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Abstract

This study analyzed clothing pressure, blood flow, and subjective sensations among women in their 50s and
60s while wearing commercially available yoga bra tops (YBTs). These findings could then serve as basic data
for designing YBT for women in this age range. Clothing pressure and blood flow reactions were measured in
seven participants wearing four commercially available YBTs. Subjective sensations of pressure and comfort
were also evaluated. The calculated data were analyzed using the SPSS 24.0 statistical program. The results
suggested that YBT4 exerted the lowest clothing pressure, while YBT2 and YBT3 exerted relatively higher
clothing pressures. Participants' blood flow decreased while wearing YBTs compared to the control garment.
The decrease of 47.3% when the participants wore YBT2 was especially significant. The results confirmed
that the blood velocity rate was physiologically lower while wearing all four YBTs than when wearing the
control garment. Results for subjective pressure and overall comfort confirmed that YBT2 and YBT3 exerted
relatively high pressure, while YBT4 did not exert pressure.
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Al Q8 HetE =& Al 50~60H 014 0] 0152 & 7 T2t M Hig
S W FEHE A&t AAE 5 e Aol A, A AEE AL Jls 8718 Hebea 50~60t] o 4 o]
494, WA, 2 P B £ool AL A 28 A ARWSS SAsha, B9 omte 27
I tH(Kim et al., 2016; Kim & Park, 2001; Park et al., 3lo] o] A o] A WSt oW TA| 7} Y= B
2008). bobel A7 o e o R 2R Aeki, AeE sheket F 25 o] 5L 93t ek B
s AT ARG AL FFL BATA A Al 72 ARE Bl o,
3} @ Reo] 2715k, BREEst At S5
2792 B 7p7h T W 15 7] shh(Kim et 1L od b
al, 2008). o|G% 27} o] ZrFakwA 0|9 2
of @7}l tjgt THAIE A7 2 9L},

A ol )3 Qe 27kEE o AR 3% B 1 AHS W IEK MY

ehere nej Aol Aolv} A%E P BEAT
A S F A A|BHE of 4 Atolol| 4] 2§51 glom]
(Jun & Oh, 2015), T 55 W2} e & k222 W 9]
7} ehpsteh. AbA o AEANTG A WA o R
AR e A gol o] 28-S Aol ke het
A Sid, 270l AR T 2ol BRY BEo
gol3te] £ 43 A 7151, B Lol st 2
S-0] 1] SH7kA] SHeH(Kim, 2004). A
CMEELTE o 28T} 2] 5B
FAAZ1E A 7Hs b A 9l ThBack &
Choi, 2008). Miyatsuji et al.(2002)o]] &3} 3|
flol= A B A = G E 5 AL AA = o]
o] oz Qg L7 Hokale gtk ey A
U2 7FEE 252 dollegt Aol 5 25t FF
2oy age FE 4 vk BaE S Qo (Boch-
mann et al., 2005; Kim & Hong, 2016).
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Park, Hong, Lee et al.(2019) ]| 2]} 50t o]AF<2]
o] Ad 2wl o} et F9of| wigtsto] o] & 71 4= 9l

AT
7158 s, AFo) ol 59] Ao] 2 o] Kkt
A &o] glo] Al 8718 B 2}EH(Yoga bra tops: YBT)
& 2hgahaL, 1 9o] BT 422 Holole) G
3 HaEe] 8rhg Hetghe AFHO R HRse
o} oojuf, A ol B ==2018E 34 7] Yo
ol £7hE AM A Ee Al HEE £9) At
AR B aL, FHiet 8718 9] 22201549 5~129
(7T7149) ¢ =43 50~60t]] 58672 thAfo = o
Size Korea(Korean Agency for Technology and Stan-
dards [KATS], 2015) 73 o] 8] B 414 Ato] Zof
Zstiet. whebd Fojst @S] a7kg Hebge
43(YBTI, YBT2, YBT3, YBT4) S & HA| F= Tl
H 1 Q)= t]#}¢l-& &1 5}od(Park, Hong, Choi et al.,
2019), <Table 1> 4] 1= ufe} -9k, thyt, 50~60t
Wit Aol 24 7Hs e Aol 28 sk ok
& HAle AAstr] of g R, ot FH P
ejoll A Aol 7} Q1 glek. Folet AR E o] Ag BEE

