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Abstract

This study analyzed differences between three-dimensional (3D) body scanning and manual measurements,
aiming to assess whether 3D scanning can replace traditional anthropometric tools, such as tape measures and
calipers. Data from 4,478 participants in the 8th Size Korea Project were analyzed, covering 43 measurement
items. Since Given that the 3D and manual measurements were performed on the same subjects in the 8th Size
Korea Project, it was possible to determine the correlation more accurately between the two measurement
methods more accurately. Using Applying ISO 20685-1(2018) standards, 15 out of the 43 items fell within al-
lowable error limits. When classified into six types, “small circumferences” and “segment lengths” showed
averages of 3.35 mm and 3.10 mm, respectively, within acceptable range. “Body heights” and “body depths”
slightly exceeded the limit, with averages of 5.28 mm and 6.58 mm. “Body widths” and “large circumferences”
surpassed the limit, with means of 16.77 mm and 16.18 mm. The study offers an objective basis to for validate
validating 3D measurements' measurements’ reliability and accuracy, addressing various industries’ needs for
information on the human body’s dimensions information.
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Table 1. Body measurements

Meai;llr)eement Body measurements Definition of Size Korea
Stature Vertical distance from the highest point of the head in the median line to the ground
Cervicale H. Vertical distance from the cervicale point to the ground
Acromion H. Vertical distance from the acromion point to the ground
Axilla H. Vertical distance from the axilla point to the ground

Body H. Waist H. Vertical distance from the waist level to the ground

Crotch H. Vertical distance from the crotch point to the ground
Lateral Malleolus H. Vertical distance from the outer ankle point to the ground
Elbow H.(Elbow-Bent)  Vertical distance from the bottom olecranon point to the ground
Sitting H. Vertical distance from the highest point to the sitting floor
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Table 1. Continued I

Meai;lgzment Body measurements Definition of Size Korea
Chest B. Horizontal distance between the left and right sides of the torso at the armpit level
Waist B. Horizontal distance between the left and right sides of the torso at the waist level
Body B. Hio B Horizontal distance between the left and right sides of the torso at the buttock pro-
p - trusion level
Inferior Leg B. Horizontal distance between the right leg at the level of the inferior leg
Armscye D. Horizontal depth between the back and front armscye fold points
Chest D. Horizontal depth between the left and right sides of the torso at the armpit level
Body D. Waist D. Horizontal depth between torso left and right at waist level

Abdominal Extension D.,
Sitting

Horizontal depth between torso left and right at abdominal protrusion level(sitting)

Buttock-Abdomen D., Sitting

Horizontal depth from the vertical plate to the abdominal protrusion level(sitting)

Neck C. Circumference passing through the point just below the inferior thyroid
Circumference passing through the right side neck point, back of the neck point, left
Neck Base C. . . .
side neck point, and front neck point
Armscye C. Circumference passing through the acromion and the axillary point
Upper-Arm C. Clrcumferenfze ofthe arm Whl]e it hangs naturally, passing through the axillary point
and perpendicular to the axis of the arm
Small C. Circumference with the arm naturally hanging down, passing through the center
Elbow C. : ;
olecranon, perpendicular to the axis of the arm
Wrist C. Circumference passing through the radial styloid, perpendicular to the axis of the arm
Thigh C. Horizontal circumference of the right leg at the level of the gluteal fold
Knee C. Horizontal circumference of the right leg at the level of the midpatella
Calf C. Horizontal circumference of the right leg at the level of the calf protrusion
Chest C. Horizontal circumference of the torso at the axilla level
Bust C. Horizontal circumference of the torso at the bust points level
L c Underbust C.(women) Horizontal circumference of the torso at the under bust level
arge C.
g Waist C. Horizontal circumference of the torso at the waist level
Waist C.(Omphalion) Horizontal circumference of the torso at the omphalion level
Hip C. Horizontal circumference of the torso at the buttock protrusion level
Back-Neck Base L. Length passing through the right neck point, back of the neck point, and left neck point
S.N.P. to Back Waist Level ~ Vertical body length from the side neck point to the back waist level
S.N.P. to Bust Point Length passing through the side neck point to the bust point
Total Crotch L. Length from the centre of th.e waist level at the front of the body, through the crotch
to the centre of the back waist level
B.N.P. to Acromion L. Length passing through the back neck point to the acromion
Segment L.  Across Back Shoulder L. Length trom the left shoulder point, passing through the back of the neck, to the right
shoulder point
Upperarm L. Length from the shoulder point to the radiale
Arm L. Length from the shoulder point, passing through the radiale, to the ulnar styloid
Forearm-Fingertip L., Horizontal distance from the rear olecranon of the bent arm to the fingertip point
Elbow-Bent

Horizontal distance from the rear olecranon of the bent arm to the axis of the stick held

Elbow-Grip L., Elbow-Bent in the hand

H.: Height, B.: Breadth, D.: Depth, C.: Circumference, L.: Length, T.: Thickness, S.N.P.: Side Neck Point, B.N.P.: Back Neck Point
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(unit: mm)

Measurement type

Maximum mean difference

Segment lengths (e.g. buttock-popliteal length)
Body heights (e.g. shoulder height)

