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Abstract

The purpose of this study was to analyze the comfort of sports bras by style and bra cup size. The comfort

of wear was measured with compression level. The displacement of breast points (BP) after wearing a sports bra

was measured. Study subjects evaluated the comfort level of the compression type and encapsulation type sports

bras after walking and running. The results showed that all types of experimental sports bras provided more

coverage than everyday bras. The compression type bra placed more pressure on the breast, chest, and under-bust

than the encapsulation type bra. The BP distance decreased for all types. The C cup subjects’ breasts were raised

after wearing the sports bras. The B cup subjects had less comfort with the compression style bra than C cup

subjects. The racer back style bra with high neckline and small band girth placed more pressure than others. They

were difficult to don and doff and the least comfortable. These results imply that the racer back compression style

sports bra was uncomfortable for women with large breast, while the encapsulation style bra with the compressing

panel at upper chest was the most comfortable. The bras that shortened BP distance placed more pressure on the

breast. But the bra that raised and shorted the distance of BP provided better comfort for large-breasted subjects.

Keywords: sports bra(A2Z2 HZE}), bra cup size(H 2l 7 AFo]X), comfort(F 2]
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II. Background

1. Needs of support for women's breast
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2. Style of sports bra
& ot7] HfeliA A-de 7lee 7l

apEel &
L& £2& A&t Aol A2 A SUtet
I Qleh QA Vs FATIE &2 AEE
A= 2§ o] thigt 3t F5o] BLast
o, o] 5 Fof Al izt A AFol I Al
AL £ 5 Qlt(Na, Kim, & Jung, 2002).
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U #oliol A stof Aol olB§A ol EE ol
71%5S 7HA BetE Z-8-3hth(Aspan & Stark, 2006).
qEu AmzEete) 24 28 BAL £5 A §
gie] EL egai AolthLee, 200),
rEzbote] AR F2A 540 ue
F 28 A(compression) AEFL T} 9178 0] H(encap-
sulation) A Efel 2 Ubelrh. Fxald Aerele wa)
AT WES TR g Avtelolu, AL o]
A 2Bl 29 S-S 247 Avete vet 4o
25 WEoh Besho] ehl Arkolo|thPage
o= 2%z ek whodah

22| FEE oj7fe] 9RE A5t Yr|E YA B}
o, Wrk& wiex WA §x]schLawson & Lorentzen,
1990). o] 9oz u]¥ npaSg WaE7] 8 £7]
7} FEHAA EA A Zeteh(Stamford, 1996).
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III. Methods

1. Selection of subjects
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{Table 1> Body measurement of subjects (Unit: cm)
Cup size B cup (173) C cup (173)

Dimensions 1 2 3 Mean(SD) 4 5 6 Mean(SD)
Bust girth 87.4 88.0 87.6 87.7(0.3) 89.3 91.2 91.0 90.5(1.0)
Underbust girth 75.5 74.5 74.1 747007y | 740 75.0 75.5 74.8(0.8)
Bust G. - Underbust G. 11.9 13.5 13.5 13.0(0.9) 15.3 16.2 15.5 15.7(0.4)

OB A =(KS K 9404 : 2009)0] 4] A Agt Hap 7
Aro]z= BRI} CH Aol 2o sfdste 200 o4
ARGt Bt siE Afo] 2L 200 oA Y
W WhEEY A4E wgste] <7572 AA 5
Atk TteEd et WksEd A Ao] gow
A+ ua} A A4 B d8A Ah(n=3)0]
13.0cmo| ¢, CH A FHn=3)2 15.7¢cm9]
R tH(Table 1).

o

O

{Table 2> Characteristics of experimental bras

2. Selection of experimental bras

7§ AEzHAL IAHoR Y
1 gt BASelA FUsHL AEkd
L (Page & Steele, 1999)0] A]

AT E771E4

e el 4R JlzoE BEdA A8Y(C

C2)3} el Edo] A 2 U(EL, E2)& Yo 2+
gotqtt. of fol= 2842 vl
Heh(F)E A48 HehE A

F Agdy 4%

871 glote] A4g

Design Characteristics
Bra type
Front Back Feature Fabric
- No cup + 45% polyamide
Cl + Racer back tactel micro .
41% polyamide
+ Pull over style . 14% elasth
Compression o clasthane
type
+ No cup + 45% cotton
2 * Racer back + 45% polyester
+ Pull over style + 10% lycra
+ No wire, no pad cup
- P justable shoul
El St?:s:d & adjustable shoulder + 100% polyester
Encapsulation + Hook & eye fastening at CB
type
. + 57% polyester
B _ II:IL(I)HM\I;C; fo lpad P - 36% polyamid
over style + 7% elasthane
. i 1
Everyday Unfier wire & molded cup + 100% polyester
fashion bra F - Adjustable shoulder straps & polyurethane
+ Hook & eye fastening at CB poyur
Note : Brand and style of experimental bras

