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Analysis of Body Surface Area by Fitness Motion Using 3D Scan Data
of Korean Elderly Female
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Abstract: The present study provides reference data required for the design of clothing for the elderly by analyzing the
body surface area during fitness motion based on 3D scan data of Korean elderly women. This study was conducted with
the procedures of (1) survey of motions and main muscles for fitness, (2) acquisition of 3D scan data, and (3) analysis of
rate of change for body surface area during fitness motion. Acquisition of 3D body scan data was obtained from seven
elderly females (age: 64-77). We selected 66 anatomical landmarks (40 upper body and 22 lower body) by referring to pre-
vious studies. Body surface was segmented by connecting the landmarks marked on the 3D scan data acquired. Analysis
of body surface area was conducted in terms of the change rate of surface area in 9 postures of elbow 0°, 90° and 180°
for flexion, shoulder 90°, 180° for flexion, shoulder 0°, 180° for abduction, hip 90° for flexion, and knee 90° for flexion com-
pared to the those in the standing posture. The amount of changes in body surface area were 12%-62% in the upper body,
15%-77% in the arm, and 10%-51% in the lower body. A future study on the rate of change of body surface length is
needed; in addition, a study on how to apply the results of body surface area and body surface length analysis to clothing

pattern design is also necessary.
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Fig. 1. Fitness motion for the elderly to improve muscle strength.
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Fig. 2. 3D scan data evaluation protocol.
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Fig. 3. Example of 3D scan operation.

Table 1. Landmark location and name

Hip(90°)

653

Landmark (Upper 40 part, Lower 22 part)

Ttem(1~31)

Item(32~62)

1 Anterior Neck

2 Bustline anterior
3 Anterior waist

4 Abdominal point
5  Lateral neck-right
6 Midshoulder

7  Lateral shoulder
8  Anterior midaxilla
9 Chest breadth 1/2
10 Nipple

11 Anterior axilla

12 Side line-bust line
13 Lateral waist

14 Anterior waist-lateral waist 1/2

15  Abdominal point-side line
16  Abdominal point-side line 1/2

17 Crotch line leg lateral

18  Crotch line leg front

19  Crotch medial
20  Thigh anterior
21  Thigh medial
22 Midpatellla
23 Knee medial
24 Calf anterior
25  Shin medial
26  Ankle anterior
27  Ankle medial

28  Lateral shoulder -radiale exterior 1/2

29  Radiale
30 Lower arm exterior
31  Ulnar styloid

32
33
34
35
36
37
38
39
40
41
4
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

Lateral shoulder -radiale medial 1/2

Elbow medial

Lower arm medial
Radial styloid

28-32 Anterior 1/2
29-33 Anterior 1/2
30-34 Anterior 1/2
31-35 Anterior 1/2
28-32 Posterior 1/2
29-33 Posterior 1/2
30-34 Posterior 1/2
31-35 Posterior 1/2
Cevicale
Cervicale-waist center 1/2
Posterior waist
Tailbone

Posterior midaxilla
Back width 1/2
Back chest width 1/2
Back waist width 1/2
Center front line-side line 1/2
Buttock protrusion
Gluteal fold

Thigh posterior

Posterior juncture of calf and thigh

Calf protrusion
Ankle posterior
Thigh leg lateral
Knee line leg lateral
Calf line leg lateral

Lateral malleous
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Table 2. Body surface segmentation and coding for body surface area analysis

Section of body surface Part Front Back
1 F1 Bl
2 F2 B2
3 F3 B3
4 F4 B4
5 Upper F5 BS
6 F6 B6
7 F7 B7
8 F8 B8
9 FS1 BSI1

10 FS2 BS2
11 FS3 BS3
12 Arm FS4 BS4
13 FS5 BS5
14 FS6 BS6
15 FH1 BHI1
16 FH2 BH2
17 FH3 BH3
18 FH4 BH4
19 Lower FNI BNI
20 FN2 BN2
21 FN3 BN3
22 FN4 BN4

Note: F(Front), B(Back), FS(Front sleeve), BS(Back sleeve), FH(Front hip), BH(Back hip), FN(Front knee), BN(Back knee)

2016; Hong, 2013; Cha, 2013; Kim, 2016; Yang et al, 2011)
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flexion/extension flexion/extension 1

Pose 1 Pose 4 Pose 1 Pose 9
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Shoulder Knee
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2
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Shoulder
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- Excluding duplicate poses
- 9 motion selection

- Body surface area analysis

Fig. 4. 9 selection postures for body surface area analysis.

