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Categorization of Upper Frontal Torso and Breast Morphology in Middle-Aged
Women Based on 3D Body Scan Anthropometric Data for Body Shaper Design
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Abstract: This study aimed to classify the upper frontal torso and breast morphologies of Korean middle-aged women
(aged 40-59 years) to design body shapers using three-dimensional body scan anthropometric data. A factor analysis of
29 upper body and breast-related measurements identified six key factors: upper body front size and breast volume, breast
and upper body front proportion, upper body front length and breast position, breast projection and cup size, upper body
front height, and nipple distance. Based on these factors, a cluster analysis identified three distinct thoracic body types:
small and wide-set breasts, medium-sized ptotic breasts, and large and high-projection breasts. Each type demonstrated
characteristic differences in breast size, volume, projection, sagging, nipple spacing, and upper-body front structure,
reflecting variations in the morphology of both the breast and surrounding thoracic region. Age-related trends indicated
decreases in breast height and volume, and more pronounced sagging. Unlike conventional two-dimension measurement
based classifications, this study offers a multidimensional and precise classification of the upper frontal torso and breast
morphology using three-dimensional body scan anthropometric data. These results provide valuable foundational data for
the design and development of functional innerwear, such as body shapers, sports bras, and brassieres, supporting cus-
tomized product design that accounts for age related changes in body shape.
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Table 1. Analysis items on this study

y
N
BN
o8
I
%
ofl
)
wn
3

(&'

Bust height

Under bust height

Bust-point breadth

Side neck point to bust point

Side neck point to waist level(Through bust point)
Back neck point to bust-point

Back neck point to waist(Through bust point)
Chest circumference

Bust circumference

®©®oOe®eoe

Bust circumference(Contoured)

®ee 66 6 e & e

Underbust circumference
Midriff circumference
Chest depth

Chest depth(Wall)

Chest depth(Median plane)
Bust depth

Under bust depth

Chest breadth

Bust breadth

Under bust width

Bust cup size(Underbust circumference-bust circumference)
Drop value Bust height-Under bust height
“) Chest circumference-Underbust circumference

Bust circumference-Chest circumference

Index value

) Chest depth (Median plane)/Chest breadth

Bust depth/Bust breadth
Bust-point breadht/Bust breadth

CNCHONGRCICNCRONS)

Bust circumference/Underbust circumference

Back neck point to bust-point/Back neck point to waist(Through bust point)

@ Maximum horizontal distance between the front and back of the torso at the axillary level

(4 Maximum horizontal distance of the chest against a wall

(@ Horizontal distance between the front and back of the chest in the mid-plane at the axillary level
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Table 2. Comparison of 3D measurement data by age

n=732, unit=cm

40S(n = 469) 50S(n=263) Total(n =732)
Measurements t-test

Mean S.D. Mean S.D. Mean S.D.
Height 160.72 513 15763 489  159.61 5.26 8.050%**
Weight(kg) 5.94 1.01 578 091 588  0.98 2.214*
Bust height 11333 460 110.12  4.65 112.17 486 9.030%**
Under bust height 108.70 449 10576 453 107.64 472 8.489%**
Bust-point breadth 15.57 1.70 14.99 1.71 15.36 1.72 4.425%**
Side neck point to bust point 27.37 2.38 27.90 2.50 27.56 2.44 -2.825%*

Side neck point to waist level(Through bust point)
Back neck point to bust-point

Back neck point to waist(Through bust point)
Chest circumference

Bust circumference

Bust circumference(Contoured)

Underbust circumference

Midriff circumference

Chest depth

Chest depth(Wall)

Chest depth(Median plane)

Bust depth

Under bust depth

Chest breadth

Bust breadth

Under bust width

Bust cup size

Bust height-Under bust height

Chest circumference-Underbust circumference

Bust circumference-Chest circumference

Back neck point to bust-point/Back neck point to waist(Through bust point)

Bust circumference/Underbust circumference
Chest depth(Median plane)/Chest breadth
Bust depth/Bust breadth

Bust-point breadth/Bust breadth

65.03 3.09 65.03 3.36 65.03 3.19 0.028
35.25 2.57 3530  2.65 3527 2,60 -0.241
50.71 2.40 49.52 250 50.28  2.50 6.317%%*
9294 722 9230 692 92.71 7.12 1.193
91.30  8.50 90.83 8.83 91.13 8.62 0.708
9127  8.64 90.83 8.79 91.11 8.69 0.661
8190  8.60 82.36 8.97 82.07 873 -0.684
7736  8.70 77.83 8.80 77.53 8.74 -0.703
21.83 240 21.74 233 21.80 237 0.453
2410 272 24.03 2.82 2407 276 0.336
20.15 251 20.08 243 2012 248 0.335
23.60 293 2347 295 2355 294 0.558
2137 294 21.51 3.03 2142 297 -0.625
3202 218 31.64 2.02 31.88 213 2.338*
3115 258 31.04 270 31.11 2.62 0.522
28.66 248 2879 257 28.71 2.51 -0.684

