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Classification of Breast Shape of Women Aged 11~15 Using 3D Body Scan Data

Tingting Han, Hwa Kyung SongT, and Kyu Sun Lee
Dept. of Clothing and Textiles, Kyung Hee University: Seoul, Korea

Abstract : The purpose of this study is to analyze and classify breast shape of women aged 11~15 using 3D body scan
data. In this study, 250 women'’s body scans were selected from the 6th Size Korea dataset, and 30 items from each of
the scan were measured using RapidForm XOR 3 program. The principal component analysis and cluster analysis were
conducted using statistical program SPSS 17.0. The five principal components were identified; breast drooping and breast
capacity, size from chest to under bust area, breast protrusion, breast height, and under breast angle & outer distance of
breast. As the results of cluster analysis, woman's breast types were classified into four types. The breast type 1 was pro-
trusion type (25.1%) which is considered as the breast maturity stage. The breast type 2 had the most drooped breast
covering a large area (20.2%). The breast type 3 had the least prominent breast with a highest nipple point, which was
considered as the early breast development stage (38.9%). The breast type 4 had the obesity of the chest and breast cir-
cumferences with the slightly prominent and the least drooped breast (15.8%). This study can provide fundamental infor-
mation to develop sizing system and brassiere pattern for junior girls.
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2.1, Aqchet

B ATE A7) GAe] ABE 11-IHE el o
L}PH Korean Agency for Technology and Standards(2013)
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Table 1. Number of 3D scans sorted from the 6™ Size Korea survey
dataset

Number of 3D scans

Age sorted for this study Source
11 50 Size Korea (2011) dataset (»=134)
12 50 Size Korea (2011) dataset (n=94)
13 50 Size Korea (2013) dataset (n=101)
14 50 Size Korea (2013) dataset (n=106)
15 50 Size Korea (2013) dataset (n=105)
Total 250 Size Korea dataset (n=768)

Table 2. Landmark locations

TR 71EEELoIA AAEE 63F Size Korea 3%
2% ZA AR F sabElOl AR AAEAE, 20114
7~134 e ® Z2AHEAL 201332 13~184] tho =
= H(Table 1). ¥ A7E 11~124] <34<] 33 A

27 2011 Size Korea AFE(Korean Agency for
Technology and Standards, 2011)Z%E, 13~154] «3d<] 37
278 2013 Size Korea AFE(Korean Agency for
Technology and Standards, 2013)2%-E] FZ3}34Th

FHAE B4l A3 AP AF(Cho & Kim 2008; Choi et
al,, 2013; Kim, 2001; Kim & Do, 2010; Yi, 1998)5 A
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20 S Fxste] 7 AR 50, 5§ 2508 A
SFATH Table 1).
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FHEE B3] 93 oA 2452 63} Size Korea

3219 A BR324 (Korean Agency for Technology, 2011,
2013)9} AP AF(Cho & Kim, 2008; Choi et al, 2013;
Kim, 2001; Kim & Do, 2010; Lim, 2003; Yi, 1998)2 37
sled & 11719 71238 S AH 8T Table 2).

YRS =)=, EAIFEEAM), URFEGE), F
AFE(SN), AolE(1470), A=F=2H) & 3009 F5S
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Korea 32Md @Z2AF AF8 6] 23] 0] o] &3fal 1A
SA ] YA
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olgste] 339l A 712EL FAS X, Y, Z 2HE

a Anterior neck

b Lateral neck

c Lateral shoulder

d Mid — shoulder

e Anterior axillary fold
f Nipple

g Anterior waist

h Upper breast
i Lower breast
j Inner breast

k Outer breast
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Table 3. Measurement methods

