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ABSTRACT

The purpose of this study was to analyse the effect of the drop height on lower extremity and lower back kinematics and kinetics
during drop landing with the use of raised heel insole. Furthermore we investigated the change that occurred in our body. Joint
ROM, eccentric work and contribution to total work were calculated in 11 male college students performing drop landing with
8 motion analysis cameras and 1 forceplate. The result were as follows. First, the ROM and eccentric work were increased in all
joints with the increase of the drop height. Second, the ankle ROM and eccentric work were decreased with the use of the insole.
Third, the use of the lower back was increased as the use of the ankle decreased with the insole. Based on these results, we can
infer that putting on the insole may contribute to chronic injury. We recommend not to use the insole during physical activity.
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Voloshin & Wosk, 1982) 2l zA| ®slel] o]gt 1A}
Zh8-(Lee et al, 1990; Snow & Williams, 1994)°] €}
ol ok gl B8 Aol vhy Hg WHES STHA
1tk Sl th(Nyska, McCabe, Linge, & Klenerman,
1996). tlEo] 7] &o] 272 Hal Al W F29S 7
2AA B aEAHE A7 EE(Cho & Kim,
2012), th2 #ES o] AREalofF ke B/AE-(Fry, Smith
& Schilling, 2003; Kerrigan el al., 1998; Powers, 2003)°]
et slAlolls F4] X3 93-S PR Zlolnh

A= AZE AFEEMN(Fry et al, 2003; Powers,
2003), 7] o] Z2s 28 § HAFAEe] vehe A2
FA Aolnt. 2y SAYY 2 255 E45 F9l
BHAERE] digl AFshlole F5Ee]l wARY, 234
A BAS flEiME A A 2As S59shE 713
S BA8k= Aol FQstHKim & Cho, 2013). akAIw
M o] FoR|A] g2 A olth
AL T 2 AR Hside i, T

£, 9% 24 9 39 5ol #7140 2T 210 25
[e=] )

Dufek & Bates, 1990; McNitt-Gray, 1993; Yeow, Lee,
& Goh, 2011). = o] thFEAQD FAd1 i I
RS HA A FAZI2 B7he P APl ol
Al=H(Ricard et al., 2000; Safran et al, 1999), 7] =
o] B ETATIAL T/ A GHE A1
FE 9 729 U9l0] B 5 Y Aolth B3 7] ¥

27l olgk B 22 9ol 4(Cho & Kim, 2012)
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= HgelM 7] ol 2l T BE AP et
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I1. o471 2y
1. 97 CHa%}
B ATS 9s) moiskw FAb e 11 (age: 23.6+
2.1yrs, height: 176.0£3.1 cm, weight: 69.1+2.9 kg)°]
7hetslon, olg e $FREYS she e2dgdol2A,

2 o W oud 4 FE= gle AEolith
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oo
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[

Xt

B ATol B E4 A S B £EA, &%

A3t ARE s8] sl Aol 7hzt 8t (Vicon
MX-F20, UK)Z 4% 321 &2 149 A]2=%](Motion
Systems, UK)S AREsISloH, 1the] AHEH]7|(AMTI,
USA)S AMS-8Isith. 97 HIolEl= 200 Hz= FH5H3C
o, AR 2000 Hz2 S35

Aol £58, $Eoletd WSS BAe] %
E2d=Z Vicon Motion System Ul Plug in Gait Full
Body Marker SetS AR&-3I3ATE & 35709 3 wAlebA
= 7th cervical vertebral bone, 10th thoracic vertebral
bone, claviculosternal joint, xiphoid process®] ¥+ 7}
2o, ¢ forward head, backward head,
shoulder acromion, elbow lateral epicondyle, lst wrist,
2nd wrist, 2nd metacarpophalangeal joint, ASIS, PSIS,
mid thigh, knee lateral epicondyle, mid shank, ankle

lateral malleolus, heel, 2nd metatarsophalangeal joint &
o 23T,

AEE $EAR AR 7} B AFOE U
o] UuksH(normalization)at] o™, F712F RF= 29 )
Aol AN ¢8I Ao $E3E 28 st A
el A 2 T WY 5 e IS dAebr] Slal
W B oF 308700 FH9ES AA3 AAe
om, 2% 28 Fol|= AAxY e FEo] U F U=
S FRW AES AEIA Sl B A B

2 52 YeR Ao, BE IR =g ozl
TWAAA IPAZO A, FA] Al o FE el 2Jg 9
#HE #2435} s tH(Cho, Koh, Lee, & Kim, 2012).