ZAF Aol A 5= 50~60t oS $17F 8 7H-2 A 9 = 2k o] Ql= Alojehlof| A wkoshGlar, FA=
gh = 31 91H) ghob Eele] Apo] mof gH AS MY T o] YSHKATS, 2017) S5 ch A 24 A
3 ulskol gl AL AN M-S AW YA HES Ziegert and Keil(1988)9] WL -§3ko] =
o] )l th(Park, Hong, Choi et al., 2019). ©] o] & 1719 X(course) YO 2 7FE&H] 23 2|9 Wekwi e
Table 1. Four kinds of yoga bra tops
YBT1 YBT2 YBT3 YBT4
Front Back Front Back Front Back Front Back
Yoga
w (U AU E U H I
(YBT)
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7h& | o Al o] o F Tk 2t 9] X of| A 5%20 cmof] sl 3t A 5S A5k, HEE A Sl Aol A 1=
Sk =7]0f 500 g 5 o] &3k, Al PE(%) (= A3 EZAs] 12 SAGY AT F 1525 A
ofit Aol Aoy Az Zol]x100% A& AH-§-3} QlstaL, 7he-d 3025 B+t W gro= ARSI
Atk AEE 2GS A aE glol7] $18) etd A dof
3| Y R}= 72} ALo] 2 F 2] OH(KATS, 2015) 0| 4] A5 H(Keedwell & Dénes, 2015)S 28-3}0] 28 44
33l Q1= 50~60T] 9] H ot W FEFHXH(7]: 153.545.0 = 46}“‘ t} oJEQ = QA= 7lS I FHiE B
cm, 71559 94.0£6.8 cm, ¢ 715=d): 91.0+£5.0 cm, oF A Zol ol L B Q] 71&u 5 R FE APt
71&ole | Ed): 81.6+5.7 cm, 3] & =): 84.8+7.7 cm, (Baek et al., 2007; Lee & Kim, 2002)E 2 115}0] & 65
HolEd:92.5£5.1cm)S 7| £ 2 FZHA} Yo = = A A3} a1, <Table 3>3} ZHo| P1: 7}&554] 715
= 78& AEsto] Aol ZroAlHit. olf, Bebg e, P2: 75 S5 AL E, P3: 917, P4: o],
g3t L us oo Belot Yol Ba A eE mAT PS5 29| P6: 7}%@% TEME g P Mo
AL S0-60912) 40| A5 vRlel SR E BT PIE S ghie 2, P2 AT
7] ol (Kim et al., 2012) AR S8 2145 ADEWETF = XS, P3% Aol A S ZRA 2
Zi% HAAE thF o2 517 flsiA ek 2l Ao 2 5 em et A, Pd= Hafg 28 A] o
YA} Abo] = A K= <Table 2>of b $laL, A TMIro] of 7 Aol A vhtk= 91419 7he-dl H ol Sl
o2 A& 91938 49 IRB(201807-SB-101-01)S ch. Thal, P59} Po-2- A 9l -§ Heteho] tApelm F- o]
ZQlerol st HHA A= AP Ho & o & 7h 7] wiimol P5o) -9 ATl E o A F ZRA|
o, i, oA vkg Fotol ATtk B A 2211& w5 em Sk 4, P62 F] TR A A2l
Y2 EE 2 o A (&= 2382°C, 5= 50 I AFWETE 9= Fol itk o5 $3 77+
+5%) ol A X8y s} AMI3037-2(AMI Techno, Co. Ltd., Japan)E A8}t
2. o=t &M 3.EREH
Ol =9t AR A Aol =&Fsto] Zrdol7t R S AP S B4 AR e R 2
U= O Rfof| HFS] oS AE ol A 208 ¢t M 23 9o 15 F7Fsto] 9 ESF &4 $ 208 5 &
Table 2. Body specification of the seven participants
Age Height Bust [{)?1 ps fr Ubrlll(ifr Waist Hip Weight BMI2
(year) (cm) (cm) ) @) (cm) (cm) (kg) (kg/m”)
Subject 1 66.00 151.50 90.50 87.50 80.00 85.00 93.00 59.10 25.70
Subject 2 61.00 155.00 88.00 86.00 76.00 77.70 94.00 54.90 22.80
Subject 3 55.00 154.00 90.00 89.50 81.30 79.00 88.50 55.50 23.40
Subject 4 57.00 158.40 88.00 86.50 78.00 78.00 91.50 52.60 18.90
Subject 5 61.00 155.00 88.50 86.00 77.00 77.50 93.00 53.90 21.20
Subject 6 55.00 158.00 90.50 87.00 77.00 78.00 92.00 58.90 21.90
Subject 7 56.00 158.00 89.50 88.50 82.50 78.50 90.00 59.50 23.20
Subject Mean 58.70 155.70 89.30 87.30 78.80 79.10 91.70 56.30 22.40
(SD)  (3.80)  (240)  (1.00)  (120)  (230)  (250)  (1.80)  (2.60)  (1.90)
Size
Korea Mean (o 0 15350 94.00 91.00 81.60 84.80 92.50 59.30 )
(KATS,  (SD) (5.00)  (680) (5000  (570)  (770)  (5.10)  (7.90)
2015)
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Table 3. Measurement positions of clothing pressure