Items included in Items taken by

ftem Size Korea dataset Rapidform XOR 3
1 Superior breast [ ]
Height 2 Inferior breast [ ]
3 Nipple [ ]
4 Chest [ ]
Girth 5 Bust [ )
6 Under bust (Inferior breast) [ ]
7 Chest [ ]
Width 8 Bust [ )
9 Under bust (Inferior breast) [ ]
10 Chest [ ]
11 Bust [ ]
Depth 12 Under bust (Inferior breast) [ ]
13 Nipple ~ Coronal plane of mesosternum depth [ ]
14 Nipple ~ lower breast depth (]
15 Lateral shoulder ~ nipple [ ]
16 Mid-shoulder ~ nipple [ ]
17 Anterior neck ~ nipple [ ]
18 Lateral neck ~ nipple [ ]
19 Center front line ~ inner breast [ )
20 Inner breast ~ inferior breast ~ outer breast [ ]
21 Superior breast ~ nipple surface length [ ]
Length
22 Superior breast ~ nipple straight length [ ]
23 Nipple ~ lower breast surface length [ ]
24 Nipple ~ lower breast Straight length [ ]
25 Nipple ~ inner breast surface length [ ]
26 Nipple ~ inner breast Straight length [ ]
27 Outer breast ~ nipple surface length [
28 Outer breast ~ nipple straight length [
Angle 29 180° - (superior breast — nipple — anterior waist angle) [ ]
30 Under breast — nipple — anterior waist angle [ ]
=2 7|59 = Front, Top, Right Plane®|t} A|Z2 Planes 3. 41} g =9
o)
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Nipple ~ lower breast depth (14)

Nipple = lateral shoulder, mid-shouldr, Center front line ~ inner breast length
anterial neck, lateral neck length (19)

(15,16, 17, 18)

Inner breast ~ inferior breast ~ outer breast
length (20)

Superior breast ~ nipple
surface length(21)

@

Superior breast ~ nipple
straight length (22)

£

Outer breast ~ nipple straight length (28) waist angle) (29)

180° - (superior breast ~ nipple ~ anterior

Nipple ~ inner breast straight length (26) | Outer breast ~ nipple surface length (27)

Under breast ~ nipple ~ anterior waist

angle (30)

Fig. 1. Measurement locations.
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Table 4. Results of principal component (PC) analysis

