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oy wugbd  pEIbd gyowa
- M+SD M+SD M=SD

i

1 0104 £0.054 0.233 £0.155 1.245 £0.290
2 0152 #0127 0272 +0.292
74E3 0217 #0244 0363 +0.250 1.432 +0.409

&4 0186 #0215 0280 +0.135 1424 +0.323

Ry
e

!
R | _IE || T 1

=1 278 10336 169 0258 267 +0.336
N BIUE2 266 0421 166 0328 "
A 23wl 268 40637 163 0459
ZEREL 263 +0519 165 +0.305
B9
wadd FERd guelRdel A0 23999
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o] & el eoktt. ey s A =3}
Ae 34T 245 gaste 48¢S Yz,
g A E 23999 gxHes 2wt 2
42 27 AGE Uiy
# 4. otX|zHE Q| z|c{ute] SAMADt (&S] : watt/BW)
e 2Ewd  pead | 99o9d
M=SD M+SD M#SD
ZEE] 1646 3973 1597 4848 -0.980 +0.883
L EIUE2 1671 #4764 1512 43286 "
&3 I3 1574 +6.067 ~1552 +
ZRFE4 1514 5572 1389 3784 0644 1044
ZEPT] 85 +3832 0806 +0.660 2724 5305
g EFAEZ B30 5158 088 2091 79 5244
ZRPE3 3074 +8314 0.858 +0.935
ZRPE4 3099 +5085 0951 0731 2081 +3788
of|LA K|

AlxHe A HEHE FERE Jo|HA oy
e $£&3lo FITPE A ] 2o]2 el
A okt A1ZAL L EX 7 AW FAstn ¢
T HE 27147)7] 7422 Jehie 22 oy=] 357t
dojube Al7jelth. £53t BIUE Aold] EAH
apolE YERNA] Aot 23727 45 oUA|7}




7&%*1% UrEMUi T2 AuA A== Al7lelH. &
F3t B Afolol] SAIH AolE UehlA ¢3kA]
T 2SR 25 dUATE el AdEE A3

ol Hi ule} o] 4.89-4.82 Kcal/ming W EA]
A= Aolell BAIAY AkolE VYERHTHp(0.05).
SAY 7P 23Tt  AR4S} 2R}
& AE13 FE24 ol bel & YEMTH Eok 23
fashe AdE Uehith. Ae

AUz aHFE (F 8)dA He ke Zo] 289.3
-293.1 Kcal/h9] ¥91E UepR £F A vl

e I 2 A Ueinh o2l Adte o] AR =
J=7t 7P 2 st 7P A s v st
E 5. IR ouix| BAZD (9] : JBW) % 1.3%9] AuA] dokS 7 e Aol
gEdd  yepd  ggolwd
7
M=SD M=SD M+SD E 7. 22ZTo mE 2 o[X] 2|2k Llulix| 24
ZET] 0069 0000 0435 +0.043 145 +0.138 =4 23 (&4 - Kealjmin)
g EFAE2 0067 20014 0430 0050 143 30,161 post
S NS B fa
FR7E3 0063 £0.006 0426 0043 142 £0.193 T Mean 5D F P (th]g)
ZEAEL 0063 +001 0426 0055 141 +0.19
- FIPE] AR 050 e
ZEAE] 0072 20008 0435 0037 113 +0.144 SE1>
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr FERPEY AST 050 ey
ZEAE2 0071 20009 0444 0038 116 +0.169 2010 048 o
e FAPE3 4D 050 BE2>
ZEAE3 0073 20010 0449 0041 115 +0.126 g
........................................... %5;’—7(}—54 482 040 (¢}
ZIPE4 0074 0008 0445 +0.038 116 0156
F 8. Azt x| Av|2kel AHix| 2LHEAMADE
AQHE-PE! Hn_l'% H|_1°|_| (9] : Keal/h)
HZE kgl At ME2H ) M sDF post
T TkgE A MF[2 T ean P hoc(LsD)
et FFAE WE AT ke A AT ZZAT] 2931 280 Aels
— L o -
(3£ 6)°llM H& uke} Zo] 43.26-47.68 ml/min/kg ZZAE 2923 327 P
3377 0297 ’
o M9 2A 2345 Atold] FAIAS Aol & Yehlth FRPE3 010 284 FE2>
- +
(p€0.05). AFEAZAY 71 22} ert AL w17 2EPE4 2893 230 o
ATt 2 T3 FE4Atold] AbolE yER
T3 2RAETE S/HEE S dadke A Yy OILAX| BHEHHOIT} OJ|LY K| AH|2EHOIO| AFITEA|
=A A1
E 6. 2Lzl WE AT 1kgE A MF|2ke| AlHlx|
=OsH 2 (%91 miminke SAHERAES oA ol u R g
post A3 A (F 9)dlA B uiet 2o TERAE
e Me SD F h
v LA AAALNES HAAAF=0.313), A5 1keD
ZIPE] 4168 436 Aol AARAZ(r=0.336)T= o] Fo3t Aoz e}
(=== -
EREEL B A0 A, wth FERHAY Al EIRAES AT (r=
FRYE3 MU 212 7 ' EL> 0.346), oltstetimj & (r=0.319) 3= A¥#o] &
1+
ZIPEL 4326 29 =4 93 Aoz Ut ddol@de] Ayz2rmEs)
B oJA 2 F(r=-0.424), AZFF oA 2] F
Ol x| 4|2k (r=-.413)7= 949 #AE Uepdr

