox}p Ato]=F2]otoltt, & Ao A
= Qe mhazo] Ao AA AAo] Bagt 712
AR F-AE metstr] s, A6l Afej=H ol &
ARARRIOIA =213 3D W2 4 F vkAAet w0l
AL #9Y AF AZ A5E BHSAL w204
~TF 694 A4l E 9] 3D HE AW A 5, 54
Ageoll 229k SHA7F Qe 2,048 9 HlolHE
SARA A ARSI Al62; Afo]=F ool A A}
& ASS 3D HERY FE2 F 4571921, o] &
Aot AE A= 79 FES 18702 (Fig. DI}
2.

upA=0) 24 A A O] 7]E0] Hs 7] 2AIA F
oF THE A A0] Il o]E Heked oA 9 ¥
AT EF BET AJRol7] dieel, & AFlA
=9 Al vk ] X4 B7] B et A
F9 2715 A AT EIT (Table 1)oflA A2
H}e} Z-o] Ministry of Food and Drug Safety(2021)]
A okAa= 0] B4 27] S AR B9l 7heet

o [ = )

X,

=

t

= 500 -
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<Table 3> Size specification by the types of the hygienic masks (unit: mm)
Face panel Ear loop
Mask types | Size " Width Height Height-folded Length
. Mean . Mean . Mean . Mean
Min (SD) Max | Min (SD) Max | Min (SD) Max | Min (SD) Max
124.0 159.2 180.0
XL 5 110 (12.2) 140 | 152 7.6) 171 | NA | NA | NA | 180 ) 180
117.4 152.1 166.6
L 1 14 12 1 NA A | NA | 1 1
3 90 (11.8) 5 0 9.4) 70 N 50 (11.8) 80
2- 113.6 138.6 165.0
M 1 1 11 14 NA A | NA | 1 1
Fold > 9 (13.3) 33 0 (8.0) > N 50 (8.8) 70
97.0 125.9 147.5
2 5 115 | 110 140 | NA | NA | NA | 140 160
S 3 7 (11.3) (7.4) (7.2)
3D 85.0 105.0 125.0
mask XS 2 89 .0 90 | 100 D 110 | NA | NA | NA | 125 ) 125
205.5 155.9 78.9 162.4
L 24 195 5.4) 249 | 145 (14.6) 209 | 75 2.4) 85 157 3.7) 165
186.3 139.3 70.5 165.0
M 3 175 195 | 134 149 | 66 75 165 165
3. (8.5) 8.4) 6.4) 0)
Fold 178.2 130.8 67.3
1 X 1 12 . 1 ) A | NA A
S 5 70 6.0) 85 8 3.0) 35 | 65 @.5) 70 | N N
XS 1 170 170.0 170 125 125.0 125 | NA NA NA | NA NA NA
© ©
L 10 173 174.8 175 90 945 96 | NA | NA | NA | NA | NA | NA
7 (1.9)
Flat panel 166.5 90.0
mask M 3 158 (12.0) 175 85 D 95 | NA | NA | NA | NA | NA | NA
143.3 91.7
S 3 140 2.9) 145 90 2.9) 95 | NA | NA | NA | NA | NA | NA

Notel. ‘Height-folded” means the vertical height of the middle panel when the mask was folded 3-folded vertically.
Note2. NA: not available.

Azo] Zdo|iet. =l 2JoFelE nhAI o] A4 HA|

MNZEYE 3D 4= §

32 ZAFSE (Table 2) 9 (Table 3)2 HH, |H&5 (sellion-menton length)’ OJEJ—]— AA519tt o] E
o] Al wpA =9 AFE EA = HE, $3. 2% T 2 & AofA] AQtol= wpAA X4 AA Y 712
of 5Y WA had ARl R0t 1E AR HPEA LT UE)Lo] FR
o 93 #7]=]of UAATE Al mpA T FA|E 0] QL gl-EE5Ado gES AFstAt

