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Classification of Lower Body Shapes and Analysis of Age-Related Changes
in Women Aged 20~69 Using the 8th Size Korea Scan Data
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Abstract: This study aimed to classify lower body shapes and examine age-related changes in women aged 20-69, using
data from the 8th Size Korea scan. A sample of 450 3D body scans was selected from the 8th Size Korea Survey Database.
Using the Grasshopper algorithm from a previous study, 53 measured values were obtained. Principal component analysis
identified eight key components: horizontal size, vertical length of the lower body, waist-to-abdomen shape, hip protrusion,
abdomen-to-hip shape, abdominal protrusion, thigh-knee-width difference, and thigh slope. Three lower-body types were
identified. Type 1 (28%) was the heaviest build, with the shortest lower body length and the most perpendicular body shape
from the thigh to the knee when viewed laterally. Type 2 (41.3%) had an average circumference with the flattest belly, and
a sloping thigh shape when viewed from the side. Type 3 (30.7%) was the thinnest type, with a notable difference in cir-
cumference and position between the waist and belly, a more prominent abdomen and flat buttocks, and the smallest width
difference between the thighs and knees. To classify individuals by body type, this study proposes two discriminant functions.
Among women in their 20s and 30s, the most prevalent was Type 2; in the 40s, the proportion of Type 3 increased. For those
in their 50s and early 60s, Type 2 became more common again, while in the 65+ age group, Type 3 was most frequent.
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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 Total
Age group (<18.5) (18.5~22.9) (23~24.9) (25~29.9) (>30)
7 26 6 5 1 45
20~24
% 15.6% 57.8% 13.3% 11.1% 2% 100%
n 4 27 6 7 1 45
25~29
% 8.9% 60% 13.3% 15.6% 2% 100%
n 6 24 7 7 1 45
30~34
% 13.3% 53.3% 15.6% 15.6% 2% 100%
n 3 27 7 6 2 45
35~39
% 6.7% 60% 15.6% 13.3% 4.4% 100%
n 3 25 8 7 2 45
40~44
% 6.7% 55.6% 17.8% 15.6% 4.4% 100%
n 2 24 6 10 3 45
45~49
% 4.4% 53.3% 13.3% 22.2% 6.7% 100%
n 1 24 8 9 3 45
50~54
% 2% 53.3% 17.8% 20% 6.7% 100%
n 1 18 15 9 2 45
55~59
% 2% 40% 33.3% 20% 4.4% 100%
n 0 21 12 10 2 45
60~64
% 0% 46.7% 26.7% 22.2% 4.4% 100%
65-69 n 0 20 13 11 1 45
% 0% 44.4% 28.9% 24.4% 2% 100%
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Fig. 1. Process for automatic detection for landmarks and generation of measurements.
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Waist height - Abdomen height

Height Width & Depth 35
1 Waist height 17 Waist width 36 Abdomen circumference - Waist circumference
2 Abdomen height 18 Abdomen width 37 Abdomen width - Waist width
3 Hip height 19 Hip width 38 Abdomen front depth - Waist front depth
4 Crotch height 20 Thigh width 39 Abdomen front depth - Thigh front depth
5 Gluteal fold height 21 Mid-thigh width 40 Abdomen height - Hip height
6 Mid-thigh height 22 Knee width 41 Hip circumference - Abdomen circumference
7 Knee height 23 Minimum leg width 42 Hip width - Abdomen width
8 Minimum leg height 24 Waist depth 43 Hip back depth - Thigh back depth
Length & Circumference 25 Abdomen depth 44 Gluteal fold height - Knee height

9  Waist to hip length 26 Hip depth 45 Thigh width - Knee width
10 Outside leg length 27 Thigh depth 46 Thigh front depth - Knee front depth
11 Waist circumference 28 Mid-thigh depth 47 Thigh back depth - Knee back depth
12 Abdomen circumference 29 Knee depth Angle
13 Hip circumference Drop 48 Front waist ~ Abdomen
14 Thigh circumference 30 Waist height - Hip height 49 Back waist ~ Hip
15 Mid-thigh circumference 31 Hip circumference - Waist circumference 50 Front point of hip level ~ Abdomen
16 Knee circumference 32 Hip width - Waist width 51 Gluteal fold ~ Hip

33 Waist front depth - Hip front depth 52 Side waist ~ Mid-point of hip depth

34 Hip back depth - Waist back depth 53 Side waist ~ Mid-point of ankle depth
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Table 3. Component matrix from principal component (PC) analysis