258 23w mE B

ShA B gtel o} cliA|an izt R e



+538 237050 W2 F3PF & (Running Economy)# olUA] ¥tg(Energy Return)@}e] #A 417

E 9. SHXHUEZHES} ofjX|At [Zigiolntol Abmbaby| 2AZT}
Hoy A7V
T VO2 VCO2 VS:/ o) oﬁﬁ;l
Mg AHE
we Ao 2F 13 91 I8 1% 147
gy ad 313 21 3% -8 -106
e HA 2F 346 319+ 170 -036 -071
Fd gy a4 198 186 26 05 018
ggo] AUl ZF 28 18 43 47 -d13
gy a4 04 -005 001 252 052
E 10. SHX|2HETIet of| x| |2isolntol Aty EAZD}
vy Ay
T VO2 VCO2 VO2/kg ouA  elifA]
AH| LM
ae Ao 2T 145 087 -1 213 276
oAy ad 166 110 262 -I88 189
me HW FF 026 028 00 -164  -145
T gy A8 -1 -152 M8 231 223
ddo] Hdl FF -178 -103 -162 38 2%
g ad o370 -3M -260 046 030
E 11. siX[2EolX|2t of{X|aH|2kHolnte| Abpbaby| AT}

28 AT

T VO2  VCO2 VO2/kg ©ldA] oA
A AH]E
we  §5 3327 28 067 -26 -3
o 100 167 176 -003 049
ve F5 1% 0B 24 -1B -
T o9 28 246 -240 012 048
gue BF 20 247 26T 082 061
B oy ot 06t -208 012 002
(£ 10)eA B vhe} Zo] o] A o] il

cqg], /\}/\Mv‘a a]:(r:

-0.371),
-0.344)7H= e BA 9

%ﬂ@ﬂw#“gwﬂmﬂ““ﬂ”
22099 $F oA 20 B =
UA] Ak ( :0 276) 7=
wslo] e AR e

st A ]W%‘r

o147 48]

cl L 2=
£ Aoz veh.

%—"@ﬂﬂm

73), A o
E 4%—%&%{%

FHQ e FawA =

(£ 1DlA Ee vheh Zo] dEwE A9 75 o
U7 s e AllawdA] AadH @ (r=0.332)%
AIZFE A2 2B 7 (r=-0.376) HQloA folgh o
< Uehiar, ol e 35 oux|7t 44
< A27H el A "V\’ﬂ%&(r -0.775)3 olitagka
W& (r=-0.706) WA Fof g daS el

