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o 71A
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Teyeme et al., 2022).
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(Lee et al., 1997). 7]
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Yoneda(1967)+=
X & 40g/crt (29.4 mmHg)i A AR = o
of ¥Aglel oJ&te] EIARM AHE
itk oAEe] o, AATA ZAF oESt FEIFAR AMEH A
Q3 3tk Cho(2015)= 958 & An a34E 9% st e=
15~60 mmHg= JHIA= 494 &= S9AZ FAH I oy, thA
2 yghdE vk 55 194l= 18~21 mmHg(light), 294+ 23~32
mmHg(medium), 3974+ 34~46 mmHg(strong) 494+ 49 mmHgo]
A(extra strong) 0.2 FAEO Qttil st FHAAE ¢t o F 9
GAE E WY E A deEdH, CEN TC 205 #+(European
Committee for Standardization, 1996)A4+= 7/ & F59<
classl(15~21 mmHg), A3t 8 =< classl(23 mmHg), 43k ¢
g 2 classlll(34 mmHg), "% 73t ¢4 classIV(49 mmHg ©]
HE EFReAY. 979 49 (BS-6612; 1985) class I (14~17 mmHg),
classII (18~24 mmHg), classII(25-35 mmHg), 2~ %2>+ class I (10-15
mmHg), classII(15~20 mmHg), classI(20~36 mmHg), Y2 class
I (18~21 mmHg), classII(23-32 mmIHg), classIl(36-46 mmHg)=
Fotglom yepEE ofuleEE Al Al Aol st (Todd, 2015).

omg fubEol ol HA s ¥ F dv ¢¥S 15 mmHg

o, f ¥ ¢4 ¢ & aHE A F MlUP 40 mmHg ©]4o] =
W ogHIFes 29 4 Jux 9t (Naismith, 1980). Van den

Kerckhove et al.(2005)2 i+ 15 mmHge] 48o] HA4 & 3719 Fof
Hit 10 mmHg®] 4= 29 ®Boh FH7F ¢ kot 2udh. 4

o] otul 8= A4S uw Anpy Be Qtulo] gl oA BEw R
A TH gtk Ao A 25 mmHg ©lde] AAH ¢h=o] Qs
Aol th(Sawada, 2003). Giele et al.(1997)& 32 5E5 93 ulE-2

sleta] elo] weh el WFolAE 9~3 mmHg, FAHS ol A
= 47~90 mmHg®] =S TAAAG AT Cho(2019)= Al 9t
F9 SAax guinel oucte 4% A M &4 v =

Ir

i

l

ne
1
B
r

Ao



AFoln, 7H vhA YEeEld B9 E AEeldua sy o ofE et W
Y= 25~179 mmHg= AlA] F9¥ o]z} Jdvtar sFAth Liu et
al.(2008)> A= dFFo] WwgEs do7]7] 9eA= 18 mmHg ©]4e]
f=o] Fgstrta A o™, Bochmann et al.(2005) AFAS] &7
= ®ol7] A= 20 mmHg oo el Zastrhar st

AA F-94 o5kl s &eAE e Baek(2003)2] Aol A 9
2o 20~25 gf/en(14.7~184 mmlHg), 38+ 30~35 gf/anf(22.1~25.7
mmHg) Atel2 FAHEY, s & A diafirs AEdes o
T7F dastthar skt Kim(2004) 745 28 Al 8 9] &5
G 20~132 gf/er(1.5~9.7 mmHg), 94 7.0~237 gf/af(5.2~
174 mmHg), stA 52 A$ 4L 0~8 gf/er(0~13.2 mmHg), o142
3.0~33.6 gf/an(2.2~247 mmHg)2 A2 vl F87F d4 4+
917 =kom, stAY A9 oEGS A AAMdAAE B F
iAo ozt vl kSkE W F& F97F ¥ =tk B skl
oA e 259 FE5S 28E M,
Hx)ow Qg ute] s AaAZA F

H AR
Lee(2002)= tlARRlel]l @e Bt AL ohqr 9 3

: S4s 2AeE 4
I} ALL 9ol wat 10~33 gf/en(7.4~24.3 mmHg) o] o] &S e
Wk st o™, Na and Lee(2010)= 2=7|U o] oj&<ts =A3gk 4
I zZpAel AEgle]l ddo] HEE FHdA MY =dka, e F

S oo, dF Aot FdA JEete] & &eA] 40 gf/ar
(29.4 mmHg)E H+ FxE Bt s+ th Engel and Sperlich(2016)
T AWl 2gl-ax=dole] k¥ 6 mmHg Abel, 2B 10~20
mmHg, 45 $2e 4% Hd 20~30 mmHg °l4elgtar 3tk
Takasu et al.(2000)= oA WOl A& o= 447 g, v,

N

)
do]l HLleol oF 126~17.1 mmHg(1.67~226 kPa)9] e+ 718t
ASe A48 A9 194 B A9 AS FE A ash)Hd
449 JFe M o el AL deol 50~60 mmHg
crow Hold A% Erbeeln Agowm FudA ¥R mAEwo

o SERS

| &1
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gl #3835 Asfs] Qe 17
2] A tHGan et al, 2012). Baek(2003)2] <ol A
A 7EQF Al A H AR 2 HaulE o] vl E=A UEe el

A

=

A

=
] ]”P 30 mmHg9] ¢¥r fFeojsk 3
2 40 mmHg¢ ¢HHe !
Aardoa Ba 3} 3 THCampion et al., 1968). Styf(1990)e] <J&t™ 1.8
~5.3 kPa(13.5-39.8 mmHg) 2% 3HAE 7[5t 5o =29 3
7F FAAeta S Welste A oR yEwtal stlon, W 24 +
0.3 kPa(18.0 + 2.3 mmHg), F°}2 36 + 04 kPa(27.0 + 3.0 mmHg) 7
Lo oY F2I Br AW uEFE fFoneid S HATE B
A THMosti & Partsch, 2014). AFA] ] 54 485 1E + U=
ofF AAE Sg AFelA A& o] FrHgHel wet Ths A=
o] F7Flvtal 3% thH(Macintyre, 2007) Gianesini et al.(2016)2 %
B S FEstar Bl Al oA FES A7V s HA
o] Fastrta stk Watanuki(1994) = AE o]
= GgS AR A3 AtE Yl Thei A =
et ArEEFe]l AEA R asteE AS WA,
d 4+ JdE FA g8 141 mmHg= F43
irata(1998)= A& Stgo] 97 /9o wWald A= ¢
AE 8ol 150~250 mmHg HY u 35 ?’—aﬂ%
thar sith. Watanabe et al.(1969)2 WESL AE <]
Ay MEZL g EdHEtt 3em #ES ®W A=
™ =7 ¥on FYEIRY 556ecm S AEol 7tste
2 40 g/af(294 mmHg)E =33t 3¢tk Lawrence and
Kakkar(1980)+= 7}4¢ W& AWI[FE A7 9 HA9 g2 &
oA 18 mmHg, Fo}ld oA 14 mmHg, FZ°l4 8 mmHg, o} &9
Ao A 10 mmHg, ¥ HA oA 8 mmHgetal Ao, oA F
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2 Ao AEHAR FEdE AEHA Ferta g3t Kim and
Lee(2019)= 20t 9AS iAoz Aag ~¥xx= FAzgidgol a2 5
ZFo oE}S =43 Ay @& 06~1.1 kPa(45~83 mmHg), Folg
0.7~2.3 kPa(5.3~17.3 mmHg), ¥ A 0.9~1.9 kPa(6.8~14.3 mmHg)=
Uebg o Hrgdgole 7etaed R, dREE TURE, 1

=
g1 Fud ARkl BE 9% Fvtn stk
¥

A3
el ot fx B AW 3 9 IS i FUbel 7P &Aoo,
o5 R Ve EAERY JidE ERE oldA] & AdEHe=
Al ks FU7HAE kAl skith Nakahashi(1998)+=  sfE -9
gfute] ZeaE A 24 o BASe HF2 Aotet et F
HGE7F HREREe A Fo] WAt skl en, Kweon(2012)
ElolEd 271U & Al dRFo] Aow, w4 wE i
ST Aoy M 71<0xt e ahr<= AT|<EAT|<AAE HI)o s '
o] Eof ¥ 55 wWol wiAY e 84S & w o] A&}
A gkektia B uEdth Kim and Nam(2016)2 &3~ 929 52t
A A=A AFA G 7|E=E AAG AFA FHolEdE Ax
o AFEC] Hurl He o] utg o] F& Al o], ¥, ¥ &
F-Qlol Al o] Eqtel AEld A 392 kPa(29.4 mmHg)E %33t o &
Yol AL A
Sung and Ryu(1995)= 20°Ce] A 23+ A ey xel7le] &
Rom, A Sfro 2 Qs

oz Qs FERee o 05C
A

B 18°C #A4eA nwE dgsgR A& A2 7 & A4
star, & £4E A st AR Aol neY HE e HE
< QA B FHolA Felstthar &tk Lee et al.(2002)2 715748 $
R AE Al B9 9 R AN 1o AR =4 JEge
o, Bt ghge] 22 2RSS &S W B ghHe] & &



BEe &S wrt Ei = dEbs L ki Li et al.(2006)2 B
Ao o] EHRAQL 42 0014 20 gf/er(14.7 mmHg)7HA] thgsbH,

7Hd ket Hafxjo] MEe] oF=He 3240 gf/an(24 mmHg) A thal 33

Na and Kim(2011)2> H|21S5A =24 2& Al o543 F34 o
hgkol molxlow, e Wha] B AlA 9o R Eddo] =
e, Z=A FHFo] FERUHAIFOE UEY oUA|tiALE Y
Abadv) ol S7HE o) FHo SAQS WAl o RN HS "
T w3 A s7)F sol AT s Egk ek e
TS v HA Sfubs W A IRl A= ko] AT B

AT Lee et al.(2013)& Sl 2E YH et AS 2§ A E5gs H7He
A3 AL °F 2.1 kPa(15.8 mmHg), d°]~E Ys+= oF 1.5 kPa(11.3
mmHg)©] ?417‘3; St Z}&Q Az AR A7t AR o A

= ’\Hﬂr

b~
ol
o
Ir
o
ot
o
v
o I
=
]:o
-~
ko
T
o w |
m
=
T
1
>
o
2
=z
=2
Lo
3
i)
o
2
ol
o

H
|g = Ao] AUrtar Yt Leoz-Abaurrea et
tutolFol 8o Wk £ 5 THAAIA I Ho A9

H = R
BrbAel g weE wAT F Ak sl

OB o] wroxyol otut FH A7 wW = AFT =Y

% 3hvbol ™ (Gascon et al., 2018), a2 AlA| 9} o] &

Abole]l A Ao AE Fol WAstE Y ARE ks e

(Teyeme et al., 2022). Shim and Choi(1994)+= #|ZAo] & Algho]

At )5S Je=vha st ete JRlo] Hae dnby o RS XolA

i AYEA Yrrkel wah B gE e AR g2y, A5
of ?

o Holo oA <tut

= H

o



2 4 Az 39 (Jung &  Ryu, 2002). Apurba and
Alagirusamy(2010)= o & 2-&7+3 qtdbzto = Qg H<hg Hrle= ¢
WAoo g g AYs Sl FAEY, =AY seuE ZFEste Ft
ofE-qtell of gk Hkst F7F Al wre ofE oy W9 0~15 gf/ar(0~11.0
mmHg)oll A= EHe] glaow, F3t ol 15~25 gf/cr
(11.0~184 mmHg)olA = FAIE = AAY e EHLES AAsHA

o ¢ T &5 W 25 gf/af(184 mmHg)E Z¥shd F4l3h

f
(o3

-IFI JE

2 u

oL

o

BHS =xva shqdvh 3 AA 8] SRl whek A o
b o) qto] ShgGaL skl e, HarHQl oA sl dyge] 2
A FEol drtt ¢ 35u o AmE Y A7 seAE ¢EHe
obmel gt wch 354 vl Atk sklvk Li and Dai(2006)= &9, 7F
&, 9F B9 go] ¥ B EYgRugE vy g 5 A4 R

9o ¢t#ES 7l Aol ¥ HAuE AS onstt . dltl. Watanabe
et al.(1969)2 dlglE=d Xl 55cm &> AEo] 7lele 482 40 g/onf
(294 mmHg)& Z3}30] o] W FgAE= AdFS =2 & gk 3

%tk Chan and Fan(2002)& 7A&9] shubzdoel dis] ZAgE AFolA F
#HAQd 207 AEY E29E vHede A=, Uy =Eetd AE

22 Pyste d ZaAHelA 2rks AL ovs
1

al
=ol AgkabA il sl e dFE vA 7 des dvEta
3t9ith. Nam and Lee(2002)9] 17014 2717 Zg A ddo] Huj
sEHERGE SEEE, A, FER9] Gol AR dubde] =7
et on, s 9o A detAor Q1 ofEge] A 54
HAA=AE FHA S =5 7 low, e RS WAlse
= g dEdda At Kim &

7he

s AdAdd fAgE F A

Ham(1994)& Ht)4rE9] o

= 3744 v frER Ade A o) F

Hom Ak o &t Hx= 230 + 1.5 g/en(169 £ 1.1 mmHg)eh3

B39 Jeong(2006) ~E#H A A
1

el getnchs AR dute] tg wWzsled, o g g

_ 4o - ___:rx_-‘! _'\:I.'ll_ -|_-.li i



o N AR FhagHel AW AAF W B W
g2 o4 5 Aoty sk
Kim and Lee(2019)+= 9]&%to] 2.0 kPa(15.0 mmHg)S WA 2+

