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Characteristics of Lower-Body Shapes in Obese Women for the
Improvement of Fit

Hye Jun YoonT, Jae Sang An, and Ji Won Yoon
Smart Apparel Technology Center, Korea Institute of Industrial Technology; Seoul, Korea

Abstract : Data from 540 subjects (included in the obesity group whose BMI was over 25) was selected from 2,445 sub-
jects in the 6" " Korean Body Size Survey. A total of 25 direct measurements were selected for the relevant literature lower
body size measurement analysis, that included 9 components related to BMI, height and circumferences, 3 components
related to width and thickness, 5 components related to length, 3 components related to height, and 2 other components.
Descriptive statistics, factor analysis, cluster analysis and variance analysis were executed using PASW 18.0 to analyze
the data. In accordance with the factor analysis results to classify the lower body shape of overweight women in their
20s to 60s whose BMI was over 25, 4 factors were identified (lower body volume, leg volume, lower body length and leg
length). A total of 4 lower body shapes of overweight women were found through cluster analysis using 4 factor scores
from the factor analysis. Body Shape 1 had the largest lower body and leg volume. It was the heaviest group. Leg length
was at a normal level. Body Shape 1 was 22.2% (122 subjects). Body Shape 2 had the longest legs and the smallest body
shape; however, Body Shape 2 was the leg obesity group with the largest leg volume. It was 39.8% (215 subjects). Body
Shape 3 had a smaller leg volume in proportion to the lower body thickness and a long lower body length. It comprised
27.8% (150 subjects). Body Shape 4 comprised 9.8% (53 subjects) with the shortest leg. Its lower body obesity was at

a normal level.
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Table 1. Direct body measurement
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Item Factor

Length Stature, Waist to Hip Length, Outside Leg Length, Crotch Length(Natural Indentation), Crotch Length (Omphalion),
Breadth Waist Breadth I(Natural Indentation), Waist Breadth(Omphalion), Hip Width,

Depth Waist Depth(Natural Indentation), Waist Depth (Omphalion), Hip Depth

Circumference

Waist Circumference(Natural Indentation), Waist Circumference (Omphalion), Belly Circumference, Hip Circumference, Hip

Extension Circumference, Thigh Circumference, Midthigh Circumference, Calf Circumference, Knee Circumference

Height Body Rise, Crotch Height, Waist Height
etc BMI, Hip-Waist(Drop), Hip-Bust(Drop)
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Table 2. Age ratio by obese women

unit: N(%)
Age

BMI 20s 30s 40s 50s 60s Total
BMI<2S 583 595 287 210 230 1905
(954) (86.2) (76.7) (60.0) (54.8) (77.9)
28 95 87 140 190 540

>
BMI225 (4.6) (13.8) (23.3) (40.0) (452) (22.1)
2445
Total 611 690 374 350 420 (100.0)

1’=336.08%**
#ixp< 001
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Table 3. Factor analysis of direct body measurement

Factor
Factor Item
1 2 3 4
Waist Circumference 960 .030 .027 -.058
Waist Circumference (Omphalion) 947 .088 .023 .009
Waist Depth 935 -.049 -.098 014
Waist Depth (Omphalion) 919 .006 -.105 .040
Belly Circumference .876 224 .025 102
Lower body volumee  Waist Breadth .854 201 154 -.096
Waist Breadth(Omphalion) .838 213 156 .028
BMI 759 488 -253 .029
Hip Extension Circumference 15 555 126 179
Hip-Waist(Drop) -.681 565 156 245
Hip Width .586 491 -015 194
Midthigh Circumference .081 901 .144 .066
Thigh Circumference .101 873 201 .144
Calf Circumference .020 779 .290 .040
Leg volume
Hip Circumference 423 768 237 237
Knee Circumference 231 728 .190 .098
Hip Depth 244 641 .340 216
Crotch Height -.035 241 938 012
Waist Height .055 233 .886 279
Leg length
Stature -.008 334 .875 231
Outside Leg Length -.034 246 .832 396
Body Rise .068 204 164 791
Crotch Length 220 378 181 766
Lower body length ) )
Waist to Hip Length -.084 -.069 .169 .698
Crotch Length (Omphalion) -.152 432 294 523

