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Effect of strap tension on filtering

facepiece respirator fit
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Abstract

The tightening of the respirator straps is an efficient way to obtain an adequate face seal,
the effect of strap tension on FFRs fit is seldom reported because most FFRs are
available with fixed strap lengths. Therefore, the present study aimed to characterize
how factors including the match between the 3-D dimensions of the respirator and the
wearer's face, the strap tension exerted, the elastic properties of the subject's face skin,

and the size of the FFRs and headform affecting fit performance.

In the present study, the standard Chinese head-forms (small, medium, large), made of
polylactic acid, were fabricated using a 3-D printer. The tensions of straps under
different exertion were measured using a force gauge (Handy Digital Force Gauge,
Algol, HF-1, Japan) sit on a linear sliding guide. A condensation particle counter
(PortaCount, TSI Inc., St. Paul, MN, USA) was used to measure the particle
concentration inside and outside the FFR. At least three replicates were conducted for

each test.

Based on the FFRs tested on the medium size of Chinese standard head-form, the upper
strap tension (2.03~5.74 N) was basically higher than the lower strap tension (1.18~4.55
N). The higher upper strap tension was apparently designed for holding the weight of
the face-piece, in addition to providing the fit. Also, the strap tension didn’t increased
with increasing the weight of the FFRs. This may be the cause less respiratory
protection. For a typical FFR strap, the strap tension rapidly decreased with time from
4.6 to 3.5 N in the first one hours, and, in the first 20 minutes, the tension will have the
most dramatic changes. The decreasing trend lessened after the drastic change period.
So, the experiment would be measured by 20 mins as a cycle. Most of the strap have a
20% attenuation in the first 20 minutes. During mannequin test, the fit factor decreased
with time, which might be the main due to the lower strap tension. This strap tension
decrease would create problem for estimating the workplace protection factor. Thus,
straps with more stable tension properties apparently needed to provide more constant
respiratory protection. The tension stability of the strap depends on the number of the
Yarn count. The number of rubber wire determines the initial tension. It is

recommended that the commercially available FFR’s to be used with a strap with stable
9

d0i:10.6342/NTU201902262



tension characteristic (the higher the Yarn count number) to provide long-term seal.
This study also compare the different skin hardness, the result indicate that the softer
face has a greater fit. In addition, In the first 10 minutes, the fit factor will have the most
dramatic changes. So, the fit testing would be perform only at the subject wearing for
the mask for at least 10 mins. In the case of the same facial hardness, the larger
headform has a better fit. If the mask doesn’t fit the face, then adjusting the strap tension
may not meet the required. If the respirator shape has a good fit to the wearer’s face, less
strap tension is needed. It is recommended that the commercially available FFR’s to be
used with a strap with Adjustable length . The commercial available mask are designed
for Westerner. The ideal case is that everyone has a custom made mask. In this case,

least strap tension and high comfort can be achieve.

Key words: strap tension, fit factor, standard Chinese headform
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4 Ppiked 2R h 0 e K2 B RS HA KR A B8 (Worsley et al.
2016) > 47 iz B Rl H (n=13)8 > T LERIF A P § o F T
ZHAAFL 2B R LRE(EALAE Smm) &5 KRS FRT R 5 110 448
BEFLIHEGNBNGTE AT o B reh g R4 DA P T B 2
e o BRI B RAUOERAR Y MEF R G P (TEFEF R A H 4o J 30
A BEEFH A D - P L F) S IL-l g e EE 4 2 M 4@ 3 4 (2193 33%) ©
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AT HEFRE X CERAKF A AREFLF K-
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FOORB R FERE G LR RE ?‘ﬂﬁﬁﬁi’ﬁ%AMI
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B RIEA S AR > A B 5 TR RERERRGE O RA TR ERZR
PR AR AR RKE  RAFIEY TR R ERPF O RFREL I &
2 ORER o R A REZFE o6 M2 ol