Measurement items PC 1 PC 2 PC 3 PC 4 PC 5
Superior breast ~ nipple straight length .92 .03 11 A1 .07
Superior breast ~ nipple surface length .92 .07 .19 13 .03
Mid-shoulder ~ nipple .88 27 24 21 -.00
Lateral shoulder ~ nipple .88 23 21 27 -.07
Breast drooping &  Lateral neck ~ nipple .87 24 26 25 .03
breast capacity Anterior neck ~ nipple 83 29 28 18 12
Inner breast ~ inferior breast ~ outer breast 72 27 .55 23 .00
Outer breast ~ nipple surface length .62 35 .56 A1 -24
180° - (Upper breast ~ nipple ~ anterior waist angle) .58 .26 49 .02 36
Nipple ~ inner breast surface length .55 35 .55 .16 33
Bust width 22 .87 24 11 .03
Chest circumference 21 .86 .26 21 .10
Chest width .14 .85 A1 11 -07
Size from chest Under bust depth -.18 85 13 -.04 .01
to under Under bust width 35 .83 .09 17 .05
bust area Under bust circumference 38 .82 13 21 .09
Bust circumference .36 78 .39 .19 .07
Bust width 31 .78 42 .10 .01
Chest depth .14 .76 33 -01 -.03
Nipple ~ lower breast surface length 40 .26 77 23 13
Nipple ~ lower breast Straight length .14 20 .76 37 -.04
Breast Center front line ~ inner breast length -20 -.14 =71 -.06 27
protrusion Nipple ~ lower breast depth 53 27 .63 .06 29
Nipple ~ inner breast Straight length 47 35 .60 18 35
Nipple ~ coronal plane of mesosternum depth 53 25 .54 .14 -28
Inferior breast height .20 15 12 94 -07
Breast height Bust height .20 17 22 93 -.07
Superior breast height 41 .16 22 .86 -.04
Under breast angle Under breast ~ nipple ~ anterior waist angle .36 31 .08 -17 15
& outer distance
of breast Outer breast ~ nipple straight length 32 40 32 11 -.67
Eigen values 8.76 7.68 5.76 332 1.8
Variance (%) 2742 23.99 17.99 10.37 5.5
Cumulated variance (%) 27.42 51.41 69.40 79.77 85.23
7P 2 s veith ASA dael gk 2kl 29E © 5 FIE T 7P A UEh Tise] 7R Bel &
AuEd, {9 1 FTAol, o7 ~EEAA, o =9 delietr & 5 siok e AR TP 24 b
MERBEA, B9 -BEA, 5902524 38 Eft e SHEEEIE Wl W Zo® Jepth & &
FE T T Ar Sohke Holo|lx A EE 2 @ 1= FEe] dAG EFel AL o] 7P Bel &5
o= vepdth gk szl 3 A E F0 A S ety & 5 ok
=2 Ueht 71 AR EE7E Bl BEsie 18] Bel 2A #9 2= 7 AR AR 2 84 @Y el 7
A 2 FEHE Yestth vk - uvl - A 32 2 2 ghol vERAAL 7] HIvke gRl(@Rl 2t TEEE 4
UeEAY S A= Uehd 71 97 HiRtkelA] o= A &= @Sl 3pide S22 velllen 1U91A 2@
o7 yepytth S~ 7P 2A veseH 4ok F8 st B 9F FEjad@s! 5 TP 22 %k
A, rksEd-AreollEd § ke &S R < Uebleh ASA Hael e 24 A AvEd,
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Table 5. Means of principal component scores and F-values from ANOVA analysis
Breast Type 1 Type 2 Type 3 Type 4
types  (#=62, 25.1%) (n=50, 20.2%) (n =96, 38.9%) (n =39, 15.8%) F
Principal components M (SD) M (SD) M (SD) M (SD)
1 Breast drooping & breast area -0.11(0.67) b 1.21(0.81) ¢ -0.20(0.82) b -0.88(0.59) a  63.978*%**
2 Size from chest to under bust area -0.55(0.63) a 0.19(0.73) b -0.35(0.67) a 1.48(0.96) ¢ 74.656%**
3 Breast protrusion 0.90(0.63) c 0.18(0.74) b -0.79(0.82) a 0.29(0.64) b T1.407***
4 Breast height 0.04(0.84) bc  -0.68(0.75) a 0.36(1.08) c -0.08(0.86) b 13.862%**
5 E‘S‘i‘:cebrs?s;rzzsgtle & outer 0.69068) ¢  -040(1.02) a  -0230.89) ab  -0.02(1.13) b  16925%**
***p<.001, a<b<c
OB BEAR, HAHAEAN T ke A 2 &4 o 7Rs vk AE 29292 2 TREEE AR 290189 3)
Ehbe BE e 7P A vea ekl Eel # 7P A2 S, A el o2 P 2 2 e
WS vk 58 7P WA vYeiseu R o] /Y Wtk AIEA] Heto] mE B4R A3E AR, FHT
AT dEsl Tige] TR el MAe delea & A7, o], opledAEAY S SR e
T Stk 7 =8l - v - A 5 7RSO HIRE e E v wA] 7hs A A 3 84S Yehue 352 BF 7P
Bl BE 35 {98 T 0 A== et 78 79 A bt 3 il Ee] B EeIxE vehke
of Btk A2 A2 o= siNdEn. A, A7sdel, FE W UEY 2 ARAA AL 8 AR EEe] A
rlEEd Ao EdE A Ve e AR E e gt & 5 vk JksEd - e - A 7k viRE
2 SHAE A vER 78 s dEE Zle AEE Yehe B 359 el 7P 2 vEh 7
2 Uegth & 79 2e 7keel ok wdahal eIt AAZE Weket dejztar & = vk AR e
7P g ISF7] 9AR Add Aol AA YepaL F85, 2Ukgde] 5 VkeEE Ak
9 32 7 AR A= 2 84 el @ 1t sk Uehbe @53 et ar s, 1ESAE fY sk 3
3 oSH 2@l 5 FEE T T AR UEEY QIEH vl 359 3 2T 7P 2 veRd BBlg
Table 6. Means of measurements and F-values from ANOVA analysis
Measurement items Type 1 Type 2 Type 3 Type 4 F
Superior breast ~ nipple straight length 5.68 b 7.49 c 5.25 b 4.46 a  39.16%**
Superior breast ~ nipple surface length 6.70 c 8.76 d 5.94 b 5.19 a  40.71%**
Mid-shoulder ~ nipple 19.87 b 22.78 c 18.81 a 1891 a  31.80%**
Lateral shoulder ~ nipple 19.81 b 22.72 c 1898 ab 18.61 a  26.81%**
Lateral neck ~ nipple 2237 b 25.14 c 2091 a 21.04 a  28.99%**
rel Anterior neck ~ nipple 18.04 b 19.91 16.71 a 17.15 a  28.22%%*
Inner breast ~ inferior breast ~ outer breast 19.09 c 21.18 d 16.23 a 17.97 b 37.69%**
Outer breast ~ nipple surface length 8.76 b 10.48 c 7.23 a 8.73 b 4220%**
180° - (Upper breast ~ nipple ~ anterior waist angle) 37.25 c 39.09 c 25.71 a 32.69 b 45.22%**
Nipple ~ inner breast surface length 7.01 be 7.33 c 5.59 a 6.74 b 34.47%*%*
Bust width 25.96 27.58 b 25.50 a 29.34 C 5351k
Chest circumference 79.87 82.46 c 77.56 a 88.06 d  38.50%*x*
Chest width 27.07 a 28.74 b 2742 a 30.63 C 3543k
Under bust depth 16.31 ab  16.86 b 16.15 a 20.25 C 57.52%kk
PC 2 Under bust width 24.16 a 25.81 b 24.20 a 26.73 ¢ 33.46%**
Under bust circumference 69.42 a 74.27 b 68.64 a 76.89 c  32.5]%*x
Bust circumference 79.75 b 84.03 c 75.33 a 87.56 d  45.56%**
Bust width 19.82 b 20.99 c 18.28 a 22.18 d  42.95%**
Chest depth 18.17 b 19.51 c 17.29 a 20.82 d  35.88%**
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Table 6. Means of measurements and F-values from ANOVA analysis (continued)

