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Abstract

Although three-dimensional measurement systems for the human body have
been studied, there is still an error between the measurements by the
two-dimensional measurement method and the three-dimensional scanning
method. Especially, in the case of the breast, the outline is not clear. The
breast is made up of subcutaneous fat and mammary gland tissue, and it is
easy to deform, making it difficult to grasp the exact shape. It is also more
difficult to measure photogrammetry or three-dimensional measurement
because it is difficult to obtain subjects because of the shame they are
reluctant to expose. In this study, the angle and length of the line connecting
the measurement points of the breast detail measurement items were
compared with the unchanged measurement items such as breast width and
center front length using the frontal and lateral photographs taken before
and after breast enlargement surgery. The results of the study are as follows.
The types of breast before and after surgery were classified into two groups
and showed high accuracy rate. Therefore, it was possible to classify the
breast type using the frontal and lateral views of the breast, and it was
found that The PRM method can distinguish the characteristics of the breast
type. Therefore, it can be useful for classifying and discriminating breast
types.
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Table 1. Measurement ltems

J-B:Bishoulder to bust point
A-M:Waist front length

Front Side
a|
R S—
: / \
g m\ n
g E
o)
: /LN | N
] L2 1 & G | .
: Wi
D —
5
o
Q.
M \7
A-B:Anterior neck to right bust point
z B-C:Anterior neck to left bust point a-b:Anterior neck to front waist point
@ B-D:Bust point-bust point b-c:Front waist to bust point
g D-E:Chest breadth a-CAnterior neck to bust point
% F-G:Bust breadth a-e:Anterior neck to lower of breast
% H-B:Upper diameter of breast e-c:Lower of breast to bust point
= K-B:Inner diameter of breast n-c:Upper of breast to bust point
3 I-B:Lower diameter of breast |-c:Outer of breast to bust point
o F-B:Outer diameter of breast a-f:Anterior neck to waist line
§ K-L:Space between the inside points of breast n~c:Surface length of upper breast to bust point
0

c~e:Surface length of lower breast to bust point

d|buy

<BAC, £ABC, £ACB

¢2fac, 4fbc, 4cne, 4nec, 4nce, Zeac,
2aec, ¢bac, zabc, zadb
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Table 2. Analysis of Angle and Ratio Items Before Breast Enlargement Surgery

; Een Variance(f%)
Factor Measurements Loading (Cumulative
Value .
Variance)
4nce -.908
Zaec .833
Lacb -.800
Zbac 778
Factor related Zeac 753 1729
to breast Zabe 698 6.891 (17.29)
protrusion : :
4nec .691
Zcne .620
2 fbc .607
£fac .584
Factor related | £BAC -.950
i to degree of Clavicle bisector point~B.P/BP~BP(OB/BC) 884 5 554 13.97
bust point 2ABC .845 ‘ (31.27)
narrowness 2ACB 753
FNP~underbust point/vertical length from FNP to 926
waist line(ae/af) :
waist point(front) ~B.P/vertical length from FNP to
Factors relat.ed waist line(bc/af) -819
m| o the location FNP~B.P/vertical length from FNP to waist line(ac/af) .786 3.771 10.49
and shape of - - 41.77)
the breast base B_P.~ur'1derbust point//vertical length from FNP to 608
waist line(ce/af)
Upper breast point ~ lower breast point/breast
width(HI/KF) 297
Upper breast point ~ lower breast point/vertical
length from FNP to waist line(ne/af) 891
Factors related | Upper breast point ~B.P/vertical length from FNP to 891
" to the length waist line ’ 3397 10.47
of the upper Upper breast point to B.P ridge / B.P to lower ) (52.24)
breast breast ridge(nc/ce) 776
Upper  breast point  ~B.P/B.P~lower breast 506
point(HB/BI) :
FNP~right side B.P/chest width(AB/DE) .855
Factors related | FNP~left side B.P/chest width(AC/DE) 832
v to the BP~BP/chest width(BC/DE) 789 5414 8.98
widening of the | Clavicle bisector point~B.P/chest width(OB/DE) 649 : (61.22)
breast Breast width/distance between inner chest points 605
(DE/KL) ’
Factors related 5 64
VI | to the width of | Inner breast point~B.P/outer breast point~B.P(BK/BF) .825 1.680 66 37)
the inner breast :
Factors related | Breast width/chest width(KF/DE) .650
to breast base's 520
Vil top and Upper breast point ~lower breast points/center front 1.434 .
bottom, left | length((HB+BI)/AM) ~.565 (72.07)
and right width
Postural factors \ill\;Fi’S-{\ll;/r?és(’;bp/);)fl)m(front)/vertlcal length from FNP to 269 s
VIIl | protruding the - - 1.201 .
breasts Outer breast point~B.P/upper breast point ~lower 536 (77.25)
breast points(lc/ne)
X tf)acléc\’/\r;rreblfézgt Shoulder b}sector point~lower breast point/shoulder 940 1010 3.19
length bisector point~B.P(JI/JB) : : (80.44)
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Table 3. Breast Type Clusters Before Breast Enlargement Surgery