Figure 1. Landing heights & force plate condition
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Figure 2. 4 cm raised heel insole

FPAEL FHlehs Fool HE foH e
A7) B % T2 S A2 e e AEE AUA 8t
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| st AHeslE fresh] fla AZd) Sl 7
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]E’\]ﬁ A S FEsT
HA) A § EolBhe offellM Hold AL, Fx &
] oRrtolgte Eolr AU HARA S % 1% A a5}

JoAAY 52 A5 52 *‘JHE 55
7—‘}1]-4 A AR Fo] & 2 28
= AAS] Yal A A AuEriE LE._-C;H YaH
Folxltt.

Z2e 7V A 7 & ' 4em wole] E2w-dl
EH(poly urethane) A &) #|E O 24 (Figure 2), Z3-< W]
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AlBFA T
3. 917 ol 4l Xtz 24

D ¥4 73

A= F5 &2 o]F XA Z= 7 H(initial contact
[IC)7H == 2 B8l 248 S5 =, 74
Tk FAFTTE A% FolA BASER B A7) &
A F7H2 ICEFY HY] ¥5 ==f(maximum knee flexion
[MKF]y7HA = A7kt

o

2) ¥4 Wl
B 77 el BEs 8, oY 2 slels) v
WA Y AT a3 Bae) A%%ulf—g— A

ko, 7zt Wl ik AJole v 7t

A4 71F5'8$1(Joint ROM): 5812 =A<l
A 9 Eo] AAE FEHE 7 (00)0E FFoH
T7H1 ICEHE MKF WA F45 5317 9
B3 78, 99 2P dEe] & F=eAdS 74
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I~

HEJ

(0]
rot
oL 1 i

rJ

o] 7FERISIE A o5t A8 th(Figure 3).

FAAe] AAAH LFJoint eccentric work): =42 &
TFob] 91k 7 AEe] A S AuRo) fl& 7}
Hd HRES} ZIEEE Fate] I 99lE EEle
™ (Zhang, Bates, & Dufek, 2000), ©|& ZEAIA 7+ &

' knee ROM

ankle ROM |
Figure 3. Joint ROM

Aol A7 &SI ©]F S(negative)?] 7ol A4
dFS FA 59 tHDecker, Torry, Wyland, Sterett, &
Steadman, 2003; DeVita & Skelly, 1992; Kulas, Zalewski,
Hortobagyi, & DeVita, 2008; Winter, 1990).

#A2] AMH)Z(Contribution to total eccentric work):
Z} DA dAE A A nE sl 3 o7b #hA
o] Ao o] WSO =N, FAFTE S
7h Aol ARgH|F S A EUTHCho et al., 2012;
Zhang et al., 2000).

= EXPP__ 7]—71— 43;]0] /\4%%_4[?_]_ 2(_1[—0] ],]»% 11]17]]-;(]
Ao, BF HAoR At EE HolHe
ZF QAES] AFoE Yro] Unelsigl o™, Labview
6.1(National Instruments, USAYS A3} E‘ﬂ‘_‘: S F=
skt

Lo

4. BAH A2

7 ol 2 Ag F T /K Folod =gAY A
92 1199 9 Ha B WA esun

—_—

IBM SPSS 21 version(IBM, USA) 54 Z273 ] o]
A =] E/“_}l‘i—ﬁ (Two-Way ANOVA with repeated mea-

suresye ARE-8lo] 24313 oH, ol 0=.052 A%
sl Aaggo] w2 A HES bonferronis ARE-3}
Rom, A=E HFd FFUES o] &3 g3k =)



