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Abstract

The present study is intended to study sole types necessary for shoe designs for
elementary school students that are in age groups in growth periods, and 3D midsole
design utilizing 3D printing technology. This study analyzed data from the 3D
measurement of the feet of 1,227 elementary school students aged 7 —13 years
residing in the capital region conducted as part of the 6th Anthropometry of Size
Korea. In addition, 3D midsoles by sole type were designed utilizing a Rhino CAD,
and midsole prototypes were output utilizing a Zortrax-M200 3D Printer. Through a
cluster analysis of sole shapes by type, sole shapes were classified into three types.
Type 1 has small values of foot lengths and foot breadths, with large toe 1 angles
and high arch heights. Type 2 has intermediate values of foot lengths and foot
breadths, with small toe 1 angles and high arch heights. Type 3 has large values of
foot lengths and foot breadths with small toe 1 angles and low arch heights. On
reviewing the results of design of 3D midsoles by sole type, it can be seen that the
midsoles were designed according to characteristics by sole type. The results of the
sole type analysis in the present study are expected to be meaningful as basic data
for the development of shoe insoles for elementary school students.

Keywords: 3D printing technology, sole shape, midsole, elementary school student,
3D scan

I. Introduction

Although overall recession has been persisting recently due to global economic
recession and weak domestic demand, the scale of the kids industry has been
continuously growing (Um, 2015) In addition, the children’s clothing industry is
also receiving attention as a blue ocean market (Park, 2015). Therefore, children’s
shoes should be studied and developed. In particular, since elementary school
students are in a period of fast physical growth and wearing inadequate shoes in
the growing period can adversely affect bone growth and foot shape changes, the
development of shoes for children is important (Lee & Do, 2013; Markus, Dirk,
Angela, & Robert, 2008). To review previous studies on foot measurement items
of age groups in growth periods, Lee and Do (2014) analyzed the comparisons of
sizes by item between genders and among school years through z-tests, ANOVA,
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and Duncan post-hoc tests using data from the 3D foot
measurement conducted on elementary school students
in the 6th Anthropometry of Size Korea. According
to the results, averages by item increased as ages
increased in all items except for the item angles and
higher index values were shown by male students com-
pared to female students indicating that male students'
feet were larger. Lee and Do (2013) conducted 2D
indirect measurement of the feet of 310 female high
school students in the Gwangju region using a flatbed
scanner and analyzed the sole types through a factor
analysis and a cluster analysis. As a result, five factors;
lateral foot breadth protrusion, instep ankle breadth,
medial foot breadth protrusion, ball line slope, and foot
length and the feet were classified into three types.
Park (2002) measured the feet of a total of 105 male
and female first year elementary school student residing
in the Daegu region and analyzed the characteristics
of the growth of the feet and lower legs of first graders
(1995, n=105), third graders (1997, n=105), and fifth
graders (1999, n=78). Although foot measurement studies
for age groups in growth periods including elementary
school students and middle/high school students have
been conducted as such, studies on the analysis of the
sole types of elementary school students are insufficient.

In addition, since currently, ready-made shoes are
produced only in sizes that are sold well, a large pro-
portion of the populace is experiencing inconvenience
because they cannot get shoes that fit their feet (Electronic
Science, 2015) and some consumers cannot wear ready-
made shoes because their feet are much larger or smaller
than general foot sizes and have to wear custom-made
shoes (Kang, 2009). Therefore, recently, customized
shoe-making technologies utilizing 3D scanners and
3D printing technology have been actively developed.

The 3D printing technology that has become an
hot issue throughout the world has been utilized in
diverse industries and has been also utilized in the
fashion field leading to new paradigms in fashion and
3D technologies. Among global sports brands, Nike
and Adidas developed sport shoes utilizing 3D printers

and released the shoes as products (Zaleski, 2015)
and famous fashion designers have presented clothes
made utilizing 3D printers in their fashion collections
(Bodhani, 2014). In the research field, following this
trend, studies on the fabrication of customized shoe
lasts utilizing 3D foot scanning and 3D printers (Kim,
2013; Kim, 2014) and those on customized shoe midsoles
(Kim & Jung, 2015) have been actively conducted.
Accordingly, further studies on sole types are considered
necessary to develop such shoes lasts, midsoles, and
insoles using 3D printer.

Therefore, the present study is intended to study
sole types necessary for shoe designs for elementary
school students that are age groups in growth periods

and 3D midsole design utilizing 3D printing technology.