P1 P2 P3 P4 P5 P6
. | Princess , 1 .\

: Shoulder ‘3:;?;655

|l s St

C.F: Center front

P1: Front elastic band, P2: Side elastic band, P3: Upper bust, P4: Shoulder strap, P5: Back, P6: Back elastic band

4g A ol Fol ek 54 AL B At
ool Wers] ghe Apefol 4 AW, WE U

2o Eolsh A Ao A 2459k BR 247] FLO-
C1(Omegawave, Inc., Japan)-> | 0] A t}o]| @ =(Laser
diode)o] A] HHEE1 = A2 A A0l 41 A& ALE
afo] 33 o 2R of | mm Zlo]o|4] Bk,
245 270] 15T 02 HAe] LB %
7h&H| &7kl Zof] £2HA] 7] 3(Choi, 1990), T o] &
£ 533l
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FIH U2 4% 07HE Bt 8L vl
0 iz, 2 267 ok dfsto] A
Watolch. 1 @A AH B et v A 24
ol 4 7} E2Fel<Fig. 1> ALZFAL A oF LR APA & 7
7384 a5t o, e 3 904 whS B7h A
59 gk AL 0R 18] FAL AAAAE 2
95 21713024 S}, S50) 4] 5 URAAE 3¢
247 3024 SATHES 51915, o] S 38] vHEsto]
2 9F2050] A Q E|}it}. o]u], AzFR}A|(Utthita Triko

(a) Utthita Trikonasana

(b) Vrksasana

Fig. 1. Yoga postures.
Adapted from Utthita Trikonasana [Extended Triangle Pose]
(n.d.). https://terms.naver.com; Vrksasana [ Tree Pose] (n.d.).
https://terms.naver.com

nasana)@} L5 Z}A]| (Viksana) 522 5HA] 3t o] &=
thegt 271 4 5 AAalo]l A Y 4= e 2ol
w2 Atk T2 QFEH-e: <Table 4>} Po] =
A TR LN ETF Tt _,4 ), Al
AFWE(RFL] LRWE 79 82), S E'\:EE
(A7} R ETL s 591 83), of 7 F-91(e1 7

ol A AFo] o} 7| T2o] Whpi= 2 2): §4), 5 Hoj(F] B
ebeto] el g 5-91; S5)oll Al Zh2t haiztel A4
T oy o] SEsHA skt kA 284t