JI
0.67~1.82 kPa(5.0~13.7 mmHg) 2o Az Adddol7t 34

o= 7}
g AzHgon, ALgAdel A A eBgte] YR A vA ¢
e AQF FEY duAS FolF W, FEAER solF HH wF
e = 7 AE Aol AT Shim(1996b) F7|tel AH AES
AgAe W AGEze uAdR REge], HeUgdaE o

d Z&A7F Ad ZAEART dAA R A=23S ¥ AT st
2714318 FH4 s A AT A e BE AACA s

5] o S =4 =40 e (Na &
Lee, 2010), =A<l ‘ﬂ'?‘ﬂr/ﬂ e gk ARAI>HpE] ok ZAI>A
AAl] =o 7 gfubzto] EA ”37}3040‘34 A FRAEEE FE S
F5 5, Fotdl, ddeol, s o F97F shhs AA =7 AL
e tH(Kweon, 2012). Kim & Nam(2016)2 <3 29] 9 o {5
of AdTE L&A FA e on &S WA vy

_ 13 _ -":rx_-i! 'CI:I 'I_ ]
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W o

H = L. =

(Zhang et al, 2021). F¥ %7} 'f—xé H
Z

_ R
34 % #5, B¢ L AR

8
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O
ox
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ok
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]I.
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o
ol
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i
o S
o
o,

ol
o

E o

rlo
N
oo
o
o

off
o
s

o "
H
rE

o o
=2
=
oo
o >,
4

(Toroh opet rR X0 2 ol o

w2 o YAy 23] ol o,
= FHsAY FHst IR ALs
(Thevenard & Humphries, 2005). Liu et al.(2013)2 I H&%+=
o2 AUFET 30~70%, FEo] 0.1m/s "R OALEAH =7
METs(Metabolic Equivalents: METs)Y w] 3§ 7}5 3 3H7 ol A
e mEt AgHoz ZrsAY stk wela, Janta et al.(2014)
< T A AA AR The, msgk 2eA we ey
| 7F¢ Hegks Folom, S5 ~7] $Aolv o A o
AARY i 7h2(heating) ol ¥ ZH(cooling) S o] st AES
= & It stk Jacquot et al.(2014)& o7 7 LA b A
A#H o, FFIFes &g 22 1 HE ot g
th Ivanova et al.(2021)& 7+, $l=, o7 F917F oyt Folg] F-9
of 2d#;AAI o AstA AvEo] low, Erher ke 2dz Ab

N
Jo &
rlo
b
2
T
27 PR o SRR o | G

=

olell= ¢Fol FuBATE Aol ErbEtate] 2k Hole= 243
w9 ZHHAE Bidva it IS A 7HE =i o5l Tt
Z wre-d|(Alpérovitch et al., 2009; Jansen et al., 2001), ¢ == ¢
g wzt &F B 29 g5 S7kR ddkeol SUbshy] el st
(Youn et al, 2007). RtHeol| O Ao+ 3 &4 9 F23 d39

o
E£2 7 <l @OLC’] HAad 4 A (Proppe, 1987). Madaniyazi et
al.(2016)2 7] 27°C w|¥kQl A§ %7} sh7ksted mEt e S
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4~

jE, 7]20] 27°CHRY =& AN 257t Aedas ditol
T SF3Th Luo et al(2016)> F® %7} 16°ColA 28°CE <5
k7 AAE] A e, Lan et al.(2011)2 30°Col A H
Sl Artert duEA vk B sty ey, A
ES

Zste 389 g F& BANAE o o

3

o] 7] wiFo(Wan & Fan, 2008), <1
of, A& W, 37 % FEZ(HVAC: Heating,
Ventilating and Air Conditioning) A|2¥ 59 =& Wol &S
A&k Al Bk (Joshi et al., 2022). T3k 3t 7] 5o Z3tsk o] & A
zb 7] %ol wel 8 E = o) wdo] tEV] o] E tE V]S e
Aot &= 7 Akl A tHOgulata, 2007).

Zhang et al.(2022)& 37 L= 7|8 Zd d3 Fo dAoH &
&7 Ao "o Axvt 2 F & EFNe] S-IgE(salivary secretary
immunoglobulin E) X AA 9F& v Hva sttt Hit S-IgE
FTEE 37 2Z7F 18ColA 24°Coll A 30°CZ F7Fd S u Ha F7)
glom 18Ce Hlusle] 24°CeF 30°Col A S-IgEel %7
32.7% 7o, S-IgE FEE 29 FH0A ARexE,

72 Bdo] dohal sk Muller et al.(2012)2 F7FAFE0] 24]
F F9 =F(1000)FH 2A7HY] A7 (25°0)s dsts e T
Ad, 71 204 v 34 F9 =F F AVER GAlA dA
o] A&7} WA E ATt Seppanen et al.(2006)2 25°C~32°C Hld A
W 2=7F 1°C 718 9 1A Aol 2% #HAashs As dRIe
™, Lan et al.(2011)2 &%=7} 22°Coll 7}7h& u] == 2<d7ko] ‘0o 7}

7hE ) Ao 1A Fo] @A H AL skt

2~ "] o
= B

3

»

R i
oo &

N
olr

o

s ] o1
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1. AZ&A A9 By

)
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o
ftlo
Ir
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=
oot
__}ll_vll
rfo
o
Ho
A
ol
ol

ol
-
o

ol
-

T Hkgo] dojuA = Ao|ti(Hirata et al, 1988;
Westerterp-Plantenga et al., 2002). 8% F5& HT I F&527) 34°C~
35°C olat= wWo]ad wj A]ztE a1(Savage & Brengelmann, 1996) #| 4 %
A F9 =Fo & FIF &7t 18°C ot "olx¥ R/ =

2% B SV w24 "doi(Swenson et al., 1996). 3 &7
<l PR L FALAA Y AE F7F T 7HE H3F s
=4S HA3SE sy edh(Itoh S, 1974, Wu, Hu, Han et al., 2021;
Choi & Kim, 2011). 4 dFE 3 55 9d) gaHy, o Zr}
oA o F=#ZtH(Nisha, 2010). &E3F F9 ==
471 dHDBP) S7Fek 957 2% 2 A AR o T
(Wu, Hu, Han et al,, 2021). A9 = g2 S8 542 Adgrt
er A WA FEZ 2L w2 AEE Auke
n 2% = A

Sl e wbeE Hrhehs A% Ax2A dlte

NN

o
o

s
o
=
£
an
£
an)
ob)
=]
@
=N
)
S
RNS)
=
e J
2

ol\ o rE
=]

r o

= H
¥ W HEE ATl U AREAA AW RHS 7442

Aol F271 F Q3 tH(Gavhed et al., 2000).
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Sk

Z3d 75 Z7hd 7]1¢1%tH(Ozaki et al, 2001). HbHo| ¥R r
B2 WAle]l EAlst, 852 FW 2= 4% Wil o wzbein
(Xiong et al., 2016). &= 7FF wzkst Al H9+= Foly, A %

oAl A9 % A JTFS W] H7] e F& FHo =&
3l A9 RE7F Fastthal s tH(Wu, Sun, Hu et al, 2021). &
2l S A9 & 2= W
slRch Aoy, oA A& i FTAH-(core)o] AF-ol7] ujiEolH
(Nunneley & Maldonado, 1983), &% (73 S)3 #zjo JHF g
ol Tt Ao £AE BEshy] wie APAET =2 & Fr

O

A 3kehar 39 tHGwosdow & Berglund, 1987).

Aztel dad dFs v HT A tH(Zhang, 2003). A= wEEgk =}
F(+2°C/4°C) Bt 27 AF=(-2°C)oll o] Hlzhelw, of o] FAdroh &
d 374 W3t ¢ wEsga 9t (Zhang &  Zhu,  2021).
Karjalainen(2012) %3k, ddtd oz ofdo] JAdHT; ¥ 2% ] ¥l

weie B8 AfaAY F& BhelA © 2 BARe =4 Aol

go] v dgto] &

20 oJgks W] {viar 390 tl. Hanada et al.(1982)2 W 3H4d] =

=9 AA B9 wgl T PGy R thE &97Ss w7t
710]

e HxHE F9d et EFa A#dAr 2l o (Arens et al,
xR Rl g LEI7te YIEE
UelE 327 2 ¢ dota &9t (Vesely et al., 2017).

Sung and Lee(1997)& 10°C2] F3t4 oA = H9d W& A
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(Heus et al., 1995).
5o Wb oAb el SAAQ dEFS vH F dvke=
Hi% e, & 50 7S 9= hEd 4 A4S 5
U AHZ Z7MA1Z £ d2om(Van Ooijen et al,, 2001), o] &
& Ass AL 22" tALE JRdskE H 78 & v
UH(Ivanova et al, 2021). Lg]aL, F9o] =Z¥™ WA A7 &4 3t
Hol ZwxPdo] FHFHIL oyl ol s (Kingma et al,
2011), FH el A4 Fo+= HArdE AR ‘/}E}‘*C}(Van der Lans et
al., 2012). ol#g dA A<l
Z

mo
o e
e re
e

A
o

O:
5

ol

B oj®E wuxl 2
& Kurl, 2012), ¥t=A] F44Q0 32 FFH oA = ?}lﬂﬁm &ttt
(Ivanova et al.,, 2021). 542 A= Al F57] ¢ 124 + 75 mmHg
oA 151 + 1.2 mmHg=, o]¢7] ¢ =
mmHg® s om, A FA4L A5 A% 10 £ 4 bpmo] A9
A2 g Yo (Lubkowska & Suska, 2011). A2 == A
<

7k B 4 FY Tl BT Sk AU
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9 o™ (Armstrong, 2007), €3 #HH A2 Ao @ AlYS FH 435}
HH 37°Ce oA A AL +35°C o] 2 FA sl oF 3H(Gisolfi et al.,
2000). AAAelgre] A o] WAYSS "o FHoly o= IH

7tE F3 AeS Folve AR WHolA R o] HMAYFLS FE
9eS AA Wi=th(Parsons, 2007). %= 7F oW wo] FWdles oY
o] 7FAadty HE A3|&= THol AA Astslv, FEI A Fiko] B}
SAAE o] nA(E2 AFeE H yRx)o R <l AlA T
At 24 A 88 F7AE F At (Lee et al, 2015). E3H H
o7 9% Fod £A4L FH 2yl MRLE W ES Uge 370
U 28 %5 o Aes 243 Ud JAHAA Fod JFge A
HH(Kondo et al, 2001). 1A Alol= WEES S7HA717] S8 9+
diFol F7ketal Al Aolv =

(Rowell, 1986). &3], 5 &
= AR E A 2 35 = =5

T AR e 3 2RolA AlFkE F Qlo] FYTE
2007). Oppermann et al.(2021)2 Aggtx oz =43k
el eEete] d £80] ¥ FeoldaE ¢

A glomn, z}

A ol A <]

rlo
0%
o|v

i

el

o

} o} (Parsons,

> 12
=2

jul

d,

ox

2y

=

Ir

lo
do

oo

AUAIE AgAAL £ e Fo @By 2l oled 4%
of HEAAA B A AL KA Q9 Y B FFL F
: 231

T&H S7F 2 dslo] dojdti(Castellani et al., 2021; Choi & Kim,
2011). &3 WHdRYg mFaA o] ¢80 Ao (Hensel et al.,
1974) A7 Az ddo] AAX =™ (Hensel, 1981), & Ar=ol oigt

QA W HEAk Y AT mrk =o QAL G =FlA o 2 9
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of Awa 4 i3 &9 THZhang et al, 2021). B 4 EE AAW
2 AA Y A2 =A Alx=dlo] XA & %Jﬁ}ﬂ A o A
F kel A¥g Qe WA & glow o= Als Shdg W
2 fAste = Aol dARE) dAM, dAAF 2e e dEe
A7 B ol Aes 2ET F s ”41 A 4 dtal gl o
(Del Ferraro et al., 2021; Piver et al., 1999), 3 & T IH}WZL I =2,

EHS 2 A AR oo 4 Qduhal st tHGlass et al, 2007,
Feng & Ceng, 2005).
o} #HE dAFES HW Opitz-Stapleton et al.(2016)2 27°C,

40%RHOI A dF A7 AlHEL A7|7He] EFoly &2 QA3 A

-

=0 X

v 3T
o] A&7|7F &<t 37°C(I] H-
ol skt (Sherwood & Huber, 2010). Bates and Schneider(2008)-2
WBGT(Wet Bulb Globe Temperature index)”} 32°C¢l ®j-$ AL =+
WA T3 AR EF5s A A A AIE oF 458 ~50%
olgtar 3+ th Monazzam et al.(2015)e] olstd AEr=(HR)= Algho]
Aol =&d wf Frteke ® oshube AEshA Adear sglow, Al
o] 1°C S7ted A5 Aty Her 189 334 E F7HAIAITa s
(Yang et al, 2017). E&, Kim(2001)e] AFolA % me& 84647 A
oA Wy e USRS Ui s}o&uﬁ Kim et al(2017)< 20
NS W 35°C BANAT 30°Cl
Y H2 5 Ao %9] gk F7HE BAThal 3
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el 9y et A4 A
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24°CeF m5egk 30°C &4l =3 A o9y A
=

Psikuta et al(2012)] S3k@ AR g Fad ALsa v
Foaolm  HRemEE A6 §8 s
Benzinger(1963)= 4% £ =9} fhuzte Ry yews g wdol 9
thal SFeith Sim(1996a)& wHAl e Al a7k 20°C, 28°C, 32°Cell =%
A e WMaE B A PANE AR A 28, AAYE
8771€ Aslo] e At WaE ugon wute #7478 Ws
| wel wstgom, fAstin =2 Bel st wR o] Aad )
< 3BCHT Hustger Eg Shim(1997)2 A4 YUy &

Aol wE A WALl A% AL Aol B wF 0¥
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mw}

7t

St
Aol A g R2o] g2 QFA S Ao, A Aol A2 #A
oA AEAHQ WtE YEtdlon, Py o] o 36°C Akt
T ETEA e Avke WstE BolA| goked ol et el W
G R 5 G P zolo] o Aojdtal spith dte
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A 3% AT

ChFE BFLEANA QA o GurrEe] nE o
ugpol HgAe] gul A M JFS

olg flal A, A A BAERAEQIC, 27°C, MC; FE 50 *
50RHDAIA 1A A 291(31e), Wackel, Fobehel A, 3, wwel g
ARG W QA A oEere FFstach. B4, NG
hbzo e QA oW HH oEsh wog BAsAch A,
v olmeke] me QA ge-dUd v AR 2.
12 99 A7 e 29 Figald 2o

2 o o

O
o

@ level 0
ONET

Clothing
Pressure

Levels

(CPL) Clothing pressure

level 2

Physiological responses |
& Subjective sensation

@ thighs n

Ay

calves a
v q 5.
Ambient Temp.(AT) a8
% a
21°C 27°C 34°C 5
(Cool environment) (Neutral environment) (Warm environment) :
F
2
&

L AT X CPL
Verification
AT X PBP

deduction Comfortable
clothing pressure range

Tightness sensation

Clothing pressure

Figure 3.1. Experimental design
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B oATE 200 49 oAl HE e ® AV
27°C, 34°C)ol Al (8 7vE58 ofui7zb=] adah=)s] &,
g QA Al F-lel Fduh(guks shebA i dAe B
A& 233 3vhAl tubs FPS w o ESF (FE], WA 44
A, Folel: 3AH)oe] A A @ Fae] " =
ot Age 13 9 12719 Agnks

3} 2,
Al1AE AR

JgGx= 7475 200 oA Al Holgloew, IEAES AAA 5
AL ofg 9} ZtH(Table 3.1).