= 249 7t2 9 A= Zolet 7MY fARRE 3D dF A7gE 2719 712 AA FdEE0] UHA] 16719
FBE (Fig DOIA AHHE, vlA29 RN 3D UF RASS ET 5 YLAE FANCR 7
3D g2 FF T FAFEAte]-ZE(Z)Z ] (bitragion —0}71 HOH ‘AFEAtol-ZY(2)dol 9t ‘FHE-E
subnasale arc)’ GEI} 7P st om, npAF 9] AdoPE ¥ x13 x22, U4HZA] 3D E=F

= 501 -



8 SJorelE viadol EE A% 74 AT R
No. Head dimensions Head dimensions No. Head dimensions
1 Hitragion chin arc 2 Bitragion sellion arc 3 Bitragion subnasale arc
4 Head breadth 5 Bisuperaurale breadth 6 Bitragion width
Nose width 8 Lip width 9 Bigonial breadth
10 Nose height 11 Nose length 12 Head circumference
13 Sellion-menton length 14  Sellion to pronasale vertical length |15  Subnasale to menton length
16  Sellion to superaurale length 17  Entocanthion to tragion length 18  Tragion to stomion length

<Fig. 1> 3D head dimensions for the hygienic masks

FEES TS yE st A33AAS =&
Skict. (Table 4)°] AP 3|4 Ao T=H, 274
o] EPHSLES 4 IEHSLES BF BAFCoE
ou] QA &S T £ YE Ao=E Y ‘AFE
Atol-ZE(Z)dol et ‘FHF-HEFA Lo’ HiA
3 B9 3D E=F YL HEs=

FEoZ Aottty HWHE )

Aot Ato]zF o] 3D WG4 HlolE &, #A
TFEAo]-ZE(2)do] FET} FHY-HESZ o]
59 3D SAA Lol sl gk, g, WEe,
P, BFHAE BA £4% 2= (Table 5)9 2
ot AtEAtel- A (@)do] FEY HA B
295.0mm%lom, FHe]-gEpAdolo] M BHat
- 112.6mmect. AAHES] 90%E AHHsH= 5~
95% FZFe] A= ATFEAO-ZE(Z)ZH0] 266.7~
360.0mm, FE2]-HL&4527Z0] 100.0~127.0mmL.
o, AAHEY 50%F A= 25~75% F1H9] A
L A&Atol-aE(F)do] 279.2~303.0mm, FE
-8 E5214o] 107.2~118.0mm3it}. FAFEA0]-2
Y(Z)Zdol9] WEY I A5 A ATHH,
25~50%2} 50~75%2] 77+ BA= 10.87F 13.0mm
Ak 75~99% kel AL b Atele] HAF
76.8mm=E W A UEht, Bt AR|RE AHE]A]

U= 2R 7L E Alo|29] 97} BRI S
2 & 5 AU T, ZHIY-HESFZ Dol £
7} 25~50%2} 50~75%¢%1 7] WAk Z+ZF 5.4mm
Fom, 1~25%2F 75~99%%1 F7to| WA= ZHzt
11.7mm&} 13mmE Y, FT&Al0]-Z Y (5)Zo]

of vjsj 1E EXE Hth

2) Development of standard sizing system for
hygienic masks
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<Table 4> Linear regression equations of 3D head measurements

Independent variable (x1) Independent variable (x2)
Dependent variables (y)
Regression equations t-value Regression equations t-value

Bitragion chin arc y=11x1+92 148.391"" y =17 x2 + 139.7 23.201°"

Bitragion sellion arc y =08 x1 + 54.6 57.145"" y =10 x2 + 165.9 15.617

Head breadth y = 0.1 x1 + 1259 14.994™ y =02 x2 + 1422 5.954™"

Bisuperaurale breadth y =02 x1 + 111.5 25.148"™ y = 0.6 x2 + 95.0 27.849""

Bitragion width y =03 x1 + 64.7 48.081"" y = 0.6 x2 + 859 23.046"

Nose width y =01 x1 + 154 21.682°" y=02x2+94 23.249"

Lip width y = 002 x1 + 453 2.812" y=06x2- 115 27.974™

Bigonial breadth y = 0.2 x1 + 63.9 21.086"" y =0.1 x2 + 111.9 2.983"

Nose height y = 0.01 x1 + 83 7260 y =005 x2 + 7.5 6.893™"

Nose length y = 0.02 xI + 43.9 7.011°" y =03 x2 + 13.1 39.740°

Head circumference y = 03 x1 + 4734 23.069™ y =12 x2 + 4294 28.742"