134 Joon-Haeng Cho - Ro-Bin Kim

(effect size)E EATO2ZH, =gdyd A F 2| Eo
7ke] Afolof o] fie mE a3 “iii"“ﬂr =¥
9] =77} 05 E 027K zfo] & F3p) 2L 025
H 0.57Ke F7kolH, 0.8 o2 o] & g3y} At
= A& ov|gtH(Cohen, 1992).

nm. 2

I~

1. 2t Bl JisHe

<Table 1> 7} 4] 7IsHAAE VER 21024, B
= aJr?Goﬂ}\ﬂ zlx] oo} 23k zL_g_oﬂ w} A]—:QXL ° L}-
PR QIThp>.05). T8 HEAT 2E FHdoA F
7] Egolol wE Zpol7t YeFt oW (p<.05) 75 1 @
e 4 ZEol we Afole YERA] BU%THp>.05).

0]

2. 2 Be| NEY U

I

<Table 2> 7z} o] A d=Fe vehdl Zlo=x,

W2 s HM JEAE] ERITHp<05). AT
% A% wE 48 A9ole 2F A8 F 2 Eoln
The E& Eolold A A A4 Aol A pad

Wi FE)e B8 Eoloa A A =ZA FIE A
L}E}k}t‘r FEN A4 BE WA 2H goldl w
2 o7k veRt ot (p<05) FEF dW HEe 24

Lﬁ

3.4

e

AHEHIE

Ho|

<Table 32 7} 9] AMSHIEE U Ao 2H, 5

2ol FEagol Uesthp<0s). A5dE A% 2%
g F e olurke B ol AX A Hel

ApgHIFe] o 719 Aow Uit FET 45A
W= A3 Sele B golsh 2% 8o wiE Aol
7} VEREO U (p<.05), 9H FHolME Zfo|7t VERA]
BROH (p>.05), FE 247 FEol| WE xpolvt LrERt
THp<.05).
Iv. = 9

AL FE F 0 oJd) AT 5 g FHoH
(Cho et al., 2012), 2=x= k5 E,._—J }HE} A
= 252 Bajolr). nays g =
B9k Ae] 5 = S48 el L44d 3
S vX|H(Cavanagh & Lafortune, 1980; McNitt-Gray,
1993), 224N 43 % IHAFL AL TG 9

olo] %]7] wj&o||(Nigg, Bahlsen, Luethi, & Stroke, 1987),
FARS 2 A A Y Y] 98 SuNe @
TE0] A o]FojA L UtHBoden, Dean, Feagin,
& Garrett, 2000; Dufek & Bates, 1990; Hootman, Dick,
& Agel, 2007; Olsen, Myblebust, Engebrestsen, & Bahr,
2004).

(

%Oﬂ e 2pol= YERA] S0 THp>.05). 22 Al QIAZE W FAE - Fstal A
7] SEME BRI TS, 9 8 BE 5 3]
Table 1. Joint ROM(unit: deg)
No Insole
joint heights Mean+SD Mean+SD t es() F
30cm 70427 8834 2.129 -0.591 height 15.23 1%+
45 cm 13.6+7.4 16.5+£7.2 .
lumbar ¢ 3.460%* 4151% -2.192 -0.389 insole 5.328%*
= -r. . * .
es(H) 119 1356 height * insole 1.430
30em 152448 15.4+4.5 20243 20.041 height 39,5344+
. 45 cm 21.3+54 24.9+7.5 .
hip ¢ ~6.794% %% 5.5 5% -1.978 -0.540 insole 2223
es(H) ~1.198 1532 height * insole 2.157
30cm 41.6+4.0 41.8+4.6 -0.106 -0.032 height 132.105%++
45 cm 50.0+5.2 52.846.4 .
knee ¢ 7 405w 20.868%** -1.385 -0.477 insole 0.914
es(H) -1.819 1.970 height * insole 3.178
Soom s ey 2.655% 0.935 height 48.079%
ankle . < 317ear S 6.72 1% 1795 insole 32,503
=J. =J. . * .
es(H) -1.606 1551 height * insole 3.851

