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Selection of an Optimal Commercial Brassiere for the Small-breasted
Women and the Evaluation and 3D Analysis of the Wearing Appearance

Hyun Young Lee
Dept. of Clothing and Textiles, Kunsan National Univ.

Abstract

The ratio of small-breasted women occupies over 20% among Korean women in their twenties. However, the commercial
brassieres for the small-breasted women were not fitted well to their breast shapes. In this research, the various commercial
mold brasseries for small-breasted women were evaluated through the wearing test and the analysis of 3D images
which were scanned from their torsos wearing the brassieres. In addition, professional panels performed the appearance
evaluation based on the 2D front and side images captured from 3D images taken by 3D measurement systems. As
the results, we found that small-breasted women preferred a 3/4 cup brassiere, of which volume is concentrated in
the lower cup. The most preferred brassiere in wearing state shows that the characteristic angle between the chest
and the upper cup is about 167 degrees, which is smaller than those of another brassieres, and that the ratio of the
radius of curvature of the nipple part to that of the lower cup was about 0.78. These results provide important implications
regarding the design of mold brassieres for small-breasted women in spite of the fact that these results represent the
selected set of commercial brassieres. Therefore, further studies are highly demanded for the most suitable design
information of mold cup for small-breasted women.
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Table 1, Characteristics of experimental brassieres
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Mold thickness (mm)
c (Press weight : 170g)
ID Size ¢ u}; Materials of brassieres U Middle part | Lowest part
P pper B.P. of lower of lower
cup cup cup
A 75A,70A 3/4 | Nylon, polyurethane, etc. 2.4 2.4 2.4 2.4
B 75A 3/4 | Polyamide, elastin 4.5 7.6 10.3 6.0
C T5A 3/4 Polyamide, elastin 3.0 2.8 7.2 6.7
D 75A 3/4 | Polyamide, polyester, elastin 4.3 8.0 11.7 7.0
E 75AA 1/2 | Polyester, nylon, etc 3.6 34 4.5 4.0
F 75A,75AA 1/2 | Nylon, polyurethane, etc. 2.5 4.0 4.7 4.4
Table 2, Characteristics of subjects
, B’ UB  Dguws Vi Ass Ass Hgp
Subjects @m)  (em)  (em)  (em3) (eomd) (em?)  VPAm AsAwm
70AA | Mean | 79.0 70.8 8.3 265.5 216.7 191.0 1.4 1.1 1.7
(n=4) S.D. 1.8 0.9 1.2 28.5 15.2 13.8 0.1 0.0 0.4
75AA | Mean | 80.8 73.0 7.8 226.3 192.3 171.2 1.3 1.1 1.2
(n=3) S.D. 1.8 0.0 1.8 55.1 24.0 20.3 0.2 0.0 0.7
B(cm): Bust girth = ABS(cm ): Area of Breast Surface = HBP(cm): Hight of Bust Point
UB(cm): Under Bust girth = ABB(cm ): Area of Breast Bottom

DB-UB(gm): B-UB
VB(cm ): Breast Volume

VB/ABB: Ratio of VB to ABB
Aps/Agp: Ratio of Aps to Ags
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Table 3, Examples of the 3D images for wear appearance test

Bra. Front Side

Side

Bra. Front
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Table 4, Measurements using 3D analysis system
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[Figure 1]ell= &% SAHAE e 574 WRle Al
ABSiek. Tl SRS e BARA e A9R
2H2293} Duncan test, 12|31 ¢F2] <3 37} Ao} &
7 2JAAA EAo] SPSSE o]-g3le] HAHT.

N

H

X- Y- Z Distance Angle Radius of
displacement displacement displacement g curvature
XDrnp-Fap YDenp-swp ZDgp-prp Dgp.es £ (FNP-E-BP) RCgp
XDrnp-BP YDenp-sp ZDgp.osp Deg-es(gap) RC
XDisp-oBP YDgp-seP ZDgp-rnp Dgp.st Ratiq of the
radius of
XDisp-BBP YDigp.-seP curvature
XDigp-18P YDggp-orp RRCgp

FNP: front neck point
FAP: front armpit point
BP: bust point

IBP: inner breast point
BBP: bottom breast point
OBP: outer breast point .
FNP: front neck point .
SWP: side-waist point

at the gap

* EB: the intersecting point between the upper cup edge of brassiere and the line BP~FNP

