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Classification of Torso Shapes of Women Aged 35-54

- Based on Measurements Extracted from the 8th Size Korea Scans -

Yu Ruil), Eun Joo Ryu, and Hwa Kyung Songl)T

])Dept. of Clothing and Textiles, Kyung Hee University, Seoul, Korea
Dept. of Fashion Industry, Ewha Womans University; Seoul, Korea

Abstract: Body shape is the most influential factor in determining the quality of clothing fit. Women’s body shape begins
to change significantly in their mid-30s; therefore, this study aimed to classify and analyze the torso shapes of women
aged 35-54 years. This study selected 200 3D body scans of women from the 8th Size Korea Survey database (2021).
Using the Grasshopper algorithm developed in a previous study, 17 landmarks were automatically detected and 57 mea-
surement values were generated. Using principal component analysis, 11 components (overall body size, upper body
length, back protrusion, upper body slope, neck position, neck inclination, hip length, bust prominence, abdominal prom-
inence, shoulder slope, and buttock prominence) were extracted. Three torso types were identified using K-means clus-
ter analysis. The three body types were significantly different on nine component scores. Among the three torso types,
Type 1 (37.5%) has the longest upper body and the flattest back and hips. Type 2 (31.0%) has the most curved back and
forward upper body. Its abdomen is the flattest, and its shoulders are the most sloped. Type 3 (31.5%) has the shortest
upper body, the most protruding hips, and the largest overall body size. This paper proposes two discriminant functions

for identifying a new person’s torso type.
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Table 1. Number and percentage of subjects in each age and BMI category
BMI group Underweight Normal Overweight Pre-obese Obese

Age group (<18.5) (18.5-22.9) (23-24.9) (25-29.9) (=30) Total
n 4 30 8 6 2 50
3539 % 8.2% 60.3% 15.8% 12.6% 3.2% 100%
n 3 27 9 8 2 50
404 % 6.3% 54.5% 18.2% 16.8% 43% 100%
n 2 24 10 12 3 50
549 % 3.6% 48.4% 19.6% 23.1% 53% 100%
n 1 24 11 10 3 50
2034 % 2.0% 48.5% 22.8% 20.8% 5.9% 100%
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Fig. 1. Process for automatic detection for landmarks and generation of measurements (Guo et al., 2023).
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Table 2. Measurement location

Height Circumference 39 SW-BN angel

1 BN-waist height 20 Bust circumference 40 SW-scapular angle
2 FN-waist height 21 Waist circumference 41 SW-back protrusion angel
3 SN-waist height 22 Abdomen circumference 42 FW-abdomen angle
4 SH-waist height 23 Hip circumference 43 FH-abdomen angle
5 Scapular-waist height Angle 44 SW-mid point of hip depth
6 BP-waist height 24 SN-SH-FN angle 45 BW-hip angel
7 BN-FN height 25 SN-SH-BN angle Ratio
8 Waist-hip height 26 SN-SH-back protrusion angel 46 BMI
9 Waist-abdomen height 27 SH-back protrusion angel 47 Hip girth / Waist girth

Length &Width 28 SN-SH angle 48 Waist girth / Hip girth
10 BN-BW length 29 Shoulder angle 49 Abdomen girth / Hip girth
11 SN-BP length 30 BN-FN angel 50 Bust girth / Underbust girth
12 SN-BP-waist length 31 BN-scapular angel 51 Bust girth / Waist girth
13 FN-SH length 32 BN-back protrusion angle 52 Abdomen girth / Underbust girth
14 BN-SH length 33 Waist-back protrusion angle 53 Waist girth / Underbust girth
15 Across shoulder length 34 FW-BP angel 54 Underbust girth / Waist girth
16 SN-SH length 35 SW-BP angel 55 Abdomen girth / Waist girth
17 Hip length 36 SW-FN angel 56 Abdomen girth / Bust girth
18 Width between back protrusion 37 SW-SN' angel 57 Waist girth / Bust girth
19 Shoulder width 38 SW-SH angel