Sellion to pronasale vertical length | y = 0.1 x1 + 17.2 18.205™ y =02 x2 + 8.1 22.993™

Subnasale to menton length y = 0.1 x1 + 382 16.003"" y =07 x2 - 132 77.956""

Sellion to superaurale length y = 0.1 x1 + 462 20.460° y =05 x2 + 284 243117

Entocanthion to tragion length y =04 x1 - 294 74.536"™" y = 03 x2 + 387 11.185™

Tragion to stomion length y =05x1 - 48 118.850™" y = 0.6 x2 + 68.0 17.927°

Notel. ‘x1’ is the independent variable ‘bitragion subnasale arc’.
Note2. ;x2’ is tl}:.:, independﬁgt variable ‘sellion-menton length’.
Note3.  p<.01, = p<.005, p<.001

<Table 5> Distributions of key body dimensions for the hygienic masks (unit: mm)

) ) Quantile Mean
Dimensions
Min | 1th | Sth | 10th | 25th | 50th | 75th | 90th | 95th | 99th | Max | (D)

suf;::ﬁ:“;rc 251.0 | 257.0 | 266.7 | 271.0 | 2792 | 290.0 | 303.0 | 322.0 | 360.0 | 379.8 | 389.5 (2295§ 10)
Interval ‘ AN 22.2 / ‘\10.8/ ‘ \13.0/‘ N 76.8 / ‘

Seflion-menton | ) | 955 | 100.0 | 103.0 | 1072 | 1126 | 1180 | 123.0 | 1270 | 1310 | 1340 | 126
length (7.7
Interval ‘ N 117/ ‘\ 5.4 /‘\ 5.4 /‘ N 130 ‘

H7|3 Aol E7|5H= S A5t oL, AlFo] HufjE

0|2} Zo] o7 & Hoto| gk Y AP ES U= AU TrAF Y] AFEA = 7| =EAA X7} of
At Ao A= 28R 7]7o] H= AAFES A d AEAFE 7|E02 5Ho] B7|H 0] 9ot E9]
& B AAIARY] #1199 o]q] Y3t BAE = LY AL, FtAITE AR AR 7 2AA



10 oJokelE utAI Y] E A4 4 AT

HAE Aot PHE ARV SHESH] AMAE|
utAF o A] HEet AeE AT £ s 2o}
F11 3lo], Il A E o]tk ol &

A Zr =]tk (Staymasked, n.d.).

2 AFolA = SJoreE utAA Y] A7 WA
< & 9 3l A5 AAY o] 71EAA A 7]
gto 2 Aste] a4l 44L& FotaAt o
ATt mAF S} o] W] Qjo] g EE FE 2
Ao} ZJ4(KS K 0059:2019)5 Rarstod, 2JoFQ)E nf
239 ApqtAE ‘nEAo] JQ3t npAz9] 53
3 I E/o] BasHA] = kAT Y SHO R U
o] Atstiet.

(1) Sizing system for the tight-fitting masks
£ ATo)x] HoJat WEAo] WAT mhAIE I
23} npaT Aol o] Watelo] k3 WAt
L ojorel® mpagg ofujgict. 3 o] ALY
2 4 393 viaaets 2, dAE ntaas
F4lol ok WAV} A 22 Fehe 2ol A
w2 9] i 24ER A2 7] dieol &
2 239 94T YAH P2 0|51 et 9
G vraIE 4 2719 gHgo] o¥7] dizel, &
HIAEOA deo & 93He vAIE SH5H]
AANE chret 4@ 2710] wHA vhaa 53e)
A 9 HE A& gt
(Table 1)7} (Table 304 AA|3t Al%k upA=9]
3 o 9 A7) A (Table 504 AAIRE A
67 Alol=3glold] nhAd 7 BAARY BES F
w5te] MEo] WA vpA29] 572 (Table
6)7 2ol At} MEAo] BaF viaae) &