Large circumferences (e.g. chest circumference)
Small circumferences (e.g. neck circumference)
Body breadths (e.g. biacromial breadth)

Body depths (e.g. chest depth)

Head dimensions without hair

Head dimensions with hair

Hand dimensions

Foot dimensions

5
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(ISO 20685-1, 2018)
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Table 3. Difference analysis results by body measurements

(N=4478, unit: mm)

L U Max. g luati
Body measurements Mean SD t-value ower PPEC allowable - Yauaon
limit limit result
error
Stature 4.83 7.85 41.23%** 4.60 5.06
Cervicale H. 6.71 5.73 78.40%** 6.54 6.88
Acromion H. 4.68 7.03 44.59%** 4.48 4.89
Axilla H. 1.50 9.97 10.08%** 1.21 1.79 acceptable
Body H .
Waist H. 4.43 5.77 51.42%** 4.26 4.60 4
Crotch H. 10.56  11.82 59.79%** 10.21 10.91
Lateral Malleolus H. 3.03 3.03 66.92%** 2.94 3.12 acceptable
Elbow H.(Elbow-Bent) 3.01 14.51 13.89%** 2.59 3.44 acceptable
Sitting H. 8.79 9.19 64.04%** 8.52 9.06
Chest B. 39.56  10.99 240.79%** 39.24 39.88
Waist B. 9.94 8.42 79.04% % 9.70 10.19
Body B 4
Hip B. 16.68 6.28 177.68%** 16.49 16.86
Inferior Leg B. 0.90 3.79 15.91%** 0.79 1.01 acceptable
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Table 3. Continued |
avle ontinue (N=4478, unit: mm)

Lower Upper Max. Evaluation
Body measurements Mean SD t-value limit limit allowable -
error
Armscye D. 6.43 6.68 64.33%** 6.23 6.62
Chest D. 10.45 12.19 57.38%** 10.09 10.81
Waist D. 11.94 9.04 88.42%** 11.68 12.21
Bodr ‘;'t’t‘iir‘;g‘i“al Extension D, 51y 879 414100 518 570 i
';’i‘:gg;k'Ademen D, -138 1338 691 %% -1.77 099 acceptable
Neck C. 1.61 7.76 13.85%** 1.38 1.83 acceptable
Neck Base C. -5.04  18.19 -18.54#** -5.57 -4.51
Armscye C. -1491  13.38 -74.54%%% -1530  -14.51
Upper-Arm C. 8.23 13.28 41.44% %% 7.84 8.61
Small C.  Elbow C. 4.77 6.30 50.67*** 4.58 4.95 4
Wrist C. 3.57 5.71 41.88%** 3.40 3.74 acceptable
Thigh C. 31.91 30.93 69.03*** 31.00 32.81
Knee C. 222 6.88 21.62%** 2.02 243 acceptable
Calf C. -2.19 6.03 -24.26%** -2.36 -2.01 acceptable
Chest C. 21.64  20.33 T1.25%** 21.05 22.24
Bust C. 28.06  23.03 81.54%** 27.38 28.73
Underbust C.(women) 2126  26.70 75.08*** 20.48 22.04
Large C. 9
Waist C. 8.71 16.12 36.15%** 8.23 9.18
Waist C.(Omphalion) 1344 17.70 50.80%** 12.92 13.96
Hip C. 3.98 11.35 23 .47%** 3.65 4.31 acceptable
Back-Neck Base L. -6.68 9.58 -46.64%** -6.96 -6.40
S.N.P. to Back Waist Level ~ 6.18 16.43 25.16%** 5.70 6.66
S.N.P. to Bust Point 4.88 10.30 32.20%** 4.57 5.18
Total Crotch L. 9.12 48.93 12.47%** 7.69 10.55
B.N.P. to Acromion L. -1.97 8.54 -15.42%%* -2.22 -1.72 acceptable
Segment L. Across Back Shoulder L. -2.58 7.30 -23.66%** -2.79 -2.37 5 acceptable
Upperarm L. 2.73 7.20 25.37*** 2.52 2.94 acceptable
Arm L. -0.13 11.82 -0.76 -0.48 0.21 acceptable
Efgzjfg:;?gemp L. 324 860 25 2474 299 349 acceptable
E}nggﬁ L. 16.16 1031 104.95%%* 1586 16.46
#5%p< 001