Note. Back neck(BN), Front neck(FN), Side neck(SN), Bust point(BP), Shoulder(SH), Side waist(SW), Front point at hip level(FH), Front waist(FW),
Back waist(BW)
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Table 3. Component matrix from final principal component (PC) analysis
PC Measurement variable 1 2 3 4 5 6 7 8 9 10 11
Girth: waist 0929 0.098 -0.094 —0.092 0094 —-0.031 -0205 —0.110 0.117 —-0.002 —0.018
Girth: bust 0928 0.020 -0.048 0.025 0049 —-0.146 -0.013 0240 —0.021 -0.069 0.022
Girth: abdomen 0.899 —0.025 -0.030 -0.105 0.084 —-0.047 0026 —-0.029 0349 —0.064 0.056
Width: between shoulder 0.871 —0.034 —0.065 —0.023 —-0434 0.021 0020 0020 -0.124 —0.015 0.049
Length: front neck-shoulder 0.853 —0.070 -0.193 -0.041 —0.405 —-0.007 0.039 -0.015 —0.097 —0.022 0.039
Length: back neck-shoulder 0.848 —0.073 0.177 -0.019 -0407 0033 -0.005 0003 -0.22 0.107 0.047
Overall 1 oth: across shoulder 0.847 —0.079 0205 —0.024 —0390 0033 —0014 0002 —0.125 0091 0.047
bs?jey BMI 0.789 -0.076 -0.013 —-0.126 0.051 -0.072 -0.066 —-0.124 0050 0049 0.126
Girth: hip 0753  0.111 -0.047 -0.110 0.037 -0.056 0336 —-0.030 0255 0048 0338
Waist girth / Hip girth 0732 0052 -0.098 —0.050 0099 —0.004 —0.539 —-0.130 —0.017 —0.040 —-0.274
Hip girth / Waist girth —0.713 -0.049 0.102 0054 -0.108 0.000 0567 0.125 0018 0027 0250
Length: side neck-bust point 0701 0.130 0.177 0060 0025 0101 0146 0339 0169 0316 —0.128
Width: between back protrusion  0.694 0.181 -0357 0.101 -0.250 -0.032 —0.033 0.038 -0.126 0077 0.007
Abdomen girth / Hip girth 0.660 —0.175 -0.001 -0.052 0.104 -0.019 -0362 -0.011 0314 -0.166 —0.296
Height: side neck-waist 0004 0969 -0.054 —0.041 0015 0.126 -0.051 —0.012 —0.001 0.153 —0.046
Height: back neck-waist 0.096 0952 -0.108 —0.065 0037 0205 —0.072 —-0.046 —0.001 0.081 -0.024
Height: front neck-waist 0.120 0948 -0.026 0.025 0032 -0.185 —0.081 0015 -0.033 0.107 -0.024
Iiggir Height: shoulder-waist —0.161 0932 -0.077 —0.058 0.132 0.129 —-0.034 —0.031 0.008 —0201 —0.060
length  1eight: scapular-waist -0.228 0918 -0.064 —-0.034 0068 0.113 —-0.071 -0.029 -0.020 -0219 —-0.021
Length: back neck-back waist 0.183 0.896 -0.155 0.001 0084 0256 -0.132 -0.036 0003 0073 0.009
Length: side neck-bust point-waist 0.286 0.882 0.132  0.096 —0.020 —0.096 -0.008 0233 0004 0.110 -0.054
Height: bust point-waist -0318 0811 -0.035 0075 -0.022 —0.145 —-0.172 -0.141 -0.149 —-0.170  0.059
Angle: side neck-shoulder 20022 -0.076 0965 0042 —0018 0066 —0.032 0.043 —0.105 0.32 —0.008
Back  Angle: front neck-shoulder-side neck —0.118 -0.078 0.895 0.049 0.313 -0.185 0.019 -0.011 -0.092 -0.006 0.002
protrusion Angle: back neck-back protrusion  0.036  0.113 -0.729 -0.288 0227 0.327 -0.168 0.045 -0.110 0.006 0.013
Angle: back neck-scapular 0.086 0.108 -0.716 —-0.403 0241 0335 -0.152 0.006 -0.045 -0.183 0.020
Angle: side waist-shoulder —0.089 0.040 —0.300 0914 —0.085 —0.168 0018 0004 —0.023 0.027 —0.028
Upper Angle: side waist-side neck ~0.130 0015 0358 0.897 —0.084 —0.120 —0.007 0.043 -0.071 0.018 —0.018
body  Angle: side waist-back neck 0.022 —-0.154 0372 0.857 -0.039 -0.258 0.031 0031 -0.087 0.000 0.002
slope  Angle: side waist-front neck ~0.283 0204 0323 0845 -0.124 —0.006 —0.044 0060 -0.048 0.051 —-0.042
Angle: back waist-back protrusion  0.241 -0.238 -0.179 0.562 0.184 0284 -0.208 -0.019 -0.078 0.128 0.374
Angle: shoulder-back protrusion -0.228 0218 0211 -0245 0.769 0237 -0.212 -0.053 -0.062 0.032 -0.012
pl\ls?t(;]:)n nguf;iz;de neck-shoulder-back o 00¢ 0208 0497 —0205 0760 0002 -0.107 —0.096 0028 —0.016 0.002
Angle: side neck-shoulder-back neck ~0.204 -0.018  0.058 0.046 0725 -0.534 0.100 -0.094 0.024 -0.024 0.036
Neck  Angle: back neck-front neck —0278 0.165 —0.176 —0.166 —0.060 0.877 —0.030 —0.093 0.089 —0.010 —0.037
inclination Height: back neck-front neck -0.037 0.156 -0.193 -0202 0.016 0.872 0.007 -0.138 0.069 -0.044 -0.004
Hip  Height: waist-hip —0.009 -0.447 0.112 0025 —-0.090 0003 0.805 0036 0014 0021 0.010
length  Length: waist-hip -0.058 —-0.137 0.008 —0.081 —0.001 -0.044 0792 0.021 0.004 -0.057 -0.164
Bust girth / Underbust girth 0204 —0.038 -0.142 0.096 —0.075 —0.070 —-0.078 0.820 0236 0071 0.120
pmi?;;nceBust girth / Waist girth -0378 -0.156 0.122 0230 -0.104 —0.178 0397 0.613 —0279 —-0.124  0.062
Angle: front waist-bust point —0444 0106 0281 -0238 —0.086 -0209 0271 0.605 —0.006 —0.060 —0.109
p/;t;gio;lz:eAbdomen girth / Underbust girth ~ 0.104 —0.116 —0.085 -0.160 0.001 0125 0014 0.136 0892 0057 0.143
S}:l’s;‘ier Angle: shoulder 0029 —0.001 0068 0086 —0.008 —0.041 —0.040 0004 0038 0965 0010
Buttocks L
rominence NSl back waist-hip 0.047 -0.086 -0.004 -0.011 —0.006 —0.043 -0.062 0064 0.115 —0.012 0.861
Eigen value 1022 740 415 409 282 268 268 182 144 137 136
% of variance 2322 1683 942 928 642 610 609 413 328 3.1  3.10
Cumulative % 2322 4005 4947 5875 65.17 7127 7736 8148 8476 87.87 90.97
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Table 4. Results of ANOVA for 11 principal component(PC) scores

