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Abstract
The purpose of this paper is to study the relationship between the position of waist belts and
the characteristics of the lower body for women. Tape measurements and silhouette photographs
were taken of 50 young women ranging in age from 20 to 29 wearing a belt in the standmg position.
The results are as follows:

1) Top of the low-rise waist belt at the center back was almost the same height as the iliac crest,
and lower at the center front compared to the center back.

2) Principle component factors were summarized as three principle components by a 71% contribution
ratio. Considering only the low-rise waist belt position, the 1st principle component was interpreted
as the waist belt height factor; the 2nd principle component was interpreted as the belt
circumstance factor; and the 3rd principle component was interpreted as the belt’s curvature factor.
Between the measurements of belt wearing location and the body measurements with high factor
loading in these three principle components indicated a strong relationship.

3) Height differences between the back and front waist belts to express belt curvature were
examined by multiple regressions analysis. The results showed that buttock peak depth
[Pd1], abdominal extension depth [AEd] and waist breadth [Wb] could be extracted as
explanatory variables. And a significant prediction efficiency was obtained.
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Fig.1 Wearing of belt for body measurement

Table1 Body measurement symbols

. symbol body measurment item

BL bust circumference (horizontal)

WL waist circumference (horizontal)

AE abdominal extension circumference (horizontal)
HL hip circumference (horizontal)

AH anterior length from waist to hip line
SH right side length from waist to hip line
PH posterior length from waist to hip line
H height
W weight (kg)
. symbol Jow-rise waist belt measurement item
LWu  top edge oflow-rise waist belt circumstance

LWd  bottomedge of low-rise waist belt circumference

AL anterior length from waist to low-rise waist belt
SL right side length from waist to low-rise waist belt
PL posterior length from waist to low-rise waist belt

ZID® OO BIZIoO PO ® 6 O 0B|Z

=]

. symbol calculation item
@ AP difference between mAL and mPL
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Fig. 2 Body measurement symbols
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Table 2. Silhouette photograph measurement symbols

No. symbol body measurement item No. symbol low-rise waist belt measurement item
1 Wb  waist breadth 26 Ah2 anterior low-rise waist height to hip line
2 Hb  hip breadth 27 Ah anterior low-rise waist height
3 Mb  maximumlower body breadth 28 Sh2  right side low-rise waist height to hip line-
4 Ab  abdominal breadth 29 Sh right side low-rise waist height
5 Wd  waist depth 30 Ph2  posterior low-rise waist height to hip line
6 Hd  hipdepth 31 Ph posterior low-rise waist height
7 Ad  abdominal depth 32 SML right side distance from low-rise waist to maximum lower body
8 AEd - abdominal extension depth 33 SHI2 right side distance fromlow-rise waist to hip line
9 Sbl  breadth of lower body peak (waist line) 34 P2 posterior distance fromlow-rise waist to hip line
10 Pdl  depth of buttock peak (waist line) 35 Sb2  breadth of lower body peak (low-rise waist line)
11  AEh height of abdominal extension 36 Pd2  depth of buttock peak (low-rise waist line)
12 AEh2 height of abdominal extension (to hip line) 37 Sa2  slope angle of lower body side (from low-rise waist line)
13 Th iliocristale height 38 Pa2  slope angle of buttock (from low-rise waist line)
14 Th2 iliocristale height (to hip line)
15 Bh peak of buttock height )
16 = Ahl height fromwaist line to hip line anterior - - No. symbol calculation item
17 SMIl distance fromwaist line to maximumIower body line side | 39 IAr  difference betwween Ih and Ah
18 SHI1 distance fromwaist line to hip line side 40 Ipr difference between Th and Ph-
19 Pl1  distance fromwaist line to hip line posterior 41 Sr difference between SHIl and SHI2
20 Sal slopeangle of lower body side (fromwaist line) 42 Pr difference between Pll and P2 -
21 Pal slope angle of buttock (from waist line) 43 Ar difference between Ah1 and Ah2
22 AXa slope angle oflower body axis 44 SAr difference between Sh2 and Ah2
.23 ABa slope angle of abdominal extension 45 PAr difference between Ph2 and Ah2
24 Pla slope angle of buttock
25 WHa slope angle ofiiliac bone
(924) AR
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Fig.3 Silhouette photograph measurement symbols
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Table 3 Results of body measurement