S.D: standard deviation
Shading indicates body measurements that fall within the maximum allowable error.
H.: Height, B.: Breadth, D.: Depth, C.: Circumference, L.: Length, T.: Thickness, S.N.P.: Side Neck Point, B.N.P.: Back Neck Point
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Table 4. Difference analysis results by sex (unit: mm)
Men women Total
Meast;;imem Body measurements (N=1967) (N=2511) (N=4478) t-value
Mean SD Mean SD Mean SD
Stature 3.37 8.34 5.98 7.23 4.83 7.85 -11.19%**
Cervicale H. 7.46 6.24 6.12 522 6.71 5.73 7.66%**
Acromion H. 5.53 7.42 4.02 6.63 4.68 7.03 T ATH**
Axilla H. 2.68 10.74 0.58 9.22 1.50 9.97 7.02%%*
Body H. Waist H. 4.65 6.19 4.27 5.42 4.43 5.77 2.17*
Crotch H. 6.67 12.18 13.61 10.57 10.56 11.82  -20.39%**
Lateral Malleolus H. 3.68 291 2.52 3.02 3.03 3.03 12.91%**
Elbow H.(Elbow-Bent) 4.32 14.89 1.98 14.13 3.01 14.51 5.37%**
Sitting H. 7.31 9.92 9.95 8.39 8.79 9.19 -9.62%**
Mean 5.07 5.45 5.28
Chest B. 41.96 11.22 37.68 10.44 39.56 10.99 13.17***
Body B Waist B. 7.86 7.66 11.57 8.63 9.94 8.42 -15.19%%*
Hip B. 16.37 6.66 16.92 5.96 16.68 6.28 -2.91%*
Inferior Leg B. 0.43 3.46 1.27 3.99 0.90 3.79 -7.45%%*
Mean 16.66 16.86 16.77
Armscye D. 7.04 6.81 5.95 6.54 6.43 6.68 5.43%%*
Chest D. 7.00 9.24 13.15 13.47 10.45 12.19  -17.30%**
Body D Waist D. 12.70 8.80 11.35 9.18 11.94 9.04 5.03%%*
Abdominal Extension D., Sitting 6.06 9.46 495 8.20 5.44 8.79 4.20%**
Buttock-Abdomen D., Sitting -5.81 14.09 2.09 11.68 -1.38 13.38  -20.51%**
Mean 5.40 7.50 6.58
Neck C. 1.09 8.30 2.01 7.28 1.61 7.76 -3.96%**
Neck Base C. -3.80 17.97 -6.01 18.31 -5.04 18.19 4.05%**
Armscye C. -1499 13,68 -14.84 13.15 -1491 13.38 -0.37
Upper-Arm C. 10.79 15.09 6.21 11.27 8.23 13.28 11.63%%*
Small C. Elbow C. 7.50 5.72 2.63 5.88 4.77 6.30 27.92%**
Wrist C. 5.95 5.59 1.71 5.07 3.57 5.71 26.53%**
Thigh C. 49.54 30.20 18.09 23.61 3191 30.93 39.11%%*
Knee C. 3.20 5.65 1.46 7.63 2.22 6.88 8.45%**
Calf C. -2.42 4.78 -2.01 6.85 -2.19 6.03 -2.38*
Mean 6.32 1.03 3.35
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Table 4. Continued |

(unit: mm)
Measurement }A o WS i ”l:otal
- Body measurements (N=1967) (N=2511) (N=4478) t-value
Mean SD Mean SD Mean SD
Chest C. 19.87 2133  23.03 19.40  21.64 2033 S5 7k
Bust C. 3247 2551 2460 2022  28.06  23.03 11.51%**
Large C. Underbust C.(women) - - 37.91 2530 3791 25.30 -
Waist C. 9.34 15.73 8.21 16.40 8.71 16.12 2.34*
Waist C.(Omphalion) 11.26 13.90 15.14  20.03 13.44 17.70 .32k
Hip C. 2.98 11.21 4.77 11.39 3.98 11.35 -5.26%**
Mean 12.65 18.94 16.18

Back-Neck Base L. -6.70 11.25 -6.67 8.04 -6.68 9.58 -0.10
S.N.P. to Back Waist Level 0.64 12.93 10.51 17.54 6.18 16.43  -20.90%**
S.N.P. to Bust Point 10.79 10.89 0.24 6.88 4.88 10.30  39.53%**
Total Crotch L. 3428 3787 -10.59  47.57 9.12 48.93  34.20%**

Segment L. B.N.P. to Acromion L. -2.27 9.31 -1.73 7.88 -1.97 8.54 -2.12%
Across Back Shoulder L. -2.26 7.62 -2.83 7.03 -2.58 7.30 2.63%*
Upperarm L. 2.90 6.93 2.59 7.40 2.73 7.20 1.42
Arm L. -1.11 9.70 0.63 13.20 -0.13 11.82 -4.93%**
Forearm-Fingertip L., Elbow-Bent 2.78 7.68 3.60 9.24 3.24 8.60 -3.17%*
Elbow-Grip L., Elbow-Bent 17.72 9.39 14.94 10.82 16.16 10.31 9.03%**

Mean 5.68 1.07 3.10

*p<.05, *¥*p<.01, ***p<.001
S.D: standard deviation

H.: Height, B.: Breadth, D.: Depth, C.: Circumference, L.: Length, T.: Thickness, S.N.P.: Side Neck Point, B.N.P.: Back Neck Point
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Table 5. Difference analysis results by age