Group Group 1 Group 2 Group 3

PC (n=75, 37.5%) (n=62, 31.0%) (n=63, 31.5%) F

1 Overall body size -0.23(0.95) A -0.05(1.04) A 0.32(0.95) B 5.340**

2 Upper body height 0.46(0.85) C -0.07(1.00) B —0.48(0.93) A 17.850**

3 Back protrusion 0.42(0.69) B —0.98(0.77) A 0.47(0.81) B 76.014%*

4 Upper body slope -0.02(0.86) AB -0.30(0.90) A 0.31(1.16) B 6.116%*

5 Neck position 0.20(1.13) B 0.03(0.79) AB —0.26(0.98) A 3.814%*

6 Neck inclination 0.07(1.07) AB -0.26(1.00) A 0.17(0.87) B 3.194%*

7 Hip length —0.14(1.00) 0.08(0.93) 0.09(1.07) 1.234

8 Bust prominence -0.06(1.07) —0.08(0.84) 0.14(1.06) 0.970

9 Abdomen prominence 0.18(1.01) B —0.38(0.93) A 0.16(0.97) B 6.943**

10 Shoulder slope —0.23(0.93) A 0.40(1.07) B —0.13(0.90) A 8.011%*

11 Buttocks prominence —-0.65(0.67) A 0.05(0.91) B 0.73(0.90) C 47.474%*
** p<0.01, A<B<C
Note. Component 3 (back protrusion): The larger the value, the less the back protrudes.
Component 4 (upper body slope): The smaller the value, the more the upper body leans forward.
Component 6 (neck inclination): The larger the value, the more the neck leans forward.
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Table S. Means of three torso shape groups on 44 body measurements

Group 1 (n=75, 37.5%)  Group 2 (n=62, 31.0%)  Group 3 (n=63, 31.5%)

