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ABSTRACT

Objectives: The study was to examine the features of three—dimensional(3D) face dimensions and to develop fit
test panels for the labor population using respirators in South Korea.

Methods: This study was part of the first—year work of a two-year—project conducted at Occupational Safety
and Health Research Institute in 2021. After 3D head dimensions data were collected from Size Korea Center
managing Sixth Size Korea databases, 3D face dimensions DB for the South Korean labor population was
established for 21 items of face dimensions in line with the ISO/TS 16976-2 and KS A ISO 15535. With the
South Korean labor population 3D face dimensions DB, in accordance with the ISO/TS 16976-2, the descriptive
statistics of 3D face dimensions were calculated and two fit test panels were developed.

Results: A total of 2,752 subjects were finally determined and they were 52.9% for male, 41.2% for the highest
age—group of 15-29, and residents in the capital area. Mean and standard deviation were obtained for each of
the 21 3D face dimensions items for the South Korean labor population. Among the items, male and female face
widths were 137.6+5.7 mm, 133.2+5.0 mm, respectively. Male and female face lengths were 116.6+7.0 mm,
107.8£6.8 mm, respectively. Two new South Korean fit test panels, a bivariate test panel and a principal
component analysis test panel, were developed using the 3D face dimensions DB as well.

Conclusions: Using the 3D face dimensions DB, the mean and standard deviation were featured for each of the
21 items and also the two fit test panels were newly developed in the study. It is suggested that the study
outputs should be utilized practically and effectively in selection, use, and management of respirators at work,
expecting that respiratory protection can be furthermore improved for respirator users including labor
population across the country.

Key words: respirator, face dimensions, fit test panel, labor population, Size Korea

LM E Toltt, SEHTT 282 QEt ARt ¥
9 e A tiFe stuE AAE] = o

[

S8R S respiratory protective device, RPD) 28 210] ot HEA ZHoA HAS TFZTHTFO A

L ookadl 98- 9EE B9 FUOE AW, A W elo] B Wlo] Fvhw

Qe AN EE SUORYH H8AE HESE  QuHoR SFBTTE A e, 248 u

*Corresponding author: Jung-Keun Park, Tel: 02-6711-2813, E-mail: ergo.jkpark@gmail.com
Seoul Metropolitan Headquarters, KOSHA, Chilpae-Ro 42(7th Floor), Joong-Gu, Seoul, South Korea 04512
Received: June 1, 2023, Revised: June 17, 2023, Accepted: June 30, 2023
Jung-Keun Park http://orcid.org/0000-0001-8103-4680 Se-Dong Kim http://orcid.org/0000-0001-8691-3545
Hyoun-Min Cho http://orcid.org/0000-0003-4529-9846

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any

medium, provided the original work is properly cited.

247



JE§, & EE &4 TFHIFOR TR 5

AFIE SEESTE= ARM A1sREATHR) & &
2 9 AP A2xE AT GF 5ol wet A
e, T2 ] ARRPAR A7 HgE QPR
A72)9] el wet A, 2, AR Ee Y H
THKOSHA, 2022). E3F ARHH A83F(FHRIS7]
) 9 22 W AIgY A742QEAQIS dA7IAl B
met ok JeAlgo] g PSS AXIY 4t
MY A TFHIT AF, AH, e, fAESs E
#Eo] T 7=l AR HHEATHE TeAR
(Korea Occupational Safety and Health Agency
Guide, KOSHA Guide)2 2 =0l qitt. & &
™, 20209 7€ KOSHA Guide(E&EH S T-9]
- ARE 9 o] et A, H-82-2020)0= 71 &
AL A& AEste] stu=E Rt Zo]tHKOSHA,
2020). ©] KOSHA Guidex SZEHITT 4GS st
TEARY, A dal, d2e GAKTt test) 62 E9tot
1 9low, Ho o] FFof wet ZA44 - Ay Uzt
T A BES Ak Qi

U2E A 28H SFESAeF 439 Uz &
T2 %= AARE Uttt E3E FAe 3gEE
T A4, AME 9 #e] HopolA At Bt F7t
FHA #4o] 7= AtHHan et al., 2017; Phee et
al.,, 2019; Seo et al., 2020b). Uetaitt S HGF
o] W HAF B AAo w3t 4] thEn ml=
S LA QAR 2 SEHGIE A3 AL F
&, A=, ABY, HY = A RAPE HE SZHS
TE AT giuit}, ARS Aol U AARE Holk
i AASHES HEoR A4Sl AAITHUSNARA,
2023). iuyt), 42 9 A7HEY AE 4F EAJAA
@, &, A4 = &H9E SHeE TAT HAAE
AASIEE P E= A7 REOE Pk
(Han et al., 2017; Phee et al., 2019; JMHLW,
2020). 18y SEuEs D3 HARl dis ®E,
P2 F= F7FES(Korean Standards, KS)C.2
TS YA A1, thAl 7EAH s AR A
Zokal QItHKOSHA 2020; MFDS, 2020; NIFDSE,
2021). HAE AAF #H =2 A dE2548S

o

111t "1 0
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a#eHA] gk M ZIFEQUTHHan, 1999; Kim and
Kim, 2001; Park et al., 2021a). SEH SO A4
oA YR FHAle] Hofsl= HHAE AT o
SEEHST AR Q9] IF P Afo|2E 1o}
2] & A9 ] HA] tiEA(representativeness) E
= U3 HARY Al (reliability)oll ol =2l &
e & 7] "ol

U2 HAF L (fit test panel)}> TE&HITFO A
A Ex= AR Zgo|A LA FANE AAIsH] s A
AE= ogx 152 Wt Hack and McConville,
1978; Han, 1999. Kim et al., 2003; Zhuang et
al., 2007; Chen et al., 2009; 1SO, 2015), W&l
AAL g2 TFEST AR Qo His) d=F B4
SHA /o] MIEHES /== Zo| v st
t}. Hack and McConville(1978)2 ©|= Los Alamos
ZH A4 (Los Alamos National Laboratory, LANL)
SAFAE 20019 d=EH|et dadolE ol-85to 25
gz midel oz HAF md(bivariate test
panel)S 7ot o, 1967d AAH ol=3 QA
2R ZA AFE vigoz 519tk Zhuang et al
(2007) 20034 3,99779] H|7LaRIGE o=
ZAME w2 4 A7E o]8oto oW AL Hidat
FAAEEAS AAF Hd(principal component analysis
test panel)}Z 7HEsiict. dE F 7H1] FAF g
Z+ZF 1SO/TS 16976-20 = JAEHISO, 2015).
H, Chen et al.(2009)2 200649 $==5A 3,000
= e 2AHE Y 4 ARE o]&sto] o|HE
4 FAEEAS GAF BdS 47 st

SEHST A =9 FAF Y Alo|=o] et HE
= IFEIST AR AFY IAISH HolEHo]A
(database, DB)E ©|-&st= Zo] HIEZ|sIt}. £yt
2to] A¢ Th=Ql JIA &7 RAKSize Korea) AFY
S 59f uteld Size Korea DB} Ut} Size Korea
DBE =7P|l&REdo] F3st 197949 A 1AHEH
20209 A8A7IA] 5~74 F7|2 AAE A=Z<I 2l
A& A AFFY AaHEo|t Size Korea AFES At
o] w2t g 24 A5xH2003-20044), A6*H2010-
2014y) 2 A|8xH2020-20219)9] A% 2AAEH =
AL} 32} (three-dimensional, 3D) AAFAZA Z
At& FHEsto] AATsEITt. AI5AF Size Korea AMgell
I 3DIABYEE FARE F=(2001-2002) %
1(2002-2003@)l oo} ghaoflA] #2082 AAH
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JTHKATS, 2004, 2010, 2012; Size Korea Center,
2023).