= o

oA FHA Ao B8 s
182 ol 7] £A4E 2 Aslsto] oy
2 A} oY= wgkS #gjg)
A Al 2E]7] Al A 45
3 & & (running economy)®l that A
?7} “L°] TYPHPoH | O FAME HT oY ~x=
THAA B2 A7 2] He 89lo] EFsolnt.
53} Axo #e AT A% Frederick, Howley,
& Powers(1986)2 129 EVAAldo] AAe] At
BT} oF 2.8% 4ta Mol AA YEhdTha 8%,
Frederick 5(1983) <7te] ztol& UUAIRE o] ¢}
H] =gk 7&4*‘ Beltha a3tk Bergdt Sady(1985)
o] =2 100g9 +&3F 28-S A3l
U7 /\‘3] Fol| 2 zfo] & UEPA] 2tk o

e - TRV
ot
o=
>,
N
rr
AN

o @ F
ol
—l>

E

¥R L orr

o

5
=
[
AR
Fd

oluA] Hhehe 73718 S-S 9l Al
J] Afolo] o]z Holo] A3t} Fag
of 1 Fet 2X AW $EIE Yo
7} o] FolA] gth(Nige & Segesser,1992).

, AZ7A719) npRgEute, £37719 A4

lLVl Hhgho] & o] oA = E & Alolt}, o] g
odlA o] A28 S A7) A 55k
Wkl gk A E AlEa] £ kit
A 27HA ] AFATF BAH oA FPg e B$
luko] Aol 2 &) AA o M o= el
"747P glojA] 2 & E‘,‘e}o}z] o= Aeo] 9lth.
A A stA ol s et
%‘é%@iﬂﬂr, Zo BEA o] #old tisto]
ATH AT, T3 ‘é}xl%ﬂ‘ﬂﬂ %’S-"— zz 3219

1

(

©o4n T rE gy

;
ix

=)
e

52 A1
o

2 orlo wu rlo
2 2 <<

K3
2

AN ot

&<
>

= A = o (R r°l' r>



283 A7 FREET YA v g A
TE W2 42 Zefste] o] Foifith. 2y FP8

& AUA7E Wil A o2 vehd date) ik
Aola euA] WL 71AA A7} 2 Aol A

FH 2 A E U] oS Yehle g4 1<l
ofth. uehA AARF-9} o el ehte Al i
A(@3h 3 etz Wl (del) Ateld] d3AAE 9
o} 8] Abol9] 2 gE A olelsH
g e A ~x 2] Al B =5
0]

% |
b
I\

o

PHET} A B of|fA] wigho] o]
A= AJA7EE et FYPEET oY

o,
rO
2
of
N
>
4
ox
1
o
r'O

o =

R Fﬂ

<

m

AR

T

v

o,

AR

©

> &
o,
o

o =
B3
ol
N,
B3
>,
(k2
A=)
'y
r, of
[l
o,

T7F 8ol o] &H AT
5, 2008). & AFA A=

oz A HEe] RHlEd

2= 747 A B RRlE.|
T Afole] BAAR AolE VERYA|
Roy9} Stefanyshyn(2006)2] -4
JeolAA e RHEE Ato| 7} glAA|T
Eo| & Apol7} gtk &t ot &
27 zkolE Yehd 91 B Aol A
o] zto] wj&o] opdr} Al HLh HulE

2~
594, PEwY, 9yolnd &
E

o
',
=X
I DR o [ A N

i)
fr
2
=
e 2 b2 m

=
r
o Mo
% o
4o 3§
[
oo

iy
[Rs)
Rl

=
_?\_‘
(e
1o JH
0
T

rr

T,
=
i
i)

4 4
i
=
£

oY
Af
ol

I
rr

i 14 oo rR
[o o o
O R CU N e A~ - P

A=)

u
aft

e jo
T
T,
1
o
i)
o
N
< M
ox )

=2,

o A Uebga FHojad 2

Al debstt, HdE3 2 Es} HoalAd

E B 9 A debdedl,

S 2R A2o] A A e SHE

gt & 9l
SEste =37

7b AW 242 FAAQ Aol YERIA ¥

E

I
Ho =

e W m
FOHI‘
g
lo,

t
o
.
roh
2
i
2
-+
ith)
o

Cavanagh 5(1980)9 d-Z¥} ] wl2™ x| A] &

WE/} 29 245 $BRge ddlo] Brhn ¢ HE
nEEE FRYEA 2 $EHE LEFAYE B

K
S
mgﬁ_t

L
0,
v

ssle] +3he BHES 214} B
o)

o 4o & o (o
O o T o = e TR

T = “)I: 9>A
TEAQ AYEM £F F FAET FAE 9
Ao® 97} F7kste AL B 1w Ra)

