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PURPOSE This study examined the biomechanical differences in running shoes with
two midsole materials, ethylene-vinyl acetate (EVA) and polyether block amide (PEBA),
and carbon fiber plate insertion. METHODS Ten recreational runners participated in
the study and performed running trials on a 12m runway at a controlled speed of 3.89

f:;;ec::?:::(nce* m/s = 5%. Biomechanical data were obtained for time-continuous variables of the
jcpark@pknu.ackr metatarsophalangeal (MTP) joint (angle, moment, and power), as well as for discrete

variables (push-off time, peak vertical impact force, peak anterior propulsion force,
Key Words and timing of joint power transition). Data were analyzed using statistical parametric
Midsole material, mapping for continuous data and the Wilcoxon signed-rank test for discrete variables
Carbon plate, (a = .05). RESULTS Compared with no-plate conditions, the EVA sole with plate
Multi-segment foot model, significantly reduced push-off time, MTP joint range of motion, positive joint power,
Statistical parametric mapping, and peak anterior propulsion force, with an earlier timing of joint power transition (p
Advanced footwear technology < .05). In contrast, the PEBA sole with plate decreased MTP joint range of motion but

increased plantar flexion moment, negative joint power, and push-off time (p < .05).
Furthermore, under plate-inserted conditions, PEBA significantly increased plantar
. o flexion moment, negative joint power, and push-off time, as well as exhibited a
Pukyong Natioanl University Industry— L. _ . )
university Cooperation Foundation's delayed timing of joint power transition compared with EVA (p < .05). CONCLUSIONS
2024 Post-Doc. support project. The interaction between midsole material and plate insertion causes complex
variations in MTP joint energy management. Specifically, EVA shoes with a plate may
facilitate rapid roll-off and promote swift turnover, thereby enhancing acceleration. In
contrast, PEBA shoes with a plate may promote prolonged energy absorption, which
could potentially reduce joint fatigue during long-distance running.
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NS 2 EATYdolv B 53, f2Id 59 FA U £ o
(Malisoux et al., 2017). °]of w=} 2 d3}e] n| =4 F9] Aot
HYshs Tt AXx 829 Yo Fuio] A ot HEHA £ W7o E2)7] ZeAF A ool vl T2 245k A
P FaT AT At AFAE vI=&(midsole) Efoam) 7= FES] FYH L YFHLin etal., 2022).
o] anfot FRE 2R A] SAlSHs 24 95l 9 2 Z7td] 7] E3], Nike Zoom Vaporfly 4%7} SAEHA ZAF 712 24
olsiths HojA] HU9] aEES Ay Azl gaet o o]E(curved carbon fiber plate) 4¥o] &&]7] 484 20ist
2 9)tkXu et al., 2025). AA% =29 24 Y(cushioning)T At 97 A3t Hago o), 7HE Zdo]EE Adelet #Y
2 8839l oyA] &g w5 BH, FRAT Ao & 3t Aol 5] =P E|o] girh. FHE EH0|EQ] AU
33k F 9eF FA(longitudinal stiffness)& F7FAA SFA|1H
H(metatarsophalangeal joint, MTP joint)9] H=3F A=
(co) This is an open-access article distributed under the terms of the Creative (plantar flexion)& Aol 4= AKStefanyshyn & Nigg, 2000).
Conmor et o Conmrsd U I ol /08 58 A8 IS Fpush-of phase) 53
and reproduction in any medium, provided the original work is properly cited. YA £48 £0]1 ¢ & 7 ETE TR, AHo=E &
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MY} HEAHAE FAAZ o= At Day & Hahn, 2019; Roy &
Stefanyshyn, 2006).