*p<.05, ¥*p<.01, ***p<.001, es(H) :

effect size for landing height, es(I) :

effect size for insole
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Table 2. Joint eccentric work(unit: Joule/kg)
No Insole
joint heights Mean+SD Mean+SD t es()
30 cm -0.15+0.08 -0.18+0.10 1.600 0.319 . .
45om 0332014 -046:023  3.641%* 0712 height 52272
lumbar insole 10.864**
t 7.345% %% 6.492%** . .
es(H) 1558 1637 height * insole 11.971%*
30 cm -0.39+0.18 -0.39+0.18 -0.033 -0.006 . .
. 45 cm 075:028  -0.78£0.25 0.608 0.131 height 41.296
hip ¢ 575468 GAGHEH _ insole 0.165
es(H) 1519 1.801 height * insole 0.869
30 cm -1.03£033  -1.11%0.29 0.995 0251 . er
45 cm 1.84£040  -1.97£0.45 1117 0313 height 88.875
knee t 86287 H* g7 T _ ms:lp 1.270
es(H) 2193 2976 height * insole 0.563
30 cm -1.09+0.22 -0.86+0.16 -4.038%* -1.191 . .
45 cm 612031 -115£027  -7.381%%* 11.578 height 39.652
ankle insole 68.535%**
t 3.209% 3.963++ height * insole 6.976*
es(H) 1915 1313 & :
*p<.05, **p<.01, ***p<001, es(H) : effect size for landing height, es(l) : effect size for insole
Table 3. Contribution to total eccentric work(unit: %)
No Insole
joint heights Mean+SD Mean+SD t es()
30em 5544268 8924334 2335 -0.456 . s
45em 741343 12605500  -3.610% -0.755 height 22621
lumbar ¢ 3.495%% 4 3465 * insole 12.944%*
es(H) 0.609 0.875 height * insole 5.342
30 cm 15.05£7.32  15.35+6.90 -0.284 -0.043 height 1551
. 45 cm 16.52+5.89 17.80+5.01 -1.134 -0.234 ne1g :
hip insole .594
t -L118 -1.299 height * insole 1.425
es(H) 0222 -0.405 :
30 cm 38.36+9.88 42 .4449 .86 -0.515 .
45cm 4050729  44.1149.67 -1.908 -0.538 height 615
knee -2.199 insole 4.939*
t -0.69 -0.818 height * insol 057
es(H) -0.247 -0.171 cIit T Insole '
30 cm 41.06+£7.74 33.29+6.94 3.309%** 0.921 . s
45em 35574585 25414608  6.645% 1.535 height 17.808
ankle ¢ 2 308* 7 14w insole 29.970%***
es(H) 0.8 1206 height * insole 1.536

< 01, #4%p<.001, es(H) :

A

effect size for landing height, es(I) :

71802 F3AAE SR (Cho et al,

2012;

Yeow, Lee, & Goh, 2009). o|2{gt T4 2A]] Eol<}
21219] Fejol] wt thFeiAl Ve, 53] Eolo] &

7t} A FH4 0] Z7]-<>}‘:'E(Dufek & Bates, 1990;
McNitt-Gray, 1993), & 42 &

=3 2ZFL ¢ IA =7
ol 3 e
Al =™, AA7E e 4
AgozH g Hde $4

LZolo]| A3tE

“

Kol
= =
ol o
==

SHIEC B R
7Pk ek SR o] 34

Ak 2pA)e] Fejrt st

A7) SR E HE
S7HAF71Al AH(Fry et

effect size for insole

al., 2003; Powers, 2003).

2 A 25 $49

sl 2

&3 2+
al., 2011). oju W= A

ILX
“l

%?1 e AR5,
, 1999). SHAYE B A70] AN 2% HE 5w

~%+ﬂo1 =7

Z
=
Fra) 298 AT 5

Sl &

Iasto g

< S7RI7I71 S8 2
7 /\]xloﬂ/\{‘— AAE dEE 2AAe, FAE F5

A Z1tH(Cho et al.,

HjEEso] o

W, 4% Bl AL FE

He 24 <=

3171

2012; Yeow et
4o 24 7k Aels 24
EOPQE‘r(Safran et
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deg
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Dorsiflexion
20 |
w0 e

0
90 100

10 - e Time(%)

.". ".’