* ES: edge point of skin-side at the gap
* ST: the connecting point of shoulder strap on the brassiere cup
RCp: radius of curvature of overall brassiere cup

RCig: radius of curvature of lower brassiere cup
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Figure 1, Analysis methods for the 3D images of wearing brassieres, A: XDenprar & XDrnp-ge, B:
YDenpswe & YDenpgp, C: ZDgp-rne, ZDgp-osp, and ZDgprep, D: Deses, Dep-st, and XDigpoge, E: 2
(FNP-E-BP), F: RCs & RCis.
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Table 4, Results for the evaluation of the wearing sensations for the experimental brassieres (n=7)

Brassieres

Measurements A B ¢ D E F Sig.

Naturalness of silhouette of cups 5.1 5.1 44 4.0 5.0 4.1 0.422
Adhesion of cups during excercise 53" 5.6" 34° 4.1* 53" 5.1° 0.063
Uncompressed feeling by cups 54° 41" 50" 4.1* 46" 370170
Comfort of cup materials 47 53" 34° 4.6® 4.6® 3.7°  0.026
Fit of cup size and shape 4.4™ 5.0° 54° 4.1% 3.9 300 0135
Wearing sensation of cups 4.4* 5.0° 54 4.1% 3.9% 3.0°  0.036
Overall wearing sensation of brassieres 4.1* 5.0° 5.0 43® 4.1* 3.0° 0.115

* . Results of Duncan grouping (a=.05), **

Duncan grouping Z¥}(a=.05), B.&|x|o] B} C7} 25
A7 5002 M £ agos BRU. o
el el Alel= 2 el ukS-A|(Fit of cup size
and shape)ollA] Bejz|o] Bo} C7} &2 IFO R the
BHjRolERY £ ke Wttt wEhA] AvkHo s
3/47] BejR|o7} 127 BEjRo|SHT} Hlwd o 9
7Ve wgton, dukdo g sixle] AV F8 B
AojEol g Hr7Pt vlad F3d

2. Cleol 2

BejA|o] ZErFe of
7=l
o Zotth RISk 1 AXEA 7P Adzel
(naturalness) 2 F-ojlo] Hx|ol= HT 2495 ke
B® Yehgiy, 1 D(2.6), A(2.9), E(3.9),
C(4.3), F(4.8)8] o2 Yepgtt. 18]al 7p o5tk
KRS Eoﬂ.oq H ;q]x]ok D(2.3), BR4Z 7} = &
AE I o5 BAo] A(3.8), C(4.0),
E(4.1), F(4.4)4 A2 etk 28] Friedman
test A3} 95% A ZFFA F E BFolA] frofdt

Aoz Yepsitt

n]o r

: Results of ANOVA (a=.05).

Table 5, Results of the panel evaluations for
the images of the wearing brassieres,

. Rank (n=21)
Brassieres
Naturalness Beauty
A 29 3.8
B 24 24
C 43 4.0
D 2.6 2.3
E 3.9 4.1
F 4.8 44
2 211.244° 178.612
(p=0.000) (p=0.000)
‘p<.001
3. AZ 2z ot 3kt =4
el BrAEl g Sl Brholist ge At
U ARlS getslr] flsl, 3k BEAle] 2 Fde
[Figure 2]1¢] &S0l thall =43+ A}, <Table 6>2]
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Ei —3}?3@77}}]0 %O] XD1gp-BBP, _‘:I_FL] ‘4__?_ 19[_1;3_-’] .LH
] XDigpigpollA] BRI 7F G238k 2}o]

s ASE el SR 7Y Aolel
& BeAo] Byt b2 ueHolse Hjs) F& Aoz
JeR} St AdiHom gol molFt Hejdle & &
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Table 6. Results of the 3D analysis for the images of wearing brassieres (n=7)