&

Landmark notation

Fig. 5. Example of body surface area analysis process(BS4 part).
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Landmark connection

Body surface area calculation

Rate of change
(%)
40

20

0
BSS

body surface area

-20
-40

-60
—O—Pose 1 ---@--Pose 2—m— Pose 3

-80

Note: FS(Front sleeve), BS(Back sleeve) refer to Table 2

Fig. 6. Changes in the body surface area of the during elbow(flexion/
extension) motion.
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Rate of change
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80

60 -
40

20
BN
BS4 8% 5

body surface area

0

-20

—O—Pose1 - @®: Pose4 —B—Pose 5
-40

Note: FS(Front sleeve), BS(Back sleeve) refer to Table 2
Fig. 7. Changes in the body surface area of the arm part during shoulder

(flexion/extension) motion.
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-20
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-40

—O—Pose 1 :--@---Pose 4 —8— Pose 5

-60

Note: F(Front), B(Back) refer to Table 2

Fig. 8. Change in body surface area of body part during shoulder
(flexion/extension) motion.

6ollM= A FS1(77%), FS2(23%)y= Z7Fsldom, 3
£ 2 Wit gle ez Folxn Shoulder(abductlon) 5
Zhol| A A F-2le] AFEHAL pose 7 LHONA F1(-39%),
F5(-36%), F6(-25%)y 74stom, 5™ B3(20%), B5(18%),
B6(29%), B7(16%)> <7}3I3th(Fig. 9). Hip(flexion/extension)
M= pose 8 &2t Al b Hll F$JollA FHI1(-30%), FH3(-
14%)= 74>, FH4(18%) Skt em, SiHe] giole} s
2] H9e] BHI(18%), BH2(30%), BH3(20%), BH5(19%) =
7hiaet. A S 2919 B1(-4%), B6(-7%), B8(-12%)=
242, B2(5%), B3(20%), B4(5%), B5(7%), B7(7%) Z7}sle
Aoz FRIFthFig. 10). Knee(flexion/extension)4] pose
9 52t Al T2 o H9] FN1(51%), FN2(10%), FN3(32%),
FN4(23%)= S7tetsiem, & 3™ H9 BNI(-11%),
BN2(-28%), BN3(-11%), BN4(-19%)= 74sle ZAog mjof
=t

AFHA A4 A, AAlA AFEHZ Helgo] 50% o
o2 FA yehd B9 F5(50%), F6(62%), F8(69%)°]1R2
o, 2 B0 FS1(77%), FS5(54%), FS6(55%) BS1(58%)
o= gt A T2 tﬂil%Ol TR A
B 7919 9% v Feen, & $l°ﬂ*1b 74‘:%19} bl
= Hlﬂo] tﬂgjrgo] 7]_74 = 7—]_& §]-o ]Oiq_ Jl— Exl— /\]

(NN

BS5 FS2
BS4 FS4
BS2 FS5
Rate of change
()
BS1
—-O—P1 --®-P7 --m---P4 —e—P6

Fig. 9. Changes in the body surface area of the arm part during
shoulder(abduction) motion.

B7 F5

F6

Rate of change
%)

—O0—P1 @P7 --8--P4 —@—P6

Fig. 10. Changes in the body surface area of the body part during
hip(flexion/extension)motion.
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Rate of change
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100

= Contraction [ Extension --@-- Rate of change
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20
-20
-60
upper arm thigh knee
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(a) Rate of change in body surface area by front part

Rate of change

(%)
100 -+
mmmm Contraction [—__JExtension --@-- Rate of change
60
20 A
20 A
60 -
upper arm thigh knee
(back) (back) (back) (back)
100 body surface area

(b) Rate of change in body surface area by back part

Fig. 11. Analysis of rate of change in body surface area by body part.

Fig. 12. Body surface change rate analysis.
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