7Fte A& 93t} (Zhang, Bates, & Dufeck, 2000).
B 2oy Are HERY, FERE, 99
ol¥d £OF YEga 1 Fol -5 Yol F47t
He Ao UBkY, 53 =345t 295 44
ote Ao Yeht 538 vieo] Hadas uel 9
57 A7 He Aoz Jehyet

A2=HoA WA AAe = TEAQ FYEA
Beli, Kyrolainen, & Komi(2002)& ©&]7] £=7}
7kt #Ao] Adg® St st B 4
TAI} A A o] A vke = Sade] 7Pt AA U
BhskaL TS 7P AA Yebstt, Al25 M 9
gkol +5 Uehfie] g7t e Ao w st
o9] e SWellA FAAR Aol YEhHA] R3HA]
gh g bd o] 7h o] AAE Y FEWE e 597t
P AA AdE e Aew eyt B3 53 25
7} F4E B4 Y E 37 Jeus 23750t
= 99 Aol Bo] He AR YEikt. nhehA
Bert 2 EsE A8 A5 A A 3] &4

)

o =2 70T T
of AA ¥ = Aol

N

e

39 44e] o gl Ak

1o,
R
o i

Y
[H= T



+53 23705 w2 F3P & (Running Economy) @ olUA] ¥t (Energy Return)¥e] #A 419

Al qUAE Al5Hs 2 £ 2 A7 e
ol gt AT AT = ARIF(2013) 7} vl 73HE o=
A AFA IS} AR UElgT, gk spAl A
Azl Al 1=l A E?MJ Aol& vEhA] sk
ARt &F3}F =FAETF 255 oUA F57F AA
T %S UehfiolA OﬂLM t*‘°1 AA He AR
ekt duA7E 4ol e A2aHdAN e 254
S7b Z7Fl whel BAIAQ AtolE WERA] ek gtA
OHLVV} o Bol Qe Aow Ueuith

TAZ 2FE Atoldl EAAQL Aol 7t v
WA %%—t— AL ot £ Ao AHEH 55t Lt
A2Z 2R AMLEE Aoz X3 Alo]o
Ye7b 3A Aol 7 bR 9k7] wf el vhebd
ghal AbgEn, vheF Sgtshy |7 Aol ag)
Adutee] 2377k e S AHgehd ot
Hatolol] EAIAQ Aol S Uehd Ao w AdtEn
TN 23F=7F ARl nA e dEF=
7] glek BAwc o2 e A% 1ked AT,
#) 28] o]},

AZ 1kgd A2 2L 43.26-47.68 ml/min/kg
of WMeE yehllo] 234(2003)9 21.07-23.97
ml/min/kg®th 2 o’F A ettt o] FA A
Uehd ol e #E54E7t BE BgEsrn A7) o
Bolehn AREG. B 23} MY Be 237
=19 B4t SRAE VY wE 250 E4 He
o:] /\}/\/H‘AE]:O]L]- Zﬂ? lkg‘ﬂ' }\}-/\/gﬂ %tol 10/ X4
= w dehiteh. oz AYe 2340t &
Fa7h e £58 3 10% 45 A e
A7 BgAel ¥hn & & ok, ¥ A7 2%
ael 23R/t 29 A% 1kgd A2HA Yol Bas
£ A%E dehlr) gz 2
Uz ge4el sddta & ,

AR aHFe AS B oA AaMlEk2 4.89-
4.82 Kcal/min®] ME Yeplla Al7HE oyA] &
H g2 289.3-293.1 Keal/hel W& YEHT ]2
3 FAE AAD(2001)9 3087 ouiA] AHER]
179.2-206.0 Kcal®th @A Jehd Zlo|t}. oA
& ATe] AFghe] WA vehd A2 HAEd vkl 2o
LT, G2, A T Aol WjEo|Ha ALR