AR 7HE EEolEQ AIE AFT AFES FE EVA
(ethylene vinyl acetate)?} PEBA (polyether block amide) 44
o] n|E& ZH0]EE 4F¥sto] 2d #&9(running economy)
< EA5to] Y= AH(Ghanbari et al., 2025: Matties, 2024;
Perry et al., 2024; Subramanium, 2024). EVA® A¥x 353t
Al(low-density copolymer)Z 7% o] Qo™ H|W 2 REHT
At E4o] Qo] 4 FF2o] £ Wang & Wang, 2022),
22 whgE o & Qlaf oA &£Ao] Atz £Ao] UtHChang et
al., 2023). Xu et al. (2025)= EVAQ] &8-S R3] Yaf 71
E0|EE AT CEHN YA £AE FolT HhEE S HAS
St #4519 0™, Subramanium (2024)2 EVAY]| 7 &d|o]
A Al Bd BEAAS 9 2.1% A B5E o, 2R] A
AL S7H7e 9&s ghrtal Bastqlet. gt
¥, PEBAE €744 e A (thermoplastic elastomer)Z A F
o] o] =2 BhEE S A FSHARE 7HE EEo|E b0l mE 33
g 371 a3 HeotA HiEA] AoktH(Perry et al., 2024). AA]

ru]

Al FA8L BAA7|AE AT, MTP BEojA 9 ZHE 9 u}9|
S 22 AN 4= 9tk Bttt = EVAE 7}
O|E7} &7 gsle} 118 Ao BF 7]oj5kA| T, PEBAS]

2 24
A9 37 g4 auturks MTP $20] 255 Mol 59 =
2 2708 4ol 71ofate & 4= ct

oY MY ATEL Aoz SeolEe] TYHl ANE B

¥ 3449 7
sttt oL, 24 8 FHE Seo|E ALgol Tt AW Bl
SetA) ok Bd wed B avee wrkstgon, o
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Table 1. Characteristics of the four running shoe conditions

ra

e

T

re

£ A+ 5 23] o) @E7E ¥t A e W 2224
A B Aol Y 2-309 F4 1078 (age: 26.00+4.99 yrs.,
height: 174.40+4.60cm, body mass: 80.00+9.50kg)S thAFA:
2 Aot o (Hoogkamer et al., 2019), AR Afo]27} 270mm
Q1 AgkE Astlch £, A+ ¢3S Yol P ke A+ &8
A4 S-S Htom, AHH RYAES 5IAE A & 4
S APsHATH2024-10-025, 2024.11.07).

N 5 2 A 54

2 d3te] mEE Aol & 7HE Eo|EQ] 449 BIE HFHI
23l EVA without plate, EVA with plate, PEBA without plate,
PEBA with plate ¥l 7F2] AlF 274& AHESIGIT). ojnf, ®E Al
2 270mm] Afo|2E A gt e, A 717k JRA] Mol &
=7 gkoket. EH EHolEVL AYE A 22 v EE HA o]
of tigt 43 7HE ZHo|EE Aottt ZF A9 FHEF 44
o gt 7|AA &= g AEE dynamic shoe flexor device (STM
507, SATRA, Kettering, GBR)E AH&-3to] S5l oH, 50° e
2 253] 2335 & upA| e 53]9] HdghS AFEoRoitt. Aol LA
ARl 7|AA £/ (Table 1)} 2t}

AA e A AR

ATE 5] A, D717 7Fedt 12m F29] FH o A4
ZH2KMiqus, Qualisys, SWE; sampling rate 200 Hz) 8the} A
wHF 7] (9260AA6, Kistler, SWI; sampling rate 1,000 Hz) 2t
E HASHH. B3 9 55 SAsH] Y] AHwEr] Y 9
A28 Aur 9 3uro 2 1.5m AF 7 X S7(Witty,
Microgate, USA)E AR5ttt 2 QA 7iv| ket A wHutel7] o] o
°]&]i= A/D board (Qualisys, SWE)& AM&5}] Hlo|E 9] & A1
2 5 %3Ksynchronize)stH 2™, QTM software (Qualisys Track
Manager, Qualisys, SWE)& AR&3slo] At 7E S5 e 9
A 2 AT A B HAE Yol FET E¥*s(warm-up)

Shoe code (unit) EVA without plate EVA with plate PEBA without plate PEBA with plate
Mass (g) 258.90 299.58 228.64 259.24
Midsole hardness (Asker C) 45 45 50 50
Rearfoot thickness (mm) 38.50 38.50 38.50 38.50
Forefoot thickness (mm) 32.50 32.50 32.50 32.50
Longitudinal bending 760 6.50 930

stiffness (Nm)