(unit: mm)
Measur 20's 30's 40's 50's 60's
ement Body measurements (N=1688) (N=1158) (N=761) (N=414) (N=457) F-value
type M(SD) M(SD) M(SD) M(SD) M(SD)
6.43(7.49 6.22(7.72 4.18(6.22 1.90(6.46 -0.80(9.42
Stature (7.49) (7.72) 622) (6.46) ©42) 111.01%**
D D C B A
6.49(6.57 6.32(6.03 7.15(4.56 7.36(3.34 7.17(4.88
Cervicale H. (6.57) ( ) ( ) ( ) (4.88) 5.18%**
A A B B B
5.42(7.38 4.62(7.75 4.55(5.53 3.68(4.79 3.21(7.33
Acromion H. (7.38) (7.75) ( ) “-79) (7.33) 12.01%***
C B B A A
2.76(8.52 1.29(10.16 0.92(13.95 -0.16(6.46 -0.13(8.45
Axilla H. (8.52) ( ) ( ) (6.46) (8.43) 13.58%**
C B AB A A
4.38(6.27 3.89(5.84 4.57(5.27 5.18(4.63 5.12(5.24
Body .11 (627) (5.84) (527) (4.63) G2A)
H. AB A BC C C
12.01(12.86 10.86(13.67 10.34(9.78 8.49(6.54 6.70(7.82
Crotch H. ( ) ( ) ©.78) 634 (7.82) 22.36%**
D CD C B A
3.37(3.14) 3.12(2.97) 2.82(2.87) 2.79(2.95) 2.07(2.85)
Lateral Malleolus H. 19.01%%*
C BC B B A
Elbow 3.88(13.98) 5.82(13.82) 1.42(14.80) 0.42(14.62) -2.31(15.51) 3431
H.(Elbow-Bent) C D B B A ’
8.49(9.35 10.20(8.50 8.36(9.14 8.80(8.82 7.07(10.20
Sitting H. ©.33) (8.30) ©.14) (8.82) ( ) 11.76%**
B C B B A
Mean 591 5.82 4.92 427 3.12
38.07(10.63)  38.41(10.71)  40.87(10.63)  42.15(11.19)  43.46(11.83)
Chest B. 34.81%*x*
A A B C D
7.90(8.01 7.51(6.91 11.57(8.67 15.01(7.65 16.36(7.70
Waist B. (8.01) ©91) (8.67) (7.65) (7.70) 186.35%**
Body A A B C D
B. 15.90(6.78 16.18(6.46 17.76(6.12 18.11(4.80 17.72(4.51
ip B, (6.78) (6.46) (6.12) (4.80) @5
A A B B B
0.52(3.36 0.12(3.73 1.42(4.18 2.16(3.99 2.30(3.78
Inferior Leg B. (3:36) 3.73) (“18) 3.99) (3.78) 49.53***
B A C D D
Mean 15.60 15.56 17.91 19.36 19.96
5.16(6.56 5.74(6.11 7.43(6.34 8.99(6.58 8.84(7.62
Armscye D. (6.36) @1 (634) (6.58) (7.62) 55.04%**
A A B C C
9.24(11.61 8.72(11.51 10.87(11.60 14.31(13.84 15.08(13.32
Chest D. ( ) ( ) ( ) ( ) ( ) 38.33%%*
A A B C C
10.22(7.73 11.13(8.21 12.78(8.79 15.05(10.15 16.16(12.13
Body ..o (173) (821) (8.79) (10.15) 213
D. A A B C D
Abdominal Extension 5.19(8.92) 6.23(8.50) 5.84(8.52) 4.49(9.36) 4.58(8.81) P
D., Sitting AB C BC A A '
Buttock-Abdomen D.,  -2.83(14.12) 0.21(13.05) -0.04(12.50) 0.34(11.51) -3.88(13.48) 16,86 %+
Sitting A B B B A ’
Mean 5.40 6.41 7.38 8.64 8.16
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Table 5. Continued |

(unit: mm)
Measur 20's 30's 40's 50's 60's
ement  Body measurements (N=1688) (N=1158) (N=761) (N=414) (N=457) F-value
type M(SD) M(SD) M(SD) M(SD) M(SD)
1.25(7.68 2.06(7.24 1.66(7.60 1.05(9.89 2.18(7.26
Neck C. (7.68) (7.24) (7.60) (9.89) (7.26) 3.08%
AB BC ABC A C
3.49(10.10) 1.72(9.96)  -10.62(21.26) -24.95(17.88) -26.38(17.98)
Neck Base C. 702.67***
D C B A A
-16.04(13.25) -17.62(12.77)  -13.61(12.92)  -9.86(13.11)  -10.54(13.88)
Armscye C. 45.32%%*
B A C D D
10.01(13.36)  9.89(12.57) 6.29(11.27) 4.77(12.37) 3.79(16.28)
Upper-Arm C. 37.07***
C C B A A
4.02(6.03 4.09(5.68 5.51(6.71 6.16(5.98 6.76(7.45
Small - C. (6.03) (5.68) (6.71) (5.98) (7.45) 29, 30w+
C. A A B BC C
2.36(5.69 2.94(5.50 4.09(5.24 5.40(5.48 7.16(5.24
Wiist C. (5.69) (5.50) (5.24) (5.48) (5.24) 86,04+
A A B C D
) 36.45(25.59)  38.71(26.55) 29.55(31.04) 18.26(37.98)  14.17(39.77)
Thigh C. 88.29***
D D C B A
1.58(7.14 1.27(7.21 2.27(5.90 4.34(6.78 5.02(5.43
Knee C. (7.14) (7.21) (5.9 (6.78) (5:43) 39.10%**
AB A B C C
-2.32(5.78 -2.07(6.61 -2.35(6.82 -1.74(4.72 -2.14(4.95
Calf C. (5.78) (6.61) (6.82) 4.72) (4.95) Lo
A A A A A
Mean 453 4.55 2.53 0.38 0.00
17.92(21.29)  24.07(19.41)  22.41(19.88) 24.79(17.94)  25.13(19.63)
Chest C. 24.88%**
A BC B C C
30.1026.67)  30.12(22.31)  25.63(18.44)  23.20(18.96)  23.74(18.51)
Bust C. 16.61%**
B B A A A
18.19(24.75)  21.05(25.21)  22.74(28.70)  26.53(28.76)  25.86(30.22)
Underbust C.(women) 13.75%**
Large A B B C C
C. 6.58(17.36 8.74(15.50 9.58(14.38 11.29(15.68 12.69(14.76
Waist C. ( ) ( ) ( ) ( ) ( ) 17.84%**
A B B C C
. . 10.63(17.20)  13.48(17.51)  15.79(16.61)  16.84(19.25)  16.73(18.68)
Waist C.(Omphalion) 22.18%**
A B C C C
2.81(12.95 5.45(9.49 4.32(9.04 4.66(12.12 3.36(11.57
Hip C. ( ) 9.49) (9.04) ( ) ( ) 10.30%**
A C BC C AB
Mean 14.37 17.15 16.75 17.89 17.92
-6.80(10.92) -6.86(9.91) -6.81(8.69) -6.83(6.46) -5.41(6.75)
Back-Neck Base L. 2.25
A A A A B
Segment S.N.P. to Back Waist 6.19(17.65) 4.10(17.37) 8.51(16.01) 6.84(10.89) 6.92(13.29) Q03+
L. Level B A C BC BC ’
436(10.26)  4.80(1130)  4.97(9.24) 5.62(9.68) 6.16(9.87)
S.N.P. to Bust Point 3.43%*
A AB AB BC
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Table 5. Continued Il