1 : ®Casall, 1620  C2 : ®Dans-ez, 2inl croptop
F : Pandora by Vivien, 1625

1 : ®Purelime, 098

E2 : ®Thuasne, Force 2
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Center front heieht (CFH)

: <Front>

Band height (BH)
Band girth(dm

2
ot
4

- Ao 91

Shoulder strap width(SW

Side height(SH)

Center back Height(CEH)
<Bade

<Fig. 1> Measuring dimensions of experimental bras

shA 2o "esHA st 840l FHou
E1R lglet. E2= 2 @olith Claf C2& A%
FHE RSN oS FATHOR Ros
& o] A M (racer back) FEjoISlTt. C2= 2}
ol Afuo] T Pl rh(Table 2). 2erdof wt
< A Av AEE vusty] Hfste] A& A4S
SAst A 4 FHe dFHEcl(CFH), e
% ==Y (BG), oAMZAHI(SW), Al
°|(SH) ¥ &4 zol(CBH)o| 2 tH(Fig. 1).

3. Evaluation of wear comfort

F A WAL AEzHAY 40 GG

5
L W7k WE BE W Ewo) ohy HEol gl
Aere] o4 L 7t Al7g HelE He T ouie 3
sty gtz Aeel ol g s e A
2 Brlen. A8 AL 948 2ets U
Wi F A78 Axznets Brstgon, 7
AE28 7t &AL R4S s

4. Change of breast points distance and height
AW dole £HL 98 AT Yol A8
Qe 71Ed 3R QA A Ao Axx

Hep g Al R A s SAs
Lxzde 2 A FFHY A HakE SA6t
7] A3 AF§ Ax=2HGE A8 AHE fF
A AAE A, FEAH dA #1447
o] A9 gl AeY Hik(neutral bra, Fig. 2)Z
A& A2 74 AAE ST & ST #
T4 A5 wwste] A6k 33k QA A&
70 Au]= Hamamatsu Bodyline Scanner(HBS)o] %1