Table 3.1. Anthropometric characteristic of subjects

Subject Age Height  Weight BSA”® BMI™ Body™
No. (yr) (cm) (kg) (m") (kg/m’) fat(%)
1 27 160.5 55.1 1.58 215 26.3
2 21 156.6 51.7 151 21.1 23.8
3 23 168.3 50.9 1.58 18.0 16.9
4 20 165.8 52.6 1.59 19.1 229
5 26 157.1 54.6 1.55 22.1 21.1
Mean 234 161.7 53.0 1.56 20.4 22.2
SD 3.0 5.2 1.9 0.03 1.7 3.5

*BSA(Body Surface Area;m’)=height(cm)0.725Xweight(kg)0.425%0.007246
“BMI(Body Mass Index)=weight(kg)/height*(m*)
"Body fat(%): (5.03/Body density—4.50)><100
Body density=1.0994921-0.0009929%(upper arm cir.+ abdomen cir.+ thigh
cir.)+0.000002X(upper arm cir.+ abdomen cir.+ thigh cir.)2-0.000139<age

cir.: circumference
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A/ FA BHe AuARS Bohol 2Y o¥el 2¥z nes
£ A=W F8 599 NP} AT BAGE = BYLER
AAstG o, dE&a Wetol] ot kS Hogk wjAlsta o Hetedl ¢
gt FEnks By & AAE AEd 21°C, HH e 27°C, wEgk 34°C
2 F% AR 37 M 7oA H(Table 3.2).
Table 3.2. Environmental condition
Cool Neutral Warm
environment environment environment
Item
Mean SD Mean SD Mean SD
T,(°C) 21.6 04 275 0.3 34.1 04
RH(%) 48 5 52 5 52 5
Var(m/s) below 0.1

T Air temperature(C), RH:

A3 A AdFAE

5]
(Figure 3.2). 23 o
3.3).

Realtive humidity (%), Vi Air velocity(m/s)
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Figure 3.2. Basic garments for experiment.

Table 3.3. Characteristics of experimental garments

. Covering Garment
Item Material area”(%) weight(g)
ggﬁggﬁt Sports bra  cotton 100% 4.1 62.0
Brief cotton 100946 1477 24.0
Lower
garment
Short pants cotton 100% 20.3 48.0
Total - - 24.4 134.0

* Covering area(%); ISO 9920
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B AN GYS e QA PoE shedol R, 2u7, Ags
2 g 5o Ze) APl QA 4 AF wEvkn ARsE
o, WAThe, Fobe Al egor], Red gublsE Zze AF4
So A% W AW 2F ARG FARGE 1519 AFANA @
29Re gutatgon Ao o JFe WA Astel shFol 19
o AP APk dA=e] LAY SH obd Fol AA

tH(Table 3.4).

Table 3.4. Characteristics of experimental compression band

Component  Density Weight Tensile strength(N)

Clothes  Material (%) (mesh/25er)  (g/m’) wale course
ks k 0210 ks k 0512 ks k 0514 ks k 0815
Nylon 80.1
Outer 3562.5 187.7 319 312
Polyurethane 19.9
Nylon 90.9
Inner 23375 142.8 307 294

Polyurethane 9.1

zh @Al Al vk hHril=E Aztstr] flste], ® 7FE5-E o}
ol s Fst= sl T%E selzel(sla A, slgdd, sl
Avs ), Wase sldsd oy, He5dd, MEAades Avs
THEEd)E, Bt FHe Waddsd(Eragds Avs FEE
dhek wAne HAasdsE, Tobg Fes FEAdEHEA =S
Avs FHEd)e Toty HLsuU(Fotd] oS Aves HAasd)

n
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2 AP A FEs 72 AFEe JEUALS ISO 99 20011 37%611
MEF Al oF 244% 0 AA AR

& 7t oF 79%, WAGEsE °F 157%, %O}vﬂﬂ of 3.1%9%
(Figure 3.3).

>

Waist 7.9+(24.4)% Thighs 15.7+(24.4)% Calves 13.1+(24.4)%

Figure 3.3. Pressed body parts and covering area ratio.
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Table 3.5 Reduction ratio of compression band according to clothing

pressure level

Reduction ratio of bandage(%5)

clothing

waist thighs calves

pressure level

100
92(1)

100 100
92(£1)

94(+1)

Level 0

Level 1

88(+1) 83(%1) 84(+1)

Level 2

13} 2 A= okl 29 2 (Figure 3.4

~3.6).
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ojESQt FAS A8l & ?ﬂ?’%}"ﬂ’ﬂ AHA Az gE o] E]F S 7
55 M 3$:102003003885, ¥, 2003)& o] &3sfe] <tdr F
=439l Candy et al. (2009)° AlA el o] Al HE
2 gkow f-917de] Hojuol st 0~50 mmHgel
o Wzsjor gtk e, B ATl A AHEd
(load cell type AA], 4HSAHL] 0~500 g)+= 10 HH S
of 20% FoF AHHOoE oF 10000 7He HolHE HE
=E o]&3le] dAHoR uks vpe B
Tt &, WAve, Fotel Al 9148
% Wl FReiion, = Yo AY F
F-QU obgm) A4, g 4y,
Arie] = kollA He wW Mg AL *
Z| =W, 9 3R A w4 AW ol A
et T AxFollon, Folel= dow Ae w M Holu
, 9 3AF el F2ekd v (Figure
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W1: Anterior underbust
W2: Anterior abdomen
W3: Lateral underbust
W4: Posterior underbust

T1 : Anterior thigh

T2 : Anterior lower thigh
T3 : Lateral thigh

T4 : Posterior thigh

C1 : Anterior calf
C2 : Lateral calf
C@ C3: Posterior calf

Figure 3.7. Measurement points of clothing pressure.
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A Standing for 10 min

l below 0.1

® 21.6+0.4°C, 48+5 % RH
® 27.5£0.3°C, 525 %RH
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Figure 3.8. Experimental protocol.
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A6 A EAGE

1. AA A H-S

A
FAag e =AH7)(LT 8A, Gram Cor., Japan)Z ©]-&3}9]
A

of AR AZA2LEE SASAT. A 138 JHEHEE 719
A

24 ol 15 Al 147 Bek 1% HH 0w 245

2) ¥9d WP @ FFYY

Fd-& FF2 FAH7I(LT 8A, Gram Cor., Japan)E ©|&3to] o
24 A% AAA G QA 9% A7 Rl W, ol
&5, WATY, FolEl, wE)el ¥Asd 12 Ao 4% ¥
Hardy & DuBoisHel W #HPARew(Tws &40

(Equation 3.1, Figure 3.9).

7151( = neadxo-07 + Y;bdomenxo-SS + 71armxo-14 + EzgndXO-OB +

Tinigr<0.19 + T3oex0.13 + Tpx0.07 ——————- Equation 3.1
Ty © mean skin temperature, Theaq - head skin temperature
Tpdomen - abdomen skin temperature, 7., : arm skin temperature
Thana - hand skin temperature, Tirign © thighs skin temperature
Tieg * leg skin temperature, Twor - foot skin temperature

22 A oL 5} 3} =) 2
7H55 o] gkow(Wang et al, 2007), &4 x}=o] vl wzsk Ax&7ket
2ol d 717t H2E Yx=E AL et al., 2008).
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1 gl o
b ZAstAtHFigure 3.9). Y=Y &-Fhs FUE s 2F%
719% ](Thermo Recorder TR-72S, T&D Corp, Japan)Z Olﬁo}tﬂ oF

* Thead

da T,

abdomen

- Thand

i
Fingertip
., temp.

