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Classification of Torso Shape According to Abdominal Protrusion of Middle-Aged Women

Wolhee Do’ and Jeongeun Lee

Dept. Clothing & Textiles, Chonnam National University/University Industry Liaision Office of CNU Healthcare Ware R&BD Center
/Research Institute of Human Ecology, Chonnam National University; Gwangju, Korea

Abstract: The purpose of this study was to classify the torso shape based on abdominal protrusion caused by changes in the
physical characteristics of middle-aged women. This study analyzed 3D shape data of 401 females ranging in age from 40 to
59 years who participated in the 6th Size Korea project. Based on the Size Korea 3D measurement standard, 27 additional items
such as height, protrusion, and angle were measured in the 3D scan data. Nine factors were extracted from the analysis of con-

stituent factors of the torso: “vertical size of torso,” “flatness and protrusion of abdomen,
size of belly and angle of lower abdomen,” “hip length,” “hip flatness,”

2 <

height,” “bust size and flatness,

2 ”

torso front extrusion,” “upper body
and “horizontal size

of bust.” As a result of the cluster analysis using these nine factors, the torsos of middle-aged women were classified into three
types. Type 1 has upper abdominal deposition with a small and long upper body and an advanced abdomen; type 2 has lower
abdominal deposition with a small and short torso and a small belly and hip flexion; and type 3 has central abdominal depo-
sition with a big and long torso, large breasts, and protruding abdo—men front. The middle-aged women were mostly distributed
in Type 2. The above results will be useful as basic data for the development of clothing with improved fit to accommodate
the changed physical characteristics of middle-aged women.
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Table 1. Analysis items

Category Items

Stature, axilla height, bust height, underbust height, waist hegith, abdominal protrusion height, waist height(omphalion), hip

Height(8) height

Bust point-bust point, waist front length, waist front length(omphalion), neck point to breast point, neck point to breast point

L 8 L R . . . . .
ength(8) to waistline, waist back length(natural indentation), vertical trunk length, waist to hip length
. Chest circumference, bust circumference, underbust circumference, waist circumference(natural indentation), abdominal
Circumference(7) . . R . .
extension circumference, waist circumference(omphalion), hip circumference
. Chest breadth, bust breadth, underbust breadth, waist breadth(natural indentation), abdominal breadth, waist breadth
Width(7) . .
(omphalion), hip breadth
Depth(7) Armscye depth, chest depth, standing, bust depth, underbust depth, waist depth(natural indentation), abdominal depth, hip
P depth
Calculation(2) Upper drop(bust circumference — waist circumference), lower drop(hip circumference — waist circumference)

Table 2. Measurement items of the 6th Size Korea 3D scanned

Category Measurement items

—

Shoulder point to cervical height
Shoulder point to bust height
Shoulder point to underbust height
Shoulder point to waist height
Shoulder point to belly height
Upper Height(11) Shoulder point to upper abdomen 1 height
Shoulder point to upper abdomen 2 height

Shoulder point to upper abdomen height

O 0 9 A W kR W

Shoulder point to lower abdomen middle height

—_
(=]

Shoulder point to lower abdomen height

—_—
—_—

Shoulder point to hip height

—_
[\S)

Cervical protrusion

—_
w

Bust protrusion

—_
~

Underbust protrusion

—_
W

Upper middle abdomen 1 protrusion

—_
=)}

. Upper middle abdomen 2 protrusion
Protrusion(10)

—_
~

Upper abdomen protrusion

[
o]

Belly protrusion

—_
=)

Lower middle abdomen protrusion

[\
(=)

