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Abstract

In this study, we investigated the overall characteristics of protective gear for children by obtaining data on commodities
distributed in domestic and overseas online markets. Based on the information, a commercial product with popular
design was purchased, evaluated for fit, and analyzed based on the 3D structure of the hard shell. Currently, the commercial
products are free size or follow the S-M size system. Majority of the products that are sold are comparatively cheap
and are distributed without presenting product certification and evaluation results. In domestic as well as overseas
markets, PVC is the most widely used material for the hard shell and air mesh, sponge, or EVA is frequently used
for the inner foam. In terms of design features, fastening is mainly accomplished by a stretchable knit inserted within
an elastic strap or the use of an elastic strap alone; in addition, some products have a pull-on style. The hard shell
shapes mostly comprise the O and X types, and products without holes to upgrade the air permeability outnumbered
the perforated products. Also, the study results indicated that none of the products have a segmented hard shell design.
Evaluation of wearing sensation showed that children most prefer a pull-on style type made of knit textile without
a hard shell because it facilitates easier movement, and provides comfort to the knees. In addition, the hard shell
is rated as comfortable for products with large curvature in the longitudinal section and the wearing method is affected
by the comfort in wear.
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(Table 1) Analysis criteria of kid's sports protective gear
Item Classification Item
Size Free, XS, S, M, L
Pri 10,000won less, 10,000-19,999 won, 20,000-29,999 won, 30,000-39,999 won,
rice
40,000-49,999 won, 50,000-59,999 won
Test No information, Voluntary safety certification KC, Child safety product certification, KPS
es
safety purchase inspection, Industrial product safety inspection, European safety standard
Hardshell No information, PVC, ABS Plastic, Kevlar
Material ) No information, Air mesh+Sponge, Air mesh+EVA,
Foam padding .
Air mesh+EPE, Non-mesh+Sponge, Non-mesh+EVA,
Fasten Elastic strap with velcro, Elastic strap and knitted fabric with velcro, Strap with velcro, Whole
astenin,
¢ elastic band
i« »E )
Shape { ] R/ N/
Hardshell O type , X type , H type , P type , V type )
Design Hole Yes, No
Segmentation Yes, No
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g7t Fo P AEdhe AER 7P AsskA erEEARA Y (repeated measure design ANOVA)

o 4

e AES Agsta 1 olfE VIEsteSE skt & ArEHth 2Ela st=4e] 3ak Feeh 28
59 42 SPSS 20.0(IBM software)s ol-&ate] 7} AAE FFH R EAMshy] ffstd, st=ado] gl=

2L

One set
. }— Static posture —t—— Dynamic posture Resting
Time;
0 min. 10 min. 20 min. 35 min.
| Squat Sitdown _|  Walking
(2 min.) & stand up (5 min.)
(10 times)
« Wearing = Subjective = Subjective » Removing
knee protective gear evaluation evaluation knee protective gear
(seven Likert scale) (seven Likert scale)

[Figure 1] Wearing test protocol of one set

(Table 2) Characteristic of kid's protective gear for wearing test

Image
Hardshell P type V type X type None
. . Elastic strap and  Elastic strap with  Elastic strap with .
Fastening Elastic strap with knitted fabric with velcro and knitted velcro and knitted Whole clastic
velcro - . band
velcro fabric fabric
Size M M M M Free
Weight(g) 131 285 239 235 141

(Table 3) Wearing test questions for kid's protective gear

Static test Dynamic test

® When you put on the gear, is it easy to wear? ® When you put on the gear, is it easy to wear?

® Do you think the size of the gear is ® When you put on the gear, do you find it
appropriate? comfortable to move?

® Do you think the weight of the gear is ® Do you think the weight of the gear is
Questions appropriate? appropriate?

® [s your knee(front) feeling appropriate? ® [s your knee(front) feeling appropriate?

® [s your elbow(front) feeling appropriate? ® [s your elbow(front) feeling appropriate?