Z %2 100
T i R

BERREFEEL > w P
#c Pk B (Cout)'f ™ o A Mot dic POk & (Cin) > #2026 18 &

(Cout/Cin= 100) B EF & ARRRE S FEREARS > PR L KB R

,—‘Lﬁ,J‘ o

B TR i
MY g it B & H(FFRs)2 B4 sl 14 > 9 5% S licdod 2.1 i
* @ 3+ ;%5 4 3+ (Handy Digital Force Gauge, Algol, HF-5, Japan)i& {7 #-F 5% 4 &

w

N
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=&
W

TR ARG W RS EER LR A B e
) _;‘,J

BeoFTL Y R AT AT 3D A e B2l AR

BiEZ2 g

73

N

{

o ST R A (15 LPM) > SRR % & RRB R £
h- 4

FREFEAAREAS 23R A RAAEGBS 20 2HAGF)HNRERZ P

o

=g

3.0 ¢ BRI A Bf 2 gl iE
AT TR F iR A B A 22006 #d P RARBPIEENL P ER350

B REFIFR SR 2 <~ ¢ ] AR 5 3] (Liv et al. 2015) 0 g A ©

\\\Xr

S ¥chrd 2.2 - I P4 ¥ NIOSH (M) ~ Sheffield ~ Alderson 50 ~ Sierra ~ NOCSAE

<

2O EAEE A R(E 23) ApRATE 3 A AP ARG IRERE T HE
BT - %ERE A3 Ra JERT -APRRF - AFLARGESE - &3
FF et § PLA(Polylactic Acid)ig 7 4 82 2. 3D 71| &7 (Apollo > Prolink > 2.0 > 5 /%) >
PLA % E p 5 b b 3D 1 FIH £ 5 2 2 BT 2330k * 7 g4 UV 4 2

b o HE R LWL (4 ot & IR A T R4k o d 4‘,?;&;5@;‘1;;\7; 2
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RO AR 50 B E A 2 %GNG AR R > IRt e & 5 mm B
BHF e RBRAGF WirrpYigl a2 LR 3D A {0 T AH R
20% 52 % ed NG HE N FIAHAESZE 204 % 5868 2 305kPa
L5 0~5K %2 80~90 &k A 2 W EH B H B S H#cA B S 80 2 260 kPa
(Diridollou et al. 2001) » # 14 gb & FEA B (55 ~ s20)2 & i3 A WAL KA B -
AR E A B A RGN B R B (BMI< 20)2 A H g3 A R e

E R $ % 7.28~13.4 mm(Brazile et al. 1998) » te 2 F2 5 # B4 K & B 2 &sf 12

42—

Tk 3D A2 AR E Smm A A 2 pﬂuﬁ&ﬁg? EE

(u

Bt 2 B AL P N A )BTRS o

#AH R (Shore Az - =R BB HH R gtk » Th - - FATZFARIT
BacheRy AR T 4R 2 w2 B R o S HEA G A MA KA R
o B XEZEEHP AL Do 54 g AL T % ¥ fhdp & (Meththananda et
al. 2009) st & * & 48 = 4738 (Gent, 1958 ~ Erf Equation) H-#& # 3% A & 22 4§ 3% ficdic2. ¥
2 M e

0.0981(56+7.66s)
E(MPa) = 0.137505(254-2.545})  (Gent, 1958)

H ¢ g=the Shore hardness.

H =100 erf(kE1/2) (Erf Equation)
H ¥ k=3.186x10—4 Pa—1/2

B BAANREN 2 BAYNAEE > BT RET L ES PR ERERFA
Btz 247 0 % dn ) Gent B & < H R (40)FF it fr o Erf e0 A2 Rl 5 >
AR AR P2 B R NH R YL 400 &Ry ME A R RE2 Ef 2

#2350 BT F RS -2
(Young’s modulus, mpa) =10 ( 0.0435* (shore A) -1.3861 )