PC Measurement variable 1 2 3 4 5 6 7 8
Mid-thigh circumference 0921 0032 -0035 0065 -0003 -0.042 001  0.153
Hip circumference 0917 0.075 0.028 0.025 -0.14 -0.02 0.191 0.008
Mid-thigh width 0916 0017 -001 0036 002 0034 0.1 0.102
Mid-thigh depth 0.907 0069 0009 0116 -0022 -0054 0036 0.113
Knee width 0.896 0071 0037 -0.021 -0.033 -0018 —-0311  0.004
Horizontal size Knee circumference 0.893 0.102 0.002 0.025 -0.045 -0.047 -0.327 -0.109
Thigh depth 0.875 0062 -0.006 0.154 -0073 -0056 0.106 0282
Thigh width 0.863 0.168 0055 0028 0086 0042 0392 —-0.045
Thigh circumference 0.843 008 0034 0.1  —0062 -0031 0.129 0207
Hip width 0816 0.172 0.126 -0016 0003 0059 0268 —0.102
Knee depth 0812  0.83 0026 0049 -0061 -0.043 -0269 -0.296
Mid-thigh height 0.145 0973 0062 001 0078 003 0003 0.027
Hip height 0.121 0958 0082 0024 0062 0006 0074 0022
Lower body ~ Crotch height 006 0947 0118 0054 0139 0055 0054 -0.04
vertical length  Knee height 0.174 0899 002 0015 0098 0071 -0.139  0.031
Abdomen height 0.123 0891 -0068 0.116 0278 -0001 008  0.021
Gluteal fold height 006 0828 0023 -0013 0091 -0015 0142 —-0.069
) Abdomen circumference - Waist circumference 0.009 0.093 0.935 0.233 0.063 0.148 0.009 0.031
Wam';;‘;zdomen Abdomen width - Waist width 0022 0083 0931 0142 0093 —0014 0005  0.031
Waist height - Abdomen height 0.086 0.016 0.881 0.058 -0.155 -0.154 0.029 -0.011
Back waist ~ Hip (angle) 0241 —0067 0009 0872 0054 -0.047 0042  0.055
Hip protrusion . "4k depth - Waist back depth 0138 0109 031 0863 0226 -0.116 0041  0.062

(side)
Side waist ~ Mid-point of hip depth (angle) —0.116 0.109 0.258 0.774 0.222 -0.194 -0.015 -0.017

Hip circumference - Abdomen circumference —-0.03 0.06 0.161 -0.014 0.894 -0.124 0.026 -0.119
Abdomen-to-hip

shape (front) Hip width - Abdomen width —-0.06 0.042 -0.303 0.054 086 —0.11 0.038 —0.105

Front point of hip level ~ Abdomen (angle) 0232 -0.265 -0.245 -0412 -0.645 0.075 -0.091 -0.159

Abdomen Abdomen front depth - Waist front depth —0.043 0.06 0.213  -0.145 0.076 0.913 0.052 -0.076

protrusion (side) Front waist ~ Abdomen (angle) -0.102 0057 -0283 -0.141 0.104 0.891  0.039 -0.038

Thigh-?o-knee widh Thigh width - Knee width 0.197  0.159  0.036  0.064 0.162  0.081 0.923 —0.069
difference

Thigh slope  Thigh back depth - Knee back depth 0.242  -0.001 0.051 0.074 -0.07 -0.103 -0.073  0.895

Eigen value 9.625 5837 3.526 2234 1.997 1.28 1.052  1.039

% of variance 32.083 19456 11.754 7448  6.658 4265 3508  3.462

Cumulative % 32.083 51.539 63293 70.741 77398 81.664 85.171 88.633

Table 4. Results of ANOVA for 8 principal component (PC) scores on three body shape groups

Group Group 1 Group 2 Group 3

PC (n=126, 28%) (n=186, 41.3%) (n=138, 30.7%) F

1 Horizontal size 0.76(1.02) C —-0.12(0.81) B —-0.53(0.77) A 75.878**
2 Lower body vertical length -0.21(0.91) A 0.09(1.02) B 0.07(1.01) B 4.079*
3 Waist-to-abdomen shape —-0.31(0.89) A —0.22(0.86) A 0.58(1.02) B 39.026**
4 Hip protrusion (side) 0.20(1.05) B 0.10(0.99) B —0.32(0.89) A 10.985%*
5 Abdomen-to-hip shape (front) 0.04(1.04) —0.12(0.93) 0.12(1.03) 2.530

6  Abdomen protrusion (side) —0.09(0.98) B —0.33(0.94) A 0.53(0.89) C 34.554**
7 Thigh-to-knee width difference -0.26(0.98) B 0.54(0.88) C —0.50(0.81) A 61.613**
8 Thigh slope 0.80(0.87) C —0.62(0.79) A 0.1 (0.79) B 115.913**

* p<0.05, ** p<0.01, A<B<C
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Table S. Results of ANOVA for 30 body measurements on three body shape groups

H APEAS A

snw e 2.