<Table 6> Sizing system for the tight-fitting masks

A2 otaa 7| 2AARAL AFEAl-ZE(2)E
ops} mHel LT Lol AAASE Aol
SRS Shct

upA0] 7] ZAIAR L] 7|EA = Al6AE Aol
z3eololA] 535 QY 20480 HEAHE
HnE ARt ATl TUE) Dol BEL
295 mm(ESHA} 25.1mm)R L, FHI-EHEFFZ
o]9] H2 112.6mm(EFZHAZ} 7.7mm) P 0w, AH]
A7} QA e FeE BHS T4 99
B4 & tad RAARRS] N|EASE AT
SApol FR(E) 0] 295mm, FeEES o]
Hsmme Agatgch. AA) WAL A Al
S5 gl olopelE mhazel SR shedo] WAl
7} 10~20mm 7+2, A2 70| W7} 5~10mmQl AL
R15}o], AFLA]-TR(E)019) BAE 20mm 7F

Aoz FHgl elZ4270]9] WA= 10mm A0
2 dAstith

MEA Qi thade] 5% 71
25} B}, AL Aol 2 (5)Zol9] %
o} IR T-EE,Zdol9] HHel 112 mm7]- Z3he
295-115 Afo]Z& 7+ FAl0 =2, 275-105, 275-115,
295-105, 295-125, 315-115, 315-125 F7toA =2
deE Hlrh o] FoM= AFEAe]-ZL(F)
Aol7t F7leo] wket mapel-EESA Lol W
S7Vote ¥ ATAE Bk 28y AA 3
o] Bxg AWK 355105, 355-115, 375-115, 375-
125 59 & Aok ARHEY Bxrt YA o
A 9ISk olet @& vhaz Az gole] BE L
2 v WRHl Br2E AWEA R oS 2 54}
o|29] £87F AHFE UL ALE AFHA.

o] 1

Key body dimensions

Mask sizes

Bitragion subnasale arc

., 255, 275, 295, 315, 335, 355, 375, 395, -

Sellion-menton length

., 95, 105, 115, 125, 135, -

Notel. The tight-fitting mask means the hygienic mask which is important with good fitted in the face.
Note2. The size of the tight-fitting mask is indicated by connecting the key body dimensions.
Note3. The sizes of ‘bitragion subnasale arc’ are continued in the 20mm interval from 295mm (It covers within +10mm

of the indicated value).

Note4. The sizes of ‘sellion-menton length’ are continued in the 10mm interval from 115mm (It covers within +5mm

of the indicated value).

Note5. The mean values of the mask sizes are indicated by underscore.
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<Fig. 2> Scatter plot of the key body dimensions for the tight-fitting masks

H, AFEAtel- (D) dols B THOE 18
X %S UEL Aok

HE/o] Q% nfAAY] Y EXES A
H7] 98 AF-EAtel-Z(Z)dolet IR -HES
2 Zo]9] WARE (Table 7)0 AAISIA. 7P &
2 gy XS SHL 2951152 AAREY
18.3%%1 3757 0] o] F-7ko] B2t ller, 275-
115(15.4%), 275-105(13.7%), 295-105(12.3%) T-7HE
10% o]id9] =2 EX&Z B} o] 47 539 &
Zgo] AA BE9 59.7%F AA|sH= FAoE e
U, fEAo] Sl mtAd AlEE AT o S4 A
o|22 AT 4= QS A E FZHHT: 5-10%9] &
TLS Bl THL 295-125(7.0%)2F 315-115(6.0%)
9] F7tollom, 3~5%9] HIEES Hl T2 315-
125(4.9%) T3ttt 3% olAe] Ex&2 HQl 774
9] TS BF XSS o EAo] Qg npA
39| X4 AW LL 77.6%E UERdth mEAo] -
3 AT E 98l 2% 7S BE S-S AY4atst
= AL AHH0E ETFssirh meba] ARGA
A HiAE AlEE AT s S EEeS 3
sto], AMES 7t wolHA R A BTt 7Hs

3 o) 3 WS Mol WA Aol
stz AES AR A nore 9B
9] A5 dAll A5 a7} Ak ol sk
RAAR] Sfo] sk Azto] Egol B % U
FIAARAY HF A%E (Table )] AT
o WEqo] Waw vhaag AR o ATT %
e FFRYZ ATEA]-EE(E)Lo| bitragion
chin arc), HG-&AF0| 1 H](bisuperaurale breadth),
Zo|(nose length), T U-EEZ]Z0](subnasale to
menton length) F= HASAL ALl T
(3)Z0]= 284.2-438.6mm, FAT-SAFO LI H] = 144.8~
192.2mm, T Z40]E= 44.7~58.9mm, TYU-EELF 4

o] 49.7~78.6mm O] Ujo] HExslict.