Brassieres A B C D E F
Sig.
Measurements Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
XDenp-rap 160 07 160 04 160 06 16.1 05 156 07 159 07 0751”
XDenp.sp 80° 08 81° 07 85 04 8.1° 0.7 72° 08 81° 07 0023
XDigp-osp 119 02 272 03 121 02 122 405 113 03 122 06 0430
XDigp.ssp 57° 01 57 04 57 04 6.8 05 56> 01 59° 05 0.000
XDigp.mp L7 03 18 02 19° 04 14° 03 19 02 188 03 0010
YDrnp-swp 298 24 294 24 296 23 29.5 24 296 22 302 27 0992
YDenpsp 135 06 143° 06 142" 09 144° 08 133 07 139 04 0026
YDsp.s8p 57 02 56" 01 53" 01 58" 03 59° 02 57 04 0002
YDisp.psp 48° 03 43* 03 31° 05 37" 0.5 50° 13 54 03 0000
YDggp.opp 66> 05 64> 03 590 05 63" 02 62 02 79° 04  0.000
ZDsp-s5p 30° 06 31 04 33 04 40" 05 36° 04 40° 04  0.000
ZDgp.osp 57 03 66 03 79 03 6.7" 02 62 02 70° 04 0.000
ZDsgpexp 51 05 52 06 52 04 57 0.7 54 04 56 06 0299
Dep.es 42 02 41° 04 39 01 3.9 03 37 03 49° 06  0.000
Dep.s 0.9 04 09 1.6 1.7 0.5 1.9 0.3 1.2 1.8 14 0.6 0460
Dep.st 103 03 97° 02 103 03 8.9° 0.6 70° 03 78" 04 0.000
£ (FNP-E-BP) 1629° 38  1666° 44  1602° 75 16407 37 1583° 63 1589° 52 0.049
RCpp 55 03 55 03 5403 4.8 04 43 06 44* 07 0000
RCL 76 15 71> 03 55 14 72° 0.6 88 09 80° 07  0.000
RRCpp 07" 01 08 01 1.0° o1 0.7~ 0.1 05" 01 06" 01 0000
" : Results of Duncan grouping (a=.05), ** : Results of ANOVA (a=.05).
gk o], AAm ol BTk Heldel P A Au EBo] 255 ofEwkA vk sk AFol 9
A Sisirks 2t nejAo] do] ol o] F  gick. Et ol % o xuHoR HpsEo] B4
A%k HslE HolA] s Fosfof o2 & ¢ AT FAL sEEAfel ¥EE Dpp g AlQS FEES £
az £ (FNP-E-BP)7} AA A8 B4k zto] & (FNP-E-BP)oj|x] <} ﬂ}xw}x]ft o= A S A
TE AAzggrold olgt el tigk FrPE AL =W ARdzelRoly oflgtheol T Sk A ofy
sl AL ol um g o]d Yigt sjAe Fojrl Fast BE Al FoE Q)
ot 0.059] A folFFere ARz e
Digp 18p(r=-.360)3} ZDgp opp(r=-.382)9}= FH4TS
Uepo] lxdzte] 314 0] WA edar Aol <Al ¥ V. E9

W 2o wol Welhx) e nolxlopsol A
3 ke AEe] o). ‘o}lEue = XDisp sp

(r_ 352)7]— %] A% ]——7 g, YDIBP BBP(rZ—.388), DBPfEB
(=-311)7} 22gete vehlo] A5 ol} =

oldel ANES FHe B, FFAE ] st A
g7t ve BejlolEe vls Bfixo] B}
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Table 7.

Results of correlation analysis using Spearman's rho between the ranks of wearing appearances by

many evaluators(n=21) and the ranks of measurements from 3D analysis(n=7)

Naturalness Beauty Naturalness Beauty
XDgxp pap 0.234 0.240 ZDgp BBp -0.237 -0.093
XDenp pp -0.041 -0.014 ZDgp opp -0.382" -0.059
XDisp osp -0.028 0.128 ZDBP_FNP 0.007 0.272
XDIBP_BBP 0.126 0.352° Dy £5 -0.189 03117
Disp 18p -0.360° -0.343 Dsp st 0.283 0.208
YDrnp swe -0.262 -0.200 Des.s -0.272 -0.178
YDrxp e 0.063 0.096 2 (FNP-E-BP) 0.550" 0.521"
YDsp pep 0.245 0.247 RCpgp 0.248 0.048
YDigp pp -0.217 -0.338" RCy -0.151 -0.262
Y DBBP_OBP -0.146 -0.111 RRCppr 0.204 0.231
. significant level 0.01 (two-tailed), - significant level 0.05 (two-tailed)
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Figure 2, Shapes and local thicknesses of brassiere B
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