5.40
Picture ‘
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Table 2. Definition of anatomical marker placements

Name Description
TC Top of the calcaneus
BC Bottom of the calcaneus
LC Lateral aspect of the calcaneus
TN Most medial apex of the navicular bone
VMB Dorso-lateral aspect of the fifth metatarsal base
FM1 First metatarsal head
FMS5 Fifth metatarsal head

Distal dorso-medial aspect of the head of the

PH2 second proximal phalanx

Distal dorso-medial aspect of the head of the
PH4 .

fourth proximal phalanx
Tip Distal aspect of the third distal phalanx

VMB

BC
Fig. 1. Multi-foot segmentation model marker set

S FYotEE ofgloH, vl 7k 279 Al Z-8ofto] H-st 4l
g Alo] 25 I8ttt o]&, Deleu (2019) ¥ Matsumoto et al.
(2022)9] Aol AHEH T o 24 nES Farsto] B A £F
ol A =733t 5 §HAMEAE B2l lck(Fig. 1; Table 2).

2 A2 Y 7HA] 249] AHE FARE AAlot] 12m 2 &
2718 $YIES 85190, A+ A AT 2] &
Z+o] Y& gHol] s FP S5 3.89m/s9] £ 5% o|HE
BAIBHAHVerde et al., 2024). A¥-& &3l =48 HlolH= A+
GRS SA1S o] w70 x|t H-E FFHQ AlER

1%sto] 2t A% 24 9 5819 dlo|8g F5stgon, Ba 2
% W2 e Hasks] 1) A% 7 AEe A4S Hskdr

A A2

32 SRS Bofl 443 dloJE= Visual3D (Has-motion,
CAN) Z2IHE AEoto] thg3} o] AEA g Holqlrt. |
A, A I FEE FYotr] Yol vhAEA Y 912 HrE &
&5to] @7 (phalanx)¥ AZH(forefoot) W =R (hindfoot)
4 AF9stelon, Drillis et al. (1964)9] A+E aLsto] 7t
B9 Au|E Aottt TS MTP TEL A HA 553
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(midtarsal) PFACA O MR 55 vl T2 HEHE A
Aot 5, 9 94 o8 mdysto] Jostdtk(Day, & Hahn,
2019). "iol8 $=3 g0 4] AYeE npALt AARH HolE = 2%
953} e (bi-directional butterworth 2nd low-pass filter)
£ FHFo R HEolo] o2 E FHAslolylon, Atk Fuke= 7t
7} 12 Hz9} 100 Hz2 A3t ck(Isherwood et al., 2024). °o]%
SAIE Eo] 2] AHEHE Fro] 30N°] 2 W AAZ(threshold)
O & HAste] 2R (contacy)?t O] A (take off) AlFS st
™, CoP (center of pressure)?] ¢IX|7} MTP & 4 & WA
Sl= &7HCoP-MTP cross)F-El O|A] AZAZAE FA| 2 E(push-
off) #7t2& X t3Hnormalization)ste] &40 A&t tH(Day
& Hahn, 2019).

A7-9&4 FA o] gt B4 HRl2 push-off 7 &% A
ZXo] gigt MTP ¥4 Z&=(joint angle)?} & HHE(joint
moment) ¥ T4 3}9](oint power)E AFESIH 1, oJ4Fg WS
(discrete variables)= A& ¥o] FA|Q I AJZHpush-off time),
$2] ARt o] Atf A (peak impact force), M5 A HTH 9]
o F31=(peak propulsion force) ¥ #4& 99| X3t gto|y
(timing of joint power transition)= AF&35}o] A of A3t}
ojef, ¥d u}¢jo] #gt efo]Y CoP-MTP cross A|HHE MTP
T w7t S5ollM F5E AgE] = AR E push-off 71
sl AZE g Fskete] EA5F3IT
A 24
EVA 8 PEBA &4 pl=£&9) 7h2 ZH|o|E Ael mE g7
2] A e #c19] Aolg 457 Yl Python 3.12.7
(Python Software Foundation, USA)E AR&3lo] 54 B4 &
Ptk 2 Arolils nES A9 7HE Eo|EY] 557 ot
£ ZpolE BA35H7| 98l 2 2A(EVA without plate vs EVA with
plate; PEBA without plate vs PEBA with plate; EVA without
plate vs PEBA without plate; EVA with plate vs PEBA with
plate) 7t Bl F35ktt. MTP HE 9] AIZ-A4410 2 A2
spmld 71X A AFot= AZE-A&4H SAE H Y (statistical
parametric mapping, SPM) 7|H& 53 -SHE + A (paired
r-test)E R8I H(Pataky, 2012), Ol4FE W= AH HlolE
7} 237+ (normality) 7Fg-& TH55HA] @kot Wilcoxon 35 9] A
Z(Wilcoxon signed-rank test) & 35t o, ZE SA 4
o2 052 Aokt