(unit: mm)
Measure 20's 30's 40's 50's 60's
ment Body measurements (N=1688) (N=1158) (N=761) (N=414) (N=457) F-value
type M(SD) M(SD) M(SD) M(SD) M(SD)
-2.05(49.70) 8.00(50.84) 7.64(51.37)  27.96(30.15)  38.61(30.48)
Total Crotch L. 85.09%**
A B B C D
-2.51(8.30) -1.65(8.76) -2.37(8.59) -2.07(8.45) -0.04(8.59)
B.N.P. to Acromion L. 8.38%**
A A A A B
Across Back -4.06(6.85) -3.25(6.78) -2.15(6.86) -0.16(8.04) 1.66(7.92)
75.01%**
Shoulder L. A B C D E
Segment 3.05(4.70) 2.68(4.08) 2.29(6.75) 2.63(11.99) 2.46(13.32)
Upperarm L. 1.74
L. A A A A A
-0.91(6.42 -1.65(6.82 0.46(10.99 3.19(21.28 2.56(21.53
Arm L. (6:42) (6.82) (10.99) (21.28) (21.53) PP
A A B C C
-Fi i -0.70(6.35 0.79(6.38 5.38(8.84 11.46(6.48 13.01(8.26
Forearm-Fingertip L., ( ) ( ) ( ) ( ) ( ) 540 50%#*
Elbow-Bent A B C D E
Elbow-Grip L 14.14(9.59) 14.70(9.07) 17.16(10.97)  19.38(10.38)  22.74(11.02)
? 86.67***
Elbow-Bent A A B C D
Mean 1.07 2.17 3.51 6.80 8.87

#p<.05, **p<.01, ***p<001, Duncan test: A<B<C<D<E

M: average of (3D measured value - traditionally measured value)

S.D: standard deviation

H.: Height, B.: Breadth, D.: Depth, C.: Circumference, L.: Length, T.: Thickness, S.N.P.: Side Neck Point, B.N.P.: Back Neck Point

