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ABSTRACT

The purpose of this study is to identify the changes in the breadth and depth measurements
of women’s lower bodies with different postures, walking, stair climbing and chair sitting, to im-
prove manufacturers’ understanding to the extent where such information should be considered
when developing pants patterns with better fit and function. Lower body scan data of 13 women
aged between 20-24 years were collected using a hand-held 3D scanner, Artec Eva, and digitally
manipulated in preparation for breadth and depth measurements using commercially available
software, Meshlab. The measurements were then statistically analyzed through SPSS 21.0 to obtain
the average amounts and rates of extension and contraction for each measurement item. The re-
sults from this study demonstrated that the amount of change in the breadths and depths of the
lower body differs depending on the size and range of postures, and thus the largest extension
and contraction occurred in the measurements around the joints; front knee depth and knee
breadth. Factor analysis confirmed these results. Factors 1 and 3, which involve knee-related
measurement items, identified meaningful differences, especially in chair sitting posture, where
larger joint movements are required. Therefore, the findings of this study can be applied to
making key decisions in the manufacturing process, such as selecting fabrics and allowing ease
values, that are likely to influence the level of fit and comfort of the pants.
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{Table 1> Body Measurements of Study Subjects
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I <
1. IeAt

IPARE 20~244 = o4z gAY SZ A6
2} Sl A X 5 5_/\}-4 20~244 A9 Ha
JAAAFE Faste] ZFHA M9 Well Ade 1
e Akt «4341}4 B AdAXFE= ]
161.50cm, 32 Ed 67.77cm, JHolE# 92.16cm,
F5A 5354kgol v Table 1).

. Subject (N=13) 6th Size Korea (N=298)

M S.D. M S.D.

Stature (cm) 161.50 3.92 160.37 5.26
Waist circumference (cm) 67.77 2.25 69.47 5.89
Hip circumference (cm) 92.16 3.75 91.38 4.54
Weight (kg) 53.54 498 53.12 6.73

Standing Walking

Sitting on Chair

Stair Climbing
{Fig. 1) Postures
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(Table 2> Measurement Items

Measurement Item Initial Diagram
1 Waist breadth WB
2 |Waist breadth (omphalion) WBO s
3 |Abdominal breadth AB ﬁv
4 |Hip width HwW
5 |Thigh breadth (right) TBR o -
6 |Thigh breadth (left) TBL
Breadth -
7 |Knee breadth (right) KBR B KEL
8 |Knee breadth (left) KBL
CBR CBL

9 Calf breadth (right) CBR
10 |Calf breadth (left) CBL
11 |Maximum ankle breadth (right) ABR AER Bl
12 |Maximum ankle breadth (left) ABL
13 |Front waist depth FW
14 |Back waist depth BW
15 |Front waist depth (omphalion) FWO
16 |Back waist depth (omphalion) BWO
17 |Front abdominal depth FA
18 |Back abdominal depth BA
19 |Front hip depth FH

: BW FW
20 |Back hip depth BH BWO WO
21 |Front thigh depth (right) FTR 150/ D lio
22 |Front thigh depth (left) FTL BTRO)\ o | FTR(C),
23 |Back thigh depth (right) BTR BTL(C) FTLEC)

A BTR, BTL FTR, FTL
24 |Back thigh depth (left) BTL

Dt TFront knee depth (right) FKR

° |rront Knee depth e BKR, BKL o FKR, FKL
26 |Front knee depth (left) FKL
27 |Back knee depth (right) BKR BCR. BOL {re-FCR. FOL
28 |Back knee depth (left) BKL
29 |Front calf depth (right) FCR BAR, BAL CAR, FAL
30 |Front calf depth (left) FCL
31 |Back calf depth (right) BCR
32 |Back calf depth (left) BCL
33 |Maximum front ankle depth (right) FAR
34 |Maximum front ankle depth (left) FAL
35 |Maximum back ankle depth (right) BAR
36 |Maximum back ankle depth (left) BAL

(Tustrated

by Researchers)
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{Table 3> Amounts and Rates of Extension and Contraction by Posture