Cluster Cluster | Cluster Il t-value
Factor (n=39) (n=56)
Factor related to breast protrusion 169 - 114 1.845
Factor related to degree of bust point
narrowness 283 194 5.403*
Factors related to the location and shape of 174 131 7 160
the breast base
Eactors related to the length of the upper 541 378 23,881 5w
reast
Factors related to the widening of the breast .038 -.042 147
Factors related to the width of the inner
breast -.023 012 027
Factors related to breast base's top and
bottom, left and right width ~054 044 215
Postural factors protruding the breasts 585 -422 30.524%**
Factors related to lower breast length -147 -.058 1.268
More developed breasts ,L';;Z V?/ﬁﬁelr?g Z?e E:jgi
Description of breast type with drqoped & close fsing with left and
breast points .
right breasts
*p<.05. **pd 01 ***p< 001
Table 4. Difference of Angle and Ratio by Breast Type Before Breast Enlargement Surgery
Measurements Cluster | Cluster Il t-value
24.15 21.63
Al ¢fac (4.76) (4.33) 2.69%*
91.97 93.04 )
A2 2fbc (5.30) (4.94) 1.00
19.21 20.95
A3 £cne (4.82) (5.78) 1.54
33.59 28.82
Ad 4nec (8.07) (6.42) 3.20%*
127.49 130.14 B
A5 4Znce (9.91) (9.15) 1.34
9.92 10.20
A6 Zeac (2.89) (2.09) 54
42.26 38.75
A7 Zaec (8.57) (8.39) 1.99%
11.24 10.59
A8 2bac (3.29) (3.18) 97
17.60 14.32
A9 ¢ abc 9.69) (5.38) 2.11%
151.15 154.91
A10 zacb (11.53) (7.70) 1.90
56.18 58.11 )
A1 2BAC (5.14) (4.88) 1.85
61.79 61.02
Al12 £2ABC (2.79) (2.98) 1.28
62.23 61.25
A13 2ACB (2.92) (2.62) 1.71
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(Table 4. Continued)
Measurements Cluster | Cluster II t-value
. .62 .63 )
R1 BP~BP/chest width(BC/DE) (06) (05) .96
R2 | FNP~left side BP/chest width(AC/DE) 66 65 54
(.05) (.05) )
R3 FNP~right side BP/chest width(AB/DE) 67 06 90
right side BP/ches (06) (05) .
. . . . 62 60
~ B/DE ; ;
R4 Clavicle bisector point~B.P/chest width(OB/DE) (06) (08) 1.53
RS | Breast width/chest width(KF/DE) 38 39 -1.54
(.05) (.03) )
. ) . 1.02 .96
R6 Clavicle bisector point~B.P/BP~BP(OB/BC) (1) (13) 2.22%
R7 Upper breast point~lower breast points/chest 1.63 1.83 138
width (HI/KF) (.63) (.73) ]
RS Chest width/distance between inner breast points 9.52 9.46 09
(DE/KL) (3.63) (3.25) '
R9 Inner breast point~B.P/outer breast 1.60 1.59 07
point~B.P(BK/BF) (.52) (.47) )
Upper breast point~B.P/B.P~lower breast 242 2.04
RIO | oint(HB/B) (90) (53) 2.8
R11 Upper breast point~lower breast points/center front 39 40 70
length((HB+BI)/AM) (.05) (13) )
R12 FNP~B.P/vertical length from FNP to waist .60 .60 -10
line(ac/af) (.07) (.05) )
R13 FNP~lower breast point/vertical length from FNP to 72 72 - 68
waist line(ae/af) (.06) (.05) )
R14 Waist point(front) ~B.P/vertical length from FNP to 46 45 80
waist line(bc/af) (.05) (.05) )
RIS FNE~vya|st point(front)/vertical length from FNP to 1.04 1.02 472w
waist line(ab/af) (.02) (.01)
R16 B.P~lower breast point/vertical length from FNP to 15 A7 2 45+
waist line(ce/af) (.04) (.03) )
R17 Upper breast point~ lower breast points/vertical 29 24 350%%
length from FNP to waist line(ne/af) (.08) (.06) )
R18 Upper_breast point~B.P/vertical length from FNP to .29 24 3524%
waist line(nc/af) (.08) (.06)
R19 Surface of upper brea.st point to B.P / Surface of 1.73 1.33 5 0dxxx
B.P to lower breast point(nc/ce) (.45) (.33)
R20 Quter breast point~B.P/upper breast point~lower 56 52 138
breast points(lc/ne) (.15) (.15) )
R21 Shoulder bisector point~lower breast point/shoulder 1.21 1.26 111
bisector point~B.P(JI/JB) (21 (.21) ]
*p<.05. *xpd .01 *xxpd 001
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Figure 1. The Shape of Breast in the Frontal and Lateral Sides by Cluster Type_Before Breast Enlargement Surgery
Note. The bold line represents type | and the dull line represents type .
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Table 5. Standardized Canonical Discriminant Coefficients of Angle and Ratio Items for Breast Shape Discrimination_Before