Tinign

~~~~~ 45‘""&Temp.
K &humid.
(CB)

Sl;in temp
(CB)

btc) \ e

‘Waist Thighs Calves
@ Measurement points for mean skin temp. |:| Temp. & humid. inside compression band(CB)
‘ Fingertip temp. A Skin temp. inside compression band(CB)

Figure 3.9. Measurement points of temperature and humidity ISO 9886)

4) ATHLH

Ay A o YA AHelA A et Z&sta AAHEA
(F1150s, Sartorious Company, Germany, Z% 10g)02 A|F=S =3
S A Fo] AFo AolE 1A T ATHAHoR 3T
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5) At o

4‘4*’#%“—

-2000F, (55)AdwivZ o] -3}
A

TE7] St o]k b‘é‘%‘% AF 34 == AHdH A5 F 23 54
st Aldlae= AlHl =A 7] (Polar Sports Tester, Polar Electro
Inc., USA)E o] &3t 1# H4o2 1A17F 59t S35

SUIES Agsa Qi Borel I ednd ey 9 ¢
shl=y) £d7h7 S84 ASHRAE(1993)e] 797 HEg ol 48
Qor, ed HHz TzIATRI e 487 ARE o] 4atol

o2 IR 222 7| E3A 319 tH(Table 3.6).

Table 3.6. Subjective responses [

Score  Thermal sensation Humidity sensation Thermal comfort

-3 Very cold Very dry

-2 Cold Dry

-1 Cool A little dry

0 Not both Not both Comfortable

1 Warm A little humid A little uncomfortable

2 Hot Humid Uncomfortable

3 Very hot Very humid Very uncomfortable
35 - H 2



geMIES Fgsin Adshs 147 ok FEA 2@ 2 A%
W, P U W PE/E ohlel scaled ol &3] 102 (HAOE

&z ~x2 712351 89 tH(Table 3.7).

Table 3.7. Subjective responses II

Sweating & shivering

Score sensation Tightness sensation Subjective workload

-3 Very shiver Very loose Very easy

-2 Shiver Loose Easy

-1 A little shiver A little loose A little easy

0 Not both Not both Not both

1 A little sweat A little tight A little hard

2 Sweat Tight Hard

3 Very sweat Very tight Very hard

AT7TH FAEH

N — kS
7Hlle el 54 ‘](«4@%} 59 x 1:1]' BF 3991 x §hHk 39 x #74 3%

71 = 1353])° st IBM SPSS 26.0 for windows &7 H7|A]& ©]
goto] A skTh uteAlep stebREefel] wE o &gty Aeuks, F
e TA 7] 918 One-way anova®, #H742&mek Pufehzl B g}
Heleke] AeAg adrt A=A 7410}7] 23l Two-way anova 4]
S TPtk ol & s Duncane] AFFHA S AAsislon,
Tl A7t vdebd ol tisiA = p-value 2 F-valueEs A|AISHATH E
5k ZAPeE Ak =5 7ho] A4 (Pearson’s correlation)S A A&}
Atk R A EdE AAES HAS =E8] fstel R 420
A2 ] AbH e, A= B FAE EA S A s

il
LA
S |



A4 AT 2
AR gEgR 44 BG4
1 grerebA g o8
D 8 7tk A gEaAE g8
IAZE b 38 Al hebdAle] wE o] H<9t A¥E [Table

4113 v slg 7ksh Al o H g2 shard Aol uh s
Fow, 2 dFS A A= 1082 HHP<0.01) eobal= 50% &<to] ©

5213} 91 tH(P<0.001).
2= o 5etS AHEY, 21°ColA Hir &g gk A Ao
e 29 A7 167 + 112 mmHgi 7% = e o HP<0.05), A

27°Coll A Egﬁ—g]iﬂg ok x}xﬂsﬂr A A BF gEtd A o] &
Fol3k ol 5 Holx| gkokr}

34°Coll Al HF Bt ke Aol A 191 + 132 mmHg, 122 =+
9.7 mmHg, 78 + 57 mmHg® ¢UaA7 =542 =7 Yegoy
(P<0.01), A AAM A= fFogh xfo]E Holx| kdrt 4 AHEEE=
s 9o A% 1, 29-AI7F 70 £ 1.1 mmHg, 83 £ 1.3 mmHg= ¢4
s 7 M?ﬂ oS W Hoh o Egte] EA YERR oM (P<0.01), A AA
M= obdm] F9I7t 2vAlOlA 322 + 47 mmHg®E 19419 urs
7hshA] oks w Bup oj&Sfo] = A LEREHH(P<0.01).

el Al dA FHarelEere ke AAI(P<0.00D)S A ZRA
(P<0.01) =% 157 + 11.0 mmHg, 147 = 86 mmHg® 2947} 157
oF otuh ®r} qtutE Tk =A e gEtdAle] mE fog Aol
Hoth 34 AAHZE g2 AAoA ofHule} T A H-L 2uA o A
235 + 9.3 mmHg, 22.2 + 125 mmHg® 7F4 %¢tow(P<0.05), 9H &

a7 - SR



9.3 + 3.7 mmHg, 83 + 3.3 mmHg, 58 + 2.6 mmHg® HGA7} =

S5 = YEETHP<0.05). A ZAC A o Fu) A" & 29 A 7F 22.0

9.7 mmHg=® 7} =2 (P<0.001), 5 ¥%+= 21.8 £ 13.0 mmHg,

16.8 + 9.3 mmHg, 105 + 56 mmHg® A7l =S42 Hok
3 7t 9

I+

G A UERETHP<0.05). ol sk ol e bA BT BGS B
21°C, 27°Coll Al Bt} 34°CelA] ¥ F3idh hetdAd fofx&E Ho
W, B3 ke Al A AACA 19Ash Fehute] g aFom ¥

g5lo] 2709 Yt E hrolAE AFL nglth
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Table 4.1. Clothing pressure according to clothing pressure level during

press the waist

(Unit: mmHg, Mean + SD)

- Cleotlkéi\rllegl Sitting (50min) Standing (10min)
po?rall Sure LevelO Levell Level2 Mean :F-value[LevelO Levell Level2 Mean :F-value
Fron®| 0 2% S5 B3 2 | BY BL Dy T6
Front@| 130 105 20 IR0 107 | 128 15T 88 13 146
21c siee | L6 198 125 193 153 | By A9 194 O m
Back | 199 104 249 Inh s | 194 189 26 IB% 1ss
Mean | 28, 199 JG0 153 398" | A% LA I 18 248
Front®| G 2% 2% 2 a4 2 §% 2% 8w
Front®@ | Mfh 183 209 188 102 137 12) dad IER 59
oreside | 2% 8% S O ver | B Y T T a6
Bk |11 D I 137 s [ 199 13 1009 5 17
Mean | B 193 183 104 105 | RGBT B3 1) e
Front®| Zh Ol 148 89 242 | A1 A% 20 00 17
Font@| 14 139 209 M3 sas | 133 181 84 203 1019”
s4C side | A% o4 G 0 8687 | Ak S 44 &Y 260
Back | 104 Al AT Db 235 | 1LG DO AR T 1
Mean | L5 o iite bl 5197 | 2% 153 Lk I 517
Fom®| % 2% Ee O 120 [ 55 ST 5% 5 oo
Fom®@| 227 106 &9 169 5017 | 12 190 (& 180 5957
Mean Side | 3% Buw A BE 406" | 5% 8% B0 L5 1
Back | 185 152 358 Jios 522 | 198 sosb uG50 106 472
Mean | B9 I A5l 189 900 B9, LA S8% R 695"
no_significant ab b Mean F-value

difference

Shading when statistically significant difference occurs between groups as above

"P<0.05, “P<0.01, **P<0.001, ANOVA test was conducted for the three groups (Level
0, Level 1, Level 2)
Groups with the same letter have means that are not statistically different (a<b<c)

I Independent variables, AT: Ambient temp., CPL: Clothing Pressure level
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= - H
4.2]13 2o §Ave] 7isE Al R Al o
S Bon, 1 A4S e AR THPO.

A tHP<0.001).

4 SR oERYgSs TAH SR AuEd) 21°ColA o E5t
= e AAleE A ARAC A ShEtE Al T E fFol g XfolE HolA] &
Rt 2y SAHAAHNERZ = 2 AAl A e ofef XA o] 352 +
7.8 mmHg, 284 + 115 mmHg, 16.7 £ 2.9 mmHg= 4HIGA7 =&
= o) &5Qto] =A YES oW (P<0.05), A AAll A ke ol A H
AU e M AATE =S5 5dE =4 YEFSTHP<0.05).

27°Col A Ht ol Hof2 b2 AAolA e tdAle W& FoAE
Holxl gFtovt, A A= 19A S 294 7F 197 + 11.9 mmHg,
22.0 £ 126 mmHg® F ¢4 ®Boh o =4 e tHP<0.05). 54 A A
HEs ok AAdA wWAoE ke 9 AR (P<0.0D)H FHol
(P<0.05), A AAelA = Sk F AR E57F 1, 294A47F F9d 1o
E=A YERHP<0.01), 2719 A A R uUd = s BT

34°Col A Bt o b b2 AAl, A AAll A B o
E Fo% AolE Holx FUtt A AFER ofESFS ok ApA ol
Aoekdel 9 Aol 145 + 2.3 mmHg, 126 + 6.0 mmHg, 5
mmHg= A7 =555 o =3%oH((P<0.05), WAty siHE
2FAI Al 68.3 £ 144 mmHg= 194 7FbAl ¢ otk 1o o =3kt
(P<0.01). A ApAlell A ke & A2 1, 224 ZFsbAlel7F 123 + 1.9
mmHg, 16.2 + 3.1 mmHg® 9hS 7hebx] &%s o ®Bo o =4
EFTH(P<0.01).

WAt 7hEAl dA e Ehe ek AACA = 295 + 215
mmHg, 24.8 + 182 mmHg, 185 + 163 mmHg=® YU HA7F =S+=
o =3om(P<0.05), A AAANA = 1, 29A FubAlel 7} 17.7 + 11.3
mmHg, 21.7 + 120 mmHg= s 7FehA] %S o B o =of
FteAlel] WmE Fo& AolE HITHP<0.001). FAHX
P > AA A= wATE ok T AR ol

3 "
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2w o A UERSTHP<00D. A AAel A= wE e ki A
Aol A 1, 297 et Bo o x9lor(P<0.00D), w2 2977t
7H =A dER e ((P<00D), side ezt =
=/ GERATHP<0.05). olek ol wHthe] ZhkAl
ook & L 29Vt & Ao R BRH 7
AA= & At

BOELL
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Table 4.2. Clothing pressure according to clothing pressure level during

press the thighs (Unit: mmHg, Mean £ SD)
i~ Clé)tlléi\?é Sitting (50min) Standing (10min)
pO%‘tSélre LevelO Levell Level2 Mean  F-value [LevelO Levell Level2 Mean F-value
Pont® | 5% Oy B & 1o | % 55 % 1a
Front® | ;3% 75w d7gb <108, 518 | i85 ioob g g3 483
aveside | N o g 5 330 | g Lioe o S| 467
Back | J&T O Jos s 39 | R0 e Sy aoy 197
Mean | oy iod i o6 L4 | L8y 105 155 ail4 506
Front@ i21..%a i%%b J_rl?}.'gb J_r8 416 977" i21..52a i%%b ili':’{b J_r85'%0 5.04™
Front® | 158 55 Tix Jbo. 3% |55 sege dge 05 927
21CSide | 5o | sgep som sog | 581 | i 130 173 ip7 18
Back | 159 Jig ox sg4 6 | .6 ib 154 aip 163
Mean | 61 4199 187 165 115 | 5o s1ep 41360 s150 486
Front | 2% seoh ags g 456 | 2% o B4 11 se-
Fone | i Ay fan son %0 | 1e Joy B R5 1
WCSide | 153 150 w33 awo M | Sy Gy g3 ,hs 180
Back | 2770 s1300 sl s180 990 |05 Sis sep siny 122
Mean |56 Db ivis ake 217 | ob Siis coa siip 301
Front@ ;555@1 i%.21b J_rlé'ssb J_r8 459 10.14™ i%%a J_r%.lzb J_rli'gb i85§1 11.33"
Front® | 5 Som i do9 8197 | 2% B s 96 1814
MeanSide | 5o iemh amh o 6537 [hL 9o, L8 99 g5
Back | /S ,130e sio@ o136 8957 |00 117 slo@ s1ig 39U
Mean | N8% ebe w1 Jgh 446 | 3G T ol Mk 1076
nod_?fignificant a ab b C Mean F-value
1Irrerence

Shading when statistically significant difference occurs between groups as above
“P<0.05, “P<0.01, "P<0.001, ANOVA test was conducted for the three groups (Level
0, Level 1, Level 2)

Groups with the same letter have means that are not statistically different (a<b<c)

I: Independent variables, AT: Ambient temp., CPL: Clothing Pressure level
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3) Foke 7k Al utaAE 95

1A1ZF 5ot Foba] 7kt Al ek @A o] E9F =4 A= [Table
4313 2ot FobE] 7ht Al BEE BA LA ]
Fro)gk d3ks mH Ao EFGTHP<0.001).
%%%E% o Ets AT EW, 21°CoA] B Hge e Aol

+ 97 mmHg, 135 £ 9.7 mmHg, 75 * 47 mmHg= SfHld

= =/ YeERom(P<0.01), A AAMdAE 1, 294 7FSE
+ 109 mmHg, 192 £+ 91 mmHg=®= FgHrET ¢ =k
4 ARAEEE > A HS gtute] AdGFE o E
A el o (P<0.05), 942 29A9 A4 96 + 14 mmHg® 1
ek Bk o E=A YERSTHP<0.01). A AFAlel A o &t
Ao A Z+zE 281 + 2.8 mmHg, 99 * 2.3 mmHg®= 2%-A ol A
A YERE S H(P<0.01), FotE] AW 1, 29A7F FEt B
A YEFSTHP<0.05).
27°Col A HiFo]Eete ke Aol A= 187 + 7.5 mmHg, 151 +
7.3 mmHg, 108 + 55 mmHg® 4HtdAZE &5 o =4 YEeEd S
™ (P<0.05), A AAll A= 29 A 7} 183 £ 75 mmHg®E 7H8 =4 YEt
SoHP<0.01). =4 A" o8t e AAeA Fole] dH 1, 2
GA7 225 £ 57 mmHg, 247 + 45 mmHg® S 71shA] &
) 2k o =9kom(P<0.05), A ARAlo A Fole] w2 qfubth
ES5E E8YgE =4 YEbom(P<0.05), WS 294 7F 208 + 5.7
mmHg® 7H¢ =7 YeRsth(P<0.05).

34°Col A HoEehe ke Aol A 232 £ 9.8 mmHg(P<0.01),
A ZAAe A 236 £ 101 mmHg= 29A17F 7F4 = ¢Heh(P<0.001). =74
A - o]Bgre 9w 322 + 35 mmHg® 29-AI7F 7Hd =4 uE
wom, S 19A} 2 A7 TRt =4 ERGTHP<0.01). A
AA el A= ool 324 + 4.7 mmHg®E 29AI7F 7F4 =90 (P<0.01),

2 1%7419} 2AAZE F-ebeb Bk o = 9keh(P<0.01).

Totgl 7ESF Al WA HgEee ¢k AAdAE 205 £ 9.1

O

- 43 - SEr K



mmHg, 149 + 7.8 mmHg, 10.2 + 59 mmHg, A AAM A= 204 + 9.1
mmHg, 145 + 85 mmHg, 9.3 £ 5.2 mmHg® ¢ dA7 =S545 o
A YErd bl mE {F9% ztolE EATHP<0.001). 54 Al
Al G 5ot Foly] w2 2vA7F 281 + 57 mmHg=E 7Hg =
%o (P<0.001), 9W-2> 19Aet 29A7ZE F9hut ®Ho ¢ E=kon
(P<0.01), HHL SttaAZE =S5 5= =4 ey
(P<0.001). A ZAlo A Folg] dH 20-A7F 282 + 53 mmHg® 7}
& Eer, Foty] FW(P<0.013 W (P<0.001 1dAIeh 2vkA1 7}
ek Bo ¢ =2 AIdS BAT o9 #o] Folyl Tkt Al Hir &
Y& et WATY e g gEtaAE R o Eqto] folstA EekA
v AES 2otk

+
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Table 4.3. Clothing pressure according to clothing pressure level during

press the calves (Unit: mmHg, Mean = SD)
Clotlhing Sitting (50min) Standing (10min)
€S e level
po?relltssu T LevelO Levell Level2 Mean: F-value [LevelO Levell Level2 Mean | F-value
101 166 1275 181 T [ 89 148 281 173 -
Front | 156 +10.1% 68 +106 > |53 1101 228 s104 0P
. 359754 N 61 S35 9T 6.3 -
010 Side | 5 13400 2140 235 097 |14 i3 apgp i3y OH
Booe | 01 186 204 164 |71 [2L8 105 160 ..
ac £30 +87 487 87 £26° +119° +84° +103:
75 135 PBI95N 135 | 64 140 192 132 »
Mean | 7 so7 2975 106 ™ |i400 109" 910 99 B9
136 QOIS 206 C [ 126 186 240 188 .