Lower abdomen protrusion

o
—

Hip protrusion

[\
[\

Cervical angle

N
W

Bust angle

Angle(6) 24 Maximum angle of the upper abdomen
el
& 25 Abdominal angle

26 Maximum angle of the lower abdomen

B. Protrusion

27 Hip angle
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Table 3. Factor analysis of upper body of female’s in their 40’S~50’S
Factor Comm-
Measurements | > 3 7 5 6 7 P 9 onality
Shoulder point to belly H/Bust H 0.847 0.110 0.142 -0.184 0.001 —-0.012 -0.071 0.199 0.133 0.846
Shoulder point to upper abdomen middle 2 H/Bust H 0.846 0.093 0.114 0.164 0.008 -0.043 0.004 0.042 0.055 0.771
Shoulder point to upper abdomen middle 1 H/Bust H 0.838 0.114 0.095 0389 0.014 0.009 —-0.006 —-0.045 0.057 0.881
Neck point to breast point to waistline/Bust H 0.757 0.028 0.271 0.100 0.333 -0.060 —0.082 —0.203 0.106 0.831
Shoulder point to underbust H/Bust H 0.729  0.092 0.051 0.550 -0.005 0.023 0.002 -0.095 0.043 0.856
Waist front length(Omphalion)/Bust H 0.723  0.114 0326 -0.122 0.288 -0.085 -0.089 0.075 0.139 0.780
Shoulder point to bust H/Bust H 0.720  0.148 0.035 0.546 0.000 —0.006 0.022 -0.090 0.022 0.848
Shoulder point to lower abdomen middle H/Bust H 0.709 0.120 0.051 -0.100 0.029 0.037 -0.056 0201 0.085 0.583
Shoulder point to waist H/Bust H 0.693 —0.013 —-0.001 -0.142 -0.054 -0.034 0.100 0.067 0.045 0.521
Shoulder point to hip H/Bust H 0.668 0.001 0.001 -0.015 -0.028 0.007 0.536 —0.035 —-0.042 0.738
Neck point to breast point/Bust H 0.657 0.114 0.193 0561 0290 —-0.034 -0.031 -0.132 0.087 0.908
Waist front length,/Bust H 0.656 0.077 0.346 -0.004 0275 -0.102 -0.050 -0.190 0.031 0.682
Waist back length(Natural indentation)/Bust H 0.631 0.213 -0.150 0.072 0.154 -0.028 -0.013 -0.194 -0.105 0.544
Shoulder point to upper abdomen H/Bust H 0.582 0.321 0.038 0.089 0.040 -0.052 -0.013 -0.002 -0.195 0.494
Shoulder point to lower abdomen H/Bust H 0.536 0.171 0.014 -0.098 0.065 0.155 -0.026 0.078 0.051 0.364
Shoulder point to cervical H/Bust H 0353 0.225 0.044 0.103 0239 -0.065 0.137 -0.049 0.035 0271
Waist C./Chest C. 0224 0910 0.077 0.110 0.146 0.046 -0.049 -0.115 0.111 0.948
Upper drop —0.007 -0.872 0.098 -0.055 0.075 -0.073 -0.073 —-0.019 0.165 0.816
Waist C.(Omphalion)/Chest C. 0213  0.843 0.053 0.059 0.056 0.173 0.034 0220 0.197 0.883
Waist D./Chest C. 0.237 0.832 0.166 0.030 0303 -0.126 -0.017 -0.117 0.043 0.901
Waist D.(Omphalion)/Chest C. 0293  0.788 0.192 -0.037 0211 -0.049 -0.060 0.136 0.072 0.819
Waist B./Chest C. 0.149  0.779 —-0.060 0.163 -0.058 0212 -0.093 -0.062 0.189 0.755
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Table 3. Continued.