Breast Enlargement Surgery

Discriminant Variable Canonical D.lscrlmlnant

Function1
¢fac 656
£ABC 637
Upper breast point to B.P ridge / B.P to lower breast ridge(nc/ce) 922
FNP~waist point(front)/vertical length from FNP to waist line(ab/af) .820
upper breast point~lower breast points/vertical length from FNP to waist line(ne/af) 358
Table 6. Probability of Discrimination by Breast Type_Before Breast Enlargement Surgery freq(%)

Prediction Group
Division Total
Cluster | Cluster Il
Clusterl 35(89.7) 4(10.3) 39(100.0)
Actual Cluster
Clusterll 4(7.1) 52(92.9) 56(100.0)
Total 39 56 95(100.0)
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Table 7. Classification Function Coefficient by Breast Type_Before Breast Enlargement Surgery

Cluster | Cluster Il
(constant) -4682.268 -4481.454
¢fac 2.863 2.488
£2ABC 21.142 20.576
Upper breast point to B.P ridge / B.P to lower breast ridge 113.983 107,798
(nc/ce)
FNP~waist point(front)/vertical length from FNP to waist line(ab/af) 7370.268 7229.995
UpperAbreast point~lower breast points/vertical length from FNP to 485313 472.188
waist line(ne/af)
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Table 8. Factor Analysis of CAngle and Ratio Measurements After Breast Enlargement Surgery
] Eigen Variance(f%)
Factor Measurements Loading V. (Cumulative
alue X
Variance)
Upper breast point ~lower breast
points/vertical length from FNP to waist 875
line(ne/af)
Upper breast point~B.P/vertical length 875
Factor related | from FNP to waist line(nc/af) :
to the shape 4nec .800 6.902 (11226011)
of the side Upper breast point to B.P ridge / B.P to ’
breast lower breast point Ridge 755
Outer breast point~B.P/upper breast point 672
~lower breast points(lc/ne) )
Zcne -.626
£2BAC -.893
Factor related 2ABC .807 10.70
I to the degree | Inner breast point~B.P/outer breast 776 4.842 22 '71)
of narrowness | point~B.P(BK/BF) i '
£2ACB .736
FNP~lower breast point/vertical length
Factors related | from FNP to waist line(ae/af) 889
to the degree | FNP~B.P/vertical length from FNP to waist 10.42
i of breast | line(ac/af) 832 4277 (33.12)
drooping Waist point(front) ~B.P/vertical length from 709
FNP to waist line(bc/af) )
FNP~left side BP/chest width(AC/DE) .905
FNP~right side BP/chest width(AB/DE) .884
Factor related =7 bisector int~B.P/chest 9.74
V | to the spacing | C2Vicle pecto pot~B.F/ches 638 2627 :
of the breasts width(OB/DE) (42.86)
Chest width/distance between inner breast
points (DE/KL) ~A93
Zeac .884
2bac 772
Factor related | B.P~lower breast point/vertical length 673 9.07
Vv to the Breast | from FNP to waist line(ce/af) ) 2.348 .
i - : (51.93)
size Shoulder  bisector  point~lower breast
point/shoulder bisector point~B.P(JI/JB) 433
Breast width/chest width(KF/DE) 409
Factors Related £3eC 41
Vi ’ t(c)) Erezsate _£nee ~833 1928 8.62
drooping Upper breast point~B.P/B.P~lower breast 506 ) (60.55)
point(HB/BI) )
Clavicle bisector point~B.P/BP~BP(OB/BC) -917
Factors relgted Lfac 783 8.00
VIl | o the height a5 - gb)hest width(BC/DE) 782 | o4 (68.54)
of the nipple
2fbc .554
zabc 805
Factors related .
vill to breast ___<ach 785 1345 > 81
; FNP~waist point(front)/vertical length from (74.35)
protrusion FNP to waist line(ab/af) ~497
Factor related | Upper breast point ~lower breast 856
to distance points/breast width(HI/KF) ’ 533
X be;vvlii\r/weru%?er Upper breast point ~ lower breast 795 1.167 (79.74)

breast base

points/center front length((HB+BI)/AM)
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Table 9. Breast Clusters After Breast Enlargement Surgery