Front | ,sun a5pp a5P +68 O |iap s5om s5gb s67 2%
) 56 05 111 89 6691 101 87
P Side | 7 439 139 s45 7 |37 438 a9 i35 123
Booe | 13377131203 159 127 1LO 20BN 163
ac 23 53 463 59 7 126° 154° #57° 164
" 108 151 PBZT 152 . [106 129 [I83 143 ___
“an | ism #4730 (298P 175 +45 +61° [+75° 70 >
176 163 BB8220 220 - 150 153 1324 209 -
Front | o s5p [agsp s93 3% | s600 [zagp 1103 1211
) 7877108 115 100 78 7104 116 99
4C Side | 0 407 497 431 233 |00 431 a4 s33 1A
B | 18 M2L20p258y 106 7| 105 J2800nge8y 201,
4K 439" 2490 459 175 £410 r176.%‘° iZ%%b ?79'8 '
124 161 D232 172 ” : ) : )
Mean | 642 +60° 208> sg7 O 58 +16 i21é).21b £0.4 919
138 182 281 202 12 : : )
Front 1670 1797 BT 90 17.09 ig-éla ig-ga J_rl%%b %923 25.64
) 55 TRE IO 83 S . 58 -
N Side | g iagp tog s4g B |00 gg igpp g 737
ea“B o | 113 1797792577 4 12,83 0.977T19.0 924 1721 .
A i34 168 w05 +75  ~ ig.ga rla.%b iz%(ib ﬁ'g '
102 149 1205 153 | 0. : . )
Mean |5 o soge sg7 1941 | .50 igob ygge sgg 2187
no_ significant ab b c Mean F-value

difference

Shading when statistically significant difference occurs between groups as above
“P<0.05, “P<0.01, **P<0.001, ANOVA test was conducted for the three groups (Level
0, Level 1, Level 2)

Groups with the same letter have means that are not statistically different (a<b<c)

I Independent variables, AT: Ambient temp., CPL: Clothing Pressure level
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2. GEHE A o ugt

AN AP Sotol ANPAEe] o) AAE

A
27°C, WHEESE 34°C 772X 607 wEaE 5

D R uRed 9B
FEbA] bk B9l o)k 54 A= [Table 4419 2t
7-qkuA]

ojE ¢t ok AAMATE A AR b R mE
8 A THP<0.001).

AT QA FoH o EStS AAE] AmEW 21°CHA H it
Bote oo A WHTYZE 171 + 164 mmHg® 7Hd E9kon
(P<0.05), A AAoll A= k9l Fo3k zfol& HolA| et 4
AxEEE g AAlolA 9 FErt 7.7 £ 2.2 mmHgE(P<0.01),
WS wWATe7F 427 £ 65 mmHg=E 7HE = %ktHP<0.001). A AHA
s 4dde Yyt 82 + 1.8 mmHg®, IWS HH40g7F 200 =+
85 mmHg = 7F¢ EA e ober B9l foakE B Tth(P<0.01).

27°Col A BHyrolEete WAty b 205 £ 191 mmHg® 7Hd =%
OHP<.05), A AAl A= G- 9E fFolg xolE HolA dth
4 AAHREE e AAoA SlHe HA40E] 7t 486 + 9.1 mmHg=
7Hd ok (P<0.001), A AAll A= SAEAAE PR wWE
o) A5 HolA| gttt

34°Coll A H o=t o AAlolA 174 + 129 mmHg, 124 + 64
mmHg, 7.8 £ 57 mmHg= Y 4te], Folg], & 79 To=2 =4
R o b (P<0.05), A ARA A FukR- R foj st ztelg HolA &
At S AFEEE & AAldAE dHE WA, Fote, 5
e Fog Eom(P<0.05), WS HAYE st 350 £ 7.7 mmHg=
b =4 GERRTHEP<0.001). 22y, A AAleA = SA A et
F-9lel e fojgk xfolE Holx| okt

O:
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kAl A Bate]Rhe ok A= wWAve] 7t 185 £ 163
mmHg® 7HF =4 YRy v (P<0.001), A AFAlol A= babi-9lof w
[0}

H
2 Fo@ Aols molA okt FYAHY Pl uere sAelA o
[e)

& ZAHA1(P<0.001), A AFAI(P<0.01) Z+2F 426 + 9.4 mmHg, 20.1 + 10.0
mmHg= @4t 7F 7HE =7 dEbsth ook o] 0vtAl ek Al H

FEGE e AT WA} b movh A A AE
PURS W Fol @ Aol & moln @k,

- 47 - ) -":r'\.\_i :‘ir 1_” i



Table 4.4 Clothing pressure according to the pressed body part during

level 0 (Unit: mmHg, Mean £ SD)
ssed b8§1¥ Sitting (50min) Standing (10min)
%/(I)%elltssure waist  Thighs Calves Mean  F-value| waist Thighs Calves Mean: F-value
65 46 56 83 46 677
Front | ;37 jg -~ 195 i59 31 450
140 167 101 134 196 161 89 123
Front@ | (70 109 456 159 . | 457 33 53 54
o 77 hE 35 S 82 50 33 55
2I'C Side 99 +16 +15 27 18 08 +14 125
B 1109427 00 193 101 7200 71 118
ST s I T
Mean | 54s 41640 +47° £107. 59 | i45 182 x40 263 2%
65 29 49 55 25 11
Front | (7% 43 = 193 i39 +]9 499
Fromt@ | 1237190 1367150 107 144 126 124
+108 +76 +54 34 | +67 66 A7 459 )
o 53 79 56 63 66 77 66 69
27°C Side 05 499 147 39 35 +11 +37 +28
B 110777486 1337 217 100 182 126 134
90 4ol 223 199 i74 86 26 +71
) ) ) : 82 107 106 96
Mean | 790 +197P +55 137 469 | 455 80 45 +p2 1 B
20 59 44 47 58 59
Front | f59 435 199 90 £30 494
Front@ | 141771781767 166 133 7150 150 145
57 +102 +77 75 . | 452 79 80 +67 )
o 49110 T8 g 477786 T8 71
34°C Side 18 38 +32 +39 98 37 90 +31
B 110177350 1187184 116 7920 105 144
£40  +77 +39 125 168 +145 +41 99
> 78 TITAT 124 126 - | 86 120 111 108 | o
can | 4570 +12.9° 464 497 : +12.9 +10.0 +7.6 76 :
54 45 5.0 63 43 54
Front | o 455 ~  i9g s49 98 136
Front@ | 134179138150 2115271997130
© +77 70 +67  +73 . +56 +57 +64 +59 ,
: 587TRTBE 6 66 71 B8 65
Mean Side 96 +36 +36 34 99 96 +30 +28
SOV I (0 B R VB 1 10550199 132
ac +6.2 494 +34 +16.3 +56 +10.0 +3.8 +80
88 TI85 102 125 89 117 93 99
Mean | ,g1a 1jgab 4597 +115 1233 | 159 186 +52 66 204
no_significant ab b c Mean F-value

difference

Shading when statistically significant difference occurs between groups as above

“P<0.05, *P<0.01, *"P<0.001, ANOVA test was conducted for the three groups(waist,
thighs, and calves)
Groups with the same letter have means that are not statistically different (a<b<c)

- 48 - ) -":r'\.\_i kir 1_” i



LAl hup Al qhubeeid o 5.9F 54 A= [Table 4.5]% ﬁE}
TRl Qhey AL ok ApAeh A A4l B qrupnepd Aol S Hele

W, ke AAo A 1 Aol v F 85 tHP<0.001).

G2 gPubRglel] w2 o] Hohs zAME] AT HW, 21°CollA] Hto)E
ot WAL 7F 238 + 201 mmHg= 7F¢ =A JeERE O UHP<0.05), A =4
T fFofgt AolE Holx odth A A MW &t ¢k A oA Hl
He wATe 7 510 £ 116 mmHg= 7P =41 ek S LHP<0.001), A ARA
A= SAAAE ubRglel W2 fFolgk AfolE HolA| ok

20°CoA o] Jehe ke Ao A AAel Al ZH2E 280 + 199 mmHg,
197 + 119 mmHg® W&t 7t 718 A4 YeRthP<0.01). 3R o5
ehe e LA (P<0.001), A &AFAIP<0.05)0l A Z+2E sido] 559 + 10.8 mmHg,
313 = 115 mmHg® WAthe]7} 7b =okon, e wiAte], Fole, 3¢
59 Fo2 = YERSTHP<0.05).

34Co A Hro) Bk ok AAlelA 219 + 139 mmHg, 161 * 60
mmHg, 122 + 97 mmHg® WAt Folg, s8] o= =4 delou
(P<0.05), A Al A= GEHFepE frofsk Abo] & Holx| gkokrh AW
O EG & AAAA AU WATE7E 114 + 20 mmHg® 7P =%ou
(P<0.05), A AFAell A= SHAAE st 2po]& Holx] gkt

1A 7FE Al A A %Lﬂ% < o2 Aol E HATe7F 248 + 182
mmHg® 7} =0 (P<0.00D), A AAdA = w4, Fote, & 9
7} 177 + 11.3 mmHg, 145 = 85 mmHg, 114 + 7.7 mmHg 2% =4 g

AW Fol3 2Ho]Z BATHP<0.01). A o Ehe e pAd
iﬂﬂd W 2% 285 + 93 mmHg(P<0.01), 125 + 58 mmHg(P<0.05),
49.1 + 131 mmHg=(P<0.001) HAtHe7F 7P =otom, A AAlellA = okd
3 Sl A 249 + 81 mmHg(P<0.01), 27.1 = 11.7 mmHg= W2 thal7F 7H4
=4 JERETHP<0.05). ©19F Zo] 19A 7FSF Al Qbabiejd o 5qhe ke
AAl A= WG 7 7 mokon A AAelA = wAHthE], Folel & &
o7 A et bR frolgk AbolE B

2
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Table 4.5. Clothing pressure according to the pressed body part during

level 1 (Unit: mmHg, Mean + SD)
ssed boacli% Sitting (50mins) Standing (10mins)
%‘fﬁ@lre waist Thighs Calves Mean : F-value | waist Thighs Calves Mean F-value
58 67 6.2 71 48 61
Frontd | fa5 119 439 135 429 33
Front | 165 284166169 1977948 1487169
97 +115 +109 +113 | £102 92 +101 +105
01°C Side 1067790 5483 93789 57 79
+45 +52 34  +46 +52  +40 +36 +43
Back [10977510 186 251 16072112153 193
79 +116° +87 +194 87 487 +119 +96
Voan |09 T288T 135 167 oo [ 113 I 140 132
£74% £201° +97° 141 * 76 +105 +109 95 -
FromD | 06 84 T 67 99 83
rontl) | 43¢ 437 38 +16  +37 31
Fromt | 184270225 233 1217797171867 193
98 +128 +57 +103 - +79 66 +52 +89
7 Side 66 160 1537123 7677105791 9
10 +69 90 +75 £17 50 +38 +36
Bae | [1317559 162 295 159773137110 200
59 +108 82 +22.0 72 4115 +54 +12.0
Moan | 100 T280 1 101 T o[ 107 194 129 147
176" £199° +73" +159 +6.1° £119° +61° +96 | >
FromtD | 6L 126 94 49 123 86
rontll 409 460 156 17 +19 43
Fromt@ | 100 248163186 1817224 153183
194 +104 +57 88 81 103 +60 +80 -
e Side 70 114 108 08 747789 71047790
£11 420 +27 28 £12 +17 +31 425
ek [20477388 212 %63 1907797877930 932
i1123'24 i211392 Tg'% i116380 i11243O i117488 T(Zé i1151216
Mean | 197° 21300 +60® +110 3% | 498 +113 276 98 267
58 92 75 63 91 17
FrontD | (25 .57 +45 195 449 136
From | 68 5182 21 140779401617 1R Y
ont@ 1 .9 493 179 999 84 481 72 491
Mean Sid 83125 78E0 979 83 95 TRETURA
ean S1de +33 458 +399 +479 +32 +37 38 36
e THASTANTTTS 270 68971190790,
[ A L
o . . 7. skokok . . o " skk
Mean | .51 s1g0P +78* +138 1989 |.770 ayygh sgs 396 621
no significant ab b C Mean  F-value

difference

Shading when statistically significant difference occurs between groups as above

“P<0.05, “P<0.01, *"P<0.001, ANOVA test was conducted for the three groups
(waist, thighs, and calves)
Groups with the same letter have means that are not statistically different (a<b<c)

_50_



4 A¥= [Table 4.6]1% 2t

] H H 1
29HAl HPA] S ARAlOl A B QbERRe . Fo) kS B A THP<0.01).
S =E el wE oE4e AAS] AHEY, 21°Col A
T Aol A kR gl feld Aolg molA gk 37

A o EQre ok Al R A HAGE 7 619 £ 104 mmHg=
T o= yEld AES A 9sa(P<0.001), ErE-91 folsk zol=

27°Col A Hatr o Bete ke AAldE HAHYE s 291 + 187
mmHg2 7Fg =3kom(P<0.001), A A= Wdttel et Folelzh
20.0 + 12.6 mmHg, 183 + 75 mmHg® &g Bt} =ZohP<0.01). =3
A o) EQfe ok Ao A AW HAE, Foly, 3 F9 =
o7 =A Yehk o (P<0.01), SiHe WAt st 534 + 86 mmHg=
7 = A YEFSTHP<0.001). A ZFAl ke A H A the]7F 343 + 7.6
mmHg 2 71 =4 JERH(P<0.01), ur-91d fojg 2pols H ot

34°Col A H it o 5]t 7 &AM BT A QtubR-e1d fojgt Aol &
Holz eFgkth A AP o Hete ok AAl WA WAt}
683 + 144 mmHg= 7bg A debd A& Al9lsa(P<0.01) H=Hy-
Al frelgk Apol& Kol gFgiTh

29HAl ZFE Al AAl Ho Bt ke AAol A WHTHE7F 295 +
215 mmHg® 7H4 #9om (P<0.001), A AAdl A= @2t oh Fof
g7} 21.7 + 120 mmHg, 204 + 92 mmHg® 3Rt} %4 veg ¢+
kR ol §old 2ol KWIUHP<0.01). SAFE HFJHEge oro
AA M= FHz sido A 2z 138 £ 35 mmHg(P<0.01), 60.6 +
120 mmHg= SAv27F 7 A e th(P<0.001). A =44 SEw o
A HA&TY e Folelzk 303 + 8.2 mmHg, 28.2 + 53 mmHg® 3¢ X
O o oEe EieEshE Eon((P<0.05), dWS wATE, Fotd,
e ¢ =4 YEwom(P<0.05), SHe YAty st 324 + 120
mmHg2 7}g =74 YJERH(P<0.05), Fabs-91d {9 sk Ao)lE Hoth
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olsh o] 2uk7] ZhqF A hubeld WitolEere gre AMoAE W
Aohel 7t 4 wdor, A AAME WATE, Foby de wow
7 e 199 SRR e R

Table 4.6. Clothing pressure according to the pressed body part during

level 2 (Unit: mmHg, Mean + SD)
sed bgéj&’ Sitting (50mins) Standing (10mins)
Né%ltsél T Waist Thighs Calves Mean | F-value| Waist Thighs Calves Mean | F-value
P
Fom® | fg &% - I Ly B -
Front@ | 236 902 278283 206 317981 965
ron £122 478 68 199 - 90 +7/5 28 +79 -
91°C Sid 122 77111 7796 110 10471127799 104
1de +50 #36  +14 +35 48 29 493  +33
Back 940 619 2147339 996 325 7195 943
R AT e
16.7 . . , . . , .
Mean | 7119 932 397 163 29 |07 135 291 +11.3 120
FrontD | 2% 18 8 2 0T - B
Front@ | 200 350, 247 266 1537343240 246
o 57 4148 I45 110 - 169  ¥76 150 £10.1 :
97C Sid 797763 L1 115 79 7145 7710177108
1de £13 429 4309 146 90 72 +29 +51
Back 151 75347903296 1677990 208 217
8 T I8 30 T4 200185 171
1. . 7 20. R ) ; :
Mean | iy JfRp L7 Sliy 9167 | i6% oep eysh 4o 654
Fom® | 154 13 - 131 28 By %
Front@ | 21925177322 287 3297793978409 7
ron +88 469  +35 6.7 : 47 71 4T 65 -
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34°C Side 13 +33 197 139 11 #4340 *39
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£157 +144 59 4993 £178 161 155 +10.8
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Mean | {139 943 ¢9.§° £173 176 | 4148 4104 #1001 #1290 -89