Factor Comm-
Measurements 1 > 3 7 5 6 7 P 9 onality
Abdominal D./Chest C. 0207 0.671 0.119 0.054 0205 0494 -0.071 0.011 0.008 0.802
Maximum angle of the upper abdomen -0.108 -0.650 —-0.205 0.035 -0.010 0.189 -0.037 0.128 0.442 0.726
Abdominal angle -0.072 -0.643 -0.210 0.040 —0.034 0.191 -0.013 0.129 0.406 0.683
Waist B.(Omphalion)/Chest C. 0.059  0.607 —0.087 0.107 -0.144 0324 0.090 0280 0.307 0.697
Lower drop -0269 -0.570 -0.175 -0.035 -0.301 0.225 0.292 0.503 -0.062 0912
Underbust C./Chest C. 0.002 0.568 0.117 -0261 0.020 0.027 0.001 -0.244 0.531 0.747
Belly protrusion/Chest C. 0.065 0.197 0932 -0.089 0.050 —0.028 0.026 0.039 —-0.070 0.930
Lower abdomen middle protrusion/Chest C. 0.000 0.186 0917 -0.033 0.033 0.038 0.044 -0.059 -0.102 0.895
Upper abdomen middle 1 protrusion/Chest C. 0.130 0.008 0911 -0.047 0.117 -0.047 -0.020 0.025 0.136 0.884
Upper abdomen middle 2 protrusion/Chest C. 0.128 0.145 0903 -0.054 0.099 -0.070 -0.011 0.007 0.036 0.872
Underbust protrusion/Chest C. 0.088 —0.133  0.902 —0.007 0.141 -0.004 -0.049 0.029 0.232 0916
Lower abdomen protrusion/Chest C. 0.006 0.177 0.897 —-0.020 0.051 0.119 0.084 -0.113 —-0.125 0.889
Bust protrusion/Chest C. 0.209 —0.184 0.855 0.170 0.130 0.044 -0.045 0.026 0.217 0.906
Upper abdomen protrusion/Chest C. 0.062 0.132 0.728 -0.027 0.048 -0.143 -0.023 0.002 -0.052 0.577
Bust angle —0.089 0.104 -0.621 0.173 —-0.281 0.078 0.165 0.082 —0.107 0.566
Waist H/Bust H 0.030 0.082 -0.105 0.886 0.015 0.044 0.065 0.088 0.039 0.819
Waist H(Omphalion)/Bust H -0.247 -0.006 -0.159 0.841 -0.082 0.047 0.114 -0.210 —-0.120 0.874
Axilla H/Bust H 0.534 0.032 -0.057 0.676 -0.202 0.038 0.056 0.004 0.090 0.799
Stature/Bust H 0.577 0.086 —0.050 0.644 0.068 0.026 0.107 -0.061 —-0.025 0.779
Chest B./Chest C. -0.147 -0.117 -0.163  0.071 —-0.795 0.009 0.044 —-0.005 -0.123 0.716
Chest D., standing/Chest C. -0.054 0.165 0.105 0.074 0.744 -0.016 —-0.061 -0.034 0.335 0.718
Bust B./Chest C. 0.047 0.008 -0.151 0.181 -0.681 0.097 -0.022 -0.075 0.278 0.614
Underbust D./Chest C. 0.130 0493 0223 -0.027 0.608 —0.043 -0.033 -0.146 0.345 0.824
Underbust B./Chest C. -0.126  0.300 -0.143 —-0.284 —0.589 0.097 -0.015 -0.223 0.239 0.671
Bust D./Chest C. 0352 0.286 0.160 0.384 0.555 -0.006 -0.062 —0.095 0.323 0.804
Hip B./Chest C. -0.303 -0.048 -0.201 0.106 —0.465 0.352 0416 0397 0.121 0.831
Armscye D. /Chest C. 0.287 0.262 —0.034 —0.006 0.451 -0.003 0.028 0.048 —0.342 0475
Underbust H/Bust H -0.333 -0.087 -0.252 0.089 -0.436 -0.002 0.145 0.166 0.006 0.429
Abdominal B./Chest C. -0.029 0.173 -0.097 0.133 -0.141 0.899 0.125 0.106 0.087 0.920
Abdominal protrusion H /Bust H 0.050 0.194 -0.011 0.199 0.070 -0.878 -0.047 0.036 0.126 0.874
Abdominal extension C./Chest C. 0.071 0.444 -0.009 0.117 -0.008 0.851 0.056 0.077 0.062 0.952
Maximum angle of the lower abdomen 0255 0.101 0.173 -0288 0.031 —0.408 -0.229 0348 0.166 0.557
Waist to hip length/Bust H 0.017 —0.060 —-0.032 0.111 -0.053 0.098 0943 -0.018 —-0.013 0.919
Vertical trunk length/Bust H 0.044 —-0.001 -0.019 0.125 -0.027 0.083 0938 -0.083 —0.026 0913
Hip H/Bust H -0.011 0.064 —0.074 0.648 0.035 —0.028 -0.696 0.143 0.055 0.940
Hip D./Chest C. 0.153 0.488 -0.003 —-0.034 0.124 0.170 -0.192 0.608 —0.007 0.713
Hip angle -0.055 0262 -0.008 0.123 -0.065 0.097 0.239 —-0.602 0.057 0.523
Hip C./Chest C. -0.181 0.138 -0.195 0.065 -0.339 0.384 0.382 0.588 0.070 0.853
Bust C./Chest C. 0339 0.237 0256 0.126 0266 0.030 -0.166 -0.202 0.562 0.709
Bust point-bust point/Chest C. 0.111 0.033 0.066 0.004 0.021 -0.043 0.010 0.054 0434 0212
Eigen value 9.63 828 773 472 449 351 334 242 237
Contribution proportion(%) 1553 1336 1246 7.61 7.24 5.66 5.39 3.90 3.82
Comulative contribution proportion(%o) 1553 2888 4134 4895 56.19 61.86 6724 71.15 7497