SEESFO A, AR E T FFolA d=9
Fg E Ato|zo] TSE QIA &7 K} ofof Tt A
A = XZo] A5 EEZSHcHPark et al., 2021a).
BAE npAF9) AL, upA" F7]0f U7t Zho| =]l
o] PAEI JTHNIFDSE, 2021). I8y TEHIT
A A5 BY AAFRE d=Z9 F4 E Aoz
AE #AYE AT F40] glon, TFETF AREAL
A -2 o2 SHE d29 4 Atel=2 F
BE AFsk= KSY 71eA13lo] gle A4olot. -2y
g 27t = SAEE 20 fdchs 2FES
T gz Alo]= EEGE ot SEHT A AR <l
T TEE BFge R JiEE AT FAL mido] E 85t
ot HE3 dF Ao EEI PAF iEE E-8o1A
A AASH= WAL HARE HRHASHA] gror, o
Boo A4, AJS, A%, 224, 1538 =
A7IHA AFT BFFAISHA] Yt AA] Zgolyt At
7t Hlaedoln, AE4d ¢ e (validity)2 BES
= §7] "iZoltt.

ol ZHolA UL HA} A Z(fit test program)
7t obd] fEuEto] ZYEA] ARG =] Ao km
A9 A= F & Atel= DB vHA, FAF sid 7,
U2 GAF sy IE 52 g I AErr 2
a5ttt 55], SZFHIS I dFAR|=Z DB 534
A=A QI H7F v wae HAF wid o] 2
U SFESAY A, AR 2 e A Eof
o] o SATAC] ZFEHEE AFE B9 =54 =
57 H35 9 Ax /jHAE A SAAEE vHdsk=
Zo| F8sith. wEkA o] A HHL SFHIAE
AREShE ]l 5 Qle] 3DYEA| 2R DB 52
B9l 3DYEAIOIR HlolE Y EAS AmHIl =Y
Y2 HA gS 7EstaAt skt

. -4

1. 97 L ALY

o] A= =Rl EERATY E=F Aoz EA
S AR S SEES DR A4t g JHdo
IS AFS F2 W8o= gty A2 A6
A} Size Korea 3DHEF/ISH A0l Fofet Algtol
Ao, AFAre] AA71&(selection criteria) Tk
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=3 Atk DAIGA 3DHEFASH 2ARY ot
=l 2462 3DHAFYEA TAF A= F °JH]A]
glolg 9xt=E ol8sta] 3DYEAR|= 54 7Rk
I3 3R A =S Atk A e THSA
o] BAEEUATF WFAL. 3DHBAEA olnA
glole dxt=7t Ay dlolg el S ooz <)
3DEES 4 A A= HlolH® Z8Y & Qe B

ofZte AHFelM A= At

2. G g4
1) 3DY=2| AIO|= H|OJE] 7 2 HE

Size Korea DB Al12K19799)~A182K2020-2021
4) Size Korea AFio] wet A= H 1149} DB=
=0} lom, Size Korea AlE|O|A Fa|stal Ut
(Size Korea Center, 2023). Size Korea DB & A5
AL, A6x 9 A8Ae] 74-%- 3DJAAFAIEE ZADB7F
Z3tEo] Ut 3DRIAIFESE RAIDBE Atel= T
o|g] DB%} o|=]A] HlolH DBZ =0l Yl A=
of weh AARLACHAL He, &, W7F HEA LAH
of A=l HEY F44 ¢ Aol HH= 3DHH P
574 ZAIDBE &85t &8o] 7Fssitt o] A=
Size Korea AEZFE A6Z 3DHHPFLSY AL
DB(2010-20139)E sHste] ARESIITE. A5 3D
HEFAEY RADBY A 2DSHHS o]&3513l
7] W AestA] dgtow, A62F RADB(20149)
oF A|8A}F ZADBY] ¢ o] A+ JAE k= 71t
of thFolA S7H=A U37] wizoll A 4= gl

A62} Size Korea= AHSH Z2AMR}F 3DRJAABS
S RAE FHESt] AAEACH, ZF RANE Sl
S4717F, ZoqR}, 2AP|E, AFAY SOl @t
(KATS, 2010 and 2012; Size Korea Center, 2023).
DA FEESH A B HoAe 34,7784
(7-69A)e1R 2., 2010\ 0] 8487F(20-39A4, H=th),
2011 1,238%4(7-13A1, =), 20129 1,228%
(40-69A], ololujAdn|=AE) % 2013¥ 1,464
(13-18A], g=rEEdsrd-g) ot FofA= 5%
Sl A AR A6AF 3DHHPA Ate]=
tloJEl= 3DHHSA HolE(45F:)e AHSA Hlo]
HQRIFH=E LEHUAS. 3DHHSA HlolEl= 3DA
7H(scanner), €4 4 G4H4 AZEQo}E ARSI
SA4= . AHE4 Hlolel= 3DHESE Tl <
HotA dolE|2A ozttt Y 4 9 xR
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3DJIAIEE A Ay &4 FAE o]s5t] Martin
2] QA& A Martin-type anthropometer)} A%
AE AHgsto] SFEHUT. gHH, 3D ¥ E= HEY
Ato]= dlojgof tgt ARl =3 9 HAE HHE
o= 239 oju] Btk Park et al., 2021a).

2) 57tX| &=2| 3DYZE A0|X =X

Al6A+ Size Korea 3DHIFAESA FAIDBE
ISO/TS 16976-2°1 wtet HESIFHOU o] A+ =
g 2/d5t7] fol 283t 3DYFAM|R FEO] LR
7 9tk i FE2 S7ERoIqlek E=EYH|
(bizygomatic breadth T+ face width); 2)&4o]u}
B 8](minimum frontal breadth); 3)=%d|(neck
circumference); 4)ATEARIoHFEH|(bitragion frontal
arc); 18] S5)F[dfolupE{H|(maximum frontal
breadth). °|& 57} 3D&E2] Alo]= HolHE= A6
2} 3DHHBFAEH RADBO| EFE o|u|A] HlolE
YAREE ol8st] MEA SHEHILH, AF_8FS
ol gEskT. BA-EA A A= A6 3D
HeEZA5H 2A] Zof3ld 4,7780]Utt. 3DH
454 olu|A] Holy HAtEE= 3DYIARIR EF
7Fs7d 5ol sl AESE A 4,778% F AME 7Hs

A= 3,088%8(13-69A41, AHEEZIAF 1,6907 A|2))ol ]
on, Ao wt 2010 84678(20-39A4], ARE-ETF
2L 21 A9, 2011 0F(7-13A4, 1,238 A<,
20129 1,2139(40-69A4], 159 A1) 183 2013
4357 A)o]3drt.