® [s your knee(rear) feeling appropriate? ® [s your knee(rear) feeling appropriate?

® [s your elbow(rear) feeling appropriate? ® [s your elbow(rear) feeling appropriate?
Narrative- ® Please state the reason why you picked each option
questions ® Please pick your favorite and least favorite gear.
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[Figure 2] Location of cross-section and longitudinal section on 3-dimensional data location
and measurement example of surface length and curvature radius
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(Table 4) Size system, price and safety certification of kid’s knee protective gear

Domestic Foreign

n (%) n (%)

Free 16 (50.0) 34 (81.0)

XS-S 1 3.1 0 (0.0

S 4 (12.5) 0 (0.0

Size S-M 6 (18.8) 6 (14.3)
S-M-L 3 ©.4) 1 (2.4)

M 1 3.1 1 (2.4)

M-L 1 3.1) 0 (0.0)
Total 32 (100.0) 42 (100.0)

10,000 won less 9 (28.1) 15 (35.7)
10,000-19,999 won 12 (37.5) 20 (47.6)

Price 20,000-29,999 won 9 (28.1) 6 (14.3)
30,000-39,999 won 0 (0.0 0 (0.0
40,000-49,999 won 1 3.1 1 (2.4)
50,000-59,999 won 1 3.1) 0 (0.0)
Total 32 (100.0) 42 (100.0)
Non information 15 (46.9) 42 (100.0)

Voluntary safety certification KC, 12 (37.5) 0 (0.0)

Test for Child safety product certification 2 (6.3) 0 (0.0)
safety KPS safety purchase inspection 1 3.1 0 (0.0)
certification Industrial product safety inspection 1 (€R)) 0 (0.0
Eur(.)pear? safety standard + Voluntary safety | G.1) 0 0.0)

certification KC
Total 32 (100.0) 42 (100.0)

AFNS37E AFHE AABHA ket el vkl =
JENUAPO|EoiE AP RIE KCE #7118 A%
(n=12, 37.5%), xS FATLoZHE ofd
OIRFAANIERISTE W2 AF(n=2, 6.3%) T2= Ve
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4] ke AT n=16, 50.0%; =<]: n=21, 50.0%)°]
Agtolu} ARG om HR7L Q= A FUAlES dlofH
Holl 2ZEAE AR AlFEn=8, 25.0%), cllojr4lol
EVA(Ethylene vinyl acetate)2 ARE-3F A& (n=5, 15.6%),
olojw|4]oll EPE(Expanded polyethylene foams(n=3,
9.4%))5 A& AlF wo= vl welAlEe] 4
Lol dlojulslel EVAE AR AF(n=9, 21.4%),
oo o] ~EAE ARESE AF(n=5, 11.9%) o=
YER AL w47} obd YERARES 37 EVAY 224
7h AR AFE ZokE Aok F el AR
Aot 7VAT e Aol EA wakEA] AF<Table
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e Aol AR AU E gol FhlEaL AL H olEg BT ofmuh sl=ale] wok 3l=2o)
& AEE olofullsl7h AL AlEel wiHZE obd AEFR o148 o3t Tro] QA ofR, dh=alo] HAslE o]
o HPAL el . (p=029) QA9 g BAEt] Tl 54E Auingi) |
(Table 5) Material of hardshell according to price
Domestic Foreign
Variable infoI;In(igtion PVC & infol;]rggtion PVC ABS plastici, Kevlar XZ
n (%) | n_ (%) n (%) n %) |n (%) | n (%)
10,000 won less 6 (353) |3 (20.0) 7 (36.8) | 4 (26.7)| 2 (66.7)| 0  (0.0)
10,000-19,999 won| 7  (412) | 5 (33.3) 11 (526) | 8 (533)| 0 (0.0)| 0 (0.0)
20,000-29.999 won | 2 (11.8) | 7 @67 %% 2 05 |3 00| 1 (3330 (0.0
30,000-39,999 won| 0  (0.0) | 0 (0.0) 0 (00 |0 (0|0 00 |0 (0.0 |[4398
40,000-49,999 won| 1  (5.9) | 0 (0.0) 0 (0.0) |0 (0.0) | 0 (0.0)| 1 (100.0)
50,000-59,999 won| 1  (5.9) | 0 (0.0) 0 (0.0) |0 (0.0) |0 (0.0 |0 (0.0)
Total 17 (100.0) | 15 (100.0) 20 (100.0) | 15 (100.0)| 3 (100.0)| 1 (100.0)