Cluster Cluster | Cluster I t-value

Factor (n=25) (n=70)
Factor related to the shape of the side - 044 007 048
breast
Factor related to the degree of narrowness 233 -.057 1.594
Factor related to the degree of breast 389 157 5 804+
drooping
Factor related to the spacing of the -380 142 5 198+
breasts
Factor related to the Breast size -716 238 20.364* **
Factor Related to Breast drooping 118 -.048 504
Factor related to the height of the nipple .040 110 472
Factor related to breast protrusion -.769 275 24952 % x*
Factor related to distance between upper 208 149 5 963+
& lower of breast base

Cpmcal with Hemispherical breast with

slightly breast high - ; q
Description of breast type length lower | [Oner nipple. point an

' : longer breast length and
volume and little drooped .
- higher volume
nipple

*p<.05. **pd 01 ***p< 001
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Table 10. Difference of Angle and Ratio by Breast Type After Breast Enlargement Surgery

Measurements Cluster | Cluster Il t-value
30.80 32.41 -1.76
Al “fac (3.73) 4.01)
99.68 99.80 -.03
A2 “fbc (5.43) (17.76)
33.00 33.23 =13
A3 “cne (3.64) (8.26)
37.08 37.14 -.04
Ad “nec (5.16) (6.64)
AS Znce 110.32 109.33 .65
(5.71) (6.88)
16.64 19.01 -4 62%x*
a 4eac (1.37) (2.43)
A7 Zaec 52.68 51.73 .64
(5.89) (6.60)
16.52 19.61 -5.00%**
A8 “bac (1.98) (2.84)
23.64 28.14 -50*
A9 4abc (5.81) (8.30)
139.92 132.26 4.08***
A10 zach (6.56) (8.52)
58.36 59.89 -1.37
A1 £BAC (3.77) (5.10))
60.92 60.64 44
A12 2 ABC (2.53) (2.75)
61.04 59.80 1.78
A13 £ACB (3.08) (2.97)
. 64 66 -2.30*
R1 BP~BP/chest width(BC/DE) (04) (05)
) ) 65 67 -1.41
R2 FNP~left side BP/chest width(AC/DE) (04) (05)
. . . 66 67 -1.03
R3 FNP~right side BP/chest width(AB/DE) (04) (05)
) ) . ) 61 61 14
R4 Clavicle bisector point~B.P/chest width(OB/DE) (05) (06)
4 . 44 46 -2 54
R . . .
5 Breast width/chest width(KF/DE) (03) (03)
R6 clavicle bisector point~B.P/BP~BP(OB/BC) 97 93 167
(.10) (11)
R7 upper breast point~lower breast points/breast 1.06 98 3.37x*
width (HI/KF) (.09) (.10)
RS cheast width/distance between inner breast points 23.57 19.11 2.16%
(DE/KL) (11.11) (7.94)
R9 inner breast point~B.P/outer breast 1.78 1.87 -.97
point~B.P(BK/BF) (31 (4mn
R10 upper  breast  point~B.P/B.P~lower breast 1.41 1.24 1.76
point(HB/BI) (37) (.44)
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(Table 10. Continued)