1,029%8(13-18A, AREAR}

Figure 1. Template model registration process and example
outputs(Source: Lee, 2021)

4,778 persons
(Aged 7 to 69, participated in the 3D head
anthropometric survey of 6% Size Korea)

—

Participants with Korean
nationality*

—

3D head measurement and 21 item data of
direct measurement in the 3D survey

Face dimensions reviewed for 45 item data of

Face dimensions newly obtained for 5
items using a 3D head measurement
method in this study

Participants whose 3D raw

image data eligible for 3D

head measurement (1,690
persons dropped)*

3,088 persons
(Aged 13 to 69 for 71 items)

Persons working
under OSH Act and

being economically

2,752 persons
(Labor population aged 15 to 69 for 21 items)

dropped due to

active (336 persons
age)*

Figure 2. Selection criteria for subjects(*) and 3D face dimensions items

www.kiha.kr

Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(2): 247-264



SEEST AR =S 3XIY YBAOIX 5 U FIH UKT A IY Y 251

1,690% Z 422720134, 13-18A)2 o]u|A] Ho|H
A=} QIglom, UmA] 1,268HL olu|A| Holg
AR FHoY So& 3DYFA|Z F7o| E7F
ot 3DFEARO|ZR EHET= AAIEST 7Ie-(land
mark) ¥7] T2 ATEY0|Q Matlab 2020a
(The Mathwork Inc., MA, USA)o|gloH, =4-A}
= 23} ZtHLee, 2021; Lee et al., 2020): DY
A2 & 7188 E71GDE=E olm|Aof 117] 7]
24 #7]); 2R =T template model registration)
7Y AL 78S VNS E dEHT A 24 7t
5. 7130l 7= U= HE(LTE 7 I=(B
FA)of| FetotH BTt 7+ dzof FRAEEA 7EH
1 2t 4= A5 #7149 (Figure 1); 3)3DIZA|=
AE 9 274, 2932 H5HE dHolg HE. AF8Y
IgolA dojxl HH= Tlolg e, FAEA, U
-9 AEY v F AS IS AFeH, 57HA
3DYZEAICIZ HlolHE 23 wF-8Y A= A
gt Ao = YehdtHLee, 2021).

]

3) 3D YZAL0|= &= MY U DB &

62} Size Korea 3DHEFAE7 RADBO| 23
H 3DEZAO|Z dHlolE FE(457HANT A 4 At
o|= dlolg F=(2171A), 1= o] AollA AEA
Z4" 3DEIAOIZ HlolE FEGIHA)S TSt F
71717101 dis] HESIE o™, o] A= ISO/TS
16976-20] Wzt Figure 29} Zo] 717H4] &= 3 21
7HAZ AAHATHISO, 2015). AFH 21714 F=e
KS A ISO 15535°] w2t DBY ¥F4l(format)S 2+
T TRl w5l 3DEEAR|R DB'R 559
tHKSRC, 2021).

4) o= SEEST AT AA TG Y

SEFESFY A, AR E T dFolA LERE
HAYS AAE o &8 7153 AAF H(test panel)S

2 =l =50 3D
dFAto]=Z DBE °]8ste] ISO/TS 16976-201 wtzt
olHizF HAF sjidy} FAAEEA HAF iR &St
7-shoict.

ol AAF Hjd =]l kmRl 3DYEAlCIR
DBERE AAH F 7HX ¥z E= ¥4(variable)
= A= ¥|(bizygomatic breadth F+ face width)

A=Z4A4o](menton sellion length &= face
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length)E A743}1 o]5 W] Hlo]ElE o]&sla 7
atgict. dEuvlet dado] 44 xET yE
o7 Ao, xEI y& 2z dig] 7P 2 FHEA
Wit + 2EFHADT 7 22 oo e - 2EE
HAPo g o|FojA oS 4583l 167] FYo=z
gt ArtigRte] 2 Hlgo] 22 1S B
AlA 1078 FHog ArAstHom, 107F F+o &
2H APPSR AA TR S Hol 95% ]
4 =S o

FAEEAS AA 2 Sl e BRIT dEAte|=
DBEZHE AHH 10714 dZAto]= HEH(F|Aouh
U], ], ol gAtelun], a2l do], w54t
AtolHH], HEHH], Figo], IYH|, EAAle|UHH],
FZ40)ES olgste] JNdstAt. 107k W =0
tiote] FHEEA BAVIHORE 10714 F4E9 1
e (eigenvector)E AFESHL A5 F 7HA] F4E
13} F4829] A2 score)S ARSI Alsd &
AE1 BAFT FE2 BAHE 44 <53 yEo=
“goto] Yol FYgt 2709] o g P53, 2
A9 AAE 2 BAAA 8 9oz FRSIYL
270 Efdo] ExdE A7t HA AFARE 3
o]k 95% o4} 183l R Efo] AA Y oF 50%
ZIIEE sPHA Dare)E(algorithm)yt F/dwE4]

AR g S STt

5) CIOJE| 22| U SHEA

SRl 5 1Te] 3DYFA|Z DBE AHe A
A4 PCOl +&=90H, 3DEEAM|Z HolE 9] &
g mofolyl SFHRS TRE AL o Jidof &
83 ARHE 4 FAEH FAZ AREEA

ARl A, vol, AdEAla(body mass index,
BMD & Q178 £4, HE &4 7I$d, 4= Al
Z9] = 9 Holo] I3t YHE HESIF O, =
Z207H2015-2020)et =ale] B EXS 1
slHA 7|eBA 2 BARYES A HEE AASH
T} 3DYEAte|= HlojEH 9 EAL dE JEE d=
Ao 29| g Ataddt, EEFHAL, g A,
H ROy 0 7 AT

o= Hdy} FAHEEA Wdo] /gIlA 3D
AZAto] 2 Hlo|E| 9] AR Ee} thEGHS AMETlYl o,
257 9T HAF i mElo] tigRE 40T
FAHEEA wde] A 1074 F489 1HEE
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=l :“?—, A& F 7]';‘] FHEGEGE] € F4E2)9

BATS AEstelen, daelEE st

QV‘O}XV} 871 +9 F StHE EREHZE ST

(Zhuang et al., 2007; ISO, 2015). EAEA(t-test,

x%-test, principal component analysis ZE3HS

SAS Windows 9.4(SAS Institute Inc., Cary, USA)
ol-&stg o, o4 0.05°1U

n.& 2

1. LAt
g QAR A= % 2,75278°]0HTable 1). &
TR i BEx= 247F 52.9%, 47.1%°190Y, &

Y yo] Pt BEHARE 36.2117.44], 38.3+17.2

Alolgler, 7] 170.1+66.4cm, 158.1+56.3cm, =

2A 67.6+£10.8kg, 56.2+8.2kgo]dct. E3F Lo]1

5, AdF A, AT wet @50, AR Y

< =l

2. 5t=Ql L FQI712| H=ZAI0|= EF

SRl 5 R04e] 3DE AR DBE AR
2,752789] 3DYZAO|Z Ho[HRE Fg=o] 3o,
3DGEAIZ HolE9] dFEF 71EH2 307001
THE-S1 Table Al). gEAte|2Y A= 217H4] &
ol w2t £E1 Table A29} Z3tom, Zojo] &9j=
mme|1l FA= kgoltt.

Table 1. General characteristics of subjects in this study(N=

2,752 persons)

Variable Subject(%) Remarks
Male 52.9
Gender
Female 471
15-29 41.2
Age group sy 44 21.8
(Years)
45-69 37.0
{18.5 6.8 Underweight
BMI  185-249 686  Normal
(ka/m?)" 25-(30 218 Overweight
30-35 2.8 Moderately obese
2010 30.7 Age: 20-39
Survey year - 20—
Voo 2012 441 Age: 40-69
2013 25.2 Age: 15-18
Survey  Capital 100.0

location  area

"Source: WHO(2021).