Table 6. Difference analysis results by BMI (unit: mm)
Low-weight Ijv(:igltl Overweight Obesity 1 Obesity 11 Obesity 111
Measure-  Body (~18.5) (23~24.9) (25~29.9) (30~34.9) 35~)
Al e N=238 (18.5-229) N=963 N=1083 N=188 N=126 F-value
type ments N=1980
M(SD) M(SD) M(SD) M(SD) M(SD) M(SD)
453(627)  527(7.19)  491(9.61)  439(747)  337(7.78)  0.99(8.98)
Stature 4.55%%%
B B B B B A
Cervicale  5.13(5.48) 6.29(5.23) 7.11(7.04) 7.44(5.48) 6.81(4.11) 6.86(3.80) 10,4345
H. A AB B B B B '
Acromion  4.55(7.43) 4.50(6.63) 4.73(8.51) 5.11(5.85) 4.13(7.18)  4.36(13.26) 134
H. A A A A A A '
Body H.
0.54(14.46) 1.47(8.74) 1.99(11.23)  1.46(10.08) 1.08(7.60) -0.32(7.56)
Axilla H. 1.15
A A A A A A
3.23(5.20 4.39(4.99 4.69(7.66 4.78(5.22 3.41(5.48 2.02(5.88
Waist 11 (520) (4.99) (7.66) (522) (5.48) G8)
AB B B B AB A
14.53(12.57) 13.27(11.28 10.03(11.82 6.56(11.19 4.38(9.35 -1.32(11.25
Crotch H. ( ) ( ) ( ) ( ) ( ) ( ) T2.20%**
D D C B B A
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Table 6. Continued | (unit: mm)
Low-weight N(;rir;}il Overweight Obesity 1 Obesity 11 Obesity 111
Measure-  Body (~18.5) N (23~249)  (25-29.9)  (30~34.9) (35~)
ment  measure- N=238 (18.5~22.9) N=963 N=1083 N=188 N=126 F-value
type ments N=1980
M(SD) M(SD) M(SD) M(SD) M(SD) M(SD)
Lateral 236(2.67)  2.87(3.09)  321(3.03)  3.46(2.86)  247(3.18)  0.40(3.17)
Malleolus 13.83%**
H B BCD CcD D BC A
Body ElbowH. 1.78(15.09) 238(14.09) 337(14.63) 3.67(1474) 5.99(1527) -0.02(17.89)
H. (Elbow- 3.46%*
Bent) A AB AB AB B A
9.39(6.91 9.81(8.48 8.93(9.25 7.19(10.03)  6.00(10.78)  7.83(14.14
Sitting H. (6.91) (8.48) 9.25) (10.03) (10.78) (14.14) 15,4055+
BC C BC AB A ABC
Mean 5.12 5.58 5.44 4.90 4.18 231
Chest B 31.04(8.42) 36.87(10.29) 40.88(9.82)  44.02(10.84) 44.95(12.27) 49.03(12.81) {17.19%*
est B.
A B C D D E *
9.16(6.54 10.27(8.08 9.98(7.86 937(8.15)  10.45(13.05) 11.22(23.59
Waist B. (6.54) (8.08) (7.86) (8.15) (13.05) (23.59) .
A A A A A A
Body B.
. 1329(5.96)  15.76(5.52)  16.98(6.23) 18.16(6.87)  19.76(6.93)  22.39(6.55)
Hip B. 50.93 %%
A B BC C D E
Inferior ~ 0.323.30)  0.52(3.67)  1.20(3.77) 1.18(3.93)  2.11(4.08)  3.63(4.36) P
LegB. A A AB AB B C '
Mean 13.45 15.86 17.26 18.18 19.32 21.57
Armscye  331(6.56)  5.06(6.32)  7.31(6.56)  8.24(6.66)  9.55(6.85)  7.94(433) N
D. A B C CD D CD
11.11(9.75)  10.53(11.26)  9.84(11.80)  10.23(13.03) 13.16(18.74)  9.69(15.48
Chest D, 9.75) (11.26) (11.80) (13.03) (18.74) (15.48) 5 50
A A A A A A
7.14(7.44 9.79(7.45 12.79(8.78)  1521(9.40) 16.82(14.12) 16.95(12.10
Body  WaistD. (7.44) (7.45) (8.78) (9.40) (14.12) (12.10) 05,80+
D. A B C D D D
Abdominal  3.66(7.66)  5.11(8.02)  5.05(8.81)  6.27(9.30)  7.85(12.90)  9.96(9.84)
Extension 9.10%**
D., Sitting A AB AB BC CcD D
Buttock-A  -1.93(12.85)  0.06(13.00)  -1.51(12.95) -3.47(13.71) -3.47(15.85)  0.96(16.51)
bdomen D., 11.16%%*
Sitting AB AB AB A A B
Mean 4.66 6.11 6.70 7.30 8.78 9.10
0.30(7.70 0.87(7.40 1.29(7.05 2.64(8.25 4.86(827)  14.32(12.47
Neck C. (7.70) (7.40) (7.05) (8.25) (8.27) (12.47) 30,6545+
AB AB B C D
Small Neck Base 1.39(12.77)  -4.08(17.87) -5.33(18.56) -7.46(18.79) -8.29(18.20) -4.25(24.55) -
C. C. B A A A A A '
-18.13(11.20) -16.01(12.52) -13.78(12.90) -13.63(14.36) -12.84(17.92) -11.43(19.25
AmscyeC. (11.20) (12.52) (12.90) (14.36) (17.92) (19.25) L0154
A AB BC BC BC C
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Table 6. Continued Il (unit: mm)
Low-weight N(;rir;}il Overweight Obesity 1 Obesity 11 Obesity 111
Measur  Body (~18.5) N (23~249)  (25-29.9)  (30~34.9) (35~)
ement  measure- N=238 (18.5~22.9) N=963 N=1083 N=188 N=126 F-value
type ments N=1980
M(SD) M(SD) M(SD) M(SD) M(SD) M(SD)
Upper-Arm ~ 8.70(16.72)  7.92(13.03) ~ 835(13.19)  8.34(12.88)  9.07(13.86)  11.45(12.46) 076
C. A A A A A A '
0.80(5.04 3.51(5.23 5.98(6.07 6.83(6.83 491(8.24 5.03(15.25
Elbow C. (5.04) (5.23) (6.07) (6.83) (8.24) (15.25) 20,134
A B CD D BC BC
Wrist ¢ 0.03497)  1.994.87)  436(540)  5.73(5.90)  7.17(6.47)  11.78(8.06) 10477
rist C.
Small A B C D E F *
C. 2338(24.76) 27.26(27.06) 33.32(31.51) 38.20(34.44) 45.05(38.87) 54.73(26.57)
Thigh C. 32.65%%
A AB BC CD D E
0.37(8.64 1.45(6.39 2.84(7.18 3.09(6.31 3.98(8.48 6.19(11.58
Knee C. (8.64) (6.39) (7.18) (6.31) (8.48) (11.58) 17 o
A AB BC BC C D
2.58(5.18)  -2.40(5.79)  -2.16(4.73)  -1.98(6.55) -1.24(10.34)  0.92(8.43
CalfC. (5.18) (5.79) (4.73) (6.55) (10.34) (8:43) 35
A A A A A B
Mean 1.60 228 3.87 4.64 5.85 9.86
17.04(17.96)  19.64(17.65) 22.21(19.94) 24.74(23.20) 24.71(27.95) 43.52(17.69)
Chest C. 18.69%+**
A AB AB B B C
2287(21.82) 2535(21.51) 28.84(22.53) 32.40(23.25) 32.34(33.39) 41.32(23.47
Bust C. (21.82) (21.51) (22.53) (23.25) (33.39) (23.47) 19,2645+
A A AB B B C
Underbust  22.15(27.14)  22.80(22.59) 19.71(26.35) 18.49(29.84) 25.20(39.13) 39.97(49.91) S
C.(w) A A A A A B ’
Large
C. 423(15.44)  6.61(1435) 1020(14.71) 11.24(17.13) 12.05(26.31) 24.42(22.52
Waist C. (15.44) (14.35) (14.71) (17.13) (26.31) (22:52) .
A AB BC C C D
. 8.73(18.48) 11.70(15.60) 13.84(14.49) 16.02(17.12) 18.65(37.63) 29.05(32.57)
Waist C.
) 19.60%**
(Omphalion) A AB B BC C D
4.41(16.87 3.78(9.50 3.44(9.29 3.86(12.09)  6.43(10.75) 22.48(47.65
Hip C (16.87) (9-50) (9:29) (12.09) (10.75) (47.65) 16,5005
A A A A A B
Mean 13.24 14.98 16.37 17.79 19.90 33.46
Back-Neck -6.54(6.96)  -6.52(842)  -635(9.94) -7.10(11.32) -8.01(10.95) -4.62(10.08) 7
Base L. AB AB AB AB A B ’
SNP.to 929(17.63) 7.43(17.14)  4.89(1527) 4.40(15.66) 5.93(15.06)  5.34(20.84)
Back Waist 7.80%**
Segment  Level B AB AB AB A AB
SNPto 021(7.79)  2.84(882)  623(10.29) 7.61(11.35)  8.24(11.96) 13.92(20.85) 4 ogHes
Bust Point A B C C C D 54.96
Total -430(50.75)  0.49(48.45) 13.15(47.36) 21.85(46.06) 20.19(52.26) 29.17(58.20) 36,00+
Crotch L. A A B BC BC C ’