o7 2
U EE Ao ThE Z}o]

o= Ao W2 28]7] 2ol tigt A G B4 ik oy
3} Zth(Fig. 2; Table 3). Z80]E7} gl 27014 EVASL PEBAE
BAHOZE (o5t 2fo]7F YERA] ekttt

i, EFolEVF 9 R4 EVASH PEBAE #d THIE
(t=7.165, p=.01)7} push-off F7+9] 2.4-78.6%° 4 o] & LfeFH
on, ¥4 39J(t=7.609, p=.01)7} 14.7-65.8%°IA EAXHORE &
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Table 3. Spatiotemporal and ground reaction force variables by midsole materials (M+SD)
. i without plate with plate
Variables (unit)
EVA PEBA w P EVA PEBA w p
Push off time
(ms) 98.17+8.80 97.33£9.60  1024.00 .35 94.67+8.80  100.50+7.83  323.00 .01*
Peak impact force
(/];)W) 1.88+0.43 1.88+0.29 1883.00 Sl 1.84+0.42 1.91+0.42 1627.00 .09
Peak propulsion force
P (/I;SW) 0.37+0.05 0.36+0.05 1711.00 18 0.35+0.05 0.35+0.05 1907.00 .57
Timing of
joint power transition 66.87+2.23 66.84+3.50  1583.50 47 63.63+£3.69  66.17+2.31 570.00 .01*
(% push off phase)
*p<.05
2 Without plate: EVA vs PEBA Without plate: EVA vs PEBA 20 With plate: EVA vs PEBA With plate: EVA vs PEBA
= EVA without plate = EVA with plate
,a. = PEBA without plate 0. ,&. = PEBA with plate 0.0
i 'é 4.0 § -é’ 4.0
2 o i 2 o ]
g £ w0 H g o0
™ o o o
E-10 n £-10 7}
S 12,0 S 20
-20 -20
20 40 60 80 100 20 40 60 80 100 20 40 60 80 100 20 40 60 80 100
Time (% push-off phase) Time (% push-off phase) Time (% push-off phase) Time (% push-off phase)
04 Without plate: EVA vs PEBA Without plate: EVA vs PEBA 04 With plate: EVA vs PEBA With plate: EVA vs PEBA
’ — EVA without plate ’ — EVAwith plate
> —— PEBA without plate ° —— PEBA with plate
] 02 o 0 i&‘ 0.2 v 60
£ B 2 B
=] =]
:é; 0.0 :n“u' o E 0.0 g 40
g : 5 :
£ £ £ £
& 0.2 [ & 02 w 20
£ £ t=7.195p = .01
—0.4+ 120 0.4 0.0
o 20 40 60 80 100 20 40 60 80 100 20 40 60 80 100 20 40 60 80 100
Time (% push-off phase) Time (% push-off phase) Time (% push-off phase) Time (% push-off phase)
10 Without plate: EVA vs PEBA Without plate: EVA vs PEBA 10 With plate: EVA vs PEBA With plate: EVA vs PEBA
" | — EvA without plate : —— EVA with plate 75
= PEBA without plate = PEBA with plate
;ia 0.5 v 0o /\V :.. 0.5 °
g 30 5 50
T oo - T oo z
g &0 5 g,
8-0s b 8 -0s e / t=7.341,p= (\
£ ] E &
5 -10 © 80 S -10 “ 00 \-/\
-15+ -15
[ 100 80 100 60 80 100 80 100

20 40 20 40 60
Time (% push-off phase) Time (% push-off phase)

Fig. 2. Time-continuous biomechanical analysis by midsole materials (angle and moment: + dorsiflexion, - plantarflexion; power: + positive,

- negaitive)