Aol v dsjols Holetis el et
BE, BEUA, Ahg AU 9 MRS Uehi
oI, 747t Table 2 & Table 37} 2t} |2 =

W, gy 42 21709 3DYAol=
o i EEEE 4%

[©)

= = % i)

137.6+£5.7 mm, 133.2+
5.0 mme|a, IEFF2| ol HH ZFHAE= 2
Z} 116.627.0 mm, 107.84+6.8 mme°]3ic}.

Table 2. Features of 3D face dimensions in South Korean male labor population(Unit: mm or kg)

: : . , Percentile
Dimension Number Mean SD” Min. Max.

5th 50th 95th
Bigonial breadth (Jaw width) 1,441 128.2 11.0 90 161 109 129 146
Bitragion chin arc 1,033 343.0 30.2 277 445 307 336 410
Bitragion coronal arc 1,441 376.0 22.9 294 466 334 376 412
Bitragion frontal arc™ 1,456 312.8 11.6 264 352 295 313 332
Bitragion subnasale arc 1,033 307.6 28.4 255 402 276 300 373
Bizygomatic breadth(Face width)? 1,456 137.6 5.7 119 160 128 138 147
Head breadth 1,441 165.1 8.9 136 192 150 166 179
Head circumference 1,441 586.1 21.3 520 696 556 584 623
Head length 1,441 194.3 9.2 167 229 180 193 210
Interpuillary distance 1,440 69.4 55 53 86 61 69 78
Lip length 1,441 50.7 8.6 31 78 38 50 64
Maximum frontal breadth™ 1,456 112.1 5.1 93 133 104 112 120

www.kiha.kr
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Table 2. Continued

5EE5T A LSOITY 3R UBAO|IX ST U HRW LA

BAF IHE JHE 263

Dimension Number Mean SD" Min. Max. Percentie

5th 50th 95th
Menton Sellion length (Face length) 1,441 116.6 7.0 96 143 105 117 128
Minimum frontal breadth™ 1,455 107.3 5.1 89 129 99 107 116
Nasal root breadth 1,441 35.2 7.4 21 56 26 33 49
Neck circumference™ 1,394 382.0 30.6 299 598 339 378 435
Nose breadth 1,440 36.8 3.3 28 56 32 37 42
Nose protrusion 1,033 13.6 2.3 6 23 10 14 17
Subnasale Sellion length(Nose length) 1,441 53.2 3.9 42 68 47 53 60
Stature(Height) 1,453 1,701.3 66.4 1,485 1,881 1587 1,704 1,809
Weight 1,455 67.6 10.8 39 126 51 67 87
*1. Standard deviation
*2: Newly obtained in this study since they are not in the list of the 6th Size Korea DB.
Table 3. Features of 3D face dimensions in South Korean female labor population(Unit: mm or kg)

Dimension Number ~ Mean SD” Min. Max. Percentie

5th 50th 95th
Bigonial breadth (Jaw width) 1,291 121.6 11.2 80 166 102 123 138
Bitragion chin arc 1,007 311.6 16.0 272 414 288 311 337
Bitragion coronal arc 1,291 368.4 15.7 312 489 345 367 393
Bitragion frontal ar®? 1,296 299.4 11.0 260 341 281 299 317
Bitragion subnasale arc 1,007 282.7 14.0 240 369 262 282 303
Bizygomatic breadth(Face width)? 1,296 133.2 5.0 117 153 125 133 142
Head breadth 1,291 158.8 8.5 138 194 145 159 173
Head circumference 1,291 564.5 18.4 512 663 537 563 595
Head length 1,291 187.2 8.9 167 229 175 187 202
Interpuillary distance 1,291 67.3 49 50 84 60 67 75
Lip length 1,291 46.9 7.9 28 71 35 46 59
Maximum frontal breadth™ 1,296 107.9 4.5 88 126 101 108 115
Menton Sellion length (Face length) 1,290 107.8 6.8 90 131 96 108 119
Minimum frontal breadth™ 1,296 103.1 4.6 84 120 96 103 11
Nasal root breadth 1,291 34.4 6.3 22 54 26 33 47
Neck circumference™ 1,247 338.6 31.0 277 675 296 33b 391
Nose breadth 1,290 32.9 3.3 23 47 28 33 38
Nose protrusion 1,007 12.1 2.3 5 20 8 12 16
Subnasale Sellion length(Nose length) 1,291 50.3 4.0 40 68 44 50 57
Stature(Height) 1,294 1,581.9 56.3 1,390 1,737 1,488 1,583 1,675
Weight 1,296 56.2 8.2 33 127 45 55 70
*1: Standard deviation
*¥2: Newly obtained in this study since they are not in the list of the 6th Size Korea DB.
Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(2): 247-264 www.kiha.kr
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3. §t=23 UXIT Z{A IHY JHY
1) O|HZF ZAt I{'E(Bivariate test panel)

o Hjd-2 =Rl k5l Te] 3DYEAN|= DB
o Sl= F 7HA EF Afo]= HEH(F=YH| ¢ g2
2 Zo))9] glo|g & o|-&sto] /L=t F 7HA] BigF
glo]E] Q] AL EE Figure 33 Zokow, =9 o|H
= HAAF H'd-2 Figure 49 294t

ojHEF AAl s AR 2,731 95.2%E
ZFROH(Table 4), T AFddA= 24249
94.9%, 95.4%% E3JIQE A 0Z eyttt oI A}
g 257 Uk AP g Bdo] H8Ad A8

Gy 247 129, 13922 AAEJL, 1078 9

140

Face length (mm)

110 120 130

140 1680 160

Face wadth (mm)

170

Figure 3. Scatter plot of face width and face length for South
Korean bivariate test panel(N=2,731 persons;

Missing value= 21)

130.
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Face length (mm)
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943
123.2

129.7 136.1 142.5

Face width (mm)

148.9

Figure 4. South Korean bivariate test panel based on face
width and face length(N=2,731 persons; Missing
value= 21)

wet Y e QTRE H&L Mol 2~
A A St 2=

2) ZHEEM AL I (Principal component analysis
test panel)

FAEEA A d2 =9l 51 3DY=E
APo|Z DBl QU= 107H4] FFAte|= ¥ HolH
£ ol&sto] L= UK Table 5).