B: breadth, C: circumference, D: depth, H: height
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Fig. 1. Distribution of clusters of torso shape.
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Table 4. ANOVA of factor score torso bodice type of middle-aged women (n=401)
Type Type 1(n=128) Type 2(n=169) Type 3(n=104) Fovalue
Factor Mean S.D. Mean S.D. Mean S.D.
1 Vertical size of torso 0.462b 0.833 —-0.547a 0.896 0.319b 0.928  56.481***
2 Flatness and protrusion of abdomen —0.152a 0.851 —0.342a 0.848 0.744b 1.019 49.989***
3 Torso front extrusion —0.192a 1.099 —0.051a 0.921 0.320b 0.926 8.202%**
4 Upper body height —0.038a 0914 —0.162a 0.958 0.309b 1.103 7.494%*
5 Bust size and flatness —0.360a 0.882 —0.073b 1.039 0.563¢ 0.820 28.743 %%
6 Size of belly and angle of the lower abdomen 0.168b 0.957 0.123b 0.995 —0.408a 0.955 12.412%%*
7 Hip length —0.065a 0.993 0.199b 1.027 —0.243a 0.905 6.866**
8 Hip flatness —0.483a 0.847 0.259b 0.883 0.173b 1.138  24.822%%**
9 Horizontal size of bust —-0.512a 1.053 0.354¢ 0.866 0.056b 0.872 31.728***

***p<.001, **p<.01, Duncan-test : a<b<c
= A,
3 -
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Table 5. Comparison of mean values of bodice measurements by torso types in middle-aged women
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(n=401, unit=mm)

Type I(n=128) Type2(n=169) Type3(n=104)

Measurement items F-value
Mean S.D. Mean S.D. Mean S.D.

Stature/bust height 143.2b 2.1 141.5a 20 1437c¢ 24 44.285%**
Axilla height/bust height 105.1b 1.1 104.3a 1.2 105.1b 1.6 20.224%%%*
Underbust height/bust height 94.9b 0.7 95.2¢ 0.5 947a 0.8 18.068***
Waist height/bust height 85.0a 1.3 84.9a 1.3 85.6b 1.3 10.152%%*
Abdominal protrusion height /bust height 78.4a 34 78.9a 3.5 824b 44 38.110%**
Waist height(omphalion)/bust height 81.5 1.6 81.2 1.6 81.2 1.9 1.571
Hip height/bust height 68.8a 1.3 68.6a 1.6 69.7b 1.6 18.167%**
Bust point-bust point/chest circumference 194 1.2 19.6 1.0 19.6 1.1 1.468
Waist front length,/bust height 32.7b 1.6 31.5a 1.4 33.2¢ 1.6 49.719%%*
Waist front length(omphalion)/bust height 36.1b 2.0 35.1a 1.8 37.6c 22 48.702%**
Neck point to breast point/bust height 23.6b 2.0 21.9a 1.8 24.8c 23 T72.345%**
Neck point to breast point to waistline/bust height 38.9b 1.9 37.4a 1.6 39.5¢ 1.8 54.949%**
Waist back length(natural indentation)/bust height 37.5b 1.9 35.7a 1.5 37.7b 1.6 57.390%***
Vertical trunk length/bust height 16.1b 1.3 16.3b 1.2 15.9a 1.2 3.579*
Waist to hip length/bust height 16.5b 1.4 16.8b 1.3 16.2a 1.2 7.507**
Bust circumference/chest circumference 99.7a 2.6 99.8a 20 101.4b 22 19.484%**
Underbust circumference/chest circumference 86.5a 2.5 87.2b 22 88.4c 3.0 15.375%**
Waist circumference/chest circumference 88.1b 4.0 86.3a 3.7 924c 45 75.178%**
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Type 1(n=128)

Type 2(n=169)

Type 3(n=104)

Measurement items F-value
Mean S.D. Mean S.D. Mean S.D.