II. Methods

1. Sole type analysis

This study analyzed data from the 3D measurement
of the feet of elementary school students aged 7 - 13
years residing in the capital region conducted from
June 21 to December 18, 2011 as part of the 6th
Anthropometry of Size Korea. Out of the foot mea-
surement data from a total of 1238 students, data
from 1227 students were used in the analysis excluding
data from 11 students which were incomplete. Based
on previous studies (Lee & Do, 2013), 16 items; foot
length, heel-to-toe 1 length, heel-to-toe 5 length, heel-
to-instep length, foot breadth, ball distance, heel width,
arch height, heel-to-tibiale length, heel-to-fibulare length,
medial ball width, lateral ball width, toe 1 angle, toe
5 angle, ball line angle, ball center line angle that
correspond to sole related measurement items for
midsole design among 35 foot measurement items of
Size Korea were analyzed. The foot measurement
reference points and measurement items are as shown
in (Fig. 1) and (Table 1).

In the present study, the factor analyses were con-
ducted to derive the constituting factors of the sole

types of elementary school students and the cluster

- 316 -



Vol. 24, No. 3

analyses were conducted to classify the sole types. In
addition, ANOVA and Duncan posteriori tests were
conducted to examine differences among the classified

types.

2. 3D printed midsole design

For 3D midsole designing, 3D CAD modeling was
conducted utilizing the Rhino program. Based on
previous studies (Chung & Lee, 1996; Hwang, Kim,
& Park, 2003; Kim & Kim, 2011), the foot length,
foot breadth, and arch height that have important
effects on the fabrication of midsoles were basically
determined and other foot sizes were applied to design
midsole designs by the sole type of elementary school

students.

<Fig. 1> 3D foot measurement items for sole types
From. Korean Agency for Technology and Standards.
(2011). p.85.

<Table 1> Foot measurement items for sole types

No. Items No. Items

Foot length 28 | Heel-to-tibiale length

1

2 |Heel-to-toe 1 length | 29 | Heel-to-fibulare length
3 | Heel-to-toe 5 length | 30 | Medial ball width

4 | Heel-to-instep length | 31 | Lateral ball width
6

7

8

Foot breadth 32 | Toe 1 angle

Ball distance 33 | Toe 5 angle

Heel width 34 | Ball line angle
22 | Arch height 35 | Center line angle

From. Korean Agency for Technology and Standards
(2011). pp.83-84.
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<Fig. 2> Zortrax-M200 3D Printer
From. Dream 3D (2016). https://www.dream3d.co.uk

<Table 2> Specifications of Zortrax-M200

Specifications
LPD (Layer Plastic Deposition)
200%x200x185 mm

Technology

Build volume

Resolution of single printable

. 400+ microns
point

Z-Filaments™
1.75 mm (0.069 in)

Minimum single positioning | 1.5 microns

Filament type

Filament diameter

Positioning precision (X/Y) | 1.5 microns

Z-axis single step 1.25 microns

From. Dream 3D (2016). https://www.dream3d.co.uk

In addition, based on a previous study (Kim, 2013;
Kim & Jung, 2015; Park & Kim, 2005; Park, Lee, Kim,
Yoo, & Kim, 2011), some extra spaces were given to
the foot lengths by adding 10 - 15 mm to the toe room
and 0-5 mm to the heel and 6% was reduced from
the foot breadth to design the outlines of midsoles.
Then, prototypes of midsoles were output from the
3D modeling files utilizing a Zortrax-M200 3D printer
as shown in (Fig. 2) and (Table 2).

lll. Results and Discussion

1. Composing factors of sole types
Factor analyses were conducted to extract factors
that are related to the shapes of the soles of male and

female elementary school students. When orthogonal
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<Table 3> Factor analysis results of sole types

the sole types of elementary school students E-A]FE3}L

e Factor | ) 3 4
Foot length 97 -.04 .04 .01
Heel-to-toe 1 length 97 -.05 .03 .01
Heel-to-toe 5 length .96 .03 13 .00
Heel-to-tibiale length .95 -.07 -.10 .01
Foot breadth .94 12 .03 .06
Ball distance .94 .10 -.10 .06
Heel-to-fibulare length 91 .00 24 .00
Heel-to-instep length 91 .00 -.03 .01
Heel width .82 -.11 -.18 -.02
Medial ball width 77 -.54 -.02 .06
Center line angle -.13 93 .06 .01
Lateral ball width .65 .69 .07 .04
Ball line angle .08 -.14 - .81 .01
Arch height .08 -.05 72 .07
Toe 1 angle .02 -.13 .08 78
Toe 5 angle .02 .14 -.01 17
Eigenvalue 8.83 1.75 1.33 1.22
Variance (%) 55.21 10.95 8.29 7.63
Accumulative variance (%) 55.21 66.16 74.45 82.08