B REE Al it 24 HAA RS 20 4 9] 51N HHK 68 2
305kpa’ 9 5 0~5 g/ 32 % 80~90 fk & £ X z wi BFAL B > B 15\ A %) 5 80 %
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260 kpa (Diridollou et al. 2001) > #F )2 pt & FEA A (s5 ~ $20)2- # "} Hfig 4 R8I0 AL
HE om3liieant B 3 2 %300 KBRSl (BMI< 20)2 4 H 5% 3%
AR BB R K G 7.28~13.4 mm (De Greef et al. 2006) » ¢x &+ 77 7 B~ L § & & 2
B EE AR H3D A2 AFRE Smm B R R ESLF o T
DR R AP AR AEC Y s R )RER &R A FHANCR 2.0

32 AR A 2P

AR AT FleniBp e M A - WA FHATY R PlehiB e o MBI

TS T AIS-s MR ARM2Z NS ¥ > Efdwm s &) A (small) T
¥ oo Fhism st M A EEA(standard) T & > B N SEdE o 32T oo B X
DCPE S HREAD) s R BRI 0 kT AT s R E ATt s AR Y
+ 1  (Spandex, Polyisoprene, Polyisoprene bands, Thermoplastic elastomer) - — i #-
BA 4 A BRI 438 0 ¥ - @ 10E 5584 3 (Handy Digital Force
Gauge, Algol, HF-1, Japan):& {7 %F 56 4 chg p| > &7 12 %ﬁfﬁ iR A
JoE B2 GES BB DN 4T

F=-kx

GREPUR N o BE Bl FolE b RS x § A RBMGE > o k 5
SN e o PR SR A f B RP S EF A2 il S R
E(BRA)N wARF o d LS T RE Y A R E R T 2R B &
dfe 2z kKEE BFVEREFCMP LB GF THRFES B o
33 DEREZ E R

AETHEFFRGEERPDTERERRES 2 JEd LR R ERPIRR
(PortaCount, TSI Inc., St. Paul, MN, USA)# fic N95-Companion » i|3& = iRl i £ v
B s BCRIER It G MRARG T FRRAT R R e A R
1 N95-Companion & f5d # T A 47 5% > g 2§ ¢ 40~60 7 F Lo o 1% 2
FAL 2 MR RIE R e SR e WSk i & BB(FF)E T A %8

iz N
BT R 5
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= AR E W A RAN T R A B R E RPERY T L ERE
FF=100 o # % & Yode®] 2.2 5 %0 3 W07 JHRE L5701 i § a0
DT 7.5 LPM MRS F 0 TN F p B B3t 4% PortaCount B {7 %
ERZEBR > FRMEF R AEE 2 P TR ES ¥ U H R TR
B BANEFRFEARND FRGLES o

e

B Ekw
41 7 LiEpe MEE L P TRYES MG

e RRE T A2 RIS Lo R R EERS L
150 B % oW 2.3 0 00 A RO KGR TRRF GRS E L A S 4o d B0 2
W B4 (2.03~5.74N) & F >0 T S (1.18~4.55 N) o ~ 2| L g2+ TR £
AH 5 (227~5.74N > 1.86~4.55N) » + ~ THFES T35k 5 36723305 ¢ 34
Bz b THRY RS PEFEA W5 (221~440N 0 1L60~3.92N) > b~ THEFES T
53452775 LA AEEL 2 THRFES BFEA Y E(2.04~3.68N 0 1.17-2.79N) -
s THRES Tk 5 307 168 -

P AR BRMCT F 2 A RS FhiKHE o 2 PHRFRS FagFE TR
FE A chE{dea RS 0 §F RS AP ENRAT 0 S0 L A A 2 MRS 2
BEREH I FEN Y fERT LiBRG ML EF L TRER
SREER T R AT PR SIS

42 TR E RSB TR ES LN

HA-BRARMr R&FT P THRYES HGHEL TR wBl 240 5
BN TRAES e L LR RMFMA > B RAUKT ERFE o PR
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43 7 BiEme M2 HF %R BHHER G