940 274 847 247 9.07  2.68 4.699%**
4.63 0.73 436  0.73 4.53 0.74 4.708%**
11.04 339 994 352 10.64 348 4.177%%*

1.64 259 1.47 2.90 1.58 2.70 0.818
6.95 0.39 7.13 0.45 7.02 0.42 -5.436%**
11.17 0.37 11.05 0.33 11.12 0.36 4.504%**
629  0.60 634  0.60 6.31 0.60 -1.184
7.57 0.59 7.55 0.56 7.56 0.58 0.349
5.00 041 4.84 044 4.94 0.43 5.076%**

™5 <0.001, "p<0.01, p<0.05
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Table 3. Factor analysis of breast of middle-aged women

Factor

Measurements Commonality
1 2 3 4 5 6

Bust breadth 959 .066 .082 .036 010 -125 947
Chest circumference 914 159 294 -019 .006 .079 953
Bust circumference 911 322 240 —-005 -.032 .036 .994
Bust circumference(Contoured) .896 334 250 —-026 -.030 .072 984
Under bust width .894 128 21 =326 .057 .021 .940
Underbust circumference .876 311 194 =301 -.009 .047 994
Chest breadth 870 -.167 313 .010 .080 .071 .894
Midrift circumference .868 305 259 =204 -.057 .029 960
Under bust depth 799 468 261 —-174 -.083 .046 965
Bust depth 776 491 352 012 -.087 .056 978
Chest depth 759 535 227 -030 -.039 .069 920
Chest depth(Wall) 745 AT72 406 026 —.082 .028 950
Chest depth(Median plane) 703 .590 201 045 -.043 .037 .887
Chest depth(Median plane)/Chest breath 278 873 034  -059 -113 -.003 .857
Bust depth/Bust breadth .186 718 464 002 —152 214 .834
Bust circumference-Chest circumference -500 —.608 .008  —.032 118 .094 .643
Side neck point to waist level(Through bust point) 442 .066 794 .003 209 -.027 875
Side neck point to bust point 481 197 .790 025 -204 —-.044 937
Back neck point to bust-point .580 .190 754 075  -.105 .014 958
Back neck point to bust-point/Back neck point to waist(Through bust point) 265 120 618 043 59  -.069 .828
Bust cup size .076 .022 138 962 -074 -.039 957
Bust circumference/Underbust circumference -.182  -.058 .063 952 -064 -051 953
Chest circumference-Underbust circumference -329 —455 113 718 .034 .043 .847
Bust height-Under bust height -.015 185 =277 656 253 .086 613
Bust height -021 -118 —-.081 .070 944 .023 917
Under bust height -019 -150 -040 -.030 933 .010 .896
Back neck point to waist(Through bust point) 527 129 364 .059 .563 .109 759
Bust-point breadth/Bust breadth —-.050 028 -.042 —-.008 .060 989 .986
Bust-point breadth .680 075 .030 .016 .051 .689 947
Eigen value 11413  3.841 3556 3.072 2699 1.590
Contribution proportion(%) 39.354  13.245 12261 10.595 9308  5.482
Comulative contribution proportion(%o) 39.354 52599 64.860 75455 84.763 90.245
Al A™ vlg eqlrolgtal & 4 vk ALfAlE 3.84101%L, A sEd-ArlseldEd’, ArkEEel-drlsoldzol” 2ol A
Al k] 13245%2] AR EE 7HAIAL, A 719182 52.599% 2] o] Falo ek tﬂ 1% =2 7K A 2
ot} 71, 7k EE RS Uehlle 3580] w2 FolEe o

89l 32 EdEAs Y ALl EALEAD), & BRI o] T B2 2 A 371 aleolgtal & & vk
FEEA o], ‘R AEA Do) B REA s EH Aol T IHAE 3.072012, A Ak 10.595%2] AEES 7|,
o] @=o] Fo1oR YEton, ojg &2 A Zeolet 7t A 7182 75.455%0]tt.
=9 XE vehlle #EE0] & FekEe UeERaL 9o 22l 5= BkgEel, Arigoklizol, EFEAE s
Ykl Hdd Aol gl 7l 913 89l ol & ¢ Qv 1L gliddo]” o 5ol Fallew Yeskon, ol 52 7t
AT 3556015, FA A 12261%2] ABEE 7HA, 9] woldl Yehlle d5=0] =2 Fobds HehlaL 9l
T2 7]o18-2 64.860%0]tF. CIHkl AW szo] aQlrolEtal & ¢ Qlrh ALfAlE 2.6999]
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Fig. 1. Distribution of clusters of breast morphology.
Table 4. ANOVA of factor score for upper torso and breast morphology of middle-aged women by 2 clusters n="732
Factor Cluster 1 (n=357) Cluster 2 (n=375) t-test