(2) Sizing system for the loose-fitting masks

£ ATolA Holst HEAo] ash gk na
A= 4 FHO B2 2A9] 2715 28T 5 A
U A2 upAa Afolof] A HHdo] 2FEHA|
B FSE AaT ojulste], BBY vpAaI
olof &3ttt u|A|YA}; gtk 7]50] Q3 KF94 S
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<Table 7> Size distributions of the tight-fitting masks

Sellion-menton Bitragion subnasale arc
Total
length 255 275 295 315 335 355 375 395
13 51 27 1 1 93
95
(0.6%) (2.5%) (1.3%) (0.0%) (0.0%) (4.5%)
30 281 251 35 10 17 10 1 635
105
(1.5%) NERNADBNIVESAN (1.7%) (0.5%) (0.8%) (0.5%) (0.0%) [MEINUZY)
31 315 375 123 19 36 37 1 937
115
(1.5%) NOEEARNCERIABNGUAM (0.9%) | (1.8%) | (1.8%) | (0.0%) MEEKID)!
2 47 101 13 7 27 1 342
125
0.1%) | (2.3%) (49%) | (0.6%) | (03%) | (13%) | (0.0%) MEENEA)
2 10 21 6 2 41
135
(0.1%) | (0.5%) | (1.0%) | (0.3%) 0.1%) | (2.0%)
76 696 807 280 49 61 74 5 2,048
Total
(3.7%) NETNCARNEIRIANNCENIAN (2.4%) | (3.0%) | (B3.6%) | (0.2%) |(100.0%)

Note. [_] between 1% and 3%, [__] between 3% and 5%, [l between 5% and 10%, [l 10% over.

Fg0] 9] ol Ao A7 270 BA vk
o Hzgelg 4T 4 glo] HEHY FRE D
st
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<Table 8> Reference head dimensions for the tight-fitting masks (unit: mm)
Key dimensions Reference dimensions
Mask sizes Bitragion Sellion-menton | Bitragion chin | Bisuperaurale Subnasale to

subnasale arc length arc breadth Nose length menton length
255-95 260.0 96.3 284.2 145.1 45.8 50.5
255-105 259.3 105.4 288.7 144.8 479 57.6
255-115 259.1 113.5 291.6 145.6 51.2 62.3
255-125 263.5 123.0 304.5 148.0 535 69.5
275-95 275.9 97.3 297.9 146.5 45.8 51.5
275-105 276.1 105.1 304.1 149.4 48.6 56.6
275-115 277.0 113.5 309.3 151.8 51.1 62.3
275-125 276.9 122.6 313.3 153.3 54.2 68.4
275-135 281.5 131.0 318.5 151.0 57.0 74.0
295-95 292.6 97.6 316.3 149.2 46.2 514
295-105 292.6 106.0 319.7 153.7 49.1 57.0
295-115 294.1 114.2 327.8 157.5 52.1 62.2
295-125 293.9 123.4 3322 160.6 55.6 68.0
295-135 293.9 131.8 338.2 162.2 58.9 72.8
315-105 310.6 106.3 341.3 160.7 49.0 57.3
315-115 311.5 115.3 344.8 163.5 52.4 62.9
315-125 3124 1234 349.8 166.1 55.3 68.2
315-135 315.7 131.0 356.0 168.3 56.0 75.0
335-95 334.1 99.4 364.1 184.5 447 54.7
335-105 334.1 106.7 3622 169.2 49.8 57.0
335-115 332.5 114.5 366.4 174.6 51.0 63.5
335-125 327.8 124.3 365.3 176.0 55.9 68.5
335-135 3343 131.2 376.0 177.0 57.7 73.5
355-95 363.2 95.8 382.7 170.0 46.2 49.7
355-105 356.2 106.9 390.7 176.6 48.4 58.4
355-115 358.2 1153 3924 175.0 50.2 65.1
355-125 358.5 122.5 405.1 182.2 51.8 70.7
375-105 374.2 107.6 405.9 172.2 49.4 58.3
375-115 372.5 115.6 407.9 176.9 50.5 65.1
375-125 375.7 123.6 417.2 178.6 51.9 71.8
395-105 388.8 109.4 425.1 171.4 48.7 60.7
395-115 385.1 118.9 428.5 187.3 50.2 68.7
395-125 385.6 126.4 438.6 192.2 55.2 71.3
395-135 387.8 130.8 434.0 182.6 52.2 78.6
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<Table 9> Sizing system for the loose-fitting masks