Component & variable (n:Glrzog,lpzé%) (n:grg,uié%) (n:grg,u§0.37%) d

PC 1: Horizontal size 0.76 C —0.12 B -0.53 A 75.878**
Mid-thigh circumference 52.62 C 48.39 B 46.79 A 97.803**
Hip circumference 98.13 C 94.96 B 91.67 A 58.971%**
Mid-thigh width 16.09 C 15.09 B 14.60 A 75.277**
Mid-thigh depth 16.82 C 15.60 B 14.99 A 76.581**
Knee width 12.05 B 11.17 A 11.15 A 60.006**
Knee circumference 17.21 B 35.23 A 34.83 A 47.905%*
Thigh depth 19.34 C 17.63 B 16.93 A 110.927**
Thigh width 18.06 C 17.67 B 16.91 A 48.466**
Thigh circumference 60.20 C 55.77 B 53.42 A 96.637**
Hip width 35.56 C 35.02 B 34.09 A 26.417**
Knee depth 12.11 C 11.80 B 11.53 A 19.505%*
PC 2: Lower body vertical length -0.21 A 0.09 B 0.07 B 4.079%*
Mid-thigh height 59.97 60.28 60.35 0.679
Hip height 77.33 78.09 77.91 1.610
Crotch height 69.31 A 70.34 B 70.41 B 4.334*
Knee height 88.74 89.45 88.71 1.568
Abdomen height 42.61 42.47 42.80 0.988
Gluteal fold height 66.73 A 68.30 B 67.64 AB 6.292*
PC 3: Waist-to-abdomen shape -0.31 A -0.22 A 0.58 B 39.026**
Abdomen circumference - Waist circumference 8.39 A 8.39 A 11.81 B 11.303**
Abdomen width - Waist width 3.05 A 3.09 A 4.37 B 35.234%*
Waist height - Abdomen height 7.96 A 8.33 A 9.31 B 30.539**
PC 4: Hip protrusion (side) 0.20 B 0.10 B -0.32 A 10.985%**
Back waist ~ Hip (angle) 17.46 A 16.32 B 14.65 B 28.307**
Hip back depth - Waist back depth 5.01 A 4.72 B 4.42 B 5.608**
Side waist ~ Mid-point of hip depth (angle) 5.13 5.39 4.67 1.465
PC 5: Abdomen-to-hip shape (front) 0.04 -0.12 0.12 2.53
Hip circumference - Abdomen circumference 6.68 6.97 727 0.434
Hip width - Abdomen width 3.14 3.59 3.38 2.598
Front point of hip level ~ Abdomen (angle) 15.61 B 15.66 B 12.88 A 14.317**
PC 6: Abdomen protrusion (side) -0.09 B -0.33 A 0.53 C 34.554%**
Abdomen front depth - Waist front depth 0.63 A 0.62 A 1.34 B 53.268**
Front waist ~ Abdomen (angle) 5.93 A 5.73 A 9.58 B 16.604**
PC 7: Thigh-to-knee width difference -0.26 B 0.54 C -0.50 A 61.613**
Thigh width - Knee width 6.01 B 6.50 C 5.76 A 50.825%*
PC 8: Thigh slope 0.80 C —-0.62 A 0.10 B 61.613**
Thigh back depth - Knee back depth 1.40 C -0.10 A -0.03 B 133.972%*

£p<0.05 **p<0.01, A<B<C
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Table 6. Characteristics and representative 3D scan images of three lower body shape groups

Body shape group Characteristics (n, %)

Frontal view Sagittal view

1

\

\
\ |

Shape 1 has the largest circumference and width, the

shortest lower body length, and the most vertical

alignment from the thigh to the knee when viewed from

the side. (126, 28%)

4 QA |

Shape 2 has average circumference and width, the flattest
abdomen, the largest difference in width between the thigh
and knee, and a sloped thigh when viewed from the side.