Table 4. Body shape components by direct measurement

Factor Eigenvalue Account(%) Summative account(%) Factor characteristic
1 8.03 32.11 32.11 Components related to lower body volume
2 5.63 22.51 54.62 Components related to leg volume
3 3.82 15.30 69.92 Components related to leg length
4 2.56 10.22 80.14 Components related to lower body length
Table S. Difference verification by body type t} 7} §87F RE ZAHFEo|r] foiF p<0.001 o|3t=
Type Type 1 Type 2 Type 3 Type 4 ) Frefgh Apel7k thz 2108 Jepston] Ash= Table 59 2t
Factor (=122) (n=215) (n=150) (n=53) ¢ o5l 1o =lalmal =]l e .
9 12 slelEd, s, wiEd, sy, eE37]
Factor | 095 066 024 01 pggpue ZuolBd), Yo, ke EY, A S, FEE,
Lower body volume a d b c B ;
o] L] Fo| BE9Is} thelnsle] v B P=eo)
Factor 2 069 045 -098  -0.66 e o
Log volume R o = e, Aol slg)r|EaEe], theliE el 2
Factor 3 0a 0m om ws ., O/ asls Queliel, el delgel, o
Leg length b a a ' Fredadsdel 59 4ol ¥d 29 S
Factor 4 008 000 042 136 oo, et #9228 weradEe] 7P A el shikal
Lower body length b b a ' HIRE A T 7P dlad AQer sle)rEidEze], velvig:

***p <001, Duncan Test : (a>b>c>d)
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Table 6. Difference verification of direct measurement by type
Type Type 1 Type 2 Type 3 Type 4 Fovalue
Factor (n=122) (n=215) (n=150) (n=53)
Waist Circumference 951.54 847.88 901.47 876.89 100,934+
a d b c
Waist Circumference (Omphalion) 98‘;'60 88;'41 92%00 90(2'53 87.43%%*
Waist Depth 256.94 216.28 239.49 232.11 13,6745+
a d b c
Waist Depth (Omphalion) 259.52 217.86 240.51 233.79 06,.93#+%+
a d b [
Belly Circumference 103;'92 941:'57 97%'53 93i'19 92.90%**
Lower body volume
Waist Breadth 313.77 285.15 295.89 286.91 63,795+
a c b c
Waist Breadth(Omphalion) 330.41 302.21 312.37 301.21 63,0055+
a c b c
BMI 30.07 26.52 26.46 26.57 145.90%**
Hip Extension Circumference 1078.80 1018.23 1016.99 983.06 80.64%**
a b b c
Hip-Waist(Drop) 66.35 137.33 52.79 46.45 115.77%**
Hip Width 262.30 238.89 236.55 228.21 7020+
a b b c
Midthigh Circumference 538.75 528.93 479.39 476.40 131.61%**
Thigh Circumference 607.53 597.38 554.82 54491 108.20%**
Calf Circumference 372.66 370.52 346.77 340.30 71.89%**
Leg volume Hip Circumference 1017.89 985.22 954.25 923.34 9,09+
a b c d
Knee Circumference 37751 368.82 352.57 346.83 58.63%**
Hip Depth 342.50 338.45 328.38 317.42 44 34
a a b c
Crotch Height 669.99 694.93 681.52 643.04 44,055+
c a b c
Waist Height 956.75 976.66 972.99 904.09 57 26H4%
b a a c
Leg length
Stature 1535.34 1567.96 1547.83 1469.19 53 64%rk
b a b c
Outside Leg Length 931.39 956.91 948.49 875.17 71 29k
b a a c
Body Rise 263.53 261.62 265.42 230.15 45.5] %%
a a a b
Crotch Length 743.57 728.03 725.59 659.02 QU g7 *H
Lower body a b b c
len,
gth Waist to Hip Length 176.13 182.14 190.91 153.68 33,935
b b a [
Crotch Length (Omphalion) 631‘)’44 642'36 62%:'33 582'32 44, 12%**

***p <.001, Duncan Test: (a>b>c>d)
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Table 7. Characteristic of somatotype by type
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Type Characteristic N(%)

Type 1  The largest lower body and leg volume. It was the heaviest group. Leg length was at a normal level

122(22.6)

Type 2 The longest legs and small body shape. However, body shape 2 was the leg obesity group with the largest leg volume 215(39.8)
Type 3  Had a smaller leg volume in proportion to the lower body thickness and long lower body length 150(27.8)
Type 4  The shortest leg. Its lower body obesity was at a normal level 53(9.8)

Table 8. 3D body shape

Type Front

Side

Type 1

Type 2

Type 3

Type 4
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Table 9. Age ratio by body type

unit: N(%)
A o0 30 40s s0s 60s  Totl
Type
21.6) 15(12.3) 19(15.6) 37(30.3) 49
el 0 (s8) @18 64y @sg 22100
23(10.7) 70(32.5) 49(22.8) 53(24.7) 20(9.3)
Bpe2 o) 37 663 (619 os P10
32.0)  6(4.0) 17(113) 36(24.0) 88(58.7)
Bpe3 07y 63 195 @57 @63 P10
00)  4(75) 2(3.8) 14(264) 33(623)
Bred o) @2 @3 100 74 210
Tow G2 95077) $UI61) 140259)190354) gy 100

(100)  (100)  (100)  (100)  (100)

1=163.19%x*

*ixp < 001
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