107H4] ¥e] HlolH= FAHEEA 7IHo] 484
BAREA] AREYL, BARAE Bo AFEE 107

A FHR F A F A 2RI F4R20] gt

Table 4. Distribution of population and number of subjects for South Korean bivariate test panel

Cell Distribution(%) Number of subjects for 25 fit test panel model
Male Female Total Male Female Total
1 0.7 6.0 3.2 - 2 2
2 1.0 1.1 5.8 1 1 2
3 24 10.9 6.4 1 1 2
4 9.4 254 16.9 1 2 3
5 12.7 18.2 15.3 1 2 3
6 25.2 16.2 20.9 2 2 4
7 21.7 6.2 14.4 1 2 3
8 6.7 0.5 3.8 1 1 2
9 9.0 0.8 5.1 2 - 2
10 6.1 0.2 3.3 2 - 2
Total 94.9 95.4 95.2 12 13 25
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Table 5. Mean and standard deviation of 10 face dimensions for South Korean principal component analysis test panel

(Unit: mm)

Face dimensions Number Mean Standard deviation Min. Max.
Minimum frontal breadth 2,751 105.3 5.3 84.3 129.0
Face width 2,752 135.5 5.8 117.5 160.1
Jaw width 2,732 125.1 11.6 80.0 165.8
Face length 2,731 112.5 8.2 90.4 143.0
Interpupillary distance 2,731 68.4 5.3 50.0 86.0
Head breadth 2,732 162.1 9.3 136.0 193.8
Nose protrusion 2,040 12.8 2.4 5.0 23.0
Nose breadth 2,730 34.9 3.8 23.4 56.1
Nasal root breadth 2,732 34.8 7.0 20.6 56.3
Nose length 2,732 51.8 4.2 39.6 67.7

Table 6. Eigenvectors from principal component analysis to
South Korean labor population

Principal Principal
component!  component2

Minimum frontal breadth  0.425905 0.111704

Face dimensions

Face width 0.437465 0.053653
Jaw width 0.216894 0.517003
Face length 0.379257 -0.145838
Interpupillary distance 0.289425 -0.457620
Head breadth 0.249411 0.446659
Nose protrusion 0.204913 0.237037
Nose breadth 0.349140 -0.202447
Nasal root breadth 0.120745 -0.424226
Nose length 0.334530 -0.100117

Table 63} 23kt

9 FHE2 BAFS A1) AQ)E ol
AR 2o tisf AFEElen, daels
AT IR; ZHze] ] Aol ARSEUTHES2).
Ail H R BATY AL T+= Figure 59 &
o, 3= FEEEA HAF g2 Figure 63 &

s
=
r T
r

oX

i
=T

_O‘l',
£ 4

N rlo

O

A~
(0]

l

%3:

FE1 = 0.425905(F AoluhE ) + 0.437465(H
ZUH]) + 0.216894(CIE A1) + 0.379257
(@Z521Z0]) + 0.289425(3=FAAtolHH]) +
0.249411(H=98]) + 0.204913(F=0)) + 0.349140
(ZuH]) + 0.120745G=T4A1HH]) + 0.334530

(F70]) =---mmmmemmmmemmmeennnee (&)

Second principal componant (mm)
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Figure 5. Scatter plot of two principal component statistics
for South Korean principal component analysis test
panel(N= 2,037 persons; Missing value= 715)
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Figure 6. South Korean principal component analysis test
panel based on two principal component statistics
(N= 2,037 persons; Missing value= 715)
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Table 7. Distribution of population and number of subjects for South Korean principal component analysis test panel

Cell Distribution(%) Number of subjects for 25 fit test panel model
Male Female Total Male Female Total
1 0.3 8.0 3.9 - 2 2
2 31.0 33.1 32.0 3 3 6
3 12.9 25.1 18.6 1 3 4
4 5.3 7.2 6.2 1 1 2
5 6.7 7.8 7.2 1 1 2
6 22.5 13.4 18.2 2 3 5
7 8.2 1.2 49 2 - 2
8 8.1 0.3 4.4 2 - 2
Total 95.1 96.1 95.5 12 13 25

FAE2 = 0.111704F 2olm ) + 0.053653(2
Z4H]) + 0.517003(CFE Ao H]) - 0.145838
(@A Zo)) - 0.457620(=5A Aol HH]) +
0.446659(H2]HH]) + 0.237037(F%0)) - 0.202447
(FYH]) - 0.424226G=Ae|HH]) - 0.100117

(S0 —-mmmmmmmmem oo (412)
FAEEA A wde 7R 203739

95.5%% E5tAOom(Table 7), Wy AFthRb=
242} 95.1%, 96.1%% EUTt 02 et 4%
B4 A oidE 257 BAE A g mdo] A
A A% e 247 128, 13308 AAEIY
87HA F+ojef wet Agd ol QI RE HlES 1F
sto] 2~679] HAF oA #7F FAE .

=}
=

V.1
1. 3DYZAM0|= HO|Ef EH
1) t=0l L5017 3DYZAI0|= DB 75

g9l 5919 3DYEAN| = DB7F FE5E Sl
=5 DBE ISO/TS 16976-29] we} 217FA] =0
2 FENeH, AeAl Size Korea 3DHAFSEA
ZADBRZEH A" 2,75219] Hlo|gZ o]FofFth
(ISO, 2015; KSRC, 2021). g%l k=5?049] 3D
ZA|2 DBE 557] HsiA 21714 @5 5 571
A FE(HAT-EAololutsdo], IFH], ot
Y|, FAolup ], Z=))9] gloEE o] Ao
AEA S8 A olF 5714 FE9] HolE 7t A6zt
3DHEFAAEY RADBO §l7] d&oltt. 5714 &

www.kiha.kr

£9] gloJE7} gIAE ol oFHE Aot 2APT AA]
H 2010-201349]| s FAEZISO/TS 16976-2)°]
obz] A=A ¢kok7] wiiEolw, I7FH]] Ao R S
Z1E Size Korea AFY IHgolA =AIZR1 A4-53F0]
FEoM WrgEA] W A3 #A¥E Aot} HEY
dlolE9] AL A6X Size Korea FZ{=4 ZADB
(2D Aol =3t=E|o] QUAA|TE 3DHFFAAEY A
DBol| Z3t=|o] UA] ¢¥or7] wiEo] o] AollAl ARE
2 5 gl 57H4] &9 dlolEl= Al6AF 3DHEH
Ay2A ZADB| ZgHE 3DHEFAET o]u]A] fo]
H YARE ol8sto] SAozH qEA FHE 5
ATt

SRl =5l e] 3DYEA|= DBE 57H] &
o] 3DEIA|Z THlolHE MEA FIEoEHA
ISO/TS 16976-29] HRARF21I7HA] FE)E FFA
3L, KS A ISO 155359 ZRARKDBY F4)7HA]
FEACEN ATEHS GAA1717] 9Igt DBE -
ZH 9t 755 3DIEZA|= DBY HlojHE &8
& AS W 2 FAFCR vwrt 7Hsot wEbA
SRl 15919l 3DYEAIC|= DB7F FEHOEH
FTHST ARE LBl dFAtol=o] sl =
AAQl 0] Y2 &8d 5 Qe 7|=A=T}

ek & 4 et

for

1

]_

fal

H

=R

4,
i

2) 8t=21 L==5Q1710| 3DYZA0|= H|0|E EZ

TR =EATe] 3DLBAel2 DBE FAIH:
2,752 217H4] 3DEEAC]|= HlojEl= A4 ¥ &
of wat Het, EEHEA, &gk, UG WEREE
ARZEQLE AE EY, d2Uv]9] Had EEHEA=
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v