From® | L6 1hy - 29 o 58 - Ok
935 320 961978 920773087989 968
Front@ | £59 11 %57 %93 97 182 53 185 .
: 931387071 8671287710510,
Mean Side oy e 194 18 &% l=9 Mg 199
Bk 5300605 TEAD AN S s |
ac +125 +12.0 +70 207 +13.0 +106 7.0 =+112
157 7295 205 21.8 e | 147 1217, 204 187
Mean | 1700 5980 0 b 167|170 G50 soob difp 620
no_significant a ab b C Mean  F-value

difference
Shading when statistically significant difference occurs between groups as above

"P<0.05, "P<0.01, ""P<0.001, ANOVA test was conducted for the three groups
(waist, thighs, and calves)
Groups with the same letter have means that are not statistically different (a<b<c)
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Fig.4.1 Optical clothing pressure range according to subjective tightness

sensation during press the body
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Table 4.7. Physiological responses according to clothing pressure level during press the waist (Mean = SD)

0 0, 0 F_Value
Items 21rc 27°C 34°C (two-way Anova)

LevelO Levell Level2 Mean F-value|LevelO Levell Level2:Mean F-value|LevelO Levell Level2 Mean F-value| AT | CPL:AT+*CPL

Total weight | 2L.1 19.8 204 204 19 | 258 230 257 2481 oo | 287 27.6 233 265 155 464 g 57
loss(g/m/hr) | #24 +3.1 45 33 1Y |+109 24 70 272 - +7.2 £43 29 353 L . :

370 37.1 37.1 37.1

; 5707787078707 870 A8 R VA R VO R
Rectal temp.("O) Y55 Yoo Yoo +g2 44 | Yoo Y91 Y02 *0a1 O | Y02 Y03 *o2 top 98 208 160 .30
Mean skin 310 309 308 309 | 328 325 324 326 oo | 346 349 346 347 oo 18729 g | 4
temp.(°C) Y06 *04 +08 +06 - Y06 +05 +05 +05 - Y04 +02 +06 +04 - Coa :
Finger tip 274279 277 277 o | 334 337 340 337 o 360 362 361 361 o9 17060 56 op
temp.(°C) s ¥21 f93 ¥19 - Y10 +08 +0.7 +08 - 103 +02 +02 +03 I S :
Skin temp 3307326 331 329 |07 342 345 3427343 7356 358 356 357  ga 17413 0o | 140

inside CB(°C) +04 +£0.4 =£0.5 £0.5 +0.4 £0.3 0.5 £0.4 +0.3 +£0.2 £04 =£0.3

Temp. inside 312 31.1 309 31.1 14 32.9 33.3 33.0 33.1 1.32 35.1 352 353 352 oo (13275 g 33
CB(°C) +1.2 +09 =£1.1 *1.0 - +0.4 +0.3 0.6 *04 +0.3 +04 *04 03 - mEE

Humidity inside | 38.3 37.7 36.9 37.6 4 | 437 432 440 436 o | 56.0 56.9 538 556 a0 12423 o5 | s

CB(%RH) Y27 130 +21 +2.3 90 +23 422 +£20 6.6 +1.1 +37 +4.3
(SB[ TR B TS o [0 B o T B B I e e e
aSBP | 1% 5% B Sp 16 | P 10 fEn 4ay 68 |5 M A5 G s2 a3 e oa
(| After | 93k 93% 094 080 o7 | 9%G L Q4% 90 ss (P9 O30 DR 2R 60 o3 4 a2
apBP | 5 &% &% &0 10 | 20 G5 LS A% a2 | 00 OO AT %l 142 149 18 54
a3 A I AT RS e

Shading when statistically significant difference occurs between groups

“P<0.05, *"P<0.01, **P<0.001, ANOVA test was conducted for the three groups (Level 0, Level 1, Level 2 or 21°C, 27°C, 34°C)
Groups with the same letter have means that are not statistically different (a<b<c)

CB: Compression band, SBP: Systolic pressure, DBP: Diastolic pressure

I Independent variables, AT: Ambient temp., CPL: Clothing pressure level
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Table 4.8 Physiological responses according to clothing pressure level during press the thighs

(Mean = SD)

Item

21°C

27°C

34°C

F-value
(two-way Anova)

LevelO Levell Level2

F-value

LevelO Levell Level2

LevelO Levell Level2

F-value

AT  CPL AT=CPL

Total weight
loss(a/m /hr)

21.7
+2.5

.03

20.4
+3.7

22.0
+3.5

.01

791 =
% .40 .85

Rectal
temp.(°C)

37.1
+0.3

.20

37.1
+0.1

37.1
+0.1

2.16

.13 .80 1.01

Mean skin
temp.(°C)

31.0
+0.4

.83

33.0
+0.1

33.0
+0.6

304.23 g 87

Hkok

Finger tip
temp.(°C)

26.5
+1.3

.23

33.3
+0.7

32.9
+2.0

196.89: 35 38

Hokeok

Skin temp.

inside CB(°C)

.06

33.5
+0.7

33.2
1.2

2458 59 28

sokok

Temp. inside
CB(°C)

.83

31.6
+0.6

32.1
+1.1

130.62 150 23

stk

Humidity inside

CB(%RH)

BN o
S m© —
WiowinWw

+1.7

.97

49.1
+2.6

51.0
2.7

183.96 | 15 93

EEES

Before

.06

98.5
+4.0

102.3

£5.9

77 31 42

SBP
(mmHg)

After

.26

98.0
+5.1

101.8

+4.4

3740
2008 .61

ASBP

.13

-0.6
+4.2

-0.4
15.2

1.98 | .09 .29

Before

.04

62.8
+4.8

64.2
16.4

1.34  1.03 .53

DBP
(mmHg)

After

.21

64.6
16.0

5497 .
S0 23 T3

ADBP

.35

0.4
+4.0

1.29

1.46 | .40 1.29

Heart rate
bpm

.16

74.1
t7.2

H~aiH 1
oF O o

.82

446 55 32

Shading when statistically significant difference occurs between groups

“P<0.05, *"P<0.01, **P<0.001, ANOVA test was conducted for the three groups (Level 0, Level 1, Level 2 or 21°C, 27°C, 34°C)

Groups with the same letter have means that are not statistically different (a<b<c)
CB: Compression band, SBP: Systolic pressure, DBP: Diastolic pressure
I Independent variables, Ambient temp.: AT, Clothing Pressure level: CPL
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Table 4.9 Physiological responses according to clothing pressure level during press the calves (Mean * SD)

o 0 0 F-value
Item 21"C 27°C 34°C (two-way Anova)

LevelO Levell Level2 Mean F-value|LevelO Levell Level2 Mean F-valueLevelO Levell Level2 Mean F-value| AT | CPL AT+CPL

Total weight [ 22,17 232 200 2187 g0 [ BLI "800 208 207 o5 [ 298 2087 2827 368 54y 035 2aa | a9

loss(g/m /hr) 2.3 6.2 25 +4.0 +5.1 59 +19 451

Rectal 372 371 37.1 37.1 33 37.0 37.0 37.0  37.0 g2 |37.0 370 37.0 37.0 04 | 292 29 10
temp.(°C) +0.3 +0.2 +0.1 =*0.2. - +0.2 +0.2 +0.3 *0.2 - +0.2 #+0.2 0.1 £0.2 - ) : )
Mean skin 30.7 30.9 30.8 | 30.8 03 33.2 332 329  33.0 g4 | 346 344 345 345 07 [103.06 1y 10
temp.(°C) +0.7 +£0.9 =+0.6 =*0.7 - +0.8 *0.9 =+0.5 *0.7 - +0.9 0.7 *0.3 £0.6 - sl )
Finger tip 278 269 276 274 19 | 346 343 336 341 99 |36.00 359 358 359 41 19349 g 16
temp.(TC) +2.7 £29 £31 2.7 - +0.3 *14 +£1.0  *1.0 : +0.5 +0.1 +0.2 +0.3 - wEE :
Skin temp. 29.3 29.6 295 294 67 | 3L9 31.3  31.6 g4 | 3832 330 329 330 49 |1836.57 54 73
inside CB(°C) +04 +£0.5 +£0.5 +0.4 - 0.6 +0.7 - +0.7 +0.6 +04 +0.6 - PSR .

31.
+0.7 %0 :
Temp, inside | 28.6 290 286 288 |15 | 313 811 313 313 o 330 827 330 329 o9 20083 o9 o
CB(°C) 104 0.6 04 *05 131306 *06 07 06 2! | ¥0.7 105 105 106 - L ;

Humidity inside| 40.4 40.6 40.7 @ 40.5 g2 | 50.8 524 49.1 50.8 55 | 645 64.1 63.1 639 04 |71.28 37 24
CB(%RH) +19 £3.7 £23 26 - 129 +48 64 £46 - 46 +82 +91 £70 - E :

99.2 917 91.0  94.0 977 977 951 96.8 96.9 997 977 98.1 . ,
Before| 135 176 *g97 80 180 | Is55 ¥44 125 *g4o 61 | 377 Iya 133 33 95 |232 145 143
SBP 1001779957987 99.4 100.97100.5 981 99.8 98.47799.4 71005 99.4
(mmHg)| After | ¥35 148 492 *10 14 | £83 *44 183 +68 22 | 165 +o4 275 55 16 .02 07 24
0.9 78T s 98 g 099 13772037788
ASBP | 469 +i1 +109 £80 126 14134 £i9 £80 +84 00 | £671 148 475 x59 80 | L2 50 48
61.2 568 57.0 583 58.0 62.8 578595 608 618 622 616 .
Before| 165 +88 +38 265 09 | 400 262 +67 +£55 187 | 240 £93 461 41 12 LI 28104
DBP 65.6 660 629 648 62.3 589 586 59.9 60.6 638 610 618
(mmHg)| AT | £ 169 +58 +67 28 | 159 +106 +7.8 +79 Ol |54 162 +37 251 08 |190 43 .31
45 92 59 65 43 238 08 04 0.7 20 “127 05 6.07 .
ADBP | {773 £35 434 +51 L1159 | 158 469 +98 +61 279 | £55 461 +65 +58 90 | w21 19
fieart rate 70477137770.57707 0 T3 T4s 755 A8 T s 832780 180 797 hg 80 s kg
(bpm) +85 +45 +68 +63 - 465 465 +58 +58 6.3 448 +4.6 455 1 | 23

Shading when statistically significant difference occurs between groups

“P<0.05, “"P<0.01, **P<0.001, ANOVA test was conducted for the three groups (Level 0, Level 1, Level 2 or 21°C, 27°C, 34°C)
Groups with the same letter have means that are not statistically different (a<b<c)

CB: Compression band, SBP: Systolic pressure, DBP: Diastolic pressure

I Independent variables, Ambient temp.: AT, Clothing Pressure level: CPL
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Figure 4.2. Rectal temperature according to clothing pressure level during

press the body
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Figure 4.3. Mean skin temperature according to clothing pressure level

during press the body
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Table 4.10. Subjective sensation responses according to clothing pressure level during press the body

(Mean £ SD
T=val
ltems 21°C 27°C 34°C (two—wa\lfyel1 ]Aenova)
LevelOLevell Level2 Mean F-value|LevelOLevell Level2 Mean F-valueLevelOLevell Level2 Mean F-value| AT | CPL AT*CPL
R/ R o S001E01 0000 I WY 170.03
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B +05 +0.6 +04 +0.5 - +02 +02 +08 +05 96 |£04 +12 +i.6 +i2 - S :
Humidity 0.0 Z0.27Z0.270.1 0.1 "20.1 =0.4 <01 Z0.3720.7 087206 3.89
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Y Thermal 08 07 08 08 o |01 02 02 02 15 |11 12 11 11 s [98 o5 o8
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T | (CB) +0.6 +0.4 +04 +05 99 1400 £04 +0.2 +0.3 - £0.6 +0.4 +0.2 £0.4 - e - -
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0.27720.2 =05 0.1 0.7 0.6 0.0 04 0.1 0.0 0.1 0.1 .
Workload S. | 157 105 104 0.6 218 | 208 0.6 £0.7 £0.7 186 |10.3 £02 +0.3 £0.3 22 | &' 284 108

o . Jﬂ kl T}



F-val
ltems 21°C 27°C 34°C (two—wa\{;1 lzlﬁenova)
LevelOLevell Level2 Mean F-value|LevelOLevell Level2 Mean F-value|[LevelOLevell Level2Mean F-value| AT @ CPL AT*CPL
S O I DO B R 0 SOE00T0.07001 I IR N : .
Thermal S. |13 103 303 0.3 44 301 +01 0.0 201 221 | 505 03 +0.3 £04 45 |2 a0 52
o 0.0 0.0 00 0.0 0.0 =01 700 00 ~0.8 =07 -0.8 =08 .
Humidity S. | 5510 +0.0 0.0 £0.0 0 |+0.1 0.2 £0.1 +01 5% |+05 +0.6 +0.5 +05 02 | %’ o1 .10
Thermal S. |09 -0.7 -1.0 =09 ,, | 02 -02 -02 =01 -, |12 08 04 08 4o |1463 g5 o6
c €D +04 +07 +0.9 +07 - +04 +06 +08 +06 - £0.9 +1.1 +1.5 £i1 - A ~
Humidity “0.1 -0.2 -0.4 -0.2 0.1 -0.3 -0.3 -0.2 ~0.7 <07 -0.9 -0.7 .
4 1SCh) +0.3 +04 +0.9 +0.6 <! |+0.3 +04 +07 +0.5 41 |+0.6 +0.7 +0.9 +0.7 13 |29 59 08
v | Thermal 09 09 09 09 9 |00 02 01 0l o |11 L1 11 11 5 [1057 o o5
e | comfort +0.7 £0.9 +0.9 +0.8 - +0.0 £0.2 +0.2 +0.2 99 | £07 £0.6 +0.7 £0.6 - szl O
S 'Sweating -0.7 =06 -08 0.7 1, | 0.0 00 00 00 o |05 04 02 04 1og | 2819 g a0
&shivering S.| 0.5 +0.6 +0.7 +0.5 - +0.0 £0.1 +0.0 £0.1 - +05 £0.5 +0.2 £0.4 L S 2
: 207 T10Te00 08 | S04 THOTEAT 0.9 SO TO9TIG 08 | 50,
Tightness S. | 4740 4G/60 #0,00+1.4 1251|4752 26,45 060 +1.4 876 |41 3 #0060 £0.0 +1.3 10127 13 Wi 06
) 0.1 -0.1 -0.2 -0.1 0.7 04 04 05 0.0 0.0 -0.1 00 ‘
Workload S. | 15y 103 0.2 03 70 |£i2 +0.8 £0.4 £0.8 15 |£05 +£0.2 £0.2 +0.3 18 | > 719 08
no_ significant a ab b c Mean  F-value

difference

Shading when statistically significant difference occurs between groups as above
"P<0.05, “P<0.01, *P<0.001, ANOVA test was conducted for the three groups (Level 0, Level 1, Level 2 or 21°C, 27°C, 34°C)
Groups with the same letter have means that are not statistically different (a<b<c)
CB: inside compression band, AT: Ambient temp, CPL: Clothing Pressure level
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Figure 4.9. Thermal sensation according to clothing pressure level during
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Table 4.11. Correlation of clothing pressure and physiological responses according to environmental temperature