YoB 2.5 ERER(SS XN FF o FRA S H TN RS L EFYEER
F 0 FEE = f (Polyisoprene)t et kg » £ 5.5 2 (S HA RS £ R
40%% % > @ E A5 %5 (Spandax)t 0 #2055 % SERAF RS 2 R 6]
17%% % o Fo § SRPEFF > RE A2 £ 552 89 45 20 42 %
WEGR T 24.6% 8.1 % -} FEIE S R 27.5% 9.4 % > B dn T R4
BB EOET LS 20 A4 k0 20 A4 H R ERFES BRI LT
Fip| & PR o

E- S LR MAE TR RS B A AoB 2,60 d N EY SR
@’ﬁzkﬁ?‘%Ei%%ﬁﬁmﬁﬁﬁj@%MUA%MA%i?iﬁﬁ,
R AT AR 9 mm F 2 % % 5 (Spandax)#-F > F R BTG 575 % o
EHIES R BB B s B - eniE e

44ﬁ”¥1€ﬁmﬁvﬁi%%%4%%%%
SOBMBYIEATESFET o FHIEF RS 2w a0 BIEF R 20
AARISS IIRE 20 A4 BREFLEFYS 20 A4z P o i ptSEdadET k2
AP o BEAeR 270 BERNEFEI URLG AL A% §
B D RLFRARE > A dpikd v R BAR S > R P W 20 4B EEEER
ME YRR TR GRS R GRS ZRE N GRS
Aok 4 R bR 2 5 RS > B4 BRIV g aF LML
GTORIEHEFES N2 e U B E FIRA A KA ERBE S P RELAER
TLERR MR R ITALRS
4.5 B3, &\@Ji%::;;,ﬁf,g; LUl BIRE 4 F R B2 T

3]

RS (W 2.6 MAPEOT R R 6012 24 2 AF - Omm T2 4 % 5
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B R A T IRl o s R RO LR 24T 0 BARRIERT (k&
15 2 AR T 275 AN YEF®RS BT o 4oB 2.8 LEY 42 A d i %

FEBNBHMTLREY > Adpk Y L B(Yam count = 300)T > # f Wi P
(number of rubber band)* 7 € FH%E 4 FRARR 0 20 A 42 F R BIEE B 15%
T ooom 8 EEMIELGRA L 4 0EL A B R iEED HRhRF L PELRS L
o

MRS BRI RF R YA YA AR 0 4 %‘u{f‘w’f" PR AR
B k4 B RAET > 4B 2.8 ¢ T 3 2 2 4 s (Yarn count= 600) > 3E 4 F
Wl R 5.5 % 5 ¢ 2 ¢ S(Yarn count= 300)5= A2 - B2 o FHIA R
% % fic(Yarn count= 600)2 %4 3 4 (G- 4s B B 15 2 AR T 365 24 ) 34 Fpu

GIEE € 34 T 11.2 % > fe &2 1<% L #i(Yarn count=300)2 # 4prt » 5 { 22
A M o BA R 2 BEITRALEREARE R EERT B2 Wi
A U RAET (YA BARF)Z R > BRI 4 B RME RN L o
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AN RELEBERRRRAZ AT B e 2 B A *# (Polyisoprene)
H R e 5 3 4 £ PRE 2.2 4% (Spandax/ 6/ 600D) » 4] 2.9 0 B 45 i
A FHRIZ BRI AR ERF RELFFETL 4 25 g

BEREEMERD RS DRFD P AL EETRERRERE > 2R
LS SRRy R S A T SR

47 3 Fe A HH R R E R B
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AR B BLREE
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BoowH b LR A B2 XK
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Abstract

Commercially available masks are all fixed specification and cannot be fit to
everyone's face. Donning an unsuitable mask will cause airborne contaminants leaking
into the breathing zone and harm to the human body. The ideal case is that make a
customized mask that perfectly fit with your face, we can used least strap tension to
achieve high comfort. Therefore, this study will use 3D scanning and 3D printing

systems to make customized masks. To solve the fit problems in respiratory protection