¥ Z+2} 137.6+£5.7 mm, 133.2+£5.0 mmo|%1,
53409 Hyt xEHA= 9 242 116.6+
.0 mm, 107.8£6.8 mmo|t}. LIFHH|} ==
1dolof] tisf 4 ¥ HolE st H|w 7hsgh
|29 dA-+Z2uet FgH g vwskeltt. Han(1999)
2 522%(d 78%, o 22%; Wo| 204 o|)e] L=At
o} oS e g2 dFHn|e}t d2dolE AP RA}
os SAsH=d d=vrle A¢ 9y 47
145.145.9 mm, 136.74£5.4 mmP°|%1, dFZol=
120.2+£6.2 mm, 109.7+4.5 mmZ XEisko] d
Z}Z} o] Aol dFH|e dEFFAdolH) o & A
o2 yepdth Kim et al.(2003)2 1028(d 69%,
31%; ol 20~40A41)2] sty 2 Z=AE Hde=
d=Zol tfs 3D e A=RE gHG &+ &
=Z4olE SAY=d 99 A2 122.3845.54 mm,
113.2544.79 mm= Hilsto] o] A9 a2
olmth W 77 o 2 Aow vehieh of A7 @
=Y 7| A9l A3 H|nolA d=Euvde] i
4 247} 137.6~145.1 mm, 133.2~136.7 mm°|} 1L,
dF52de] HYE 116.6~122.38 mm, 107.8~
113.25 mmQl A& Yeoy R#FHAE 13T
A5 vl B ARl F ol Ak A Hloju
A kgt it o] Ate] d=yH|et dI5A o7t
FAHCE A=t 11 olf+= 204 1Tt At
ZH693%8)7F AA|9] 25% o4 ZFE|S7] WY Ao|
o, o]d H2 oE AFZIL AR5 HHughes
and Lomaev, 1972; Seo et al., 2020a). Hughes
and Lomaev(1972)= &5 UuhdRKUo] 15-80A)
335789 dEAte|2 SAFANE Bgl=t] 214 =gt
o] AYIFE 21-5941 AHIFHT dZo| o &Sk
I, dEHHY] A FAZCE mi9 [folotA Ask=
o] o] Xol= I=M7} FRHOE 25A71A] s
= Ay #AFEG 5FYL} Seo et al.(2020a)2 A6
2} Size Korea 3DHZFAEA FAIDBo| Y=
4,583 50.8%, o] 49.2%; Yo] 7-69A)Y] d=4
ol9] HIF HEFHAE A&t dy 47
111.2+23.1 mm, 104.7+12.2 mm% REils}o] H14
Z¥z} o] A+9] dFFAdo|H} ¢ A2 Ao R U
wom, 204 mYkY] AGthAAK2,525%)7F AA Q)
55% ol ZIEU7] e Aolth HIE oA
Hye AR AFAANE FACE BIE AAFoL,
o] Aqto] o AGtHIA] A= H|9} d=42]

N e o

i

N
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dol= o A7y AR D704 ZA B
ojuR] g2 Aoz YERyiTh

=7F b =5RlTte] dEAtel= HlojEo ts
Aoz Hwstoh ml=r Jy =EA dFUH]|e
A9 Z7ZF 143.5+6.9 mm, 135.1+6.5 mmo|1L
(Zhuang and Bradtmiller, 2005), 3= €Y %%
9] 7B 22+ 147.5+4.7 mm, 139.9+6.3 mm=
YERHDu et al, 2008), °o] A9 At} d=
YHl= w53 S a5Ae] dayH| Ho o 22
Aoz Yehdtt wj=r 9y Lwa5x dE5Fdol9
2% 22 122.747.0 mm, 113.4+6.1 mmeo|}iL
(Zhuang and Bradtmiller, 2005), 3= €4 %%
Z9] HL ZZF 117.3+5.6 mm, 110.3£7.2 mm=E
YERHDu et al, 2008), °o] A9 At} d=
TR do|7b v F= e AY] daEgddo] Hrt
o 22 Ao=R UEyth 2174 &5 F 57H(E=E
yH|, d=524do], 7], 5574, H=)E AYt
WA 16714 3DEZAR|ZR FEE AWHE=H, &
ol gt AAFoE IV} b E5Ate] dFAte| =
Aozt EAjEle] AUt 7], FFA 2 E=99 4
Y S =SARE A7t gl oy gt b
= =5 AEE Apol7t QIS

2HH, 3DYEALO| 2 HolE|Q}F 2DYFAM| = TlojH
9] ApolE AESIIA} 519} A6AF Size Korea DB
£ 5= F 71X RADBO|| Z3HE dHlo|HE AT
Hok=dl, 3DHARAEH AP xR = 4,778
BEFE AAH o] AFY AFHIAH2,7527, 3D
I3 AHEH A FZHT 14,016%)2HH
AAE e520948,343%, 2D1F)7} Bl = ArHPark
et al., 2021b). ZAto|= H|WI} 7Hs3t 97HA] &
of s &Astlen, thit =2 AFESAolHZ Y
Zo|, W], HEEd, HYFA, =sAAtelHH],
I o], Z=d|, 7] € FFA I 971 &
FE dFAto|= HlolEe| Hisf F IF 7+ EA4ZE
o, A 9 FEo ot 22 SAHCE {3k Zlol7t
AATHP0.05). A6A} Size Korea 3DHEFAFESA
ZADBE AT T 189 HolHE ISO 20685-19]
w2} BRI THISO, 2015). 3DHEASY 5457
AN 2GS F=Q17HA) F Hloly EHIt 7hset
37HA] FE(AT-EALIYH], AHF-EAte|H o], H
=) o= Jy AA 9 7429 ti3EgkZ o]
WPH(Park et al., 2021b). BlR A3}, 3DSH Ho]
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o] Hito] AHEA HlojHe HiEh Hutdoz
A YEaL, 370 59 Hloly Bt Zpol= 13-21
mm= Y o™, 3DZ74 Holget AHEA dlo|H
7+ A5 2 Xmaximum allowable error) 7|&&

235 AoR ),

3) MEY I BTN S

SRl =5Rle] 3DYZA|R DB A7 Ee
A EE(ISO/TS 16976-2, 1SO 7250-1 & KS A
ISO 15535)°] wet 5o =24 55 DB7F &8
H A7Z79 v|wA(comparability)S THAZE
QA EJATHISO, 2008; ISO, 2015; KSRC, 2021).
A6A}F Size Korea 3DHFAEZA FAF 7|HEL F
A Adko] At S AR
LEYPS Aoty AL HFE EY RARIAARE Yol
O] gt 1d 99 Z2AEZ ASsle] 2250
2 Yol Holee #84E FIA7IAL of
Fom, 3DRAAFESH A AL RAF =L
Y 9 4 FAo)A 3DSA HolEl &Rt ofyzt Z
A&% dHlolg7ix] dHgtoZH 3DYolE 9 g4
W =4 oA 7 Eade 29" AeE Uyt
(KATS, 2012).

A= B A JAE 3 o 2Hsk=
8% g40ltth JIAISA dHolEe EATE A+ ¢
49| SHoA AFE 4= Slojof s17] wiEoltt. o]
At AR A7 AT 3DYEAO| =Y
glole ] IFolA =]l 5l 3DYFAM|Z
DBY S FIAZIA Fa, A9l wgolut
Ao} A= B =017] s =8k H=
A AFAE e E 539 A5 Size Korea 3D
A EEA dlolHe A9 w=t FAHCRE [olgt
Zpol7} Atk FHKATS, 2012). Al6Z}F Size
Korea 3DRIAIFYSE 2APL Sd AFAE A4
H olf= ASA 3DJAABAZT RANA Aol o
ot BAZCRE FoJgt Xo|7t givtal HuEJYH A,
3DJAZA A, AAAANA)e 37 EAA ols
9] ojE%, 1121l 3DRIAISE RARE fIgt Al okt
9] Ak 5 wjFo|YS AHo|tHPark et al., 2021a).