20 30 cm No —— 45cm No
30 | Plantarflexion ©-9-@ 30 cm Insole &0 45 cm Insole
Figure 4. Ankle sagittal movement

Joule/kg

0.5 L e 30 cm No —— 45 cm No
Concentric work ©-9-@® 30 cm Insole - 45 cm Insole

0.0

30 40 50 60 70 80 90 100

20
: Time(%)

Eccentric work

Figure 5. Ankle concentric-eccentric work

& 21 30 cmoll A FA|T AFf-olle 15% 7}
& 7FERSI7E A Jﬂd =2 Eol 45 ecmolA FHA
3 = _,_ ]'_Eﬁ’ﬂ 5013} 75_};]_0 /\],
]}\1 ;‘d— ]61— 7:]0 HI—EO] O;(]o]_%
A ZIthe As G = AATHFigure 4).

U A3 ety Pe Sael S

N 011) il
p‘h
N
B
Hir
rlo
Hir
o

S7FHA %E}(Caulﬁeld & Garrett, 2002; Safran et al.,
1999). & Aol A3 2 2E & F =o] EFoA
HjSz=to] 7hAsislet, ol Z2%e] iyl 93t 4]
AREE =Y T USS BHAF Aol AdE) 1
U FE3} ou #de] $7Qe 2| ol Zyle} I
7 7FER YT 28R 24 2 T oukE S z)0lo)
o] ME T2t 48 HE 2 sgox Y EeH B
A YERA] 4%k

Zhang & (2000) 37}11 =0](0.32, 0.62, 1.03 m)°ll
A 37 GEle] ZA(@, B, BA)E AXIE A &
A 8] Fo|7t STVETE 7F WEo A IR S
Tl Barsieloh. BEgk 2] 9] #olo)h Pujol| wet T4
T3] st 22U T 71Hod= Zpol7t AN B
FoM = F& #de] ggo] 7P FR3IHaL 319
gk 7} H o] ARRHIFONE FE
wE zto] glom, de #d
J AHE AsH oz 7ol H

Hr&

Joule/kg
0.5 L 30 cm No
Concentric work ©-9-0 30 cm Insole 94 45 cm Insole

—— 45 cm No

0.0

40 50 60 70 80
Time(%)

90 100

-0.5
P N

-1.5

Eccentric work
-2.0

Figure 6. Knee concentric-eccentric work

Joule/kg
02 L 30 cm No
Concentric work ©-9-® 30 cm Insole 90— 45 cm Insole

—— 45 cm No

30 40 50 60 70 80 90 100

-0.2 Time(%)
oa N T,
-0.6
-0.8
Eccentric work
-1.0
Figure 7. Hip concentric-eccentric work
Joule/kg
0.1 L e 30 cm No —— 45cm No
Concentric work ©.0-8 30 cm Insole ¢ 45 cm Insole
0.0
10 9D\ 3y 50 60 70 80 90 100
01 TRy T
-0.2
-0.3
-0.4
Eccentric work
-0.5
Figure 8. Lumbar concentric-eccentric work
Zo%ﬂ_
= S 2~ =] H 0 =]
FAFFE S BAR izt AL F3) o|Fol

A B Z(Cho et al., 2012), & 1_‘_[,'01]}‘1{_; Z3AR S 7]
et (Figure 5-8). 2 A3} 2A] £ole] ST} ¢
slg] B RE AHA A Aol SUeIle, HE
wEe vjFo] gagtean O*Eé o] Hlgo] F7kst
Ak 53] e AvdelA & #Ee 7P 2 s
ARl 7 A B AYAel FAFSIATHFigure 9).
B ATl Fo #Pe 23 g Fo2E £1Yd
g 9l ‘ﬂﬂ 9 3= A o] .?Eb‘]—)ﬁ E.Eoizﬂ-;q
H3lE AEE Aottt 2 Ay 24 28 3 49 d4
o] 1:11-_‘:1 Ozlol_,/], /\]z]—/ﬂ %_]ak =i /\]_gu] o] Zjl—_/;\_‘;c:}gg

1l
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100% A lumbar

80% 7
60%

M knee

1

w ankle

40% -

20% -

0% +- . . : e

No insole Insole No insole Insole

30 cm 45 cm

Figure 9. Contribution to total joint work
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