The production of customized masks requires the use of 3D scanning and 3D
printing technology, so, the study will divided into three parts. The first part needs to
use the mannequin to evaluate the scanning bias of the commercially available scanners.
Using 7 scanners to scan mannequin which prints by 3D printer, and comparing with the
original image file the images by Geomagic Control X software, individually. The
second part is to assess the error caused by face changes during scanning period. 10
human body were scanned with portable scanners and compared with stationary
scanners. The third part is used 3D scanning system to build a 3D face model, using
computer-aided design (CAD) to construct a customized mask model and then print by
3d printer. The customized mask was donning on the human head and the mannequin
(3D scanning of the human head and printing its dummy head by 3D printer) to compare
the fit.

The first part results indicate that the deviation of the commercially available
scanner is about 0.122 mm. Compare the scan results of anterior face, lateral face and
inferior face. Anterior face has the least bias because it has obvious features (i.e. eyes,
nose and mouth) to capture. The worst is the inferior face, it not only has no obvious
features but also falls on the scanning boundary. The second part evaluated the effect of
facial changes during scan was also evaluated, and the bias cause from face movement
is about 0.323 mm. Taking into account the bias of the scanner and the bias cause from
face movement. The overall bias of the portable scanner (brand A) is 0.334 mm. The
overall scanning bias of the stationary scanner is smaller (0.200 mm). However the
difference is only about 0.13 mm. The third part results indicate that the silicone
material is soft enough, so the deviation of 3D scanning and 3D printing has rarely
effect on the fit. Compared with the commercially available elastomeric respirator.
Customized elastomeric respirators can achieve high fit (FF average: 56372. Least strap
tension needed (Tu: 7.2 N, Tr: 2.5 N), therefore, most comfortable. Although the
mannequin can also achieve high fit (FF=15339). However, it is still a more

conservative test method. In addition, during mannequin (3D scanning of the human
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head and printing its dummy head by 3D printer) fit test, there is no need to pursue
excessively facial softness. Customized mask must be a key future research and
development project in respiratory protection. This research has successfully established
the production process of customized masks. However, the procedure for making masks

is complicated, and still need to reduce the weight of the mask in future.

Key word: 3D scanning, 3D printing, customized mask, elastomeric respirator
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FOYREF P 1 FH 3D BEERBE - 2 AL R PR
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Frde &k o &% PFERIEER L2 T TN F S4F 45 R (ranging scanners) ¥ 1L Fr b JE F
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F 3D MR R(F 72 AREEE P LREERIL)E FEG > FATD W2 4 8

56

d0i:10.6342/NTU201902262



ZHETERRGHEL IRAL DT ERF RL P HFRFFELE O TGS
P E R R § 1 A
RIS AL R R LTRA R B A BR S LT AP
EE NS IS SR P2 LF R

WP AR %2 % % (Kersten et al. 2016) » iy &

P 5 3D & # 5 iF & %% (computational photography)e— i & & 2t # F i > i
TR TEE T AL FARFERMIFTE 2 7 - BB EN e
Brk(BFd ~ RR)E - B XY $07) 5 ) 0 HR T A pakERR T L
BB Y o ek T 3 Mehim¥ Y B s TP S BT AT Gk
etk BB B ¢ (Zhou et al. 2015) H a2 #7747 5 0 1. 4p PR (light field image) 2. #&
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deposition modeling, FDM) o SLA Z 1| * & f& sk 5tA?g Hd ok R &T Bt = 3]
3D 7| Er s > 4> SLS 2 FDM & f& = 2350k » SLA & 5 3 R 2 451> 7
SLA & 3 3#F % i dat2 & * > i Tango ~ Agilus FLX % 44! (Slesarenko and
Rudykh 2018) » #H VA B ¥ & 27~95A = + o 1% kB it Fjirarss & ange 24 & #
B oo EFEEE AE2 A ARE 0 P FI SIS~ 5 %74 (Fischer and Packaging
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Fis A8 2 3 A A 2 (Dawood et al. 2015; Wang et al. 2017) o 3.4 SLS &) s