ARSI B2 A, vol, 7], 5574
9 BMIof| wet ohFict. A6AF Size Korea DB &
3DHHFYSH RAM] Fofdt o] A AR
(2,7527)et AHEH Aol Fofdh 5?074(8,343

www.kiha.kr

)] s AE BEXZ 8wt A3, o] e A7
A= 3 242 52.9%, 47.1%01903L, ARHEH AL
Zojzro] Y= Zk2) 53.0%, 47.0%% YERY 542
oz [ogt Aol YATHPY0.05)(Park et al.,
2021b). Yeo]|1F ExE= AFtigRte] F¢- 15-294]
7} 41.2%, 30-44A4) 21.8%, 45-69A] 37.0%= LFebst
1, APSH AL FZR9] A9 15-29417F 55.2%,
30-44A4 24.7%, 45-69A] 20.1%= YER} Yo|1F
ExoA & I8 F9t Zol7b AATHp0.05).
BMIE dFdidRte]l F9 (185 kg/m*7b 6.8%,
18.5-24.9 kg/m* 68.6%, 25-<(30 kg/m?* 21.8%, »30
kg/m* 2.8%°0101, FH=Y FAF FojAE= (185
kg/m*7} 8.1%, 18.5-24.9 kg/m* 67.7%, 25-(30
kg/m? 21.5%, »30 kg/m* 2.7%% YEh} = 1& A}
olof] f-oIgt Xfo|7} gl AoZ YERFTHp»0.05). gt
H, 2015-20209 ¥=r5<14(51,829,136%)2] ¥
BEIE= Yy ZH2}F 50.0%, 50.0%°]1%0H, Uo] 15
15-29X17F 18.3%, 30-44A 21.2%, 45-69A 37.7%
2 YePgE=d|(Statistics Korea, 2021), ©] 9] A
Tt 2015-20209 =ERITE FAAH R Bl
AL, AE 9 IR Yol 1F(30-444 H 45-69A1)
O] FAEIONA FARSE HTFo| YERSETE

AT A4 9 ol wel dZAo|= HlolH
o] BEAS ATHEy, dayv|e dFFFdolg F
Adog A 9 9] AArete] 2jolE B
o, 2D9} 3D Hlo[E 9] RjolE AWKl AHo=
AANPAT HEET7E A, Yol 15, 2D/3D SN
)l T2 IFAto]=9] zlo|E T Tolo/|Hit o
A dFA|= HlolE Y EAo] B3t HRE Tt
Aoz AFotnA ot HE v 5= QE IR
o] glal A=t 9] dEAfo]= DBYF B3 AA
oA o2 AZAFete] Zjo] §F Ee Hko] #Ih
JE7L AFotes YulE AgHHolZ oL o] Aol I
ZUn|e Aol Y o2 A9 IFAt|=
tlojge} & Zpolg HolA] gk AoF UERyT) o]
d SHA TFHSFO AH, AHE ¢ He dFE
o= Tl wm Rl dE FEf E Afo]=of
gt HE7 3T uf o] AFoA AAEH IFAto]=
HolgE &8% & ot X3 EA kBA IE,
o|FLFAHY AL QF, HF, IVt T wHgo] E
Aol st AZAl|= HolEE &8sk Ao
Hlg2] it

—
—_
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2. ot=d HAIE ZALIHYE T

o] Aol ]l kmRlTt 2,752 9] 3DY=AL
o|Z Hlo|HE HIFOo = 3= o]z HAF ofidy} gt
=43 FAAEEA A HES 47 Apdsien,
7HAl 25 259 wEA OE widolqity. W At
g2 S FEo ARG QlTto] thsf| tii/do] wHdE
297t 7] Y&ol(Han, 1999; Kim et al., 2003;
Chen et al., 2009), = 719 HAF HidS 7dst=
oA A S ZTE t9] E¥lo] HuH &
At wie] wet skt (Zhuang et al.,, 2007;
ISO, 2008, 2015, 2018; Chen et al., 2009; KSRC,
2021). AA @ AR 199 = FEY 3AZ
e AEsh7] Y 2 a3t SESE AAReE st 7|7
U 8FE He SFHSTE AARY E844E 11
gt Aot} 259 9] YAtk FHAp oid’ o] oA 14
A 25782 YR HARES 9IgF H-&3 AZto] 1
Zlo|ti(Zhuang et al., 2007; 1SO, 2015).

oliEF AAF gL =l =ERUFY dFAto|=
DBl = F 7HA] ==Y H], 428 Zo)Y
olHE SARA ¥ AEdH dy 47 gdat mEwHAt
£ o|-&sto] Adsteleh. HAF sid g el =8 4
A= F W Hlole AE, AlRE 2, P 35
HA Abg, HAF g 2, 257 URE AAblE B
o] At F740]qlt}. o] Ate] o|HEF HAL d-2
g HA AFEARe] 95.2%(d ZH2E 94.9%,
95.5%)5 A¥ET = U= AR Yo, 259 ¥
2 A4 g 2l A-8A1d 39 107l tis]
A Sl QIEEE HE&E JEste] 2~479] AAL
QAL AAE AT AR A iEdS Tl
L5919 dFAto|= DBEYEH AA4H 10714 4=
Ato]= =] Tlo|E & o]&5to] N\ Qlrt. AAL
g g F8 AR 107H] d3Ate|= 9
AW 2 FJE, FH4RY 179 Y AE, FE BAE
AbE, AT 2R Hotd AN AR, HAL o 2
43, 259 LA AAF g’ REo] o idRp 750 qlth
o] A9l FEEA HAF g2 i HA A
2+ 95.5%(dd 2+ 95.1%, 96.1%)5 A¥T 4 2
= Aog yeyton, 257 W Al oid’ o]
A1 A5 87l tis A +9E QIHEE BlE
< Este] 2~699] AA A AAE

o] oA A=ZFQl F1O] AAZH Ho|EE o]
|3 AAF ide e v SEEST A,
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AHE B JF IAREY Y A F shle
o, 7ol "9 o] AR F7t=EI e ke g
3 ol¥l=F A Hd3 S FAAREA HAF Hido]
Q). ol midols FAEEA mdols A
A HdS o]8ote] SFEST YL HAE AAT
3%, Al Folsls DA% 152 o SFHEST
ARE Q1S T HSIEE AHsH= Zlo] Wasic) WUt
T AA Y 3FESHO BEnitt Alo]R FR e
T2 (size systems)o| Gt HHA} 17 A HHAE
OEFAT = 7H] HAF gido] A uf vhdARl
SRl WwE Rl o] vH|gof wet gzt 15 A
o= o] vigAsitt, 1 B9t FYoME AAF of
g8 /st A7 B EI O (Han, 1999; Kim et
al., 2003), A+3Ate] Agegalof w2 /=t =
7} B 1A E2o] digh H3d(confirmity)ol] 3t
=30 Atk Iy o] AFollA AEE s o]
e 9 FEEAN A IidS ARl Size Korea
DBOll =3 Rl Bt 2,752 9] dFAte|=
tlolElE ©]8513laL, ISO/TS 16976-2, 1SO 7250-1
4 KS A ISO 155359 w&h 7iL= Q7] wjEe] dixE
A = A #wet f27 A %2 Aotk o%
o], 33 FAHAREA HAA HEdS /ol IgollA
AEE AT ARE 0l 50179 TS et
Ue 712A R nE FF QIF NI oA AR

g-8/do] gjd & ot QIF sl Tsh AR
2 o] A9 He| Holct, AA|F O o] A4 gt
=9 =521+ 3DYEAM|= DBE ol-&ste] IA4