~ 246 —



A2 CHAIXIS= A AP LA 3XH S A X QF ME =T X O] X0l &4
-HI8Xt AHOI=2I0 A E S& O =-
Table 6. Continued Il (unit: mm)
Low-weight N(;rir;}il Overweight Obesity 1 Obesity 11 Obesity 111
Measure-  Body (~18.5) (u:Vssz g (23249 (25299 (30-349) (35~)
ment  measure-  N—3g S N=963 N=1083 N=188 N=126  F-value
type ments N=1980
M(SD) M(SD) M(SD) M(SD) M(SD) M(SD)
BNP.to -249(7.86) -1.88(7.97) -1.65(9.17) -2.31(890) -2.22(9.33)  0.38(10.97)
Acromion 1.26
L A AB AB A A B
Across  -3.95(6.76)  -2.97(7.33)  -2.15(7.59)  -1.98(7.18)  -2.43(6.23)  -2.47(7.40)
Back 4.98%**
Shoulder L. A A A A A A
Upperarm ~ 3.07(5.50)  2.80(6.93)  3.04(7.96)  239(745)  2.08(631)  1.54(5.30) Lol
Segment L. A A A A A A .
L.
0.49(9.20 0.58(11.80 -0.67(12.37)  -0.62(11.98)  -2.55(11.21 -2.40(6.78
AmL. (9.20) ( ) ( ) ( ) ( ) (6.78) e
A A A A A A
Forearm-  -0.08(6.00)  234(7.65)  3.66(8.84)  4.72(9.46)  5.42(10.71)  9.80(13.12)
Fingertip 24 38%**
L. Bent A B BC C ¢ D
Elbow-Grip 1060(1139)  14330.96)  1709939) 1849085 2274(1144) 26731004)
L., Bent A B ¢ C D E '
Mean 0.63 1.94 3.72 4.75 4.94 7.74

*p<.05, ¥*p<.01, ***p<.001, Duncan test: A<B<C<D<

E<F

M: average of (3D measured value - traditionally measured value)

S.D: standard deviation

H.: Height, B.: Breadth, D.: Depth, C.: Circumference, L.: Length, T.: Thickness, S.N.P.: Side Neck Point,