Measurement items Type 1 Type 2 Type 3 Type 4 F
Nipple ~ lower breast straight length 5.23 c 471 b 3.99 5.04 be 26.12%%*
Center front line ~ inner breast length 1.53 a 1.40 a 2.14 b 1.56 a 18.20%**
PC 3 Nipple ~ lower breast depth 3.74 377 c 1.85 a 2.96 b 51.938%**
Nipple ~ inner breast Straight length 6.90 6.98 b 543 a 6.64 b 34.44%**
Nipple ~ Coronal Plane of Mesosternal depth 2.78 3.61 c 1.92 2.56 b 25.19%**
Inferior breast height 105.66 ab 104.01 a 106.74 b 105.67 ab 2.76*
PC 4 Bust height 110.97 108.78 110.98 110.85 1.79
Superior breast height 116.65 116.27 116.23 11532 0.32
Under breast ~ nipple ~ anterior waist angle 4747 b 46.77 b 40.37 a 45.60 b 15.08%**
pes Outer breast ~ nipple straight length 4.44 a 5.64 b 4.61 a 5.36 b 23.25%%*

#p<.05, #*p<.01, ***p<.001, a<b<c

AT & 5 dek 5 K9 32 Y-S ws
o] NAHE g AN Fe fPNY 27 Wletn &
& ek,

[¢}

59 4= 715 AQ A% 2 84 2909 )N

Table 7. Characteristics and silhouettes of four breast types
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- The least drooped breast
- Breast development: Between early and mid - maturity stage

Types Characteristics Lateral view n (%)
Twoe 1 The most prominent breast 62
P - Breast development: Maturity stage (25.1%)
Tvpe 2 The most drooped breast covering a large area 50
P - Breast development: Mid - maturity stage (20.2%)
Tope 3 The least prominent breast with a highest nipple point 96
P - Breast development: Early stage (38.9%)
- The largest chest, bust, under bust circumferences : Q
- Slightly prominent breast . . A 39
Type 4 (15.8%)
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Table 8. Crosstabulation according to four breast types and ages (%)

Age
Breast 11 12 13 14 15 Total
types
Type 1 9 8 13 18 14 62
P (3.6) (3.2) (5.3) (7.3) 5.7 250
Type 2 1 1 23 12 13 50
P 0.4) 0.4) 9.3) 4.9) (53)  (202)
Tvpe 3 25 23 12 15 21 96
P (10.1)  (93) 4.9) 6.1) 8.5) (389
Type 4 15 18 2 3 1 39
P 6.1) (7.3) (0.8) (1.2) 04) (15.8)
50 50 50 48 49 247
Total

(202) (202) (202) (194) (19.8) (100.0)
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