S

Back

Front

+ No wire, no pad cup, pull over style
+ 96% cotten/4% polyester

<Fig. 2> Description of neutral bra

<Fig. 3> Breast points distance and height
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92 AEfels Hah A Ao|zo] 42 smzuale] 3§ A7 BA AT BARsT
ow, 7t ARBE 48T AN $EAT FE  Hekel C13f 29 HEA L 213~23.8emo] ]
Ho A5 LHAR EAR F AT A2E o on, Y4-E HepE T 17.6~20.1em o 34Tk ¢
olE A AT LoD FFAY wol(H)  Hsdold AUl EI E29] HEA #0l(5.6~
g 233 90Fig 3). $EAFBANDE B 93em)t BIaAH 2ero] AL wekAE o
S5 Aol £9olE 243D, 549 & A BeEn 19~5Tem § ot
o) FBANE ARALAS ZAT 294 WHSHERBH)E AZ2be} d4g B
7R o] #AAYR SASG AW do] & gEY Ytk BE A& A2x2HIE H2 Y
A& Rapidform 2004 T2I1W o7 =A3}¢ch H| 9] HiE(2.5~3.1cm)E AF&3H v, dA-& Bt
(F)= 1.0em o] HES ARG8T o 741 H]
IV. Results and Discussion SW)= HE AxzHE} 26~44emE Y&
Hep(13em)E o 26) o] 4 g et
1. Dimension of sports bra e AxzHale WrSHIEEYBG)E A
AFE 2x2H2Y AF AeS ST 23, B weh g A e ola Lerdy ddE
ARt oz 7t RS WA AWste Aedo] Hepo] A4 Apol= A4 Y eH(El=1.4~1.8cm,
Atk TP AEdf wet 7k A S Y E2=34~4.6cm), FZEH A8YES AFo| wet
7h e Ao E UEbETh(Table 3). & A8 & Zo|7k ASIh C2w 948 BetEo 2A AL
zzHeto FFH 54 d4E HelF)ol Hlst Lh(12.0~13.4em), C1> 448 HepeEo 3.0em o
o o7t &2 Zoldth FxdM 289 Hep ok
(C13} C2)9F Aol 284 El Hebe 45
Al&=0](CFH)7} 163~17.6cmo] o, dAE H 2. Compression
ghF) et 11.0~12.5em o #dth dF5d=ol7} Lxzdao] ffgh izt Aedo] whet o
7P w2 AEdE E20|gl o B2 U4E Bt 2A HUHEHAY AR Hep e #e5hA
(F)Ech 2.5~2.8cm o =9kt @2 FZIYM AEY(CL, C2)0] Bt o] Q=
AHEol(SH)= Cl, C2, Elo] 94§ Hefrt 2EHY(EL, E2)E o AwhAel 2oa SR o
3.5~52em ¥ =LA, ol AUl E2 g, R 2Uks F9Y o S 5ol
9 dAgolBlm)e 4G HeH14~7Tem 2 ACR Yerdon, R b o A
H2sh it FHEdEol(CBH)= F2d4d A8 ojzof wetA: t2A #7}skAth(Table 4)
o W 2 EAS U Fxd4 28d Adka el £(0P)o] 7H 2 LB C2(4.33)
{Table 3> Measurement of experimental bras (Unit: cm)
Sarple Sports bra Everyday
Compression type Encapsulation type fashion bra
Cl C2 El E2 F
Dimensions B cup Ccup | BCcup | Bcu C cup B cup C cup B cup C cup
CFH 17.0 172 16.3 17.5 17.6 7.8 7.8 5.0 53
BH 3.0 3.1 2.5 3.0 3.0 3.0 3.0 1.0 1.0
BG 66.0 67.4 51.0 61.2 63.0 59.6 59.8 63.0 64.4
SW 4.1 44 2.8 37 37 2.6 2.6 1.3 1.3
SH 10.9 122 11.7 12.6 12.6 82 82 74 7.7
CBH 223 23.8 213 5.6 5.6 9.2 9.3 35 37
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o]glom, C1(3.67)3 EI(3.17)E #uFEQl %o
~Etgo9it. o] 3747 AEtUe F !
oF 2 A= 0|(CFH)7} &31(163~17.6cm), QA=

O|(SH)E =-2(10.9~12.6cm) Zolqict WHE
(BG)= C27} o2& Ax2Halht) 8.6~16.4cm U
2o ~Etdo| 9, C1L YAE HelHohE 3.0em
t & A4 %thTable 3). o] efdt AFAB}= 4%
Aol (CFH)9F AAECISH)7 £& o urzt
A w7, #7408 WEEYBG)7H Ay
a
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A Ay, cx o0l Wstel BY Aol &7 =71 7
g Bebe] AUMA ure CF ATRET) 02 Uebyth(333).
ek BY Aol B L7 AR dehehe00). % Al SpUChE Bt el glom,
S Rojol oukBPe Beh el 327 flE F UFHO) B CI €27} Eotev), BY Wue
wad Aeplel CIG343 C23.50)0] Sfto] 2 B8] ClAER0] B &S S LA THA00)
g Brhsigen, B Aol CF At & He Aol U3 Aol £ EIQE U 4
Wel Qrbg 37 L7 Avdolgdth 1T 2 B v FRYNE BTRL UAE ue
svpolol dia BY AT U R4 o AEE  67)% 3 AT el $AsHTh a5l
4.0001901, CH Ak 2677 3.000] %t B w2 E2(2.00)= ShEbgol 7 Aot o= ¢
o] Q= EIQ50)3 E20.000= 259 A3 ot]  Axolv} Bre® 493 71se] 128 Hejet
Sfolol7l Gt UAE HeHQ6NHT SWEIS L Agpdo] $3 AT QS wE 4 b
{Table 4> Pressure on breast by bra types
ressure pars Bra type cl ) El ) F
B (=3) 3.67 (0.58) 433 (0.58) 3.00 (1.00) 2,67 (0.58) 4,00 (1.00)
O(Vgg‘“ C (m=3) 3.67 (0.58) 433 (0.58) 3.33 (0.58) 2,00 (1.00) 2,67 (1.16)
Mean(SD) | 3.67 (0.00) 4.33 (0.00) 3.17 (0.23) 2.34 (0.47) 3.34 (0.94)
B (=3) 4,00 (1.00) 4.00 (0.00) 2.33 (0.58) 2,00 (1.00) 3.33 (0.58)
Bg;‘;t C m=3) 2,67 (1.16) 3.00 (1.73) 2,67 (1.53) 2,00 (0.00) 2,00 (1.32)
Mean(SD) |  3.34 (0.94) 3.50 (0.71) 2.50 (0.24) 2,00 (0.00) 2,67 (0.94)
B (=3) 4,00 (1.00) 3.67 (0.58) 2.67 (1.16) 2.33 (0.58) 3.00 (0.00)
Upffjrcs;em C (=3) 3.00 (1.73) 3.67 (1.53) 3.00 (1.00) 1.67 (0.58) 233 (1.53)
Mean(SD) |  3.50 (0.71) 3.67 (0.00) 2.84 (0.23) 2.00 (0.47) 2.67 (0.47)
B (=3) 3.67 (0.58) 467 (0.59) 433 (0.58) 2.67 (1.16) 3.67 (0.58)
U"%rmf““ C (=3) 4.00 (0.00) 3.67 (1.53) 4,00 (0.00) 2.00 (1.00) 2,67 (2.08)
(LBP) Mean(SD) |  3.84 (023) 417 (0.71) 417 (023) 234 (0.47) 3.17 (0.71)
o B (n=3) 4.00 (1.00) 4.00 (0.00) 3.33 (0.58) 2,67 (0.58) 4.00 (0.00)
S‘?S“‘;;)“g C (13) 333 (1.16) 400 (1.00) 333 (0.58) 233 (0.58) 333 (1.53)
Mean(SD) | 3.67 (0.47) 4.00 (0.00) 3.33 (0.00) 2.50 (0.24) 3.67 (0.47)
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94 AEAH B g Apo]zof wE A