_\.,

Table 4. Measurement positions of subjective sensation

C.F: Center front, C.B: Center back

S1: Intersection area of elastic band and front center line, S2: Front elastic band area, S3: Side elastic band area, S4: Shoulder strap

area, S5: Back area
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2 <o) A Qo] ARV, AAHA S o] & 1. 97 AD
o|@71?, EF ol oY, WA A Ag A7
o] 27y ol Ph3) Fr1shE S soleh. M 77 LuEE Sy
27 E Mg Abgsheon], ehubgrel thet A= ]
$-2178: 3] o] gle4: TR S & AP R0 2 ALGH 4%0) Hebg Ao] 2 24 At

1—_53_ ]HJ,]—ZL_Q_,_HZ—IHQ,] 7&1‘5
B-7: v$ ol gle,

R
of BARCR
H
9

B =2 72 [BM SPSS 24.0
eIt Zfol 7} 9= gl
2 Wk Hr A=
o

=2

A (ANOVA)J—]' /\]’ﬁ 4 Z(Duncan) 2 A A 3
Fp<.05 A 2488 AF skt

= <Table 5> A 2|5} ).

WA, o] 7H Abo] €] Yu|i= YBT22}F YBT47} oF
26.0 cm$1l, YBT132} YBT3-& 2F 29.0 cm it} o 7]
710] )= YBT29} YBT3S 1.0 cme S A o,
YBT13} YBT4= Z2+2F 2.5 cm, 3.0 cm it &S Z1 9]
A5 YBT27]— 16.0 cm& 7}3 ZFoF 11, YBT10] 20.5 cm &
4 29k 515 Zole Buiu)iz PAhelo 2 <l
15 % 71 tha Rfo] 7} 9191, Wk B A=) U]
YBT10]4.0cmZ 7} ¥ 92, YBT30] 2.5cm=
At Ly 75U ], dd ], ool oF

Zol A Wolglm, Hdolet 5% ol

3L

=
A&
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Table 5. Dimensions of the yoga bra tops Unit: cm
1
5
Front Back
Type of bra tops
Nt i YBT1 YBT2 YBT3 YBT4
1. Shoulder strap point to point 28.6 25.6 28.8 259
2. Shoulder strap width 2.5 1.0 1.0 3.0
3. Armhole drop 20.5 16.0 17.6 19.2
4. Chest width 357 34.8 36.0 36.8
5. Bottom opening 30.5 325 33.0 34.0
6. Front length from S.N.P 29.5 283 29.8 293
7. Back length at C.B 84 9.5 10.7 292
8. Front neck drop 13.5 12.8 14.0 14.4
9. Back neck drop 19.0 18.0 16.5 6.0
10. Neck width 22.5 23.1 26.2 20.5
11. Bottom band width 4.0 35 2.5 3.0

YBT: Yoga bra tops, S.N.P: Side neck point, C.B: Center back
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YBT4E A 951t vl 5tk 2. o =t
A, ABE ARG EEE T 24, NS 2

L <Table 6>3} 29I} 2749 £§-& YBT1H YBT3 APE 87hg Het 4% S H g Y2 1) 79
o AR 86%, Zel 9T 4% AT, YBI2E LR 92Ok <Table 7>of Aelsteith. 24 o= A
AEE 2 86%, Ee S 14%G O™, YBTAE Ul SHB PS5 EA T 9]0 A YBT4(121
2 85%, Z2]S-d ek 15% e} o7k e] 482 YBTI, kPa)7} oF2lo] 7}4 Yokt YBTI, YBT2, YBT3 oF
YBT2, YBT32 Z 2|0 A E| 88%, ATE A 12%E 5 2.00 kPa ©]A+2] o] &EQto] el A2 YBT4L} H]

UBFA AL, YBT4= E2] ol 22 ¥ 90%, ]|k 10%
Atk A7 7= 0.34~0.75 mm ¥ 9] 2 YBT47} A4
Ao =g gFgtom, obt T/ &= 0.34~0.41 mm Y=
YBT30] At A 0.2 Qkk1, Y x] A& B0 G Alst