B.N.P.: Back Neck Point

0| &= (Body heights)
iq%%%a%QZHﬂﬂa@é@ﬂEq%&
5.28mm H = § I, 254 S & SO 20685-1(2018)
A s S 27 5180 2} (4mm) S okt 412)
SHL 9l A 0 & LERyT 1Lt 60T o BMIZ| 4
35 ol4be] T H ek ko] Aol 8807} o]y
of| Z3}FE] 11 Q)Y Th o] = Ai=o| G oA 7}
A A7 AEkaL Qs ARl LA o] 7
3292 271 A glo]e] 7} o] 7] w2

5>

Al

=0
E fu
SEISE R

=
=
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o] @ 2}7} WA 4= QlTH(Mocini et al., 2023). A=0]
1_1:_ Z] @‘é‘;ﬂ /\] oﬂE _97(]’7]' HE}-/\HQ— ilk- ())J\ttﬂ, Kouchi
etal.(1999)2 HAd S A= o4 SHA Ht Fol A
7] g &of AEolE AT 1 SAH TS ¢ Ho] 59

2] M%7t 27 ek stk A =g ol,

SAbgo], BEA Fol(FE ) 95% A8 73he] 5
32 AE 51§07} ool A] S M O R FEEm
o, AYS Y | fAR ANE AT
sheha w4 glek

2) L{H| &= (Body breadths)

UnlgEe 3349 2407 A S Bk B
16.77mm A = ¢ 3, ZHFA © 2 [SO 20685-1(2018)
oA A FskaL gl= 2 3-8 22 4mm)E AA] 43 3]
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Table 7. Results of analysis of difference between 3D and traditionally measured value by type of measurement

Body heights
Difference analysis by sex Difference analysis by age Difference analysis by BMI
7 7 7
6 6 6
5 5 ]
4 4 4
3
3 3
2
2 2
1
i 1
0 | d L
0 o —| Low-weight Normal Overweight Obesity| Opesity IT Obesity I
Man Female Total 20's 30's 40's 50's 60's () (mv:ls;;tm (3°249)  (25°299)  (3g309)  (asg)
mm Body heights ——Max. allowable error mmBody heights ——Max. allowable error mm Body heights ——Max. allowable error
Body breadths
Difference analysis by sex Difference analysis by age Difference analysis by BMI
20 20 20
15 15 45
10
10 10
5
5 5
0 |
o — | 0 — — L"r;ﬂ;n;m "ﬂ'y";' T;'::'g')“ (‘;Zﬂ;';v;) Obesity I Obesity I
<18.! ~24.¢ 29.¢ v:
Man Female Total 20's 30's 40's 50's 60's (;;'zz_g) (307349)  (355)
mmBody breadths ——Max. allowable error mm Body breadths ——Max. allowable error mmBody breadths ——Max. allowable error
Body depths
Difference analysis by sex Difference analysis by age Difference analysis by BMI
10 10 10
8 8 8
6 6 8
4
4 4
2
2 2
0 : k |
0 0 = Low-welght  Normal _ Overweight Obesity | Obesity I Obesity Il
Man Female Total 205 30 40s  50s 60 (I85) ity N BB g s
mmBody depths ——Max. allowable error B Body depths ——Max. allowable error mm Body depths ——Max. allowable error
Small circumferences
Difference analysis by sex Difference analysis by age Difference analysis by BMI
10 10 10
8 8 8
6 6 6
i 4
4 4
2
2 2
0o = d L |
0 0o — | mlm . lﬂr;:";t)zm "ﬂr_"\ha: m[;:";:'g']“ (‘;:";';v;) Obesity I Obesity I
<185)  weis 249) (2529,
Man Female Total 20's 30's 40's 50's 60's i Lt
mm Small cil ——Max. error cir —Max. error cir ——Max. error
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Table 7. Continued I

Large circumferences

Difference analysis by sex Difference analysis by age Difference analysis by BMI
35 35 35
30 30 30
25 25 25
20 20 20
15
15 15
10
10 10
5
5 S 0
0 0 lﬂ:vrﬂ?m Nﬂf_m;" 0(';:":'3')" (‘;:E;'g'v;) Obesity I Obesity I
Man Female Total 20's 30's 40's 50's 60's (13.5511.9) o), asa)
mm Large circumferences ——Max. allowable error = Large cil ——Max. all ble error I Large cir ——Max. all ble error
Segment lengths
Difference analysis by sex Difference analysis by age Difference analysis by BMI
10 10 10
9 9 9
8 8 8
7 7 %
6 6 g
5 5 "
4 4 ;
3 3 2
2 2 1 &
1 1 0
0 i 0 - Low-weight Normal Overweight Obesity| obesity IT Obesity Il
Man Female Total 20's 30's 40's 50's 60's sl ey D B0 Gorsag) s

mm Segment lengths  ——Max. allowable error

mm Segment lengths  ——Max. allowable error

(18.522.9)

mm Segment lengths  ——Max. allowable error

Zhu ] YR 47} bl 8 3R ) 2 S
7] o] 2ol w 37 Mol = R0 2 ekt 7hs
VHl 270 A vl 2 B A s 29 arg
2 glon), 353} PElo] g FEoly] ujFo] 23
7} 2 Ao 7 miofE th(Mocini et al., 2023). Zo}2] o}
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R e U R i

ofl M A QS S o 3-89 A(Smm) & oF7F 48]
813 ik 531, 52 T el 4 027} A Ay
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N
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