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The Measurement of Korean Face Skin Rigidity for a Robotic Headform of Respiratory
Protective Device Testing
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)Dept of Industrial & Management Engineering, POSTECH; Pohang, Korea
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Abstract: This study aims to measure the skin rigidity of different facial areas among Koreans and propose guidelines
for each area’s skin rigidity that can be applied with a facial robot for testing respiratory protective devices. The facial skin
rigidity of 40 participants, which included 20 men and 20 women, aged 20 to 50, was analyzed. The rigidity measurement
was conducted in 13 facial areas, including six areas in contact with the mask and seven non-contact areas, by referring
to the facial measurement guidelines of Size Korea. The facial rigidity was measured using the Durometer RX-1600-O0
while in a supine position. The measurement procedure involved contacting the durometer vertically with the reference
point, repeating the measurement of the same area five times, and using the average of three values whose variability
was between 0.4 and 4.2 Shore OO. The rigidity data analysis used precision analysis, descriptive statistics analysis, and
mixed-effect ANOVA. The analysis confirmed the rigidity of the 13 measurement areas, with the highest rigidity of the
face being at the nose and forehead points, with values of 51.2 and 50.8, respectively, and the lowest rigidity being at the
chin and center of the cheek points, with values of 19.2 and 20.7, respectively. Significant differences between gender
groups were observed in four areas: the tip of the nose, the point below the chin, the area below the lower jaw, and the

inner concha.

Key words: robotic headform (Z}1.¥ 3| =
testing (A.34=] H7H

32, face skin rigidity (8= %

73 &), respiratory (£571), protective device

1.M &

HETe] FEE Frke 34 248 253
oz AlFEozN Hrl A7) AQF]
4 7Agole A3zt gola vepde EA7F
e WdeEm @ Wrke vEA 24 #53E F6l
Xéie 7] Hko 2 7)) o] Folxjof sht TR oI,
7R AgAE wEsleke dele szt
olEg /\HTE AHAE AsH= Wyt o A2 2
gasle] TTHITTLY FAE HypF JYgHT Y

ol
-

¥ R

bl

4

-

]

!
o:

Yo Lok o QL
e
‘”HHJ

tlo

FCorresponding author: Hee-Cheon You

Tel. +82-54-279-2210

E-mail: hcyou@postech.ac.kr

©2023 Fashion and Textile Research Journal (FTRJ). This is an open
access journal. Articles are distributed under the terms of the Creative 52
Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0), which permits unrestricted use, distribution, and repro-
duction in any medium, provided the original work is properly cited.

248

20009 ZWPE H, §1 5 F7MIAE 339 Holeg
o188 TFRET A% AWE EF WelE UAISAT, 2
Rl S ol o) P 9 28 A=EL AR
mlezie) 4E BHE Ask Ak

National lnstltute for Occupational Safety & Health (NIOSH)

oﬂ/q‘:_ 04% E—E— 5"1:£ =1 L/\JE z—]]OH:H x]—;qa 7H‘:”'6]—0:]
A AT ka7 AxElel B A7 W)

31 UTHZhuang et al.,, 2020). Bergman et al(2015)= 2

g2 ZE =ES Frlol & o}M_rﬂ Lore et al(2012)&
g 2 F=F ool AA IR FAE HESL I F
zho] 34 = §4 dF 2R oﬂE%a &gste] mpam Y
Awol FAES WAL e, 71E I BR =g
gt vpaa Ul FAE Hrke Aego® WET
AUtk AR B2 o ofHolrt HAE npaIE AMESIAL Q)
= g IR ool s 2]

A 23 S=Fe A= Ba
Sk, plazie] WA 9 R4S Bt B ASF 2
gake H7E BAHA


https://crossmark.crossref.org/dialog/?doi=10.5805/SFTI.2023.25.2.248&domain=http://ftrj.org/&uri_scheme=http:&cm_version=v1.5