during press the body

Clothing Waist Thighs Calves
Items 9 re 21°C 27°C 34°C Total 21°C 27°C 34°C Total 21°C 27°C 34°C Total

Total weight loss -.162 180 -532° | -.246 -.190 062 -.521 -.198 -.403 -.501 -343 -271
Rectal temp. -.434 447 -.330 -.139 .334 103 -.416 .003 -.095 -.301 113 -.139
Mean skin temp. -476 | —.647 | -.317 041 -018 | -624° | -525 -.087 -.022 -.185 -.236 197
Fingertip temp. 196 .350 087 132 559 149 -.232 .094 187 -.096 -.070 267
Skin temp(CB) .384 -.329 -.055 161 -319 | —6717 | -.284 -.256 293 -.206 -.298 226
Air temp.(CB) -.010 277 470 189 .014 -.251 -.414 -.073 -.031 -.206 -.151 225
Relative humidity(CB) -.076 .008 021 182 587" 461 .302 123 232 011 .168 303"
ASBP .208 .336 =202 -.110 -.326 -.139 -493 | -.334 .360 .004 211 124
ADBP 092 -.124 -.279 -.079 -.074 -.103 -.378 -.214 294 -.241 174 -.043
Heart rate 017 -.257 053 109 214 -.065 -.329 -.061 349 210 -.302 235
* -0.8 -0.6 -04 -0.2 0 0.2 0.4 0.6 0.8 *

“P<0.05, “"P<0.01, *"P<0.001
CB: inside Compression Band, SBP: Systolic pressure, DBP: Diastolic pressure
Thick border when statistically significant difference occurs between groups
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Table 4.12. Correlation of clothing pressure and subjective responses according

during press the body

to environmental temperature

Clothing Waist Thighs Calves

Ttems pressure 21°C  27°C  34°C  Total 21°C  27°C  34°C Total 21°C 27°C  34°C  Total
Thermal sensation ~49%  -357 175 097  -484 077 -322 -073 -473 391 133 241
Humidity sensation ~038  -158  -101  -218 000  -037 -520 -156 000  -132 -272 | -303°
(ngmal sensation ~306  -250 134 -012  -246 155  -026 -025 361 -246  -005 067
(}glg;idity sensation 548 | -250 462 | -a4717 | 168 169 | -794* | -245 -271  -334 -255 | -347
Thermal comfort 101 -156 485 | 2366° | 626° | 127 119 226 287 311 292 264
Sweating and shivering — _o3y 310 235 067 | -632° | 000 -150 -203 -358 107 051 105
sensation
Tightness sensation 489 .259 748 | BT | 747 408 7267 | 6167 | 701 556" .326 511
Workload sensation 563" -.183 495 351" 614" 123 021 226 453 .098 194 156

-1.0 -08 -0.6 -04 -0.2 0 02 04 06 08 1.0

"P<0.05, “P<0.01, ""P<0.001

CB: inside Compression Band, SBP: Systolic pressure, DBP: Diastolic pressure
Thick border when statistically significant difference occurs between groups
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Table 4.13. Physiological responses according to the pressed body part during level O compression (Mean®SD)

o o 0 F-valye
Items 21°C 27°C 34°C (two-way ]Anova)
Waist Thighs Calves: Mean F-value| Waist Thighs Calves | Mean | F-value |Waist Thighs Calves Mean F-value| AT ' PBP AT*PBP
Total weight 211 213 221 215 15 | 258 204 311 258 100 287 288 295 29.0 (3 lsos 115 77
loss._(g/m/hr) 24 £41 23 £29 - +10.9 £3.7 +15.0 *7i1 : 72 £43 +£571 £53 V- ; : :
Rectal 37.0 37.0 372 371 53 137.0 371 37.0 37.0 oys (371 372 370 311 ar | 79 s 101
temp. (°C) F02 ¥01 *02 foo - Y02 0.1 *or for 25 1545 F0q F02 foo - - - :
Mean “skin 31.0 307 307 308 57 | 328 330 332 330 45 346 349 346 347 40 17282 o1 69
temp. (°C) Y06 *0.3 *07 *05 - ¥06 *0.1 +08 *05 - Y04 Y02 ¥09 *os O s ‘
Finger tip 57.4 6.1 0787 571 33.4 33377346 338 1359 7361 35.0 1 36.0 178,05
temp, (°C) 13 Fr3 Fo7 foo 85 | Fy G F074 £0.8° $0.9 49 1503 ¥03 ¥05 o4 020 [t 204 80
Skin temp. 330007319 293 314 e 319 330 - [856784:97 330 346 w9772 76,32
Do ) [ 20 B 283 34 a0 Fh B8 3% 332 108 |38 FD 35 948 2116\9LI2 1982 240
Temp. insid _ ) . . Ny ) ) ) <. . . )
empcpmiie [T e 20 001 aio” LG S5 23 98 o [ULAR 550 0| miar @R A
Humidity inside] 38.3 39.8 40.4 395 437 49.150.8 47.9 ~|56.0 63.6 645 614 14230 1151
% $o7 19 419 Frq 146 | y50e Foge Poge fgg 10577 FRE Pua Pap 263 388 AW Lus' 1.8
100.277100.9 992 1001 94177985 97.7 96.7 981796.9 969 973 P
5.1 681 65.6 66.3 0By ) 5 797655 . i
(mmHg), After 3696 ié467 i4854 3604 28 J_r8604 igé 14539 J_r16.82 45 caA J_r5333 0.4 aﬁoo 232 1223 .61 .99
ADBP | 146 £37 +73 +51 26 | &85 487 458 +71 192 [ 58n £ 455 440 117 )99 104 133
fieart rate 7287702 T0A T g 6.0 76 T4 5T, T80T 793 ELE 809 ey T 8se T, %
(bpm) 169 164 +85 469 - 102 179 165 4157 - 245 477 163 161 i ~
no_significant a ab b c Mean F-value

difference

Shading when statistically significant difference occurs between groups as above

“P<0.05, “"P<0.01, **P<0.001, ANOVA test was conducted for the three groups (waist, thighs, calves or 21°C, 27°C, 34°C)
Groups with the same letter have means that are not statistically different (a<b<c)

CB: Compression band, SBP: Systolic pressure, DBP: Diastolic pressure, AT: Ambient temperature, PBP: Pressed body parts
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Table 4.14. Physiological responses according to the pressed body part during level 1 compression (Mean®SD)

Items 2re 27r'c 34°C (two—v&aff1 LAenova)
Waist Thighs Calves Mean: F-value | Waist Thighs Calves Mean F-value| Waist Thighs Calves F-value| AT ' PBP AT*PBP
PR 193 1% W3 A oo |90 Bb MW AL o [0 263 %9 %y oo (e 1o
fgol e 3h gy 6h L e |8 0 B0 WO s %R B 50 %) o ez ris e
Vand %G WY BE WL e |35 RS BT RO m BY B0 9L WL 1o 6600 e
LT BG BT B8 B w0 |3 B4 #3851 FRANGN B0 B) w109 e e
Anctno |[BEIER 250 34 o EERA 33 Bl BE AG R0 44 ae MBHB o
Teney moide | B0k 290 290 999 mso (S8 Sl 3f4 % weo | SRA B8 2L 34 sim R0 s
iy inside) 355 %% 436 9 o |35 B PE@ 130 sosv| 209 $4R %L ShE 254 |91 8Q1 104
eore| 1L 1004 910 Wb wor | 994 U0 Uih W4 o0 U8 %8 9% W4 w0 | w0 e 12
il aner |07 G0 WY W2 a0 () BN 00y WY (B 009 B 000 e e e e
ASBP | ey % L% AR 69 |18 A0 Ay A o0 | % ly 39 A% 078 178 a6 90
meore| 99 948 205 005 1 Obb G 0 WL o G5 0 08 B sor| s a5 1o
(mmtig| After | 9% 053 989 8%b 06 | 254 2% Plok &k 75 | 859 Yy 48 B9 00 | 193 40 28
aDBP | &% &5 B B4 106 | Gl il 188 3@ 161 | 8% 300 A0 &Y% 55 257 07 140
R S I U B I D R
nod.?fignificant a ab b c Mean F-value
ifference
Shading when statistically significant difference occurs between groups as above
“P<0.05, “P<0.01, "P<0.001, ANOVA test was conducted for the three groups (waist, thighs, calves or 21°C, 27°C, 34°C)
Groups with the same letter have means that are not statistically different (a<b<c)
CB: Compression band, SBP: Systolic pressure, DBP: Diastolic pressure, AT: Ambient temperature, PBP: Pressed body parts
L
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Table 4.15. Physiological responses according to the pressed body part during level 2 compression (Mean®SD)

0 0, 0, —value
Items 21°C 27°C 34°C (two-way Anova)
Waist Thighs Calves Mean F-value| Waist Thighs Calves Mean F-value| Waist Thighs Calves Mean F-value] AT | PBP AT*PBP
Total weight | 224 217 200 207 257 220 218 232 233 255 232 23.9
loss (a/m/hr) | #45 25 25 ¥3o 30 | Y70 i3p o 4y 103 Y59 FRs Yyg Yog 94 309 .72 .89
Rectal temp. | 371371 371 371 o6 370 371 370 370 45 | 37.0 370 370 370 o7 |16 18| o0
°C) 102 103 +01 *02 - 102 Y01 103 %02 - 102 *02 *0.1 *02 - 36 . :
Mean Skin 30831.0 3087309 g 324 73307 82.9 328 sy | 346 F4T 345 EAE s 15888 51 g
temp, (°C) 08 +0.4 +06 *06 - Y05 *06 +05 +06 180 | %96 *¥04 +03 *04 o 1 :
Finger tip 2717 265 276 273 45 340 3209 336 335 g 361 358 358 359 g [11427 o5 15
temp. (°C) 123 +13 +31 123 - Y07 ¥2.0 +1.0 +13 - $02 +02 +02 +02 I e :
Skin temp. 330 8197 595 315 SO/ < T A § B 1356 344 309343 52,50 66.86
inside CB (°C) | £0.5¢ 120 +052 17 24207 598 Fy50 Foge 75 19297 $5% Toe foa 113 S0 |PHSTORS° .59
Temp. nside | 80.9 9.8 986 598 w1830 351 313 T80 N I EECET 1257529
CB (o) 1T S0 4040 £13 8217 [ZoEe i Do%e $90 522 [0 £05 Loge i1 S7Tar1gq /o280 29
Humidity inside| 36.9 [ 40:8 " 40:7:1393 S 44,0 B0 489480 . '53.8 63.0 63.1 598 . .
CB (%RH) £37a  gqgb 4ogb $o4 518 | 1300 Podh Do yy@ 4557 | 235 P30 23 293 353 (BRI71049 3
97.9799.4 91.0 96.1 957 7102.3 951 97.7 960988 977 975 A
Before| 949 324 950 961 199 | 2L 108R 3l 955 449 905 988 940 963 58 | 43 413 124
SBP 1008 104.0 987 1011 880 101.8 981 99.3 985100.3 1005 997
(mmHg)| After | ¥37 345 +42 +475 20l | ¥xs Y44 tg3 159 66 | Y5 458 475 Fpz (18 ) 48 144 .35
59 TAE 77 B O T S 17 Y0 O P B> A N SR )
ASBP | £ 19 4909 +7.9 43 | L850 452 480 +60 43 | £67 451 475 461 004101 54 .20
599 6437 57.0 604 600 542 57.8 60.7 61.7 853625 52.9 A
Before| Y58 144 338 +56 255 | £35 +62 *67 +59 164 | f50 +34 +67 +49 63 |1.06 4227 .24
DBP 66.469.462.9 662 618 646 586 61.7 64.4 626 610 626
(mmig)| After | ¥4 358 158 +57 L75 | 148 +60 +78 +6.4 119 | $63 425 +37 +45 /1 |28l 2.82 .36
65 51 59 58 16 04 0.8 0.9 DI A W 1) -
ADBP | 5% 153 +34 451 008 458 140 +58 +30 018 | f50 1247 465 +56 1:19]671° 1.13 .32
fieart Tato 7167609705704 747 740755 748 07 80979377810 784 Ten6 ae 1o
bpm +35 +78 46.8 +59 - 406 470 452 45> - 161 433 46 +47 o :
no_ significant a ab b c Mean F-value

.. difference o L .
Shading when statistically significant difference occurs between groups as above

“P<0.05, “"P<0.01, **P<0.001, ANOVA test was conducted for the three groups (waist, thighs, calves or 21°C, 27°C, 34°C)
Groups with the same letter have means that are not statistically different (a<b<c)
CB: Compression band, SBP: Systolic pressure, DBP: Diastolic pressure, AT: Ambient temperature, PBP: Pressed body parts
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Figure 4.17. Rectal temperature according to the pressed body part
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Figure 4.18. Mean skin temperature according to the pressed body part
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Figure 4.19 Fingertip temperature according to the pressed body part
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Figure 4.20. Skin temperature inside compression band according to the
pressed body part.
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Figure 4.21. Temperature inside compression band according to the
pressed body.
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Figure 4.22. Relative humidity inside compression band according to the
pressed body part.
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Figure 4.23. Heart rate according to the pressed body part.
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Table 4.16. Subjective sensation according to the pressed body part

(Mean = SD)

0, 0, 0, alue
Iterns 21"C 27C 34°C (two-way Anova)
Waist ThighsCalves Mean F-value| Waist ThighsCalves Mean F-value|Waist ThighsCalves Mean F-value| AT = PBP  AT+*PBP
A s O R 204700 500 S0 RIS U O A O 963.93
Thermal S. | 10y 404 +03 +04 228 | 402 +0.0 +01 +0.1 93 |+03 403 +05 +04 14 [Fw” 77 1.20
o 02 700 00 01 00 00 00 00 2087207 208 C08 26.37
Humidity S. | 567 +00 +0.0 +02 100 |£61 +01 +01 <01 62 |206 =05 =05 o5 -1 [2237 04 36
Thermal Z0577I1.0 209 C0.8 01 0.0 o2 01 i2 7710 Tie 1 56,04
Ig S.(CB) +05 +0.6 +04 +05 1 |+02 +00 +04 +02 20 |+04 +06 +09 +0.6 A1 |Tws 89 .33
Humidity 0.0 0.0 Z01 0.0 01 700 Z01 00 2037202 207 S04 561
vls.cB) +0.0 +0.0 +0.3 +02 M0 1 1o +o0 +03 +02 98 |+06 +05 +06 +06 56 | i 170 .48