(== e T
o S, BE AEE TS 10.00% o] 4] A8

A3 E 7}h

A =
(S = gl &=

e O] o A7k et T P2 7k S
TR E H Qo A = YBT4(1.49 kPa)7} ¢t & o] 713
ol f-ofmshA th& 1 o2 U Qi P3 97k
F-919}FPS 5 F-91= AA| 2 2= 1.00 kPa o] 5t = &
of wf-9- wrekar, A E 7He] {oJu]jh Aol 7} =

AN RO
2 72 I, YBT39] 15.00% 2 713 Hom, = Ao 2 YyElytth P4 o 7| 5 9= YBT2(3.07 kPa)
AREY o2 2oz AzrE ok Ut €} YBT3(3.08 kPa)o] B] =3t F 2] © = =431, YBTI
HiE o] A= A B 719] 2}o]7} 7] =1, YBT47} <F (1.72 kPa)} YBT4(1.24 kPa)=YBT22} YBT3 H.t} &
21.10%= 7H 4178 0] $34aL, YBT3 ¢F 15.00%, ofthE IFo & L flon, dolE 7ho] f-om| gt
YBTI1-E 12.40%% H|E=3 $=F0| X9, YBT2&= zlo] & Rt P6 71455 W I FMi == YBT1(2.02
4.00%= uj]-$- ket kPa), YBT2(2.17 kPa), YBT3(2.32 kPa)2 X5 2.00
Table 6. Characteristic of the fabric for yoga bra tops
YBT1 YBT2 YBT3 YBT4
Outer shell Nylon 86 Nylon Supplex 86 Nylon 86 Nylon 85
Fabric content Polyurethane 14 Polyurethane 14 Polyurethane 14 Polyurethane 15
(%) Lining Polyester 88 Polyester 88 Polyester 88 Polyester 90
Spandex 12 Spandex 12 Spandex 12 Polyurethane 10
Thickness Outer shell 0.72 0.75 0.67 0.34
(mm) Lining 0.40 0.41 0.34 0.40
Extension Main fabric 10.00 12.00 15.00 10.00
(%) Elastic band 12.40 4.00 14.90 21.10
YBT: Yoga bra tops
Table 7. Clothing pressure of the yoga bra tops Unit: kPa
Mean (SD) r
YBT1 YBT2 YBT3 YBT4
P1 240 ( .64)B 2.28( .69)B 225( .89)B 121 ( 46) A 4.526*
P2 266( 51)B 291( 50)B 322( 74)B 149( DA 10.207%*
P3 35( .22) AB 57( 30)B 45( 35)AB 19( 1D A 2.564
P4 1.72 ( 98) A 3.07( .80)B 3.08( .84)B 1.24( .64) A 9.150%**
P5 52( 200A 41 ( 2D A 59( 38)A 46 ( 24)A 516
P6 202( .61)B 2.17( 58)B 232( 77)B 99( 55 A 6.401%*

*p<.05, ¥*p<.01, ***p<.001
Duncan test results A<B

YBT: Yoga bra tops, P1: Front elastic band, P2: Side elastic band, P3: Upper bust, P4: Shoulder strap, P5: Back, P6: Back elastic band
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kPa o|Ar o & =7 Ul X|gE YBT42] 72 0.99 kPa
2 o9 S ebgth 2, Bl =k e gl Pl
P2, P6 9] 2] 2 =9t YBT47} 5 Yok, o]
YBT49] WthE |7} YBT1 R b= 7 cm, YBT2 R t}=
3cem, YBT3EGE=2com 2 20| &S u|z 5o =2
HdE, o8 I LFHE A AT S e S
ulolsl o B3, T E 9] AIXP§01]/€]EYBT47]-
V8 410l QFRlol S L S8 O 4 151
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YBT30|9 1, AFE YBT4: =43t mE 27t
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3f], 50~60T A 8714 Belele W) el o) of
Aol o] WEE A FES WL st 587
otk T2 A YBT29H YBT3 Zo] 7159 &
B3 Ao S Aoy ol ot Al Eefufol
Bo) A& ErolA sl Aol B¢ ol5S 94
o7 e] Q&S W] s oL vrlE WA
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J 95to] A7) S HE5}7] g2 o]
A ol ZFafi A A =2, EF%ol
At 519 o) ESF, Harada(1996/2001)+=
| 4] 1.00~1.50 kPa 2] &8 o] A< 3 & 7HS A 23t
st YBT4E A &) 5tal A3 Bapg-2
‘%HE Al Bojutar Qlgo] gl it 1]
ohn et al.(2015)0]| &|5}H B =] o] 2-& ] o] 7]
b4 }* Hﬂ}ﬁ 7}*"* Bahy, @75 Beb,