Component & variable

Mean Mean Mean

PC 1: Overall body size -0.23 A —-0.05 A 0.32 B 5.340%*
Girth: waist 71.72 78.96 79.90 0.926
Girth: bust 88.08 A 89.79 AB 9224 B 4.212%
Girth: abdomen 87.19 A 87.55 A 91.21 B 4.829**
Width: between shoulder 31.60 A 33.15 B 34.28 C 13.229%**
Length: front neck-shoulder 16.56 A 17.77 B 17.99 B 13.520%**
Length: back neck-shoulder 17.58 A 17.98 A 19.09 B 13.301**
Length: across shoulder 35.19 A 35.82 A 38.24 B 13.229%**
BMI 21.35 A 22.26 AB 23.23 B S5.117**
Girth: hip 93.45 A 95.63 B 98.06 C 10.725%*
Waist girth / Hip girth 0.83 0.83 0.81 0.959
Hip girth / Waist girth 1.21 1.22 1.24 0.929
Length: side neck-bust point 26.64 AB 26.19 A 27.12 B 3.201*
Width: between back protrusion 18.55 A 19.97 B 19.30 B 7.531%*

Abdomen girth / Hip girth 0.93 0.92 0.93 2.199
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Table 5. Continued.

Group 1 (n=75, 37.5%)  Group 2 (n=62, 31.0%)  Group 3 (n=63, 31.5%)

Component & variable

Mean Mean Mean
PC 2: Upper body length 0.46 C -0.07 B -0.48 A 17.850**
Height: side neck-waist 38.59 C 37.55 B 36.13 A 19.443**
Height: back neck-waist 40.22 C 39.28 B 37.89 A 16.481**
Height: front neck-waist 34.83 C 34.02 B 32.75 A 14.931**
Height: shoulder-waist 34.83 C 33.11 B 31.79 A 29.112%*
Height: scapular-waist 29.29 C 27.65 B 26.52 A 25.376%*
Length: back neck-back waist 41.83 B 41.12 B 39.73 A 11.275%**
Length: side neck-bust point-waist 43.02 B 41.55 A 41.37 A 10.264**
Height: bust point-waist 16.12 A 15.02 B 13.77 A 17.282%*
PC 3: Back protrusion 0.42 B -0.98 A 0.47 B 76.014**
Angle: side neck-shoulder 1.89 B —6.17 A 2.79 B 63.104**
Angle: front neck-shoulder-side neck 16.92 B 13.50 A 16.67 b 38.443**
Angle: back neck-back protrusion 16.01 A 19.45 B 15.16 A 38.831**
Angle: back neck-scapular 20.28 B 23.73 C 18.9 A 26.316%*
PC 4: Upper body slope —-0.02 AB -0.30 A 0.31 B 6.116**
Angle: side waist-shoulder 4.74 5.35 522 0.899
Angle: side waist-side neck 4.78 B 2.99 A 5.45 B 16.738**
Angle: side waist-back neck 11.01 B 9.71 A 12.27 C 17.376%*
Angle: side waist-front neck —2.24 B -4.71 A —2.34 B 15.003**
Angle: back waist-back protrusion 10.08 A 11.65 B 13.31 C 21.508**
PC 5: Neck position 0.20 B 0.03 AB -0.26 A 3.814*
Angle: shoulder-back protrusion 56.54 B 54.30 A 53.38 A 13.149%*
Angle: side neck-shoulder-back protrusion 71.56 B 73.98 C 67.27 A 33.689%**
Angle: side neck-shoulder-back neck 3221 B 32.07 B 31.11 A 3.424%
PC 6: Neck inclination 0.07 AB —0.26 A 0.17 B 3.194*
Angle: back neck-front neck 30.54 B 29.02 AB 28.23 A 2.413*
Height: back neck-front neck 5.40 5.26 5.15 0.880
PC 7: Hip length —0.14 0.08 0.09 1.234
Height: waist-hip 19.39 A 20.03 A 20.99 B 8.011**
Length: waist-hip 19.80 A 20.47 A 20.13 A 0.600
PC 8: Bust prominence —-0.06 —0.08 0.14 0.970
Bust girth / Underbust girth 1.15 A 1.16 AB 1.17 B 4.391*
Bust girth / Waist girth 1.14 1.14 1.16 1.961
Angle: front waist-bust point -7.65 -10.13 -9.65 B 2.700
PC 9: Abdomen prominence 0.18 B -0.38 A 0.16 B 6.943**
Abdomen girth / Underbust girth 1.14 A 1.13 A 1.16 B 4.324%
PC 10: Shoulder slope —-0.23 A 0.40 B -0.13 A 8.011%*
Angle: shoulder 20.53 A 22.75 B 21.17 A 4.137*
PC 11: Buttocks prominence —0.65 A 0.05 B 0.73 C 47.474%*
Angel: back waist-hip 14.69 A 16.67 B 18.75 C 38.962**

