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Changes in Human Body Relief by Squatting as Determined by Three
Dimensional Measurements and [ts Application to Lower Garment Design

Yoko Matsuyama and Harumi Kowzomr *

Faculry of Home Economics, Otsuma Women’s University, Chivoda-ku, Tokvo 102
* Kaetsu High School, Chivoda-ku, Tokyo 102

Body surface reliefs of ten young Japanese women in standing and squatting positions were
measured using the Grating Projection System for Profiling (GRASP method) and analyzed. The body
area investigated was the back right half of the torso from the bottom of the bust to the thigh, on which
five vertical and ten horizontal lines were marked as references. The body area was divided into six
parts as determined by surface deformations which accompanied changes from standing to squatting
positions. The medial parts from the scapular line around waist and abdomen line expanded about 50%
in vertical length and nearly 1009% around the gluteal fold. The vertical length of lateral part around
the hip line contracted about 25%. The body area showed little change in horizontal length. Based on
the results of this study, eases were added to the slacks pattern. The slacks were then tested on two
women. The added eases were found to be large enough and appropriate in location to allow free

movements of the hip joints in both standing and squatting positions.
(Received May 13, 1995)
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Fig. 1. Reference lines and sections of measure-

ment drawn on the body surface
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Fig. 2. Measuring scheme of the Grating Projection System for Profiling
(GRASP)
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Table 1. Body surface lengths along the vertical lines in standing position

L mm!
Vertical line

Section
Back median 1. Inter scapular 1. Scapular 1. Armpit 1. Side L
I 56.8 56.0 56. 8 56.5 52.6
1 59.1 56. 4 56.5 58.0 60.7
Il 41.5 39.6 39.7 41.0 42.0
v 43.5 43.6 43.2 45.3 43.9
\ 43.8 44.8 45.4 43.1 43.0
VI 42.8 46. 4 46.4 45.3 44.1
VI — 61.7 59.1 57.0 35.5
VI — 80. 1 72.6 65.8 65.9
X — 55.9 51.6 52.6 52.3
Total 286.7 476. 4 465.2 455.9 435.1
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Table 2. Body surface lengths along the horizontal lines in standing position

fmm/J
Section
Horizontal line B c 71) Total
Under bust 1. 42.2 37.1 61.1 50. 3 189.5
Mid 1. 1 42.5 34.3 52.3 42.3 171.7
Waist 1. 41.1 30.9 16.9 41.3 160. 2
Mid 1 2 10.6 33.3 54.3 49.7 177.8
Abdomen 1. 41.5 37.6 63.8 57.1 200.0
Mid 1. 3 44.5 43.8 70.5 62.5 221.2
Hip 1. 52.1 49.3 74.0 66. 4 239.7
Mid 1. 4 — 17.8 79.1 71.4 198. 3
Gluteal fold 1. — 40.5 71.9 71.9 184.3
Thigh 1. — 36.6 58.9 63.0 158.4
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Table 3. Mean change rates of body surface lengths along the vertical lines by squatting*

%)
Vertical line
Section  Back median 1. Inter scapular 1. Scapular 1. Armpit L. Side 1.
Subtotal Subtotal Subtotal Subtotal Subtotal
I 35.5 32.2 23.3 18.2 10.5
SO PN 35.8 33.8 955 8.9
1 30.8 39.3 4.1 32.6 —0.1
il 17.7 49.9 50.0 26.5 -5.5
\Y 50.5 46. 1 36.7 10.3 —23.7
, 36.3 S " 306 SRR ¥ P A )
\ 25.8 26.7 21.9 7.7 —24.4
VI 23.0 17.0 17.7 15.9 —28.1
VI — 26.7 27.7 26.5 —21.8
Vil — — 49.1 55.4 43. 4 49.6 17.9 24.3 —14.2 —12.5
X — 97.3 84. 4 30.3 —4.7
Total 34.8 42.38 38.8 21.0 -11.8
*Change rate= 100 X (squatting — standing)/standing.
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larl; —-—, armpit ;- - - - , side 1.

HHEE=(B — A) X 100/A
72720 BIIHBERGRERR, A IR VRARR.

Table 3 (3 EE HMIDFEER S RIZDOVWTOHET,
EfmgEREY, [ 2L XOXE (Fig 1 B8B) Tk (2
R7:5E, SHMEFBEREIERBE TRINII3IFL
e, FLTEHEYV LT EDIIL G EDOTFH M
MELRLTVA, EPK, BHEHEHK FFEHOIE
J, TR LA SERR AT TOXEO, N

80

TIE50%HI R OB HEE/RL, IR FMRIIHEE
W o KBEFIZATTORXKBXTIZNBN EF ) HE
RERAERY. RINPIZ3ITLIHETE, RERS
HIEHM L TIZ35%IERE, BHAMD S KK E TS
60%REDHBELER ONL. BRRRTIIMELIRS
NBHNEDRIIAGLD 3 FERDIMIELANTH LY
Do, KA TR L TR L T b, &b I
ERTEMIE, AR EOEFAELTHY, IHEE

(174}

NI | -El ectronic Library Service



Japan soci ety of Home Economics

1R X A AILO 3 RCAER & M ERGERRF OIS H]

Table 4. Mean change rates of body surface lengths along the horizontal lines by squatting*

(%1
Section

Horizontal line

A B C D Total
Under bust L. 16.1 9.1 9.9 2.3 17.0
Mid 1. 1 10.0 8.4 6.0 7.8 8.4
Wast . —-2.7 1.1 -1.1 7.6 0.8
Mid 1.2 —-9.2 -7.8 -7.1 —2.0 —6.3
Abdomen 1. —4.5 —3.4 —-35.5 —-1.9 —4.1
Mid 1. 3 8.1 2.5 -3.8 —-2.9 0.0
Hip L. 19.4 4.4 1.4 1.3 5.3
Mid 1. 4 — 8.5 6.3 4.5 3.9
Gluteal fold 1. — —1.6 3.5 8.0 4.2
Thigh 1. — -9.9 1.6 9.0 2.0

*(Change rate= 100 X (squatting — standing)/standing.
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(a) The extra vertical ease is managed with seams  (b) The extra vertical ease is managed with tucks

Fig. 9. Slacks back patterns designed to conform to body movements such as
squatting
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Slacks(b) for which extra eases are
added and managed with tucks.

Effects of the added slacks cases based on the results of this study as an example for application
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