A 4

)
o
oY Hu

z

B

MTom
-‘0313 e o flo
e

2w
=

Jp
ol
k1
N
u
=)
uly
s
Jfu
o

=¥
30
T

Aok 234w} M 2 258 oA auge] 2
SRS Y A Fa st} o 1.3% A7 1}

Rt} o33k A3E Roy9 Stefanyshyn(2006) 9]
1%HEth 24 Jebd Zo)1 Nigg9t Segesser(1992)
o] 2% Hrhe A vepbd Aotk & dAFZA e A3
dA+A%E }—6‘0}‘31 ZHAEE A7 M A oy
AH|Ee] ZHAR oo A dUA] E&AS FUAZ F
At 2FAEE FEAETHE FHS A 3o £F
WS Ao sy oz 5 3
A B THAAA o9 &

o
o
S

>
N

~
°
o

oy
i
frn
=
)
N,
1o

fr kol
o
ox
o
oSk
o2
>

o,
ro

1o qglo

3

rE oM
1
_OL
Q.
02 L
rie
o
-
lo,
M
1
o
=l
_OL
)
rJ
i,
I
=
(m

ni —D‘ _\";‘, i
e ;“” -
ol \
PR
n‘.[ob
&
N
ne
2
i
rlr
>,
—
Hd
2
2,
X
K3
irg
N
br
=
oft

ol
-

fo rr 2
inj

ey
o
M4

o ¥&

OH}H &} olr/}
1A 227 E7} Z7}sha oy
A3 et

YA 2magte] ApEa sl
rE el )2 3obe) o o) 4n)
FeE QAT Rt wE R B
6} @A elU A gh o A] 2B ko]
FEgbe) A=l 2 gae
T BEAL ] oA F5
Y

o> = TN rloop o Hro 12 = W

oy 2
¢

e rlo
i
%
:(lg
49
é

=
o
B
_O‘L
rir
re
o 41

2 o
Y
Y
<
mﬂ'.

o%

¢
il

T

2o oW
of
)
2
=

=
i
@

0%
rJ
(E 2
)
Sh
1%
o
|\ =
mE
Jhﬁ

ot A wj ol A=t %7}’3“3 %‘-’F ]LV\] 3
40l F7kste] dUAI7E Aekdvia & & itk o]y
g A7 A3E Roy9t Stefanyshyn(2006)2] A4
Heo} dAshe Ao r AAR FHAE ERREY] ¥
= Algste] o] &40 A E FEdere do

2 d7d 2 Aen Az,



N
DO
[e]
1
ol
&
K

3 2

2 A7 Age A7 e fste w8 =
FAE Z7F FHEET) 1A 9] oA Hglel| o
St JEFe vA = AAVE FHsta FYEET oA
Hkgk Abolo] HAE qFHstEY 1 HA o] S

Ao 9 gddAE H2 19 oJulol] skA
70 gle A=A A7k dab gy 1040l
o 2 A7 AMRE A8 S Ese 45 REA T4
=7F 242F 0.56 N/mm, 0.74 N/mm, 0.96 N/mm,
1.21 N/mme|Qtt. 334 QA7 25 7ka84
SHYAE o] &3t 0531}9] T W oA
Wk oA aH] S ot B A7 et 22
AES 499

1 E58 S0 Sl s
Al e ge 9 3

A —?7} & 7%] 5
Aol M e 254=7F S74del et E74] A A
ol UEtA] EATE dA17E B ol A+

T AoZ Yyt

4. %'—?"4}'57]’ 7].;(} ‘/]'% OE;]J]_ 7]_ 2} o T’E‘%ﬂ
of Wate] A Zoldt AT 1ked FaAlF]
2ol 10% A& =7 JeA 22757} 242

Az Z&4] %‘—tﬁﬂ~ RO 2 YERT
5. 257t A 2 253819 duyA] 4H|gke] 7}
4 A st wste] oF 1.3% AA Uehsta,
SRAEIF E55 YA ZeAel SUlE A
6. YEolHEY SFRUES oA 2| FH = F
2 BHAAE YEITHpC0.05). B ol dd
S AdzRae] e A aH Fae &
A oL PAT At =2 H o FHe

RS

0.

ol
N

T

2 A7E Bl £3589 2RI} F5E o
A g ge] Aagrte AATE] A7ARE A

ol
fe b
o rr
=2
J;i!é

=
B
g o
oy
£y
=

ox of\

PP\ A
707 it oA @ W2
3} Ui 2] k] RHAAS 2
A3} wEWA) ATy 2 wE
oA aw B 29 FRA S el &
A3t MEREaN F2 duA] £2e) 2
£, o2l 99lo] BERAe] LEUNE AD
o 7198 AAE FFATE Fofo] o2

Aclt},

e

rJ
ol
lo,
=

oW ok
D)
woh Sy, ¥, 44 to ¢ O W po & Y 2

S

)

4 i I o

o
i

] =

Tk

19

Aol 7t A ket oA A

10k8t5| K|, A|5H, A2, pp.71-80.