w3k p=.000

(Table 6) Material of soft shell according to price of domestic product

Non Air mesh Air mesh Air mesh 2

Variable information +sponge +EVA +EPE X
n (%) n (%) n (%) n (%)
10,000 won less 6 (37.5) 2 (25.0) 1 (20.0) 0 0.0
10,000-19,999 won 6 (37.5) 3 (37.0) 2 (40.0) 1 (33.3)
20,000-29,999 won 2 (12.5) 3 37.5) 2 (40.0) 2 (66.7)

30,000-39,999 won 0 (0.0) 0 0.0 0 (0.0) 0 (0.0) 6.985

40,000-49,999 won 1 (6.3) 0 (0.0 0 (0.0) 0 (0.0)
50,000-59,999 won 1 (6.3) 0 (0.0 0 (0.0) 0 (0.0)
Total 16 (100.0) 8 (100.0) 5 (100.0) 3 (100.0)

p=.859

(Table 7) Material of soft shell according to price of foreign product

Non information Air mesh Air mesh Nonmesh Nonmesh ,

Variable +sponge +EVA +EVA +sponge X
n (%) n (%) n (%) n (%) n (%)
10,000 won less 8 (38.1) 0 (0.0) 4 (44.4) 2 (50.0) 1 (33.3)
10,000-19,999 won 9 (42.9) 4 (80.0) 4 (44.4) 2 (50.0) 1 (33.3)
20,000-29,999 won 4 (19.0) 1 (20.0) 1 (11.1) 0 (0.0) 0 (0.0)

30,000-39,999 won 0 (0.0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 26.976"

40,000-49,999 won 0 (0.0) 0 (0.0 0 (0.0) 0 (0.0 1 (33.3)
50,000-59,999 won 1 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Total 21 (100.0) 5 (100.0) 9 (100.0) 4 (100.0) 3 (100.0)

*p<.029
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(Table 8) Fastening style of kid's protective gear
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5 gloemg wiok Szt whe} wWsksh= QA 32l o
oA Eshe vARlelgbd 2Hg Al wig- BHE 3o
Pt} Watkins(1995)= AW E A Aldle W
3 2AE BEAAA A FHRYUAEE FoaH A
A =&3te] A 22Y & J=F HARIskE Aol
aAolgtal Ajkek v dovt AF7HA| AlFSHE o
o] ot T sl ¥ Rl 3] FolE & glof
AMZL AF L Aol JEEA] Esfopdhs AlxRsL

. Domestic Foreign
Variable " %) i %)
Elastic strap with velcro 12 (37.5) 27 (64.3)
Elastic strap and knitted fabric with
velero 19 (59.4) 10 (23.8)
Fastening
Strap with velcro 1 3.1 0 (0.0)
Whole elastic band 0 (0.0) 5 (11.9)
Total 32 (100.0) 42 (100.0)
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w3l XPdH(Lee et al, 2015; Erica et al., 2008;
Finch, et al., 2001)oll4] B35 #H] 282 7glE= o|F
% 3= g9= ¢le 2EYAE FohSolw B skl
Al AlFREI = ofdo] Radlole BV s 4
gk 7ol gle AFE Bol oldl gk aele T8k
selstsic