Hel 9 LhebdiTh UAPS Heke] S ArE o
© 7 AR vish B Mol ¥4 =11 2

o2 UERFTH3.00).

W7k Hojo] oluk(UBP)S Wl Tiso]7} 2o A
EzBetof| A Qfubzho] Eotom, ofF WEET
(51.0cm)7} 744 A2 Fx M Aetdl C2(4.17)
o FFAEO|(17.5~17.6em)7} 7HE £ AWE

3. Displacement of breast points
AF+E ~x=HIHCI, C2, El, E2)E
FEH HAD)T Eol() WHE

ox
A Aol A AQIARL Zpol 7k Al en, HRka e

Aol 2eplel BIAI70] 1Y e e
Gefolt. dy HoR Eun HEAkeld A $5H 1AL Buad A Bkl 2 38 F 7}
o7} AL E29 ¢EF AX(234)= dAE HeEt 2 3A Ak BA -39.0lmm, CH -46.84mm). 1
GA72e} s S0 WE ad wel AXzu BY
WMol HHSWP)S RE g AxzHEl  thAE C1(-2981mm)o] T, € YTH|AE EI
2 =SSt A AE C2H00AH  (28.0Tmm)3} Cl(24.65mm)o] ALk, o] eg AT
M EE CIT U4 HeE W o g W 47 gels b Adsdold cad F
Ae e gITHBA 333, €4 400). BY ABe  $We AAHOE 37 pAFE Avd E1S
CIAAE £ e LAt Bhstacha00). 499 452 Ausa g3 =247 2eky
9ok 2o AYAJE AWHOE €Y Pl & (EDO] W FFHS FHOE HopR: Hol
Urg A7) e Al gok Bl Bt A9els  9eg melEth A4S HUE $5ES AT
{Table 5> Change of breast points distance and height (Unit: mm)
Dimension| Cup size Cl (07) El E2 F

1 —30.18 —36.60 2.15 -2.14 -15.72

2 —19.59 —33.61 —1533 2.79 - 1.78

B 3 —39.66 —46.83 —34.67 —2643 —29.61

Mean | —29381 ~39.01 ~15.95 ~8.59 ~15.70

BP (SD) (10.04) (6.93) (18.42) (15.64) (13.92)

distance

(D) 1 -2737 —42.58 —22.99 —13.86 -17.73

2 -6.39 —46.60 —29.02 -6.44 —18.03

C 3 —40.20 —51.35 -3221 —10.84 —39.39

Mean —24.65 —46.84 —28.07 —10.38 —25.05

(SD) (17.07) (4.39) (4.68) (3.73) (12.42)