Measurements Cluster | Cluster Il t-value
R11 upper breast point~lower breast points/center 45 43 1.34
front length((HB+BI)/AM) (.04) (.06)
R12 FNP~B.P/vertical length from FNP to waist 65 63 1.72
line(ac/af) (.06) (.05)
R13 FNP~lower breast point/vertical length from FNP 76 75 .25
to waist line(ae/af) (.06) (.06)
R14 waist point(front) ~B.P/vertical length from FNP to 47 A48 -2.09*
waist line(bc/af) (.04) (.04)
RIS FNP~waist point(front)/vertical length from FNP to 1.05 1.03 41455
waist line(ab/af) (.02) (.02)
R16 B.P~lower breast point/vertical length from FNP to 24 25 -1.86
waist line(ce/af) (.04) (.04)
R17 upper breast point~lower breast points/vertical 27 27 =19
length from FNP to waist line(ne/af) (.06) (.08)
RIS upper breast point~B.P/vertical length from FNP to 27 27 =19
waist line(nc/af) (.06) (.08)
R19 Upper breast point to B.P ridge / B.P to lower 1.01 1.00 M
breast point Ridge(nc/ce) (.26) (.26)
R20 outer breast point~B.P/upper breast point~lower 74 75 -.10
breast points(lc/ne) (.10) (.14)
R21 shoulder bisector point~lower breast 1.30 132 -1.29
point/shoulder bisector point~B.P(JI/JB) (.07) (.08)
*p<.05. *xpd 01 *xxpd 001
ol 9 J= 2915S HFHEH Lbac, Lach, 71& 7b AR EREAA, /0] Sk ERE 5 18
UH]/QFE AL 7HA(DE/KL) H]&, S4A~SBP/ 7 1.4%7F A% BEREo], d5asddy) vus) £ of 4
YH|(AC/DE) HIE, fEd~old 74/ AFRoNA A E74 Aolce 219s & & th
HI/KF), G228 ~BP/dd~old 74 Y-S BET 5 s B 879 FES 9
(Ic/ne), SAH~F|| A/ ZUdHE~3]2|d7ta]  $2720] goto] 7+ 539 ERTGTE Table 130 YeRSI. ©f
(ab/af), HIH~BP/EIA~s|71R]  F=2 ol (ac/af) L §3e &5t=A €71 Sleide AXE 4 539 &
ror FAI} 7 vehdth F84 Aol 2T Lbac, Zach, FHUH/AE A Ae]
QRO AFRE 2 1379} Hl 217 FRe & ZADEKLD  wle, SoE~35B, P/7F—L131(AC/DE)
YHSE, 279S FHUSE Agole] WEEAS Fo UIE SUE~ollE BA/SUNIHUKE), e
7 §9o] WESES Toto] Table 120] AXIstAOH, EA~BP/GEE~olE 7 Ac/e), BFE~Y
Ao WERS 97.9%2 Ueth §88 A 8 B/ 2P~ 51241717 S270](ab/af), B ~B.P/ES}
ES Aot R 257 F 24%o] EHi2A iy A~s1g7HA] £=2-Z0ol(ac/af) F 871 FES didsto] &
gor] oz §3e euls WESR: S8l 96%cln,  FHATL ®A et f3o] ARlo] &7 Yo w
88 2 709 Fof 690 98.6%9] StEE LHl=A T Sf & 4 Stk
I 4 gek = 430 Soks 949d F 19 3 4%
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Figure 2. The Shape of Breast in the Frontal and Lateral Sides by Cluster Type_After Breast Enlargement Surgery
Note. The dull line represents type | and the bold line represents type II.
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Table 11. Standardized Canonical Discriminant Coefficients of Angle and Ratio Items for Breast Shape Discrimination_After

Breast Enlargement Surgery

Discriminant Variable

Canonical Discriminant

Function1
£bac -.596
zacb 91
Chest width/distance between inner breast points (DE/KL) .306
FNP~left side BP/chest width(AC/DE) - 665
Upper breast point~lower breast points/breast width(HI/KF) .695
Outer breast point~B.P/upper breast point~lower breast points(ic/ne) 532
FNP~waist point(front)/vertical length from FNP to waist line(ab/af) 357
FNP~B.P/vertical length from FNP to waist line(ac/af) 1.001
Table 12. Probability of Discrimination by Breast Type_After Breast Enlargement Surgery Freq(%)
Prediction Group
Division Total
Cluster | Cluster II
clusterl 24(96.0) 1(4.0) 25(100.0)
actual cluster
clusterll 1(1.4) 69(98.6) 70(100.0)
Total 39 56 95(100.0)
Table 13. Classification Function Coefficient by Breast Type_After Breast Enlargement Surgery
Cluster | Cluster Il
(constant) -2537.623 -2391.142
£bac 1.310 2.032
zacb 6.667 6.304
Chest width/distance between inner breast points (DE/KL) 1.564 1.453
FNP~left side BP/chest width(AC/DE) -114.329 -70.791
Upper breast point~lower breast points/breast width(HI/KF) 322.109 298.365
Outer breast point~B.P/upper breast point~lower breast points(lc/ne) 112.751 99.981
FNP~waist point(front)/vertical length from FNP to waist line(ab/af) 3028.942 2966.654
FNP~B.P/vertical length from FNP to waist line(ac/af) 859.735 800.324
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