Abdominal extension circumference/chest circumference 95.2 5.8 94.9 5.9 95.6 5.9 0.431
Waist circumference(omphalion)/chest circumference 91.1a 39 91.0a 3.6 95.1b 4.1 43.271%**
Hip circumference/chest circumference 100.0a 40 102.8b 4.5 994a 42 26.117%**
Chest breadth/chest circumference 34.9b 0.9 34.7b 1.0 339a 0.8 33.880%**
Bust breadth/chest circumference 32.8b 1.0 32.5b 1.2 32.0a 1.2 13.648%**
Underbust breadth/chest circumference 30.4b 0.9 30.3b 1.0 29.9a 1.2 5.949%*
Waist breadth/chest circumference 31.3b 1.2 30.8a 14 32.0c 1.3 25.684***
Abdominal breadth/chest circumference 33.8b 22 34.0b 2.5 329a 22 6.513%*
Waist breadth(omphalion)/chest circumference 324a 1.3 32.7a 1.4 33.0b 1.3 7.071%*
Hip breadth/chest circumference 36.4b 1.9 37.8¢ 2.0 354a 20 50.715%**
Armscye depth /chest circumference 13.0b 0.7 12.5a 0.9 13.3¢ 0.8 29.634***
Chest depth, standing/chest circumference 23.1a 1.0 23.7b 1.0 24.4¢ 0.8 48.443%**
Bust depth/chest circumference 26.0a 1.4 26.0a 1.2 27.6b 12 60.848***
Underbust depth/chest circumference 23.3a 1.4 23.5a 1.1 25.1b 1.2 T1.827%**
Waist depth/chest circumference 23.5b 1.7 22.9a 14 25.6¢ 1.8 101.230%***
Abdominal depth/chest circumference 25.6b 1.9 25.1a 1.5 26.8¢c 1.9 29.598***
Waist depth(omphalion)/chest circumference 23.9b 1.5 23.5a 1.3 25.9¢ 1.7 88.509%**
Hip depth/chest circumference 25.5a 1.3 25.7a 1.2 26.6b 1.5 23, 111%**
Upper drop 1083b 346  1225¢ 335 87.5a 389 31.727%%*
Lower drop 109.5b 472  1483c 43.1 67.1a 528 97.109%**
Shoulder point to cervical height/bust height 9.0b 13 8.5a 14 9.6¢ 1.8 17.993***
Shoulder point to bust height/bust height 15.9b 1.4 14.5a 1.5 16.2b 1.7 49.160***
Shoulder point to underbust height/bust height 20.1b 1.5 18.6a 1.7 20.3b 1.8 44 .212%**
Upper abdomen middle 1 height/bust height 23.5a 1.4 22.1b 1.5 23.9a 1.7 52.904%**
Upper abdomen middle 2 height/bust height 26.9b 1.8 25.6a 1.6 27.3c 1.6 42.228%**
Shoulder point to upper abdomen height/bust height 29.3b 2.0 27.1a 2.5 29.8b 1.9 57.987***
Shoulder point to waist height/bust height 28.7b 1.4 27.7a 1.6 28.4b 1.8 15.481%***
Shoulder point to belly height/bust height 33.6b 1.6 32.7a 1.6 34.1c 1.8 25.414%**
Shoulder point to lower abdomen middle height/bust height 36.3b 1.9 35.0a 1.9 36.6b 3.1 20.430%**
Shoulder point to lower abdomen height/bust height 38.6b 3.7 37.2a 2.5 393b 4.0 13.837***
Shoulder point to hip height/bust height 47.0c 1.6 45.6a 1.9 46.2b 1.9 22.224%*%*
Bust protrusion/chest circumference 13.0a 2.6 13.5a 2.1 14.3b 22 8.375%**
Underbust protrusion/chest circumference 10.4a 2.7 11.2b 2.4 119¢c 22 10.572%**
Upper abdomen middle 1 protrusion/chest circumference 11.5a 2.8 12.0a 2.5 134b 23 15.480%**
Upper abdomen middle 2 protrusion/chest circumference 12.8a 29 13.0a 2.6 14.9b 22 21.758%**
Upper abdomen protrusion/chest circumference 14.0a 4.7 13.5a 2.4 158b 3.8 13.363%**
Belly protrusion/chest circumference 13.8a 2.7 13.9a 23 15.5b 23 16.793%**
Lower abdomen middle protrusion/chest circumference 14.1a 2.7 14.1a 22 15.5b 2.7 11.307%**
Lower abdomen protrusion/chest circumference 14.5a 29 14.3a 22 156b 23 9.695%**
Bust angle 61.9b 5.2 61.1b 54 584a 42 14.4]15%%*
Abdominal angle 74.3b 6.1 77.7¢ 6.0 70.6a 6.5 42.551%**
Maximum angle of the upper abdomen 73.9b 6.0 77.9¢ 55 71.2a 6.0 45.178%**
Maximum angle of the lower abdomen 83.7c 7.0 85.2b 7.1 88.9a 5.8 18.226%**
Hip angle 76.1 4.1 753 34 75.5 43 1.791

*¥**p<001, **p<.01, *p<.05, Duncan-test : a<b<c,
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Table 6. Characteristic of torso bodice types
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Name Upper abdominal deposition
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a: Bust line, b: Waist line ¢: Waist line(Omphalion), d: Croch line, e: Side line, f: Back waist line, g: Hip line
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