1 —6.13 -742 —11.00 - 1.81 —-12.33

2 8.88 7.48 5.74 5.88 —847

B 3 297 0.82 -7.82 -6.89 -8.21

Mean 1.91 0.29 ~436 ~0.94 ~9.67

hz :h t (SD) (7.56) (7.46) (8.89) (6.46) 31

(H) 1 -6.22 —14.10 —10.87 —13.56 —16.45

2 —3.56 -0.62 1.01 —17.10 —11.40

C 3 —26.28 —24.40 —16.69 —25.06 —21.69

Mean —12.02 —13.04 —8.85 —18.57 -16.51

(SD) (12.42) (11.93) (9.02) (5.89) (5.15)
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Holx 1 & FE AL e TH(Table 3). {Table 6> Convenience of don & doff
A Ao Heke durge =g vugt Baope o | o | g o .
A, el e 34 = =44 & Cup size
B(C2)o] 74 7ol A7 FaA= 28dd B3y | 00| 100 | 267 | 400 | 400
S o 29tk B A ok otdlzlo] 2 Aoz (0.00) | (0.00) | (1.53) | (1.00) | (1.00)
H7tE9dE €1 Ay Helrt $549 4L 3 C gy | 300 | 133 | 400 | 400 | 433
A 2ANAT CA ATE SupHole] ofubzh i (1.00) | (0.58) | (1.00) | (0.00) | (0.58)
7P7F WA g2 wolgld Clit El A8 Yol & Mean | 200 | 117 | 334 | 400 | 417
£ apo] 7FA 0] WEhE 24 Gerg. o|al A (SD) | (141) | (0.23) | (0.94) | (0.00) | (0.23)
T 28 F5A Aol HA o] FopAA wEE A
22He7L FRH Y dErE 3A =74 5 ojefof = el Hol g2 Het A Aro]= e
€ A2 24T ¢ Sl of ubeh F3g Aol S eyt At o= B
TR wole A A ws 2A Wek apo]= HYP A CF Ao| 2 HF AR 2T}
shA] xokmr. Eu Cff Aol B AeET & BHsity gHetdth dFdel 2 Bl AE
FA woI7F wobd & HAt ol AWE §E o "ol Y & Helwe] dou, B J
g AEtof iste] Cf Aol BY ARt & w2 ot 4] of& Aetdo|ta Hriet v
HE9S Qrhg AnT Wrke AT el W WR67), CF AFAE ATsL A AU 3
& 2 Yol S AT G SUFT L SATHA00). BF Wik B dol7t 71 By
e 2l setdle] o bR WS Fob: M ABQl CIE BY NEASLS Feojr) o)
AL oujgct ¢ Aerol BY Yumth ko] ojrka WG WE(1.00), CF NAAESL B
g g Bt ¥ @78 A%E e A olgd 98 AU BASITE.0). B @
of & o5l U SR uks) R Av 7o Ane G hugel A Feep)
do] Bakg e, LEANS W $F FHol AN gohm HASE Aol 9SS AAbat
Zas At AP A (Mceghee & Steele, 2010) 2
o} frAbstth. of 2Rt Avts AxxHY G & V. Conclusion
¢ A9 74 wol7h wobd Ao 71 4
of dHrde € UASHA w3t o 4=+ &5 A Y AEe Haspsty] A el &
a5 AlAbett ZzxHg BHPSEL 920 Jrol Het 7 Ao
28 71202 Y3 Aol Axznet A 7}
4. Convenient of don & doff ol gtel e AAE Qith waka 3 o Aol A
Aeto] Holgo AuFoR AT HEFM L ud AEzber AEd AL Y3t o]
Eol7b wou, oA e Fxd LEd = gholo] AAe 93 dAFw Fasirh
o] e Btk HrhECHCI 2,00, C2 1.17). B Q70 Autl ARzHIGE0] 28 A
7P Aot =dsital grhd C2e =S o 7heiA= 43 1 £99 Ae& 25t
= A HepEn 12.0~134em ZF¢Lch wH, Cl 7] fs ol o FAEES bHste A
LxzHto HEGH s GAE Bt 3.0em dE EET glou), urs Fe e LY
2 Asdh A5dol won Y3 LxxH of meh S Holen
2HE2)= A7t 7 e A8UR FIHE & Adte cxzHHY Qe S0 dd
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