BB AR Y o A 4pRet SLA B B v F SUPR A Gole ke R 2 B
Ao dois- BRI L P H P B hF F R HFDM F A F|E > 0@ * LAY PLA -
ABS ~ CPE 4r PVA %A1 {-H#8 (7 7( 2 > $rbl ] § & f5E# - — 40971 * 3|2 4%
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Pan g Mo Y i&E 0

BIAR o K- b

i%@iégk,&#* ’;ﬁd | 987 i+ % 'J—%“i

.
‘_

#l

FAo o FRN@EE2Z G ¥ e R F(Yangetal 2004) - 2
o B2 R LA REFN P T EEETRERPIF RAZTEREACEZ RS
FRR o iE4 0 4 3D FRd B S A & e T Chu £ 4 I F 4p e 7 B
B~ R R)EHD ARHA] > TR E W G Mo XA o Chu ¥ 4 B R i
FHERCYHFAR DR TERIEACCF 2R EV L T RFEREAT
Ao 2 a3 R 3D gl T 2 E 2 ARHCA 0 € 5 BoliEA o (Chu et al
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BRI T AR R a e BamER LA g T
Pz 3Dl REL MR dE 2 #E 3D FlEr s 2 Rt » brik S
Hoamy k" ADHFMmRBEEFTAGZER ¥ @ FRFHS I c 73

SR LRSS TS

2.6 ®E L RBIERIE-F BRI

P}

AR FEREG LRAURLE VBT EL > 245 ANSI
zwzwwlﬁgww¢?$*u fRSSeEm LT TR ERPIRE R
BABRBBELINNY RBERMAELFELS > G HP ~ P2 MoRER - REREZ
P RGO Mol g Jk & (Cout)'k 4 & AP Mo i POk & (Cin) #1026 R
%~ 100 (Cout/Cin= 100)1 X EH & RPIFE > R EAEES > PR L AR
0 W LR

s

e
=N

2.7 Hif R

SR G A Y ;%ggfrﬁ;gt:ﬁv;)\js ThooRa o vF b g A kAR
T2 TESr BT EA R RREE LR E S RFLGA R AR EL 2 L

@ A A A U B E (Akbar-Khanzadeh et al. 1995) o i = % 473 e &
FREELGEE B Y TELEE TRR SRR S+ F B S
BRIV REE o WA A e gt R ER Y BT BAPEE R X
Freend & R F) GRS pE 2 $RAE o F MR TR LR X A B A V- S
ARLETEL - GFHRIGFRETIHFREF e FR{ 2 EFHPE TR

(Akbar-Khanzadeh et al. 1995) » s % 4y Jidpf st H s B A 8 - MA S pEL

A SRR o AR - RIFE 2 1 B L FREAFPRF SRR
Eoox FHEREF(90% 0 n=9) & pBFIF eniR £ N95 {8 (Rebmann et al. 2013) > =
TR ERMFH A EFFRE T I €7 2F 222X I gFFEF O

# 0 FRR BB o 3 FlEg e R gfﬁ—gi‘gﬁ oM EILA R Mo MMEH TR TF]
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Az - (22%)e R FlE D SRS PER SR @ BEF SR 4 2 e b i
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¢ ERFRLEGAL -