mor ol
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2 4 L
;

rSL'H

H R & oo it X o
n

E

So] S7kshe BoAgE = 7lckn shiet. Ao
2 50-60t) o4 3% 7)ol WojA 1, 5%
R 50 B ofuiet e elo] ol @
o] e e 4 917] wh ol @A) ol E 3 gl 1
o] 50~60tH 2] Abo] o] uref ehi 3k o] sor 2
ol A eI 4] ok o 5 & B0 2 ¢ 150 kPa o
el 24 Qe T e Ao Asolor s

r
I.E m

JlN

4% AR 21 A G0 Wek 4L There] A
Gl 23 9] 0] 21§ A9} | iLte] A i AT} <Ta-

: g G Eﬂ
SHE A R AAE 7HeHA] ohohE wf F RS
26.62 mL/s/100 go]$lof, Hebehs 2Hg-5td 7
o W= FAse o2 eyttt 3], YBT2E
285101 B 53 72 1497 mL/s/100 g0 &2 2
g o] ¥t} 43.7% AR LERLL o] AF 2 o] 2k
RO FHAA FFE A= Aoz gl

Table 8. Blood flow & Blood velocity facilitation by the yoga bra tops

Control YBTI1 YBT2 YBT3 YBT4 F
Blood  Mean(SD)  26.62(644)B 2121 (7.60)AB 1497 (493)A 2336 (8.10)B 2452(565)B  3.598*
flow Rate of change
(mL/s/  compared to ) 20.3 473 122 7.8
100 g) control (%)
Blood Mean (SD) 213(.57)B  1.79(.70) AB  1.14(.28) A 2.09(.93)B 1.99(.62)B 3.080%
00
velocity Rate of change
(mm/s) compared to . 15.9 46.4 1.8 6.5
control (%)
*p<.05

Duncan test results A<B
YBT: Yoga bra tops
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Table 9. Subjective pressure sensation from the yoga bra tops

Mean (SD) .
YBT1 YBT2 YBT3 YBT4
S1 2.57(1.72) AB 3.71(1.89) B 2.71 (1.89) AB 1.57(.79) A 2.009
S2 4.71 (1.60) B 571 (1.11)B 5.00( .82)B 243 (1.13) A 9.810%**
S3 3.43(2.23) AB 429(1.80)B 4.00 (2.08) B 1.86 ( .90) A 2.468
S4 271 (2.36) A 3.86 (1.35) A 3.71 (2.06) A 2.00(1.41) A 1.580
S5 3.14(1.57) AB 429( 95)B 3.14 (2.04) AB 2.00 (1.00) A 2.860

#xp< 001
Duncan test results A<B

YBT: Yoga bra tops, S1: Intersection area of elastic band and front center line, S2: Front elastic band area, S3: Side elastic band area,

S4: Shoulder strap area, S5: Back area
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Table 10. Subjective wear sensation from the yoga bra tops
Mean (SD) .
YBTI YBT2 YBT3 YBT4
Ease of shoulder  4.71 (1.50) AB 3.71 (1.38) AB 3.29(1.98)B 529 (1.11) A 2518
Overall ease of 4.86 (1.35) AB 3.72(1.38)B 4.15(1.77)B 5.72( 49) A 3.027*
movement

Ease of respiration  4.43 (1.51) A 343 (1.62) A 357(151)A 5.00 (1.41) A 1.674

Overall comfort 4.00 (1.63) AB 2.86(1.35)B 3.14(1.35)B 4.86 (1.46) A 2712
*p<.05

Duncan test results A<B
YBT: Yoga bra tops
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