oAl ZAVE Aol 7)%3te] oETz 2 sl
Heko] 83 e} A|E-S Fulldt & oo)E oz
2g7He AABEIT. HA] Bad) 28 AgApAolA
H7)et A= <Table 10>9} 2t} EAZ o2 §-2o)x17}
Ueht Egro g Zgqizte HAE7) (p=.021)014]
gl EAIg o tlelE NAIE] 718 £
skom, ‘Rod) FAE A7V (p=0.19)94
2 Y7k= PAIE(131g)0] 7HE £

o

= FAN 7

o% Fo ke Witk FE FHEH)Y e
A7V (p=.007)2] B E EAFo & ¥ NAE
7V 2 e gl S e ojglo] Har)
497} A3}= <Table 11>0] UL EAH02 &
9]?—(}-7]— L}—E}—L]— Faro cxm=zo] 2g7lo X475]6]_7}_ = g]_

Edo] gli= EAIFH ] NAlFo] 718 $2 97ke Wk

ThHp=.022). =3 “F2po] gold7h oMz Nxﬂ%
o] 7V} 53 W Wgkor} p=0.0612 SA4

ZR= gl e ATt ke o ﬂ@ﬂ*u

frelvlet Aa7F yehdg Ao] et Aed g7tel

A= ] oflolge] EAg o sfede] gl N

AETD XAFE Asshe AFo2 Fpor, AzaA
Or= A|E o 2= VAIEY PAZS ot & ] Vi 2
X9} F2o] AEHo| ohakrto]| 71 ol B o

lelolct. Tz S Auuw, N zﬂ%—% Y
AR EAZo g 2tekoly} sty ¢hubrto] o] ot
stk Frkskelnk. AEA UE w%o] glo] Aejxe)

e wgka T wAR Tk NAE(41go] T o 2Efe] MR WMo ofuls Fx<l PAES 7hs]
(Table 9) Hardshell design characteristic of kid's protective gear
Domestic Foreign
Variable

n (%) n (%)
O type I\ ’ 10 (31.3) 24 (61.5)
X type 8/ 13 (40.6) 7 (17.9)

)
Hardshell shape P type @ 2 (6.3) 5 (12.8)