No. symbol average  minimum maximum S.D. variation unit
o@® BL 8441 ** 76.9 93.8 428  0.051
o® WL 66.61 56.5 76.5 426 0.064

o® AE 7920 ** 663 90.0 522  0.066
o@ HL 90.79 * 79.0 99.8 445 0049
® AH 2190 185 250 162  0.074
® SH 2216 192 255 166  0.075
@ PH 2289 189 261 156  0.068
o® H 15924 1471 1747 568 = 0036
0@ W 5238 409 643 567 0.108 kg
LWu  75.55 68.7 833 454  0.060
@ Lwd 7973 71.4 87.8 445  0.056
@ AL 1068 6.0 47 212 0155
@ SL 7.82 4.4 13.0 2.16 - 0.200
@ PL 6.69 3.0 107 179  0.185
@ AP 3.99 1.5 87 144 _ 0362 cm

O :measurement item compared with HQL data **:p<0.01 *:p<0.05
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Table 4 Results of silhouette photograph measurement

No. smbol minimum maximum average SD. czzrfl;t: li(:;t unit
1 Wb 20.6 278  24.05 1.60 0.067

2 Hb 30.4 370 3339 1.62 0.049

3 Mb 31.2 370 3397 161 0.047

4 Ab 256 33.0 2965 1.67 0.056

5 wd 15.5 21.7 18.12 1.58 0.087

6 Hd 200 257 2294 1.33 0.058

7 Ad 16.8 240 2044 1.89 0.092

8 AEd ~ 04 49 2.11 1.16 0.549

9  sbl 3.5 7.0 5.09 0.88 0.172

10 Pdl 3.5 9.1 5.69 1.28 0225 cm
11 AEh 81.7 1000  89.81 4.01 0.045
12 AEh2 2.0 15.0 1145 ___ 212 0.185

13 1h 83.0 1020 9254 4.01 0.043

14 In2 10.3 19.0 1.88 0.131

15 Bh 71.9 880  78.09 3.37 0.043

16 Ahl 18.0 247 2133 1.66 0.078

17 sMll 24.7 320  28.06 1.96 0.070

18 SHIl 18.6 256  22.00 1.67 0.076

19 Pl 19.0 260 2228 | ., 159 0.071

20 Sal 12.0 26.5 18.17 3.65 0201
21  Pal 8.5 26.8 15.96 3.87 0.243

2 Axa 1.7 6.3 409 ~Ns | 0.99 0242
23  Wha 23 17.6 9.11 3.27 0.359

24 Aba 9.0 1355 11.38 1.05 0.092

25 Pla 5.0 13.5 7.57 1.59 0.210

26 AR2 7.0 153 10.81 2.00 0.256

27  Ah 81.0 - 101.0 8895 439 0.051

28 Sh2 8.8 17.8 13.36 222 0.215

29 Sh 830 1050 9143 4.85 0.055

30 Ph2 11.1 18.0 1.87 0.161

31 Ph 84.5 1045 9277 437 0.049 cm
32 SMI2 14.2 270 2079 2.61 0.147

33 SHI2 9.0 18.0 13.64 233 0219

34 PR 11.8 22.0 16.66 2.17 0.159

35 Sb2 0.6 3.6 228 0.75 0.327

36 Pd2 3.0 6.6 443 0.90 0.204

37 Sa2 4.0 192 11.25 321 0286 .
38 Pa 16.0 400 2507 4.83 0.193

39  IAr 09 8.0 3.60 1.77 0.268

40 IPr 238 45 -0.23 1.53 0.550
41 S 4.0 119 8.36 2.14 0.189

42 Py 0.3 116 562 229 0.265 cm
43 Ar 52 14.7 10.52 2.03 0.150

44 SAr 0.5 4.8 252 0.90 0.355

45 PAr 0.9 6.4 3.77 1.25 0.333

**:p<0.01 *:p<0.05
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Table 5 Results of principal component analysis

No. symbol - PC1  PC2 PC3 PC4 PC5
@ WL 0.337 -0.151 -0.39  -0.007
(©)) -0.150 -0.378  -0.069
@ -0.021 -0.293  -0.466
0.132 0.414  -0.107
O] -0.123 -0.045  -0.336
8 0.372 0.017 0.469
9 0.341  -0364
10 0.062 -0.244
12 0.227 0.082
14 -0.116 0.252
16 0.448 0.147
18 0.416 0.079
19 0.446 0.112
25 -0.073 0.025
® -0.106  -0.068
26 -0.254 0.116
28 -0.237 0.154
30 -0.358 0.225
33 -0.277 0.165
34 PR 0.576 -0.149 0.084
35  Sb2 0.394 -0221  -0.336
36 Pd2 0.188 -0.016  -0.053
45  PAr -0.024 -0.117 0.160
eigen value 8.224 1.744 1.138

contribution 0.358 0.206 0.147 0.076 0.049
_cumulative 0358 - 0.564 0.710 0.786 0.836
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Fig.9 Mulitiple regression equation to predict height
difference between back and front of a waist belt [PAr]
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