21, 29, 99, A% FS 2 F2 Wl 048 3D
EH, 2R iAUES ol 88 v
e o s o, Al 28 s
AAE Akt Z2RY =7t 2831 vk 2Ae Al A
o] AAARE BAste ATE st thBergman et al,
2015). Sl=&F2] %3 ZHE+= 1S016900-5(Breathing machine,
metabolic simulator, RPD head forms and torso, tools and
verification tools)oll41+= Shore A2] 10041 30 Ale]Z A|2}1=]
ofok gkl fFFSIaL o A Fo AR A A
o] A &t} Wolff et al.(2011)2 A=A (duro meter)S A}
Bake 10739) A7) w13 AUSN o) 4 A= 3
Asle] olulollA 425+123, Bl 10.7+£7.9 =4
Btk Lim and Chung(2002)S 3-=<19] *erﬂ %‘—%’—1
I el tigk 34 AAE Basigiont A= Felo] tigh
2 T askthe A7) 9l
sERsTe) WA AR BIE Qo) AT
FH, 08, 2w} e g B AR RepE vy 4
< ol Fo Lsold, v el A WS
B el A=E] WY A
=2 83 999 Azl é&o}E} oA e N9sek
PFR® N95 w}z1ol] thdh QNFT UH= AL A3} ofrjolel
S| A& (failure rate)°] 16.3%Q276% = 45H)E 7 =
Al UJeRtthAhmad et al, 2010; Wikinson et al, 2010). ©]
= MR T L2 Al 7I0E Aew UAE ZHAl
gk S8/do] gl Ayjolrt. sfuriollxe 1,2719¢] B
ZAAE FPAE N95 vk~Iol] gk QLFT U3k= A 2
I IR 95.1%, IR 854%= AW ule} dolst A2
< AT (McMahon et al., 2008). vl Halol] P2

_Il}l

Fig. 1. Example of making headform skin(Wander et al., 2012).
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Fig. 2. Measuring equipment for skin rigidity(Durometer RX-1600-O0,
Rex Gauge Company, USA).
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Fig. 3. Shore hardness scale.
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Fig. 4. Reference point for rigidity measurement.
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Table 1. Definition of reference points for rigidity measurement
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No. Contact with mask

Reference point

Definition

1 X
2 X
3 O
4 O
5 O
6 X
7 X
8 O
9 O
10 O
11 X
12 X
13 X

Crinion

Sellion
Subnasale
Pronasale)
Zygion

Center of cheek
Gonion
Submandibular fossa)
Menton
Submandibular
Helix

Fossa

Inner concha

The point where the hairline meets the midpoint of the forehead
The root of the nose

The bottom of the nose

The most anterior point on the midline of the nasal tip

Most lateral point of each zygomatic arch (right/left)

Halfway between the zygion and the menton

The most posterior-inferior point on the angle of the mandible (right/left)

The point Sem away from the gonion

The most anterior-inferior point on the mandibular symphysis

The point at the midline border between the submental area and the neck

The prominent outer rim of the pinna
The shallow depression of the outer concha

The hollow of the inner choncha

Table 2. Rigidity measurements of silicone products

Unit: Shore OO

Product  Dragon Dragon Ecoflex Ecoflex Ecoflex Ecoflex = Dragon Skin Dragon Skin  Rebound
Trial Skin 20 Skin 30 10 20 30 50 FX-Pro 10 Medium 25
1 66 76 15 16 27 37 45 55 66
2 67 76 16 17 28 37 46 56 67
3 67 76 16 18 29 37 46 56 68
Mean 67 76 16 17 28 37 46 56 67
SD 0.4 0.0 04 0.7 0.7 0.0 0.4 0.4 0.7
Ccv 0.6 0.0 2.6 4.2 2.5 0.0 0.9 0.7 1.1
~42 shore OO ©°JHiQl 37§ #ke] H#3s AHEshith FRste] BT EfE 2R A, AR &
Dellalana et al.(2019y2 A% 54 A AFAE TR A gol I Aol mAE FF THES S8l ARSI 4
I HE FGsHA TX] 3fal Hod J] ETE_'— 103] ¥HE = g3 random effectyE PR}, T & H(fixed effec)E A
g T ks EEIen, Agule] whEe] A A5S 4 g AR o] WS R g PAe] IS et

A skt

AEZS A

==

AL Feat =E2E 1EE XE A= Fisher's LSD(Least

A%=7F 10~70 shore OO W2 10 Significant Difference)Z <13} T}.
: 65mm x W: 65 mm x D: 8~12 mm)2- 53]
E"‘i%% HAE RIS & FPA S e
H7HE Xegste] S470 WEE W1l Vs

A3 THTable 2).