Key body dimension Mask size

Bitragion subnasale arc - S, M, L, XL, XXL, -

Notel. The loose-fitting mask means the hygienic mask whose panel size can be adjusted.
Note2. The size of the loose-fitting mask is indicated by letters such as S, M, L, XL, XXL, etc.
Note3. The mean value of the mask size is indicated by underscore.

<Table 10> Size distributions of the loose-fitting masks

Mask size Bitragion subnasale arc n (%)

XS 245 < length < 265 76 ( 3.7%)

S 265 < length < 285 696 (34.0%)

M 285 < length < 305 807 (39.4%)

L 305 < length < 325 280 (13.7%)
XL 325 < length < 345 49 ( 2.4%)
2XL 345 < length < 365 61 ( 3.0%)
3XL 365 < length < 385 74 ( 3.6%)
4XL 385 < length < 405 5 ( 0.2%)
Total 2,048 (100%)

Note. [__] between 1% and 3%, [__] between 3% and 5%, [ between 5% and 10%, [l 10% over.

O] BIEL0] 3.0%(61), 3.6%(748)= T =3kt °] HEAo] BQstA| U= mpAIe] S a4l
O} 22 FE/o] WRHA] U= viAT Y THE & A2 4= (Table 1) Zth S EAJo] BRSHA| Y=
Z&2 vpAT BA 9 Qg AEE SET npA 9 711*]11]—1‘1401 AFEAtel-ZE(Z)Z0] o]
f =Zo] d Ho=E Y74 Qof], &3l x4 H2]-g]Z4=Z] Zo](sellion-menton

<Table 11> Reference head measurements for the loose-fitting masks (unit: mm)
Key dimensions Reference dimensions
Mask
size | Bitragion subnasale | Sellion-menton | Bitragion chin Bitragion width | Nose length Subnasale to
arc length arc menton length
XS 259.4 107.6 289.5 145.3 49.0 58.6
S 276.6 109.6 306.7 150.5 49.9 59.7
M 293.6 113.0 325.8 156.6 51.6 61.4
L 312.0 118.2 347.0 164.4 53.3 65.1
XL 331.8 117.2 366.4 174.4 52.8 64.5
2XL 357.8 113.5 393.2 176.2 49.9 63.6
3XL 3739 117.4 411.0 176.9 50.9 66.6
4XL 387.0 1232 432.0 183.2 51.7 71.6
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length), F-EAT0]-EE(Z)Z0](bitragion chin arc),
HA-EATo| 1] (bitragion width), T Z0](nose length),
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IV. Conclusion
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5 5i3ith £280] 7MY 2 22 MOE HAR
29] 39.4%7} o] FZto| EItEoH, T SO
34.0%, 53 L7t 13.7%2] 283 B} ol 374
239 AMEo] F 84.9%= UE, WEAo] TR
17| 9k mpAF O] =4 Alo]zg metEQict.

2 Aol A= 3D Aol 7128 OJoFe)FE nhAa
o] BEAFFAS NSt AbE EEFFH0]
AFA O A S| ARG, 7] 2AAFEE 2F
o] mpAF BEZAI%Y, olF HP‘”‘ gt mpA AE A
7], AAEA Rl A e AA 9 AE o]
g & A Higt A7t SRtbEofof qttt 3 A
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olo] H|g] £&7]7} okl ojglo]ET} LolE
npAZ O] gEEAL A4 Qg /go] B FastHE
35 ol W THAE Ao et thakst T& of
7 28 Zloltt.
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