Varimax rotation was used, four factors with eigenvalues
not smaller than 1 were extracted and these factors
explained 74.65% of the entire variance. {(Table 3)
shows the factor loadings of individual factors extracted
through the factor analyses. The characteristics of
individual factors are reviewed as follows. Factor 1 is
a foot length and breadth factor and the contribution
ratio was shown to be 55.21%. Factor 2 is a factor
for the foot centerline and the lateral side of the toes
and the contribution ratio was shown to be 10.95%.
Factor 3 is a factor that is involved in arch heights
and the contribution ratio was shown to be 8.29%.
Factor 4 is a factor that affect toe angles and the

contribution ratio was shown to be 7.63%.

2. Typing of sole shapes

To classify sole shapes by type, cluster analyses
were conducted using the individual factors extracted
through the factor analyses as independent variables.
According to the results, the characteristics of sole
shapes appeared the most clearly when the number of
clusters was three. To review the distribution of the
three types, type 1 was the most densely distributed
as the number of type 1 was 600 (48.9%), the number
of type 2 was 329 (26.8%), and the number of type
3 was 298 (24.3%). ANOVA was conducted to examine
whether the four factors derived through the factor
analyses were statistically significantly different among
the three types and Duncan tests were conducted as
post-hoc tests. According to the results, all factors
showed significant differences as shown in (Table 4).

In addition, ANOVA was conducted to examine the
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<Table 4> ANOVA results of factor scores by sole types

Factorzypes gl};%i)ol) 2;1};1)36292) 2;1};})26983) F-value
Factor 1 - O.C472 0%32 0-%07 273210°"
Factor 2 | ~ 0(-:555 1.}%46 - 0].3156 635.004°"
Factor 3 0-2Al6 0-204 —0].3775 146,512
Factor 4 0-177 - %841 - 01.31 19 4

Duncan test: A>B>C

'p<.001, "p<.05

characteristics of foot size measurement items by
type and Duncan tests were conducted as post-hoc
tests. According to the results, all measurement items
showed significant differences except for the item Toe
5 angle as shown in {Table 5). The characteristics by
type are reviewed as follows.

Type 1 showed the lowest averages of actually mea-
sured values of length items comprising foot length,
heel-to-toe 1 length, heel-to-toe 5 length, heel-to-tibiale
length, heel-to-fibulare length, and heel-to-instep length
and breadth items comprising foot breadth, ball dis-

<Table 5> ANOVA results of measured foot dimensions by sole types

Types Type 1 Type 2 Type 3 Total
Factors 1y oms (n=600) (1=329) (1=298) (N=1227) Frvalue
204.19 211.97 22733
Foot length C B A 211.92 225.26
Heel-to-toe 1 length 203,93 21142 22709 211.58 22694
167.41 175.50 184.95
Heel-to-toe 5 length C B A 173.84 183.37
N 148.24 153.14 166.92
Heel-to-tibiale length c B A 154.12 276.28
Foot breadth 77.29 82.41 87.05 81.06 239.94™
Factor 1 C B A
Length-breadth -
& Ball distance 7947 84.32 90.57 83.49 304.43
C B A
Heel-to-fibulare length 13949 136,45 142.60 135.08 116.10™"
Heel-to-instep length 12238 12792 13879 127.87 220.88"
. 55.72 56.80 62.78
Heel width fe B A 57.73 246.23
Medial ball width 3738 T3 4138 37.64 195.03"
Factor 2 Ball center line angle Oi;)4 2'22 1'];)2 1.38 506.06™"
Foot centerline
toe lateral side| ateral ball width 3980 4740 B 4323 515.99™
. 13.40 12.68 16.34
Ball line angle 13.91 112.61
Factor 3 £ B C A
Arch height .
8% | Arch height 1391 14.31 1115 13.34 5591
A B
6.55 493 4.86
Toe 1 angle 5.71 14.14
Factor 4 i A B B
Toe angles 9.79 11.22 9.73
Toe 5 angle A A A 10.18 2.51