1%, 2003). 1o} A7} B g &l vl
&F, St K|, Al42H, A|3Z, pp. 677-686.

(2013). SHX|ZHE | of %] gHet2 0|2F Hi=l Sole

o| x|& Z2ZUET (Bending Stiffness) 917, et
o g AR =R, pp.79-102.

Alexander, R. M., and M. Burnett.(1989). How elastic is a
running shoe, New Scientist July, 15:45-46.

Belli, A., Kyrolainen, H., and Komi, P. V.(2002). Moment and
power of lower limb joints in running, /nternational J. of
Sports Med., 23(2) : 136-141.

Berg, K., & Sady, S.(1985). Oxygen cost of running at
submaximal speeds while wearing shoe inserts. Research
Quarterly, 56(1), 86-89.

Buczek, F. L., & Cavanagh, P. R.(1990). Stance phase knee
and ankle kinematics and kinetics during level and

(2001).
]z

o]

rr \.n:

2
of ot
ol >
o1t
o

0

)

A
W
i 2

7‘:1

H
_|o| ~ Mo o

o o,
2 o

of
fex

hul

2
=
rl—J
m>|

[o)

downhill running. Medicine and Science in Sports and
Exercise, 22, pp.669-677.
Conley, D., G. Krahenbuhl, and L. Burkett. Training for aerobic



+538 23750 W2 F3PF & (Running Economy) o|dA] ¥tgH(Energy Return)@}e] #A4 421

capacity and running economy. Physician Sports Med. 9:
107-115, 1981.

Czemieki, J. M., Gitter, A., & Munro, C. (1991). Joint moment
and muscle power output characteristics of below knee
amputees during running: the influence of energy storing
prosthetic feet. Journal of Biomechanics, 24, 63-75.

Daniels, J., P. Bradley, N. Scardina, P. Van Handel, and J.
Troup. Aerobic responses to submax and max treadmill
and track running at sea lavel de(Abstract). Med. and Sci.
in Sports Exercise, 12(4), 288-294.

Daniels, J., N. Oldridge, F. Nagle, and B. White(1978). Differ-
ences changes in VO2 among young runners 10 to 18
years of age. Med. and Sci. in Sports & exer. 10: 200-203.

Daniels, N., J. Daniels, C. Baldwin, and P, Bradley(1986). The
effect of wind on the aerobic demand of running. Pre-
sented at the annual convention of The American College
of Sports Medicine, Indianapolis, IN.

Daniels, J. T. and Danniels, N.(1992). Running economy of
elite male and elite female runners. Med. and Sci. in Sports
& Exer., 24: 483-489.

Devita, P. & Stribling, J. (1991). Lower extremity joint kinetics
and energetics during backward running. Medicine and
Science in Sports & Exercise, 23, 602-610.

Devita, P., Blankenship Hunter, P., & Skelly, W. A. (1992).
Effects of a functional knee brace on the biomechanics of
running. Medicine and Science in Sports & Exercise, 24,
797-806.

Elftman, H. (1939a). Forces and energy changes in the leg
during walking. Am. Journal of Physiology, 125, 339-356.

Elftman, H. (1939b). The function of muscles in locomotion.
Am. Journal of Physiology, 125, 357-366.

Frederick, E. C., Clarke, T. E., Larsen, J. L., & Cooper, L.
B.(1983). The effects of shoe cushioning on the oxygen
demands of running. In B. M. Nigg & B. A. Kerr(ed.), Bio-
mechanical aspects of sport shoes and playing surfaces.
(pp.107-114). Calgary, AB: University of Calgary.

Frederick, E. C., Daniels, J. T., & Hayes, J. W. (1984). The
effect of shoe weight on the aerobic demands of running.
In L. Prokop(Ed.), Proceedings of the word Congress on
sports Medicine(pp.616-625). Vienna : World Congress on
Sports Medicine.

Frederick, E. C., Howley, E. T., & Powers, S. K.(1986). Lower
oxygen demands of running in soft-soled shoes, Research
Quarterly for Exercise and sports, 57(¢e), 174-177.