Posture Standing Posture M sD Amt. of Rate of
Items M SD. o Ext.&Con. (cm) | Ext.&Con. (%)
w 2440 | 133 0.31% 1.29*
Waist breadth 24.09 | 1.34 C 2422 | 152 0.13 0.54
S 2417 | 112 0.08 0.33
_ \ 2694 | 179 0.22 0.82
Xi;th;ii?th 2672 | 181 C 2604 | 233 -0.68 -2.54
S 2557 | 161 -1.15% -4 305
\ 2088 | 1.69 -0.13 -0.43
Abdominal breadth| 30.01 | 1.88 C 29.96 | 161 -0.05 -0.17
S 2856 | 1.75 -1.45%* -4.83%*
W 3297 | 146 -0.03 -0.09
Hip width 33.00 | 157 C 3335 | 172 0.35 1.06
S 3519 | 151 2.19%#* 6.647 %
w 1449 | 141 -0.32 -2.16
Thigh breadth (R)| 14.81 | 1.30 C 1381 | 134 -1.00%** -6.75%**
S 1443 | 121 -0.38 -2.57
w 1554 | 125 0.36%* 2.37%*
Thigh breadth (L)| 15.18 | 1.28 C 1481 | 118 -0.37 -2.44
Breadth S 14.72 1.48 -0.46 -3.03
(B) \ 1115 | 065 -0.08 -0.71
Knee breadth (R) | 11.23 | 0.60 C 1033 | 072 -0.90%** 8,01 %
S 1061 | 066 -0.62%%* -5 5o
W 1119 | 065 0.03 0.27
Knee breadth (L) | 11.16 | 0.58 C 1117 | 050 0.01 0.09
S 1057 | 056 -0.59%* -5.29%*
w 1047 | 066 -0.12 -1.13
Calf breadth (R) | 1059 | 0.62 C 1064 | 057 0.05 0.47
S 1082 | 086 0.23 217
W 1064 | 048 -0.11 -1.02
Calf breadth (L) | 10.75 | 0.55 C 1067 | 0.64 -0.08 -0.74
S 1093 | 0.69 0.18 1.67
4 \ 586 | 039 0.11 1.91
Eﬁ;‘g&”ﬁgnme 575 | 045 C 599 | 043 0.24* 417%
S 6.08 | 034 0.33** 5.74%%
Maximum ankle w 5.77 0.57 -0.11 -1.87
breadth 587 | 061 C 577 | 073 -0.11 -1.87
(L) S 593 | 046 0.06 1.02
W 1032 | 165 0.14 1.38
Depth . o e
D) Front waist depth | 10.18 1.34 C 10.77 1.48 0.59 5.80
S 1135 | 1.72 1.17%* 11.49%*
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Depth
(D)

W 686 | 111 -0.31 432
Back waist depth | 717 | 061 C 695 | 063 022 -3.07
S 792 | 101 0.75* 10.46*
' W 1015 | 168 0.07 0.69
Front waist depth | ) 5o | 7 C 1055 | 143 0,47 4,66
(omphalion)
S 1062 | 159 0.54 5.36
' w 734 | 153 0.00 0.00
Back waist depth |74/ | o) C 725 | 092 ~0.09 -1.23
(omphalion)
S 766 | 133 0.32 436
A w 1180 | 196 0.18 1.55
Front abdominal | ) o | g C 1241 | 178 0.79* 6.80*
depth
S 1255 | 197 0.93%** 8.00%*
' w 946 | 177 -0.15 -1.56
Back abdominal 961 | 157 C 917 | 146 -0.44 -458
depth -
S 838 | 150 -1.23%* ~12.80%**

*X.05, ** .01, ¥** (001, Amt. of Ext.&Con.=(B or D in posture)-(B or D in standing), Rate of Ext.&Con.=(Amt.
of Ext.&Con. in posture)/(B or D in standing)*x100, W: walking, C: stair climbing, S: sitting on chair
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{Table 3> Amounts and Rates of Extension and Contraction by Posture - continued-