[ | Thermal 0.8 706 09 07 5 01700 00 00 oo [L1LL LI LI 11816 o9 13
comfort +0.7 +0.8 +0.7 +0.7 - +0.3 +0.0 +0.0 +02 190 |£06 407 +0.7 +06 - x| - :
0 | Sweating& | =08 =09 =07 =08 ;- [00 00 00 0.0 oo [04 04 05 04 . 3578 oy 06
shivering S. | +0.6 +07 +05 +06 - +0.0 +0.0 +0.0 +0.0 - +04 402 +05 +03 - x| :

; 2017508 507 06 T R R W S W 01 7C07 05 S04 .
Tightness S.| 10y 407 +14 +09 S | +06 +04 +15 +09 -0 |+£09 +08 +1.3 +10 1 |13 L4z .13
01000 07000 010000 o
Workload S. | 193 107 +04 +04 98 |08 +08 #i2 09 O 401 +03 +05 +03 02 £ 0 .01

14 -14 -1.0 -1.2 “01 00 -01 -0.1 1.1 13 1.2 12
Thermal S. | 15’5 104 0.3 +04 175 | 102 +0.0 +01 +01 88 |+03 04 =03 03 -20 [PMBLT 98 116
o OO0 TTT00 0 007007000 R A WA VW
Humidity S. | 109 400 400 t02 100 | +00 +00 02 401 81 |507 t05 07 x06 02 [12d9 21 14
Thermal ~0.7 -1.0 -0.7 -0.8 01 02 -02 00 06 13 08 09 99 79
L |S.(CB) +0.6 +0.4 0.7 05 30 | 102 +04 206 +04 128 |12 +04 =11 +i0 67 |“@& .54 .76
e | Humidity “0.2 -01 -02 -02 01 02 -03 -0.1 “07 -0.6 -07 -0.6 6.52
v | S.(CB) +04 02 +04 203 10 | 102 +04 +04 04 257 |+06 +05 +07 06 09 |UwS 113 .39
e
Thermal 07 06 09 07 02 00 02 01 12 12 11 12 9.99
I comfort £05 +08 +0.0 +07 15 | £04 +00 02 +0.3 110|558 +08 0.6 £07 06 |%R 19 a7
1| Sweating& | -0.7 -08 -0.6 -0.7 01 00 00 00 04 05 04 04 95 08
hivoring S, | £0.6 07 0.6 206 09 | 102 0.0 £0.1 £0.1 60 |£03 04 +0.5 04 20 %% 05 17
: 10 11 1.0 1.0 1.1 06 10 09 18 11 09 13
Tightness S.| 105 105 +0.6 +05 98 |+04 +09 +04 +06 S |+0.8 +05 +05 +07 273 | 136 132  1.32
ORI O O = O 018 SO R SO SO0 5OE
Workload S. | 103 105 103 +04 22 | £0.3 +0.6 +08 +0.6 99 |+05 +0.2 +02 03 80 | %> 160 .25
|
- 109 - , .H =T




0, 0 0, F—value
ltems 21°C 27°C 34°C (two-way Anova)
Waist ThighsCalves Mean F-value| Waist ThighsCalves Mean F-value|Waist ThighsCalves Mean F-value| CPL = PBP CPL*PBP
15 -16 -1.1 -1.4 01 00 00 00 12 12 11 12 189.58
Thermal S. | 405 +04 +03 +05 197 | 401 +0.0 +00 +0.1 /9 |+£06 +03 +0.3 +04 -1 [ 47 106
L 00 00 00 00 01 00 00 00 06 -0.9 -0.8 -0.7 24.79
Humidity S. | 157 £00 +0.0 +0.1 190 | 02 +00 +01 +01 108 |+06 +06 +05 +05 92 |Twe 22 47
Thermal =07 -10 -10 -09 ,, |-04 01 -02 -02 o |07 12 04 08 .c [1218 ., 10
L | S.(CB) +04 +04 +0.9 +06 408 402 408 +0.7 - +16 +02 +15 +1.3 - e :
€ | Humidity 0.2 00 -04 -02 “04 -01 -03 -03 “0.8 -07 -09 -08
Vv | S.(CB) +04 0.0 +09 +06 1 |+08 +02 +07 +06 -4 |+08 +06 +09 07 04 |310 .59 .10
e
| | Thermal 08 08 09 09 o |02 00 0l 0l o |11 09 11 1.0 o |870 15 o4
comfort +0.6 +1.0 +0.9 +0.8 - +04 400 402 +03 - +07 406 +0.7 +06 - | :
2 |Sweating& | -0.8 -11 -08 -09 |- |00 00 00 00 .o |04 03 02 03 o [2709 o6 o5
shivering S. | £0.7 +07 +07 +07 - £0.0 +0.0 +0.0 0.0 - +05 +0.3 +0.2 +0.3 - wix |- :

: 1.9 25 20 21 21 25 21 22 23 25 19 22 551
Tightness S.| 105 405 400 +0.5 <07 | £04 +05 405 0.5 5 |£04 404 +03 +04 284 | 21 75 53
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Workload S. | 10y 404 +02 +04 63 | +£03 +07 +04 +05 139 |+05 +03 +02 +04 108 | %% 157 .84

Shading when statistically significant difference occurs between groups

“P<0.05, “"P<0.01, **P<0.001, ANOVA test was conducted for the three groups (waist, thighs, and calves)
CB: inside compression band, I: Independent variables, AT: Ambient temp, PBP: Pressed body parts
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Figure 4.24. Thermal sensation according to the pressed body part.
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Figure 4.26. Humidity sensation according to the pressed body part.
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Figure 4.27. Humidity sensation inside compression band according to the

pressed body part.
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Figure 4.28. Sweating & shivering sensation according to the pressed

body part.
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Figure 4.29. Thermal comfort according to the pressed body part.
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Figure 4.30. Tightness sensation according to the pressed body part.
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Figure 4.31. Subjective workload according to the pressed body part.
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=2 3ol Lee et al.(2013)2 30~40t) SddAS Yoz AE
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ARAel A= ftEbpEEo]l =S E ekl S7FAA(P<0.05), A AFAldl
M= 1A 29 Al 3F o 5S5F 2ol glo] 0P ARG FolatA =A e
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Abstract
Quantifying Body—Regional
Clothing Pressure and
Psycho—-Physiological Responses by

Clothing Pressure

Song Eunyoung
Dept of Textiles, Merchandising and Fashion design
The Graduate School

Seoul National University

The purpose of this study was to analyze the effects of clothing
pressure, optical clothing pressure range, and psycho-physiological
responses according to the clothing pressure level for each pressed
body part in various environmental temperatures. Specifically, first,
when low, medium, and high clothing pressure was applied to the
human body in a cool, comfortable, and warm environmental
temperature, the clothing pressure for each body part was quantified.
Second, the optical range of clothing pressure for each body part was
analyzed from the  subjective  tightness  sensation.  Third,
psycho-physiological responses according to the clothing pressure for
each compression area was analyzed.

For this purpose, five adult females in their 20s (age 234 + 3.0 v,
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height 161.7 + 5.2 cm, body surface area 1.56 + 0.03 m’) participated
as subjects. All subjects were subjected to three environmental
temperature conditions (21°C, 27°C, 34°C; humidity 50 + 5%RH),
three-body part compression conditions (waist, thigh, calf), and
three-level compression conditions (level 0_body circumference 100%,
level 1_body circumference decreased by about 6~8%, and Ilevel
2_body circumference decreased by about 12~17%) (27 conditions in
total; 5 subjects x 27 conditions = 135 times). Individually customized
compression bands (outer material: nylon/polyurethane 80/20, inner:
nylon/polyurethane 91/9) were made for compression according to the
body part. The experiment was conducted in an artificial climate
room for a total of 60 minutes (50 minutes in a sitting position, then
10 minutes in a standing position). Clothing pressure was measured
at 10-minute intervals in the waist, thighs, and calves using a load
cell type sensor (pressure measuring range 0 to 500 g). Rectal
temperature, skin temperature in nine areas (forehead, abdomen,
forearm, back of hand, thigh, calf, foot, finger, skin temperature in the
compression band), temperature and relative humidity in the
compression band, and heart rate were continuously measured at
1-minute intervals. Blood pressure and body weight were measured
before and after the experiment. The mean skin temperature was
calculated using the 7-point method by applying the equation of
Hardy & Dubois. A  subjective sensation responses were
self-responses every 10 minutes (thermal, himidity, Sweating &
shivering, Tightness, workload were scored on a 7-point scale,
thermal comfort was scored on a 4-point scale). The results are as
follow.

First, the clothing pressure according to the clothing pressure level

was significantly higher in level 2 than level 0 and level 1 in all
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postures while pressing the waist and calves (P<0.01). In the sitting
position, the clothing pressure increased as the clothin pressure level
increased (P<0.05), and in the standing position, there was no
significant difference in the clothing pressure between the level 1 and
level 2, which was significantly higher than the level 0 (P<0.001). For
each pressed body part, the thigh was higher than the other two
body parts in the sitting position (P<0.001). However, in the standing
position, there was no significant difference by body part during the
level 0, and the level 1 and level 2 clothing pressure showed a high
level in the order of the thigh, calf, and waist (P<0.01), showing a
difference according to the posture. There was no difference
according to the environmental temperature in the clothing pressure
by body part.

Second, through the scatter plot and confidence interval, the optical
clothing pressure range for each posture was derived through the
tightness sensation between -0.5 and 0.5 for the pressure score. The
optical clothing pressure ranges of 4.5~13.8 mmHg in sitting, 5.2~
11.6 mmHg in standing position during pressing the waist, 10.7~24.9
mmHg in sitting, 6.7~22.1 mmHg in standing positiong during the
thighs, 4.9~17.2 mmHg in sitting, and 3.3~15.1 mmHg in standing
position during pressing the calves were obtained. The optical
clothing pressure range on the thigh was relatively higher than that
of the waist and calf.

Third, Clothing pressure and psycho-physiological responses
showed a high correlation at 21°C and when the thigh was pressed.
The mean skin temperature decreased as the clothing pressure
increased at 27°C(P<0.01), and the weight loss decreased at 34°C
(P<0.05) during press the waist. The finger temperature and the
humidity in the compression band increased at 21°C(P<0.05), and the
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mean skin temperature(P<0.05) and the skin temperature in the
compression band decreased at 27°C(P<0.01) as the clothing pressure
increased during press the thigh(P<0.05). When the waist, thigh, and
calf were pressed, the higher the clothing pressure, the drier the part
inside the compression band and the tighter was felt(P<0.05). In
particular, the higher the clothing pressure, the more thermally
uncomfortable(P<0.05) and harder(P<0.05) during press the waist and
thigh. However, there was no significant correlation between clothing

pressure and rectal temperature, heart rate, thermal sensation.

Through this study, the optical clothing pressure range was
derived during pressing the waist, thigh, and calf. Since the optical
clothing pressure range of the thigh was higher than that of the
waist and calf, this is applicable to the selection of patterns and
materials when making compression undergarments. Even when the
same clothing pressure level is applied to the same body part,
differences are observed depending on the posture, and the clothing
pressure varies according to the subcutaneous fat level. Therefore, it
1S necessary to analyze the clothing pressure in more diverse
postures and motions for subjects with more diverse body types in

the future.

Keywords : clothing pressure, optical clothing pressure range,
environmental temperature, clothing pressure level,
pressed body part, psycho-physiological responses
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