Goh, J. C., Tan, P. H., Toh, S. L., & Tay, T. E.(1994). Gait
analysis study of an energy storing prosthetic foot-a
preliminary report. Gait and posture 2, pp. 95-101.

Hogberg, P.(1952). How do stride length and stride frequency
influence the energy output during running. Arbeitsfysio-
logie 14:437-441.

Martin, P. E.(1985). Mechanical and physiological responses to
lower extremity loading during running. Medicine and
Science in Sports and Exercise, 17(4), 427-433.

Martin, P. E., Heise, G. D., & Morgan, D. W. (1993). Inter-
relationships between mechanical power, energy transfers,
and walking and running economy. Medicine and Science
in Sports & Exercise, 25: 508-515.

McMahon, T.A., & Gress, P.R.(1979). The influence of track
compliance on running. Journal of Biomechanics, 12, 893
- 904.

Morgan, D. W., Martin, P. E., Baldini, F. D., and Krahenbuhl,
S.(1988). Biomechanical correlates of economical running
(Abstract). Med. and Sci. in Sports and Exer. 20(Suppl. 2):
S49.

Nigg, B. M, & Segesser, B.(1992). Biomechanical and
orthopedic concepts in sport shoe construction. Medicine
and Science in Sports & Exercise, 24: 595-602.

Roy, J-P. R. & Stefanyshyn, D. J. (2006). Shoe Midsole
Longitudinal Bending Stiffness and Running Economy,
Joint Energy, and EMG. Medicine and Science in Sports
& Exercise, 38: 562-569.

Simpson, K. J. & Bates, B. T.(1990). The effects of running
speed on lower extremity joint moments generated during
support phase. Inter. J. of sport Biomechanics, 6: 309-324.

Stefanyshyn, D. J. & & Nigg, B. M.(1997). Mechanical energy
contribution of the metatarsophalangeal joint to running
and sprinting. Journal of Biomechanics, Vol. 30, No.11/12,
pp-1081-1085.

Stefanyshyn, D. J. & Nigg, B. M.(2000). Influence of midsole
bending stiffness on joint energy and jump height
performance. Medicine and Science in Sports & Exercise,
32: 471-476.

Turnball, A.(1989). The race for a better running shoe. New
Scientist July 15:42-44.

Zhang, S. N., Bates, B. T., & Dufeck, J. S.(2000). Contribution
of lower extremity joints to energy dissipation during
landings, Med. and Sci. in Sports and Exer., 32(4) : 812
-819.



Relationships between Running Economy and Energy Retum with
varying Bending Stiffness of Running Shoes

Kwak Chang-Soo', Lee Chung-II', Kwon Young-Hoo’, & Jeon Min-Ju’
"Hallym University, *Texas Women's University, & *Hallym polytechnic University

The purpose of this study was to investigate the effect of running economy and energy return in lower
extremities according to the increase of bending stiffness of the shoes, furthermore to investigate the relationship
between running economy and energy return for the improvement of sports performance.

Subjects employed for this study were 10 healthy male college students who have not had the experiences in
lower extremities injuries. Four different kinds of shoes in bending stiffness as with 0.56 N/mm, 0.74 N/mm, 0.96
N/mm, 1.2IN/mm were used respectively. 3-D cinematography and pulmonary gas analyzer were utilized for
energy return and energy consumption data during running according to the increase of bending stiffness of the
shoes to obtain the following results.

As the bending stiffness of running shoes increased, the statistical significance were not founded, however, the
tendency of decrease in max. flexion moment and power, increase in max. extension moment and power in lower
extremity joint were showed. Joints energy showed no statistical significance in phase 1, however, the tendency of
lesser absorbtion as the bending stiffness of running shoes increased were showed. More energy were generated
as the bending stiffness of running shoes increased in phase 2 with no statistical significance. Energy economy
increased according to the increase of bending stiffness of running shoes. Negative correlation were showed
between flexion moment of hip joint and energy consumption(p<0.05). Slightly higher degree of correlation
between max. flexion power of hip and ankle joint and energy consumption were showed without statistical
significance. Negative correlation were showed between joints energy and energy consumption for ankle joint in
phase 1(p<0.05).

Key Words: Bending Stiffness, Running Economy, Energy Return, Moment, Power KISSW