9 Ezo] et e T 7 PA L 5FHT
T 4%, AHE B T 4R 28D A9 47 2
o A=A ¥D & Y oIk

3. ¢71o| Mgk

A|62}F Size Korea DB+ =71 E27]32] AFAAE
of Wt 55 Aolu, AR e, i, ol *
A1) AR 2 1T o AR EPH 9 F3to
AlF oy Big/do] 43 o2 SR E QS Aotk
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Ax E= AYLFA RAPIHO] SRt

A= Ate|= dloly d W2t HAR afid Zdo] A
|4 dHlolg+= 71& 39 4% 2DSA dHolHEA
4 tole)E ol&StIAY dF 3DEH dHolEE
ZoelY O Han, 1999; Zhuang and Bradtmiller,
2005; Zhuang et al., 2007; Du et al., 2008; Chen
et al., 2009: 18O, 2015), °] A4+= 2+ 3DSA H
olE]E o]-&3F3ith 1SO 20685-10] w2® 3DIAS
% HlolEl= 2DIAISA HolH=RE It oA {
9 o7t Hx=E FASEL JTHISO, 2018). ©] A+
oAl ¥l 7Fs3k 37FA] g0l tis 2D HlolE %}
3DZ4 dHlolg 1t Zpolof tisto] EA% A3}, AR
=(SO 20685-1)9] 5§} 7IE= 2Tt AL
2 UBEH g, o] dAolA MEA F7HE 57HA
FEo] tigt 3DLEAeIR SAWHS A6A}F Size
Korea 3DHEZAZH RAIA AHEH SHWHEE
7 22T USR] LSkt o™ S|4 AT
A TR, 2DS7 ®HY 3DS7 W] Hlw, 3D
GIFA|2 574 W 2+ Ao] Hlw Fof B F7H4
Ql A5+t E Qs

V.2 &
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2 ARt 9] shuE AAElo] ot AT 5%
Hoo] A%, AME 9 o] A7t =72 A|&E o]
gt o] A9 BHS SHZHIFE AREoh= el
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16972-2 ¥ KS A ISO 155359 wa} =}l 52l
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www.kiha.kr

W, dFn|9 ik 3EEAE 9 24 137.6+
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6.8 mme]|Utt.
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Appendix

25 1. He|5Y 7|28 & E=A0[= =9 F9

o] AollA ARESE HESH 7|Ed E dFA|R
3tE9] Aol Table A1 9 Table A29} &3kt

Table A1. List of selected landmarks for 3D head and face anthropometric measurement'”’

No Landmark Definition

1 Alare(right/left) The lateral point on the flare or wing of the nose

2 Cheilion(r/1) The lateral point of the juncture of the fleshy tissue of the lips with facial skin at
the corner of the mouth

3 Chin The most protruding point on the bottom edge of the chin, along the jawline

4 Ectocanthus(r/l) The outside corner of the eye formed by the meeting of the upper and lower eyelids

5 Frontotemporale(r/)2 The point of deepest indentation of the temporal crest of the frontal bone above the
brow ridges

6 Glabella The anterior point on the frontal bone midway between the bony brow ridges

7 Gonion(r/) The most lateral, most inferior, and most posterior point on the angle of the
mandible(Jawbone)

8 Infraorbitale(r/1)™ The lowest point on the anterior border of the bony eye socket

9 Menton? The inferior point of the mandible in the midsagittal plane

The point on the side of the nasal root at a depth equal to half the distance from

The point of the anterior projection of the tip of the nose
The centre of the pupil of a subject looking straight ahead
The point of the deepest depression of the nasal bones at the top of the nose

10 Nasal root point(r/l) the bridge of the nose to the eyes
11 Pronasale(r/l)

12 Pupil(r/1)

13 Sellion

14 Subnasale

15 Vertex(Top of head)

16 Tragion(r/l) the head

17 Zygion(r/)”?
18 Zygofrontale(r/1)™

The point of intersection of the philtrum(groove of the upper lip) with the inferior surface
of the nose in the midsagittal plane

The top point of the head
The superior point on the juncture of the cartilagionous flap(tragus) of the ear with

The most lateral point on the zygomatic arch
The lateral point of the frontal bone on tits zygomatic process

*1 Adapted from 1SO/TS 16976-2(1SO, 2015);

*2: Newly obtained in this study since they are not in the list of the 6™ Size Korea DB.
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Table A2. 3D face dimensions and definition™

No Dimension Definition
1 Bigonial breadth The straight-line distance between the right and left gonion landmarks on the corners
(Jaw width) of the jaw
L . The surface distance between the right and left tragion landmarks across the anterior
2 Bitragion chin arc ) ;
point of the chin
L The surface distance between the right and left tragion landmarks across the top
3 Bitragion coronal arc .
of the head in the coronal plane
4 Bitragion frontal arc™ The surface distance between the right and left tragion landmarks across the forehead
9 just above the ridges of the eyebrows(Supraorbital ridges)
o The surface distance between the right and left tragion landmarks across the subnasale
5 Bitragion subnasale arc
landmark at the bottom of the nose
6 Blzygom_ahc Sreadth The maximum horizontal breadth of the face between the zygomatic arches
(Face width)
7 Head breadth The maximum horizontal breadth of the head above the level of the ears
8 Head circumference The maximum circumference of the head just above the ridges of the eyebrows
(supraorbital ridges) and the attachment of the ears
9 Head length The maximum length of the head in the midsagittal plane
10 Interpuillary distance The distance between the center of the right and the center of the left pupil
. The straight-line distance between the right and left cheilion landmarks at the corners
11 Lip length
of the closed mouth
12 Maximum frontal breadith™? The stra|ght_—||ne distance between the right and left zygofrontale landmarks at the
upper margin of each bony eye socket
13 Menton Sellion length The distance in the midsagittal plane between the menton landmark at the bottom
(Face length) of the chin and the sellion landmark at the deepest point of the nasal root depression
14 Minimum frontal breadth™ The straight-line distance betv_veen the right and left frontotemporal landmarks on
the temporal crest on each side of the forehead
The horizontal breadth of the nose at the level of the deepest depression in the
15 Nasal root breadth root(sellion landmark) and at a depth equal to half the distance from the bridge
of the nose to the eyes
. ) The circumference of the neck at the level of the infra—thyroid landmark(Adam’s
16 Neck circumference apple)
17 Nose breadth The straight-line distance between the right and left alare landmarks
, The straight-line distance between the pronasale landmark at the tip of the nose
18 Nose protrusion
and the subnasale landmark under the nose
19 Subnasale Sellion length The straight-line distance between the subnasale landmark and the sellion landmark
(Nose length)
20  Stature(Height) The vertical distance between the standing surface and the top of the head
21 Weight The weight of the subject

*1: Adapted from ISO/TS 16976-2(1SO, 2015);
*2: Newly obtained in this study since there are not in the list of the 6" Size Korea DB.
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71713k = 0.4779393 (=7.0592843/14.7702537)
a = 2.55 * 14.7702537

b = 2.55 * 7.0592843
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c = 1.02 * 14.7702537
d = 1.02 * 7.0592843
rl = sqrt (x9)/@%) + H/(BY)
r2 = sqrt (x9)/(c? + F9)/(d?))
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Minor(

Figure A1. Two ellipses(outer, inner) and two semi-axes

(major, minor)
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gk x b= 0 2T y <0 1T 1l (= 1 1T
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