Ay
H type ﬂ 3 9.4) 2 5.1

| AN

)
V type “ 4 (12.5) 1 (2.6)
Total 32 (100.0) 39 (100.0)
Hardshell No 15 (46.9) 29 (72.5)
hole Yes 17 (53.1) 11 (27.5)
Total 32 (100.0) 40 (100.0)
Hardshell No 32 (100) 40 (100.0)
segmentation Yes 0 (0.0) 0 (0.0)
Total 32 (100) 40 (100.0)
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(Table 10) Subjective evaluation on static posture when wearing kid’s knee protective gear
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p (0] \Y X N F
M (S.D) M (S.D) M (S.D) M (S8.D) M (S.D)
When you put on the *
gear, is it casy to wear? 6.0 (1.0) 49 (1.5) 51 (1.8) 6.1 (1.1) 6.7 (0.8) 3.538
Do you think the size of
the gear is appropriate? 53 (22 51 (1.8) 49 (1.7) 6.3 (0.5) 6.1 (1.2) 1.225
Do you think the weight .
of the gear is 6.9 (0.4 48 (1.8) 53 (1.8) 53 (L1.1) 6.6 (0.8) 3.779
appropriate?
Is your knee (front)
foeling appropriate? 61 (0.7) | 54 1) | 51 (1) | 60 (14 | 63 (08) | 1463
Is your elbow(front)
feeling appropriate? 6.6 (0.5) 51 (1.2) 56 (1.8) 6.0 (1.2) - - 1.961
Is your knee(rear) feelin o
e (rear) feeling | 6o (08) | 50 (08 | 46 (1.1) | 54 (13) | 63 (1.0) | 4804
Is your elbow(rear)
feeling appropriate? 57 (1.1 53 (1.1 51 (1.1 59 (1.2) - - 1.000
M: mean, *p<.05, **p<.01
(Table 11) Subjective evaluation on dynamic posture when wearing kid’s knee protective gear
P O \%4 X N F
M (S.D) M (S.D) M (S.D) M (S.D) M (S.D)
When you put on the
gear, 1s it easy to 53 (1.5 46 (2.1) 50 (1.7) 59 (0.9 6.1 (1.5) 1.621
wear?
When you put on the .
gear, do you find it 5.1 (1.3) 49 (2.0 3.7 (2.0 50 (1.8) 6.1 (1.2) 2.609
comfortable to move?
Do you think the weight
of the gear is 6.6 (0.8) 51 (1.2) 54 (1.5) 54 (14) 57 (1.4) 1.879
appropriate?
Ifzelyi?l‘;r aﬁ‘ipﬁ;‘ggy 60 (1.0) | 47 (.0 53 (17) | 61 (07) | 64 (11) | 3.504
Is your elbow(front)
foeling appropriate? 6.0 (.8) 46 (2.1) 54 (1.4 6.3 (1.5) - - 1.735
Is your knee(rear)
feeling appropriate? 53 (2.0 54 (1.7 4.1 (1.7) 49 (2.0 5.6 (1.0) 1.285
Is the elbow(rear) feeling
appropriate? 59 (1.3) 54 (1.5) 44 (2.0) 49 (2.0 - - 2.587
M: mean, *p<.05
wEsego, B4 A delry 2EYPo] Fel th shedlo] i 459 ofdle] Bithe] 334 GHEs)
Zgafof k= WrZFe] Slo] Bdsittal Wrlskoiet. =584 A¥s <Table 12>} 2t} PAlE2 e
o A% UE 283 Qe 2ol I 9 FHHe] FB Aol A< glo] Fok 2o e B
© ouTEe EEdEe @2 A dtler,  dlon, OAIE Y] FEe] Jdve] SEHY A
OAFSl B A4 UE %ol Frlsl AT A A Ueh} BN ava Ae= Yehieh. Vo X
= WAooz Fgolo] oS Wtk XAIFE N AFS Iddnct Fuwe] Fgo] A veht Ao
AF theog 2go] Agfsirtal skl I o= FoR dnish S skl 2ela BE AlFe]
FHe] M54 UE HZo| oFRolg 93] WMol 2= Febwle] Zol= thek 10-13cm, Fehele] Lol thet
A B37] mEe R Hltt, 11-16cm= vep} Febdo] do|7h o 11 Zg watst
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O v

3D image of

protective gear

CS

Radius of curvature 4.5

Surface length 13.2
L.S.

Radius of curvature 4.6

Surface length 11.4

5.3 3.5 2.9
10.3 10.8 7.1
4.5 6.4 7.4
11.6 12.3 16.2

C.S.: cross section, L.S.: longitudinal section
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(Table 13) Proposed optimized designs of sports protective gear for children

Pull on style

Detachable style

- Adding a system that does not slip down by
applying a highly elastic material
ex. Prevent a slip by placing a silicon tape on the
inside

Silicon
tape

- Contriving a fastening structure that can minimize
pressure, in case where elastic band is used

ex. Put foam inside the strap

Foam

§ | ex. Dispersing the tightness by intersecting bands
O
g
§ - Lessening pressure or solving the issue of slipping
§, down by crafting a garment-type gear
%- ex. Padded compression wear for kids
w
U U
- Applying curved design concerning curvature change in accordance with body movement
- Taking advantage of holes for air permeability on a design adequately
- Wrapping inner surface with high functional material that absorbs sweat better
T o - Combine foam granting cozy feelings to inner part
§ %_ - Designing segmented 3D hard shell and foam padding to boost mobility
”g}- % ex. Segmented hard shell & foam padding
& =
R

A Aells delzE 2EfoR QE it BE 58 s 2 g slodh
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