Posture|  Standing Posture i i Amt. of Rate of
Item M SD. o Ext.&Con. (cm) |Ext.&Con. (%)
W 1115 1.80 0.20 1.83
Front hip depth 1095 | 173 C 11.64 2.33 0.69 6.30
S 11.95 163 1.00* 9.13
W 11.37 1.86 0.24 216
Back hip depth 1113 | 178 C 11.09 1.90 -0.04 0.36
S 11.97 1.60 0.84 7.55*
‘ W 9.17 1.05 -0.06 -0.65
(F};(;nt thigh depth 923 | 070 C 9.85 125 0.62* 6.72*
S 9.44 157 0.21 2.28
' W 8.97 0.85 -0.04 -0.44
(Fio)nt thigh depth 901 | 075 C 9.18 0.96 017 1.89
S 9.15 145 0.14 155
‘ W 7.00 0.99 0.24 355
?S‘;k thigh depth 676 | 088 C 7.29 124 0.53 7.84
S 6.24 1.29 -0.52 -7.69
‘ W 6.80 0.86 -0.10 -145
](Bisk thigh depth 690 | 071 C 6.77 0.76 -0.13 -1.88
S 5.97 146 -0.93%* ~13.48%
W 6.91 0.72 0.25* 3.75%
]()SI)Jth (F;{")nt knee depth 666 | 070 C 778 0.69 1.12%* 16.82%**
S 8.17 0.82 15175 92 67%%%
W 6.70 0.76 0.10 152
(Ff;nt knee depth 660 | 074 C 6.54 0.62 -0.06 -091
S 7.80 0.86 1.20%% 18,187
W 4.80 0.62 -0.22* -4.38*
ij‘;k knee depth 502 | 075 C 488 0.71 -0.14 279
S 5.98 115 0.96* 19.12*
W 485 0.70 -0.18 -358
](Sfjk knee depth 503 | 060 C 483 0.53 -0.20%% -3.98*
S 6.11 0.82 1,08 91 47%%%
W 461 0.78 -0.01 -0.22
Front calf depth (R)| 4.62 | 067 C 461 0.81 -0.01 -0.22
S 161 0.77 -0.01 022
W 4.74 0.72 -0.05 -1.04
Front calf depth (L) | 479 | 080 C 471 0.73 -0.08 -167
S 4.97 0.71 0.18* 3.76*
w 6.29 0.84 021 345
Back calf depth (R) | 608 | 087 C 6.56 0.84 0.48* 7.89
S 6.75 0.76 0.67%* 11.02*




3D 27delHE B85 2 syl uvn] - T misk v A
W 6.19 0.68 -0.02 -0.32
Back calf depth (L) | 6.21 0.72 C 6.30 0.74 0.09 1.45
S 6.52 0.69 0.31%* 4.99%*
Mo front W 4.04 041 -0.20 -4.72
aximum fron
ankle depth (R) 4.24 0.53 C 4.06 0.48 0.18 4.25
S 4.07 0.34 -0.17 -4.01
W 4.25 041 0.09 2.16
Depth |Maximum front -
D) ankle depth (L) 4.16 0.37 C 4.25 0.43 0.09 2.16
S 423 0.49 0.07 1.68
Mo back W 4.06 0.39 0.32% 8.56*
aximum bac
3.74 047 C 3.85 0.51 0.11 2.94
ankle depth (R) °
S 3.78 0.49 0.04 1.07
W 3.73 0.62 -0.12 -3.12
Maximum back
3.85 0.62 377 0.48 -0.08 -2.08
ankle depth (L) 7 ¢
S 3.61 041 -0.24 -6.23
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(Table 4> Comparison of Amounts and Rates of Extension and Contraction in Walking, Stair Climbing and Sitting on
Chair versus Standing (Breadth)

Ave. variation
Posture Duncan-
F-value Posture | Amt. Ext.&Con. | Amt. Ext.&Con.
Items test
(cm) (%)
St 0.00 0.00 AB
. . . W 0.22 0.82 A
Waist breadth (omphalion) 5.39%*
C -0.68 -2.54 BC
S -1.15 -4.30 C
St 0.00 0.00 A
W -0.13 -0.43 A
Abdominal breadth 5.81%*
C -0.05 -0.17 A
S -1.45 -4.83 B
St 0.00 0.00 B
5 w -0.03 -0.09 B
Hip width 31.27%%*
C 0.35 1.06 B
S 2.19 6.64 A
St 0.00 0.00 A
4 -0.32 -2.16 A
Thigh breadth (R) 3.81*
C -1.00 -6.75 B
S -0.38 -2.57 A
Breadth
St 0.00 0.00 AB
_ w 0.36 2.37 A
Thigh breadth (L) 3.57*
C -0.37 -2.44 B
S -0.46 -3.03 B
St 0.00 0.00 A
3 w -0.08 -0.71 A
Knee breadth (R) 2147
C -0.90 -8.01 C
S -0.62 -5.52 B
St 0.00 0.00 A
3 w 0.03 0.27 A
Knee breadth (L) 8.92%**
C 0.01 0.09 A
S -0.59 -5.29 B
St 0.00 0.00 AB
) A -0.11 -1.02 B
Calf breadth (L) 3.81%
C -0.08 -0.74 B
S 0.18 1.67 A