ERY S Il
3.1 _:5_‘ A Agﬁiﬁ;}g’& 71| &°
D B S L A B R AR R Y AT 2 3D R
& (LT3D FaceCam > # %414t > EXIL > ~ %) FIEFHE AL Fh R
XA AR 2 F TR FRIHRINE TR e RITRE R o RIS R
Prdp il D P EGEA W FRIA R 2 A2 3D BlARE R RIS AU
= RPEERILER SRR ITLE LR P BRI LB FRIFRP L R &
PABREP- R a2 (7 3D BAR 2 E 4 o A % dFde 0 Aol 3.3 HFde IR A R R EEHL=
FHRRTO A 2 EHID BRI EFT AL o d W SERY AF AR
ZOEAL P B E 0 50 R A 2 %GR AR R > IR A 8 5 mm 5 %
HEe RBEAE > f(irpp il 22 @* 3D 7|2 RE > HHR
202 52 Wed 2O EE DB NA RS E 20~ % 515 H# 68 2 305 kPa -
9% 0~5 ] 322 80~90 k& & £ 2w BFAT A& o B 47 3¢ s B & 80 2 260 kPa
(Diridollou et al. 2001) » # 12 p* & FEAL B (55 ~ s20)2 # W Hidg A WG L KA B -
AP A B A RN KRR BwE H(BMI<20)2 A Hg A e
HE R 95 7.28~13.4 mm(Brazile et al. 1998) » g A F7 3 B4 K 5 R 2 fR B2
(FR3- > #3DFEr2 A RE Smm B R 2 F B HCRECER AR

% LA R (Shore A)3 - 3= HOBHH B fp e AL b- FIRLFRITT
SLAET SETIEE Y- =R R SRR R IR VW F
o e s B PR B FEAL o ¥ ﬂ#ﬁ ' (Meththananda et
al. 2009) it & * & 8 * 4% 3% (Gent, 1958~ Erf Equation) #-#% % ;A & 22§ 3% ez &
2 B &

0.0981(56+7.66s)
E(MPa) = 0.137505(254-2.545)  (Gent, 1958)

H ¢ g=the Shore hardness.
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H =100 erf(kE1/2) (Erf Equation)
H ¢ k=3.186x10—4 Pa—1/2

B B AR E N2 BRI E > S RREFTLHES AR R ERFA
22 245 0 B % dp ) Gent &B % <A &R (40)PF i Fx > Erf 93 f255 pldp £ o
BN RFT L AR P2 B NA B E Y 40 &g ME A R EE 2 Brf 2
PR AR = A I A

(Young’s modulus, mpa) =10 { 0.0435* (shore A) -1.3861 )

AR NN ok 240 BHAHA SR 204 5 5N k68 2
305kpa> 935 0~5 k[ 3%% 80~90 ph & & 4 2 % KPR & > B4 ;N Hicdics B 5 80 2
260 kpa (Diridollou et al. 2001) » ¥ 14 p* & FEAL B (s5 ~ 520)2 & " Hoht 4 A8 % 2% 4 J§
HEom2le it B85 2 2 %3NAL K ER » &l (BMI< 20)2 4 H 5% 3%
AT e B R ¥ G 7.28~13.4 mm (De Greef et al. 2000) » ¢x 277 3 $ P L K & & 2
B B RT 0 B3D A2 A FRE Smm R 2 F B iR L

2 TR RBLBAE

AT TR 2 3D s k1Y 2 R REEE BRI 2R AR 3.0 17
FERBR N LR > LRGBS E N LR FRP AL P> FiLG TEP
a2 BRI e - ki iERI €42 R4 4oRl 3.1(a) ° F 7 SUES Rk E
REAL R G R 2L KB AoRl 3.0(b) 0 A1 2 kR E R
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A T e
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FIFHRLFALAP R IEFNFRHREFAGLIFRE HFE IR R
T RiEF4p#E > £ # % Control X v H#chiiE 700 e o

34 v & ARz aEHE
1% 3DHHW L EFRNFRH G EFRUN R 22 B iFR R R
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(1) SESSFREHr § o2 g nbLd d S

(2) 4 A% 1 X & (Sagittal) » # *» & (Transverse) 45 1 A " ¥z BB & > ¥ d &
B Bt 2om (Th G K kB B 0 22 E BRI K AR o

(3) f Anthro3D $idE ¥ 1iE 2 ARG WHE E A HAOENE L L ogen
FERPA G

(4) % Beauty3D #if¢ 32 91eF F WR L AE Y » TG kAR BAHRG 3
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