(186, 41.3%)

Shape 3 has the smallest circumference and width, the
largest difference in circumference and position between
3 the waist and abdomen, the most protruding abdomen,
the flattest hips, and a small difference in width between

the thigh and knee. (138, 30.7%)
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Table 7. Cross-tabulation table of age groups and body shape groups
Age groups
20~24 25~29 30~34 35~39 40~44 45~49 50~54 55~59 60~64 65~69
Body shape groups
n 13 17 9 6 20 18 9 13 12 9
Group 1
% 29% 38% 20% 13% 44% 40% 20% 29% 27% 20%
n 16 20 19 23 15 14 25 18 20 16
Group 2
% 36% 44% 2% 51% 33% 31% 56% 40% 44% 36%
n 16 8 17 16 10 13 11 14 13 20
Group 3
% 36% 18% 38% 36% 22% 29% 24% 31% 29% 44%
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Table 8. Means values and the results of ANOVA and post-hoc tests on
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measurement variables by age group

PCs & measurement

. 20~24  25~29 30~34 35~39 40~44 45~49 50~54 55~59 60~64 65~69 F p
variables
PC 1: Horizontal size 0.02 0.07 0.14 0.14 0.27 0.07 -0.08 —-0.31 -0.09 -0.23 1.400 0.186
4947 50.03 49.89 4991 50.36 49.21 47.98 47.81 48.53 47.69
s d_thi . kK
Mid-thigh circumference C C C BC C BC AB A B A 2.686  0.005
Hip circumference 94.30 94.90 95.28 95.11 96.24 95.21 94.93 93.61 95.06 93.74 0.928 0.501
Mid-thigh width 15.21 15.41 15.39 15.42 15.39 15.12 15.2 14.93 15.2 14.93 1.17 0.312
1591 16.11 16.04 16.06 16.26 15.78 15.73 15.23 15.34 15.03
id-thi Hok
Mid-thigh depth D D D D D BC BC AB AB A 4.092  0.000
Knee width 11.34 11.34 11.49 11.45 11.35 11.58 11.3 11.24 11.28 1143 0.998 0.440
Knee circumference 35.63 35.73 35.88 35.99 36.2 36.05 35.17 35.06 35.26 34.67 1.248 0.263
18.04 18.36 18.14 18.12 18.61 17.98 17.75 17.3 17.54 17.06
1 kK
Thigh depth D DE D D E BC AB AB AB A 4.006  0.000
17.63 17.86 17.84 17.82 17.82 17.46 17.51 17.08 17.45 16.98
1 1 k3
Thigh width C C C C C B B A B A 4200  0.000
56.52 57.40 57.05 56.85 57.95 56.41 55.67 54.68 55.99 54.37
H 1 kK
Thigh circumference C D D D D C C B BC A 2.634  0.006
Hip width 34.71 34.89 35.21 35.13 3524 35.09 34.84 34.42 34.82 3451 1.162 0318
Knee depth 11.84 11.89 11.85 11.91 11.89 11.89 11.85 11.57 11.62 11.71 1.117 0.349
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Table 8. Continued.