3.1. ix-l HH:HoI Mol

=24 "oy HAEEZS 9gt A8l AlH AF = Smooth-On ez} 4052 = AF HAEE B3 A3= Table 334
Inc AZAKWI=H)Y F71 AH2]E AEFESZ EcoFlex(https:/ 2t 4 1370 %‘—%’4 Z A AxE F) "(G1.2)3F olqt
www.hyup-shin.co.kr/) ¥3& &3l Fulste] AM8-31 T (50801 HA AEw g ol H(19.2), EFYQ0.7NSE

Yepgth vk s %P%’S}‘Ri% o dZ} e R0l
g x4(32 4), ZowH(38.7), & F4(20.7), 8§ ol H(19.2)]

23. 84 24 739 T2 H9lo) 3] Axrt diiFoR WA velith o

Iz AT ol 42 54 e Ade ¥4, 71 F ARl RS A s 288 u) wiade] IRES A H
AEA, E3+a BAHA (mixed effect ANOVAYS ARSI = F 29E A RodE Arrt teksla MEAST 2
th &4 Wy AUEE 33 v 259 ghe] w9ty | Zo= IRk
BAIF(CV: coefficient of variation)& &3l £41315em, 7] A vz wAE 9 A HGute] ARREI e
& SARAMS FeER 33 vk 24E JdAE WaAE NIOSH €2 2HE F=ie TR Aol zke] IR
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Table 3. Descriptive statistics of facial skin rigidity (n=40)

Unit: Shore OO

Variable Mean SE SD (6\% Percentile

min. 1% 5% 10% 25% 50% 75% 90% 95% 99%  max.
Crinion 50.8 0.7 4.6 9.1 420 425 437 443 478 510 546 570 570 579 583
Sellion 324 1.0 60 186 183 195 245 263 280 320 367 39.1 400 468 510
Subnasale 51.2 0.9 59 11.5 380 384 415 439 466 523 557 571 588 627 640
Pronasale 36.1 0.9 5.6 155 257 257 260 280 31.6 363 404 424 437 462 477
Zygion 38.7 0.6 4.0 104 307 307 307 316 363 393 418 433 440 449 450
Center of cheek 207 04 25 121 170 171 173 176 189 203 221 231 254 273 277
Gonion 373 0.9 5.8 155 250 264 287 299 336 373 394 450 487 493 493
Submandibular fossa 19.2 0.5 33 170 137 143 157 166 173 185 200 213 27.1 295 300
Menton 300 07 43 144 227 227 227 240 275 302 332 357 364 388 400
Submand- bular 35.8 0.7 4.4 123 250 260 280 298 327 365 387 41.0 417 434 437
Helix 355 0.9 5.4 152 240 243 253 281 335 358 389 409 437 462 473
Fossa 48.0 1.0 6.1 127 327 336 360 405 446 485 530 547 554 568 573
Inner-concha 273 10 62 227 177 178 183 193 232 273 308 357 367 425 453
Aeg A4 BAThe WAV Ak B A7 Age} ol A o) 3em H9le] HR At felabl =k
A Axe 7 B9 AE Ao](19.2~512y7F & ALE & Aol A FeE A 4 el did s
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Table 4. Group means of face areas showing a significant gender effect
in the mixed-effects ANOVA of skin rigiditys

o7} Yehd ZEH 2 olojrAx9} oA oleEm A} o))
3om F91E Y G2 24 5400 7|0E 2eR AlREn.
wEhA, 35 npaa Prie 2HE S =FR AFAYlE H
dS sty A g Be sige] Fasith
AE 279 FRpE daEE e <8 ol A, g
o] 7N F9lelm, g ol He| A= souivh P =3 ¥
Y29 A 2007t 7P =2 A2 YERITH(Table 5).
el 71AA gL AlAe] Yx|et tde] Al wet &
ZA| 22 (Pittar et al,, 2018) ¥ AolMe ¥ 257
A7} = HRIE FRIEGTh A% 279 feapF BAe
2N F$10] B9 Are] Aolvt g ol 18-2101W, dE
2 33.1~38.622 Apol7b 22 ZloE ERIFTE wEhA,
w3 grkg 2RE =] s AR 2Ee s i

Male  Female F P AZe TR ol DARo 7 AlZHT)
334 15.34 0.000  ***
Pronasale (20~40)