Duncan test: A>B>C

'p<.001

319 -



34 3D printed midsole design according to the sole types of elementary school students &-2]&35}L

tance, and heel width. In addition, type 1 showed
small values of ball center line angles and lateral ball
widths while showing large values of arch heights and
toe 1 angles. Type 2 showed intermediate averages of
actually measured values of length items comprising
foot length, heel-to-toe 1 length, heel-to-toe 5 length,
heel-to-tibiale length, heel-to-fibulare length, and heel-
to-instep length and breadth items comprising foot
breadth, ball distance, and heel width. In addition, type
2 showed large values of ball center line angle, lateral
ball width, and arch height while showing relatively
small values of toe 1 angles. Type 3 showed the highest
averages of actually measured values of length items
comprising foot length, heel-to-toe 1 length, heel-
to-toe 5 length, heel-to-tibiale length, heel-to-fibulare
length, and heel-to-instep length and breadth items
comprising foot breadth, ball distance, and heel width.
In addition, type 3 showed intermediate lateral ball
widths and relatively small ball center line angles,
arch heights, and toe 1 angles. As shown in (Table
5), in relation to the items foot length and breadth,
the sizes of type 2 showed a tendency to be similar

to the whole average sizes.

3. 3D printed midsole design

The results of design of 2D midsole utilizing the
Rhino CAD are as shown in (Fig. 3). As can be seen
in (Fig. 3), after designing 2D midsoles by sole type
by applying average sizes by item, based on previous
studies for midsole design, some extra spaces were
given to the foot lengths by adding 12 mm to the toe
room and 2 mm to the heel and 6% was reduced from
the foot breadth to design the outlines of midsoles.

In addition, arch height measurements by sole type
were applied and a midsole thickness of Smm for all
types were applied to design 3D midsoles by sole
type and the results are as shown in (Fig. 4).

On reviewing the results of design of 2D and 3D
midsoles by sole type as described above, it can be
seen that the midsoles were designed according to
characteristics by sole type. That is, type 3 was shown
to have been designed to have larger foot lengths and
breadths while having smaller arch heights and toe 1
angles compared to other types. In addition, type 1
was shown to have smaller foot lengths and breadths
while having larger arch heights with a form of the

toes pointed on center compared to other types.

Type 1

Type 2

Type 3

<Fig. 3> 2D midsole designs by sole type
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Type 1

Type 2

Type 3

<Fig. 4> 3D midsole designs by sole type

Type 1

Type 2

Type 3

<Fig. 5> 3D printed midsole prototypes

The midsoles by type designed in the Rhino CAD
were saved as OBJ files which are compatible with
3D printers and midsole prototypes by sole type were
output utilizing a Zortrax-M200 3D Printer. The results
are as shown in (Fig. 5). The production of shoe
midsole utilizing molding methods requires large amounts
of cost and time. Therefore, the present study is intended
to propose midsole design utilizing 3D printing techno-
logy as such that will enable making diverse prototypes
of midsoles as samples before making actual midsoles
as a way that can be utilized to reduce the cost and

time spent when molds are made.

IV. Conclusion

In the present study, the sole shapes of male and
female elementary school students aged 7 -13 years
were classified into types and the characteristics of
individual types were analyzed. The results are as
follows. Through a factor analysis of measurement
items of the soles of male and female elementary
school students, four factors were extracted; foot length
breadth factor, foot centerline toe lateral side factor,

arch height factor, and toe angle factor. Through a

cluster analysis of sole shapes by type, sole shapes
were classified into three types and distribution of the
sole shapes of 600 (48.9%) in type 1, 329 (26.8%) in
type 2, and 298 (24.3%) in type 3 was shown. Type
1 has small values of foot lengths and foot breadths
with large toe 1 angles and high arch heights. Type
2 has intermediate values of foot lengths and foot
breadths with small toe 1 angles and high arch heights.
Type 3 has large values of foot lengths and foot breadths
with small toe 1 angles and low arch heights.

As shown by the above results, the type with large
values of foot lengths and foot breadths tended to show
lower arch heights compared to other types. In addition,
it could be seen that, in the case of male and female
elementary school students' sole shapes, not only foot
length and foot breadth items but also other factors
such as toe lateral breadths, toe 1 angles, and arch
heights affected type classification.

The results of the sole type analysis in present
study are expected to be meaningful as basic data for
the development of shoe insoles for elementary school
students. The present study regarding the production
of midsole prototypes utilizing 3D CAD and 3D print-

ing technologies is expected to be meaningful as a
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way that can be utilized to reduce the cost and time
spent to design and make diverse midsoles. However,
this study has a limitation that only prototypes of
midsoles were developed due to limited 3D printer
materials. Follow-up studies on 3D printed midsoles
utilizing midsole materials that can be actually commer-

cialized are considered necessary.
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