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Abstract

Recently, smart baby carriers with convertible hip seat structures that can fold or open the hip seat, moving the
center of mass to decrease pain in the waist have been developed. However, automated smart baby carriers have not
been developed and there is a lack of data on them. Therefore, spine shapes depending on the shape and wearing
method of baby carriers were observed and importan measurement variables that can be used as fundamental data
were investigated for application to automatic smart baby carriers. Variables were three types of baby carriers and
two types of wearing methods. Subjects were 9 females in their 30s. To observe changes in spine shape depending
on variables, first the backside of the body was scanned, and 7 types of data scanned for each subject were aligned
based on the left Pternion. Secondly, 14 points were extracted from the cervicale point to the hip circumference on
the spine line. Variation in the X-axis, its average variation, variation in the YZ-axis and its average variation were
calculated. As a result, variation in the X-axis was not significantly different depending on the wearing method and
type of baby carrier. Conversely, YZ-axis average variance revealed significant changes depending on wearing method.
It indicated that wearing baby carriers in the front causes movements in the YZ-axis more than in the X-axis to restore
balance. It was noted that wearing method induced significant changes to the spine and the problematic loading of
the body could be predicted through change of spinal shape.
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(Table 1) Body Size of the Average Korean Female in the 30s and that of Female Subjects Participated

Average (Standard Deviation)

Females in ) . Chest Bust Waist Hip

Height Weight . . . .

30s Circumference Circumference Circumference Circumference
(cm) (kg)
(cm) (cm) (cm) (cm)
Size Korea 160.2 (£5.3) 57.7 (£9.4) 86.9 (£6.1) 873 (7.8) 76.1 (+8.7) 93.7 (£6.2)
Subject size 162.3 (+2.8) 55.1 (#4.7) 86.6 (£3.6) 85.4 (+4.8) 71.0 (+4.4) 96.1 (£3.4)
Shape
A type B type B-1(hip seat) type

‘Wearing metho

Tightly worn

Loosely worn

<side view>

<side view>

<side view>

[Figure 1] Three Baby Carriers Depending on Wearing Methods and Shapes
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(2 Matching B-1(and B-2) to A based on the Left Pternion

[Figure 2] Alignment of 3D Model to XYZ Plane and Left Pternion of All Scanned Model
to the Same Point
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® Creation of plane passing @ Extraction of spine shape
landmark using the created plane

Section curve

® Modification of
the spine shape

@ Acquisition of spine
shape and 14 points

[Figure 3] Acquisition of Spine Curve with 14 Points from the Subjects

Rest ——*

Tightly worn ———*
A-type baby

carrier Paint 1g

Loosely worn ——»
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carrier

@ Spine shape by wearing method
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Point 11y (X11u)
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Point 8x (Xeg) |
Point 9a (Xsr) |

Point 105 (X10r)
Point 115 (Xur) |
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Point 145 (<ug) |

(2 Measurement of change of spine

[Figure 4] Observation of Spine Displacement from the Subject Without Wearing Baby Carrier
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(Table 2) Displacement in X-axis at Each Point of Spine Curves

(unit: cm)

A-type (N=9) B-type (N=9) B-1(hip seat) type (N=9)

Tight Loose Tight Loose Tight Loose

Pointl (X)) 0.83 1.01 0.71 0.74 1.00 1.14
Point2 (X,) 0.76 0.90 0.72 0.63 0.96 1.04
Point3 (X3) 0.78 0.89 0.71 0.56 0.91 0.94
Point4 (X4) 0.76 0.90 0.49 0.68 0.85 0.88
Point5 (Xs) 0.65 0.75 0.45 0.69 0.80 0.89
Point6 (Xs) 0.58 0.62 0.37 0.64 0.66 0.87
Point7 (X7) 0.54 0.49 0.25 0.53 0.55 0.80
Point8 (X5s) 0.49 0.42 0.20 0.45 0.47 0.77
Point9 (Xo) 0.44 0.33 0.21 0.39 0.35 0.76
Point10 (Xi0) 0.38 0.25 0.21 0.34 0.24 0.64
Pointl1 (Xi1) 0.32 0.20 0.24 0.31 0.18 0.56
Point12 (Xi2) 0.33 0.17 0.26 0.28 0.15 0.51
Point13 (Xi3) 0.34 0.16 0.27 0.27 0.14 0.44
Pointl4 (Xi4) 0.33 0.13 0.22 0.23 0.10 0.37

Total Mean (SD)  0.54 (£0.19) 0.52 (£0.32) 038 (£0.20) 048 (+0.18)  0.52 (£0.34)  0.76 (£0.23)
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(Table 3) Displacement in Y-Z axis(aLl) of Spine Depending on the Type and Wearing Methods of Baby Carrier

Differences in change amount of spine

Type III Sum

] ] df F p-value
depending on the variables (cm) of Squares
@D Type of baby carrier 8.41 2 1.49 255
@ Wearing method 20.30 1 10.59 012"
@D Type x @ Wearing method 2.79 2 0.79 470
"p<.05
(cm)
8 (p<.05)
*

<Change amount>
o

Tightly worn

Loosely worn

<Wearing Method>

[Figure 5] Bonferroni’s Post-hoc Test of the Spine Displacement in Y-Z axis (AlL) Depending on
Wearing Methods of Baby Carrier
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(Table 4) Displacement in Y-Z axis(aLi) Depending on Wearing Methods

Wearing method Tightly worn Loosely worn
Points of Spine Mean SD Mean SD !
Pointl (AL;) - Cervicale 4.67 2.26 6.75 3.03 -4.08""
Point2 (ALy) 4.63 2.18 6.69 2.92 422"
Point3 (ALs) 4.67 222 6.68 2.85 -434™
Point4 (ALy) 457 2.17 6.36 2.64 -4.00""
Point5 (A Ls) 4.45 2.04 592 237 3.52"
Point6 (A Ly) 436 2.04 5.70 227 333"
Point7 (A L) 4.08 2.00 5.28 2.18 3.07"
Point8 (4 Ly) 3.91 2.01 4.90 2.00 279"
Point9 (4 Lo) 3.76 2.03 4.64 1.99 258"
Point10 (ALy) - 3.54 2.16 433 2.15 234
Pointl1 (ALyp) 2.77 2.01 3.52 1.96 234"
Point12 (ALy) 251 1.90 3.16 1.85 224"
Point13 (ALys) - Sacrum 243 1.84 3.04 1.84 2.19°
Point14 (ALys) 237 1.70 2.90 1.82 -2.00
<05, “p<01, " p=000
Sel wel foulgk ztels HAtHp=000, p<01, & HAFF4& vlwslct
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