1 Upper body front size and breast volume —-0.309 0.294 —8.537***

2 Breast and upper body front proportion -0.072 0.068 -1.888

3 Upper body front length and breast position —-0.194 0.185 —5.209%**

4 Breast projection and cup size 0.012 -0.011 0.312

5 Upper body front height 0.218 -0.207 5.87 ***

6 Nipple distance 0.572 —0.544 18.179%%*

P

p <0.001
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Table 5. ANOVA of factor score for upper torso and breast morphology of middle-aged women by 3 clusters n=732
Factor Cluster 1 (n=357) Cluster 2 (n=269) Cluster 3 (n=106) F-value
1 Upper body front size and breast volume -0.309 ¢ -0.052 b 1.171 a 119.123***
2 Breast and upper body front proportion -0.072 b —0.140 b 0.597 a 23.822%**
3 Upper body front length and breast position -0.194 b 0.267 a —-0.024 b 17.017%**
4 Breast projection and cup size 0.012 b 0.308 a —0.823 ¢ 56.007***
5 Upper body front height 0.218 a -0351 b 0.158 a 28.333%**
6 Nipple distance 0572 a -0.679 ¢ -0.202 b 183.887***
***p <0.001, Duncan-test: a>b>c
Table 6. ANOVA of factor score for upper torso and breast morphology of middle-aged women by 4 clusters n=732
Factor Cluster 1 (n=168) Cluster 2 (n=269) Cluster 3 (n=189) Cluster 4 (n=106) F-value
1 Upper body front size and breast volume -0.319 ¢ —-0.052 b -0.299 ¢ 1.171 a 79.326%**
2 Breast and upper body front proportion 0.475 a —0.140 b —0.557 ¢ 0.597 a 57.299%**
3 Upper body front length and breast position —0.154 b 0.267 a -0.230 b —0.024 b 11.517%**
4 Breast projection and cup size 0.533 a 0.308 b —0452 ¢ -0.823 d 81.431%**
5 Upper body front height 0.646 a -0.351 ¢ -0.163 ¢ 0.158 b 43.395%%*
6 Nipple distance 0.513 a -0.679 ¢ 0.624 a -0.202 b 123.249%*%*

M*p <0.001, Duncan-test: a>b>c
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Table 7. Comparison of mean values of measurements by breast morphology in middle-aged women

n =732, unit=cm

Measurements Cluster] ~ Cluster2 ~ Cluster3  Duncan’s Fvalue
0=357) (n=269) (n=106) test
Height 160.34 158.73 159.37 aba 7.434%%*
Weight 5.72 5.85 6.49 bba 27.677***
Bust height 11337 110.62 112.10 acb 26.204%**
Under bust height 108.71 106.14 107.85 aba 24.279%%*
Bust-point breadth 15.68 14.49 16.49 bca 76.417***
Side neck point to bust point 26.65 28.21 29.02 cba 62.669%**
Side neck point to waist level(Through bust point) 64.22 65.38 66.90 cba 34.163%**
Back neck point to bust-point 34.36 35.77 37.02 cba 58.899%***
Back neck point to waist(Through bust point) 50.16 49.76 52.02 bba 34.744%**
Chest circumference 90.49 92.37 101.06 cba 120.286***
Bust circumference 88.23 90.78 101.81 cba 141.021%**
Bust circumference(Contoured) 88.36 90.45 102.04 cba 142.014%**
Underbust circumference 79.37 80.67 94.71 bba 205.204***
Midriff circumference 74.58 76.79 89.37 cba 175.608***
Chest depth 21.10 21.58 24.69 cba 129.136%***
Chest depth(Wall) 23.15 24.10 27.12 cba 110.265%**
Chest depth(Median plane) 19.38 19.92 23.14 cba 128.819%**
Bust depth 22.59 23.50 26.93 cba 117.432%*
Under bust depth 20.47 21.16 25.32 cba 157.920%**
Chest breadth 31.31 31.86 33.86 cba 69.556%**
Bust breadth 30.12 31.28 34.03 cba 122.552%%**
Under bust width 27.95 28.26 3237 bba 209.013%**
Bust cup size 8.86 10.11 7.10 bac 57.238***
Bust height-Under bust height 4.66 4.47 4.25 abc 14.085%**
Chest circumference-Underbust circumference 11.12 11.70 6.35 aab 131.340%**
Bust circumference-Chest circumference 2.26 1.60 -0.76 abc 58.999%**
Back neck point to bust-point/Back neck point to waist(Through bust point) 6.86 7.19 7.12 baa 60.864%**
Bust circumference/Underbust circumference 11.13 11.26 10.76 bac 92.222%*%*
Chest depth(Median plane)/Chest breadth 6.19 6.26 6.84 bba 56.545%**
Bust depth/Bust breadth 7.49 7.52 791 bba 23.615%**
Bust-point breadth/Bust breadth 5.21 4.64 4.85 acb 218.266%**

Wp <0.001, Duncan-test a>b>c¢
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Table 8. 3D scan images of three upper torso and breast morphology types in middle-aged women

Front view Side view Overlapped side silhouette

Type 1
_____ Body type 1
............... Body type 2

— - —— - - Body type 3

Type 2 /
W J

Type 3
\ ~
\ / (
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