*.05, ** 01, ***p(001, Duncan-test: A>B)C
St: standing, W: walking, C: stair climbing, S: sitting on chair
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(Table 5> Comparison of Amounts and Rates of Extension and Contraction in Walking, Stair Climbing and Sitting on
Chair versus Standing (Depth)

Ave. variation
Posture Duncan-
F-value Postures | Amt, Ext.&Con. | Amt. Ext.&Con.
Item test
(cm) (%)
St 0.00 0.00 B
\Y 0.14 1.38 B
Front waist depth 5.18**
C 0.59 5.80 AB
S 1.17 11.49 A
St 0.00 0.00 B
W -0.31 -4.32 B
Back waist depth 5.22%*
C -0.22 -3.07 B
S 0.75 10.46 A
St 0.00 0.00 B
W 0.18 1.55 B
Front abdominal depth 4.07*
C 0.79 6.80 A
S 0.93 8.00 A
St 0.00 0.00 A
\Y% -0.15 -1.56 A
Back abdominal depth 4.94%*
-0.44 -4.58 A
S -1.23 -12.80 B
St 0.00 0.00 AB
W 0.24 3.55 A
Depth |Back thigh depth (R) 4.28%*
C 0.53 7.84 A
S -0.52 -7.69 B
St 0.00 0.00 A
A -0.10 -1.45 A
Back thigh depth (L) 5.327%*
C -0.13 -1.88 A
S -0.93 -13.48 B
St 0.00 0.00 C
W 0.25 3.75 C
Front knee depth (R) 38.48%**
C 1.12 16.82 B
S 1.51 22.67 A
St 0.00 0.00 B
A 0.10 152 B
Front knee depth (L) 14.42%%*
C -0.06 -0.91 B
S 1.20 18.18 A
St 0.00 0.00 B
A% -0.22 -4.38 B
Back knee depth (R) 7.85%**
C -0.14 -2.79 B
S 0.96 19.12 A
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St 0.00 0.00 B
- W ~0.18 -358 B
Depth |Back knee depth (L) 18.55%**
C -0.20 -3.98 B
S 1.08 21.47 A
*X .05, ** .01, ***p<.001, Duncan-test: A>B)C
St: standing, W: walking, C: stair climbing, S: sitting on chair
3. S| ME AFRE 2IEN 1 o]l 8R1E& FE3IAL Scree-testA234E I
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{Table 6> Factor Analysis Based on Rate of Extension and Contraction by Posture

Factor Items Factor Score| FEigenvalue Varlanc&(e o/f )xplamed Cur;:i;j; dV(a;/:a)nce

Abdominal breadth 950
Waist breadth (omphalion) 944
Waist breadth 936
Knee breadth (R) 924
Thigh breadth (R) 905

1 Thigh breadth (L) 904 9.12 36.46 36.46
Knee breadth (L) 903
Hip width 900
Back abdominal depth 834
Back thigh depth (L) 668
Back hip depth 488
Front waist depth 829
Front abdominal depth 798

2 |Front waist depth (omphalion) 760 3.77 15.09 51.55
Maximum ankle breadth (R) 697
Front thigh depth (R) 452
Back waist depth 763
Front knee depth (L) 760

3 |Back knee depth (L) 635 2.80 11.20 62.75
Back knee depth (right) 546
Front knee depth (R) 512
Maximum back ankle depth (R) -.657
Back calf depth (L) 611

4 2.19 8.75 71.50
Back calf depth (R) 609
Front calf depth (L) -572
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Duncan-test
A BC
BB A

F-test
12.71%%*

2.29
40.71%*%*

0.75

S.D.
0.39
1.54
0.99
1.66

Sitting on Chair

-1.44
0.41
1.94
0.41

S.D.
0.36
1.22
0.96

1.74
— 74 —

Stair Climbing

-1.10

0.17
-0.74
-0.05

TAEE A

3

o

S.D.
0.45
1.44
0.71
1.54

lolE g &8
Walking

-0.65
-0.71
-0.86
-0.37

g

Posture
Factor
Factor 1
Factor 2
Factor 3
Factor 4

{Table 7> Comparison of Factor Scores by Posture

*#% (001, Duncan-test: A>B)C
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