PCs & measurement

. 20~24  25~29 30~34 35~39 40~44 45~49 50~54 55~59 60~64  65~69 F p
variables
PC 2: Lower body vertical ~ 0.16 0.57 0.32 0.36 0.03 0.01 -0.19 -038 033 -0.55 6541 0.000%*
length DE E E E BC BC BC AB AB A ’ ’
60.84 61.89 61.31 61.28 61.01 60.1 59.53 58.88 59.02 58.31
1d-thi 1 Kk
Mid-thigh height E E E E D D C B B A 10.224  0.000
7896  80.28 79.18  79.17  78.99 7748  76.65 76.03 76.24 75.14
H 1 kk
Hip height C C C C C B B B B A 11.924  0.000
70.84 7216 7143 71.62 7133 70.02  69.08 6825 68.54 6747
1 kK
Crotch height E E E E E D C B B A 12.465 0.000
42.71 43.51 43.34 43.39 43.02 42.72 424 41.72 41.79 41.48
1 kK
Knee height D D D D D D C B B A 6.222  0.000
90.46 91.89 90.4 90.7 90.83 89.03 87.62 86.34 86.97 86.0
1 Kk
Abdomen height D D D D D C B A A A 13.707  0.000
6934 7072 6979  69.85 6891 68.19  67.33 66.48 6645 65.4
1 kk
Gluteal fold height E E E E D D C B B A 26.451 0.000
PC 3: Waist-to-Abdomen  0.06 0.23 0.33 0.17 0.03 0.04 -0.14 -007 -036 -0.28 2193 0.022*
shape BC C C C BC BC B B A A ’ ’
Abdomen circumference  10.03 11.01 11.34 10.26 10.25 9.68 3.78 8.47 7.16 74 5513 0.000%*
- Waist circumference C C C C C B AB AB A A ’ '
Abdo.men 'w1dth 3.74 422 4.04 3.75 3.75 3.52 3.03 3.16 2.68 2.87 4227 0.000%
- Waist width C D D C C CD B B A A
Waist height 8.58 8.90 9.21 9.12 8.52 8.62 8.46 8.48 7.78 7.57 2081 0.03*
- Abdomen height AB BC C C AB BC AB AB A A ’ ’
0.07 0.25 0.16 0.11 0.64 0.16 0.03 -0.18  -0.61 —0.64
PC 4: Hip protrusion (side) B B B B C B B B A A 7.766  0.000
16.5 16.80 16.92 16.06 18.1 16.5 15.98 15.45 14.94 14.03
. - . kK
Back waist ~ Hip (angle) C C C C D C B B AB A 6.038  0.000
Hip l?ack depth 5.21 5.52 527 5.19 5.55 4.83 4.48 4.17 347 337 19.076  0.000%*
- Waist back depth D E D D E C C B A A
Sldf: WalSt.~ Mid 5.32 6.73 6.17 6.52 6.19 5.5 5.25 4.1 1.62 2.92 11462 0.000%*
-point of hip depth (angle) C D D D D C C B A A
PC 5: Abdomen-to-Hip 0.79 0.56 0.49 0.48 0.08 -0.11 -035 -061 -0.68  -0.65 19.025  0.000%*
shape (front) D D D D C B AB A A A
Hip c1rcumfer.ence 11.16 10.79 9.79 9.74 7.93 4.93 5.63 3.43 2.79 1.6 33307 0.000%*
- Abdomen circumference D D D D C C C B B A
Hip width . 4.65 433 4.31 4.39 3.38 3.29 2.87 2.38 2.15 1.98 2172 0.000%*
- Abdomen width D D D D C C C B A A
Front point of hip level  11.49 11.67 12.08 12.84 15.39 15.64 16.46 17.61 17.19 17.56 13191 0.000%*
~ Abdomen (angle) A A A A B B B C C C ' ’
fs iCd:; Abdomenprotrusion — _ he 054 007 007 009 043 009 011 024 012 0950 0481
Abdomen front depth oo o101 0g7 081 094 086 074 095 066 1017 0425
- Waist front depth
Front waist = Abdomen (o) 596 670 684 593 707 798 616 906 71 0953 0479
(angle)
PC 7: "l."hlgh-to-Knee 0.07 0.3 0.13 0.14 -0.11 -0.32 0.17 -0.12 0.28 -0.52 3358 0.00]%*
width difference C C C C B B C B C A
Thigh w1th 6.28 6.52 6.35 6.36 6.19 5.88 6.21 5.84 6.17 5.55 2060 0.000%*
- Knee width C C C C C B C B C A
PC 8: Thigh slope 0.06 0.29 0.03 -0.17 0.32 -0.15 -027 -0.11 0.1 —-0.11 1.764  0.073
Thigh back depth 005 034 034 029 04  -017 —037 019 008 -001 1.162 0318

- Knee back depth
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Table 9. Canonical discriminant function coefficients

Discriminant function

Variable
1 2
Abdomen height -0.114 0.039
Hip height 0.032 0.022
Crotch height -0.014 0.015
Gluteal fold height —-0.047 0.027
Mid-thigh height 0.095  -0.056
Hip circumference —0.058 0.071
Thigh circumference 0.025  —-0.085
Mid-thigh circumference 0.059  -0.012
Knee circumference 0.077 0.011
Hip width -0.05 -0.2
Thigh width -1.045 -0422
Mid-thigh width 0.166  —0.136
Knee width 1.208 0.286
Thigh depth 0.166  —0.285
Mid-thigh depth -0.025 0.056
Knee depth -0.268 0.111
Hip back depth - Waist back depth 0.107  —-0.033
Waist height - Abdomen height —0.123 0.081
Abdomen circumference - Waist circumference —0.056 0.133
Abdomen width - Waist width 0.356 0.092
Abdomen front depth - Waist front depth 0.786 0.395
Hip circumference - Abdomen circumference 0.064  —0.043
Hip width - Abdomen width -0.124 0.163
Thigh back depth - Knee back depth 0.622  —0.084
Front waist ~ Abdomen (angle) 0.022 0.029
Back waist ~ Hip (angle) -0.046  -0.075

Front point of hip level ~ Abdomen (angle) —0.052  —0.006
Side waist point ~ Mid-point of hip depth (angle) —0.003  —0.061
Constants 9.524 8.254
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Table 10. Accuracy rate of discriminant functions (Unit: %)

Predicted group membership

Total
1 2 3
Original 1 96.0 1.6 24 100
group 2 27 95.2 22 100
membership 3 22 22 95.7 100
Body shape group
°l 03

O3

6 3 0 3 6

Discriminant function 1 score

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