B Table 5. Group means of face areas showing a significant age effect in

31.4 5.42 0.025 * the mixed-effects ANOVA of skin rigiditys

Gonion (20~35)
A 20s>  30s” 40s’  50s’ F P
(30~45) B A (15~25) B AB B A
24.5 13.38 0.001 *k . 386 336 366 331 295 0.044 *
Inner concha (20~40) Helix (20~40)

B B AB B

Mixed effect ANOVA: *p<.01, **p <.005, ***p<.001
Fisher LSD Grouping: A>B

Mixed effect ANOVA: *p <.01, **p <.005, ***p<.001
Fisher LSD Grouping: A>B
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Table 6. Group means of face areas showing a significant interaction effect of gender and age in the mixed-effects ANOVA of skin rigiditys

Male Female
20s’ 30s’ 40s’ 50s’ 20s’ 30s’ 40s’ 508’ d P
Selfion 31.1 27.0 334 28.4 319 40.5 322 349 5.31 0.004 *x
BCD D BC CD BCD AB BCD A
Center of 189 21.1 233 20.0 21.8 20.7 19.5 20.4 432 0.010 *
cheek C ABC A BC AB ABC BC BC
Mixed effect ANOVA: *p<.01, **p<.005, ***p<.001
Fisher LSD Grouping: A>B>C>D
Al Ay T Wl wekg o g 4% #9 ol ZAEES =7} 10~70 Shore 00 B 107] A2
2P A= Xee <2 Y J, 2 T A o) FHE AJHE(L: 65mmx W: 65mm xD: 8~12mm)y 53] whE =4
A=A 2 ] Ho Hme 300 o] MY =3 B slo] HEE WS RIS T JA 3HS o= AR 7
TG AEE 400 Hol TP =2 A oE YERsTh = e zldste] SR HES HY 71 04-42E52
EI AR F W] WAoo Ju S F4 A5t 2 ATellxe AEgke] AR gRE s 1370
AL AE 2 e Ha 2 F Aol tig A zkele] o o wHy SAste] Argre] W 54 APt FAY
& A5 F5 PR 5 oS 57 A4S 3 A5l U BE(EL0)Y] 2ol JF= AT
Zod Zew Algdr B AoMe] d= o A 54 ZREIH 34 4
e MR 2HE F=F AF A HF R e A
4. 484 B 7158 AL A 24 Z2EZL ohHY o]9je) g
AA 919 A Sl &io] 7hssiH, 9 A 24
A A PEE WS e 2R = Qe v Heldl gk 7152 AFE S A} Pittar et al(2018)= 73
23 FHREe} FHE e AL s W7 s A7k CAE 2&ate] 73 B9 HAEE S50 01, Merkel et
el fpARE AER AFEolof vt B dAFelxe dF F al(2008) - 35 A= e | F&F 2, s,
A Aol AEE A&S =g ARk d8 9= 9 Fote])] A=RE Sgste] AHE vt
AE 54 ZRESS FYsiaL v 7S F9 AE e 2 dA7E 9= P A 51 ZRESS FYst ¢
MR Ax AL JPalon, dF 28 =g #9 A Q1 20~50419] ' 40mol 3t 7 ARE VIEoE F9)
Zhol ok HoE Ak 7IES FHsY AR 542 T B AT H9E AN, 158, AR, Al tigk
AL F2AA NN FFE HHsA KA P FF He 23EA Goivke AV vk 7 Aee 1,
AEE 53] WiE 34 § Wdas EEeH, drle v B, Aol wet AolsiAl vehbEE tefst sdAE o
=A A3 A5S Y8l HEASFE 4319 Dellalana et o= gt I gF A tigk Byt st v o
al, 2019y AN HAE FA Al T A9} SESAHS S QNFT 23T AFolA ofrloRRIES] ddfj&o] 163%=

= &34 ZTREZ VIES Ttk

k= Algsla 4o golsfof dH(Rosicka et al., 2020).
£ AFME AZA (Duro meter RX-1600-00, Rex Gauge
Company, USAYE °|&3l 7 A= 4] §-84°] 4%
B A =4 9S AMEsItMerkel et al., 2008). HE
AL I Feo 4= IF 13U 74 2 FES 448
of oA ATA ARl X, Y, ZFE 7IFeE HE v
INE Faste] gsigon, E4E AR AR H7HE 53
AE 4 BHE A8 vy S-S APt 54 bl

g |
o o] ofdo)7} BAE wkAIE ARSI Qo] FF of@o)
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% z
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I
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