#p<0.05 **p<0.01, A<B<C

Note. Component 3 (back protrusion): The larger the value, the less the back protrudes.
Component 4 (upper body slope): The smaller the value, the more the upper body leans forward.
Component 6 (neck inclination): The larger the value, the more the neck leans forward.
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Table 6. Characteristics and representative 3D scan images of three body shape groups

Body shape group Characteristics (n, %)

Frontal view Sagittal view

hips. (n=75, 37.5%)

Shape 1 has the longest upper body, the flattest back and

Shape 2 has the most curved back and the most forward
2 upper body. Its abdomen was the least protruding and its

shoulder was the most sloped. (n=61, 30.5%)

Shape 3 featured the shortest upper body, the most /

3 protruding hips, and the largest overall body size.

n=64, 32.0%
(n=64, )
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Table 7. Means of four age groups on 11 PC scores

Age group 35-39 40-44 45-49 50-54 F
PC (n=50, 25%) (n=50, 25%) (n=50, 25%) (n=50, 25%)
1 Overall body size -0.21 —0.51 0.11 0.15 1.357
2 Upper body height 0.09 0.02 -0.14 0.04 0.521
3 Back protrusion 0.12 -0.07 -0.01 -0.03 0.344
4 Upper body slope 0.03 0.17 -0.26 0.05 1.754
5 Neck position —-0.13 —-0.06 0.18 0.20 0.934
6 Neck inclination —0.46 A —-0.14 AB 0.41 C 0.19 BC 8.246%*
7 Hip length 0.31 B 0.10 AB —-0.06 AB -0.36 A 4.361%*
8 Bust prominence 0.15 0.11 —-0.61 -0.22 1.501
9 Abdomen prominence —-0.01 0.06 0.06 0.01 0.155
10 Shoulder slope -0.01 0.04 -0.01 —-0.02 0.040
11 Buttocks prominence 0.11 B 0.31 B -0.33 AB —0.411 A 5.013**

**p<0.01, A<B<C

Note. Component 6 (neck inclination): The larger the value, the more the neck leans forward.
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Table 8. Cross-tabulation table of age group and body shape group

Body shape group

Total
1 2
n 17 14 19 50
35-39
% 34.0% 28.0% 38.0% 100.0%
n 14 18 18 50
40-44
Age % 28.0% 36.0% 36.0% 100.0%
group n 22 14 14 50
4549
% 44.0% 28.0% 28.0% 100.0%
n 22 16 12 50
50-54
% 44.0% 32.0% 24.0% 100.0%
n 75 61 64 200
Total

% 37.5% 30.5% 32.0%  100%

Table 9. Canonical discriminant function coefficients

Variable

Discriminant function

1 2
Height: side neck-waist -2.01 1.15
Height: back neck-waist 228 -3.87
Height: shoulder-waist 1.32 -0.97
Length: side neck-bust point-waist 1.50 -0.42
Length: back neck-back waist -1.04 -0.21
Height: front neck-waist -1.87 4.68
Height: waist-hip 0.00 0.21
Height: scapular-waist 0.38 —0.58
Length: waist-hip —-0.15 -0.07
Angle: front waist-bust point -0.25 -0.36
Angle: side waist-front neck 1.65 =5.72
Height: bust point-waist —-0.66 1.61
Width: between shoulder 0.78 —0.55
Length: front neck-shoulder -0.19 0.24
Length: back neck-shoulder 1.52 —4.64
Length: across shoulder —-1.55 4.73
Width: between back protrusion -0.21 0.00
Angle: shoulder-back protrusion -1.07 3.79
Angle: side neck-shoulder-back protrusion 1.19 -3.33
Length: side neck-bust point —-0.55 1.66
Angle: back neck-front neck —-0.36 2.6
Angle: side waist-back neck —0.94 —0.10
Angle: shoulder 0.00 —0.92
Angle: back neck-back protrusion -0.42 -0.92
Angle: side neck-shoulder 1.39 —0.03
Angle: side waist-shoulder -0.4 5.67
Girth: waist 0.33 0.21
Girth: Hip —-0.08 -0.97
Abdomen girth / Underbust girth 0.61 0.10
Angle: back waist-back protrusion 0.27 -0.88
Constant 2.16 1.58




Table 10. Accuracy rate of discriminant functions (Unit: %)
Predicted group membership
Total
1 2 3
Original 1 93.3 1.3 53 100
group 2 1.6 96.8 1.6 100
membership 3 7.9 1.6 90.5 100
Body shape group
w C:é
3
25| o

Discriminant function 2 score

-5.0 |

-5.0 -2.5 0.0 25 5.0
Discriminant function 1 score

Fig. 2. Scatterplot of discriminant function 1 and 2 scores.
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