9J3t Afo] & YrEFHTE. TS push-off A|IZHW=323.00, p=.01)Z} 3+
A k9] 9] At elo](W=570.00, p=.01)1- &= BAZ o7 Fo|5t
2to]7} vyttt

BeolE A 5ol T Fo]

SeolE 419 $-50] 42 227] Hato] it AAelsd BA
A34E o123} 2rhFig. 3: Table 4). EVA Aol Salo]E 4kl

{-7of g5t Zpol= MTP B4 27} push-off F7+9] 25.6-99.0%
oA BAHoZ Fo3t AfolE YEFHOH(:=13.398, p=.01), &
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A e 71.0-89.0%00A4 BAHCE F95t 2ol & et
(t=13.448, p=.01). T3}, push-off AIZHW=662.00, p=.01)7} Z
o 2x12(W=1492.00, p=.03), T8 =g Mgk eto]Y(W=273.00,
p=.01)°] BAHOZ (5t 2}o|7} LpEFG T

Y, PEBA 449 EH0lE |5 E Aol TE 7=
(t=13.437, p=.01)7} push-off #7+9] 0.0-99.0%°ll4 EAH o=
95t AolE yEton, WA BHE(=9.500, p=.01)2} ¥4 1t
(=4.326, p=.01)= 27+ 0.0-91.1%2} 0.0-23.9%°1A FAZ 0.
& ROt Aolg YEiTh E3, push-off AZOIME SAH R
gt 2ol & YERHTH(W=686.00, p=.01).
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Table 4. Spatiotemporal and ground reaction force variables by carbon fiber plate condition (M+SD)
_ ) EVA PEBA
Variables (unit) - - - -
without plate  with plate w p without plate  with plate w p
Push off time
(ms) 98.17£7.95 94.67+8.80  662.00 .01%* 97.33+9.60  100.5£7.83  686.00 .01%*
Peak impact force
1.88+0.43 1.84+0.42 1981.00 79 1.88+0.29 1.91+0.42  1991.00 .82
(/BW)
Peak propulsion force
p (/pBW) 0.37+0.05 0.35+0.05 1492.00 .03%* 0.36+0.05 0.35+0.05 1876.00 49
Timing of
joint power transition 66.87+2.23 63.63+3.69  273.00 .01%* 66.84+3.50  66.17+2.31  1536.00 35
(% push off phase)
*p<.05
2 EVA: Without plate vs With plate EVA: Without plate vs With plate 2 PEBA: Without plate vs With plate PEBA: Without plate vs With plate
= EVA without plate 15.0 = PEBA without plate
,a = EVA with plate ,&. = PEBA with plate 12.0
[ © 10.0 [ v
o - o -
i % § -'Eu 9.0
2 o & >0 2@ &
o & 2 & 6.0
- 3 / t=13.398,p=.01 H =
o [ - o
£ -10 w c w
H / 5 3.0
5.0 t=13.437,p=.01
-20 ! 0.0
20 40 60 80 100 20 40 60 80 100 0 20 40 60 80 100 [ 20 40 60 80 100
Time (% push-off phase) Time (% push-off phase) Time (% push-off phase) Time (% push-off phase)
04 Without plate: EVA vs PEBA 30 EVA: Without plate vs With plate 04 PEBA: Without plate vs With plate PEBA: Without plate vs With plate
’ —— EVA without plate ) ’ —— PEBA without plate 10.0
> —— PEBA without plate ° —— PEBA with plate
< 0.0 A T oo o
0.2 S . ]
=] =]
E 0.0 :n‘g 30 E 0.0 ?E 5.0
E - £ &
E Z 60 § H
£ 02 n € -02 w25
§ 9.0 § t=9.500, p = .01 \,
—04 -0.4 0.0
20 40 60 80 100 20 40 60 80 100 20 40 100 20 40 60 80 100
Time (% push-off phase) Time (% push-off phase) Time (% push- off phase) Time (% push-off phase)
10 EVA: Without plate vs With plate EVA: Without plate vs With plate 10 PEBA: Without plate vs With plate PEBA: Without plate vs With plate
= EVA without plate = PEBA without plate 45
= EVA with plate 5.0 = PEBA with plate
5 s 3 /\ D 05 < \
X 2 t=13.448,p = ,o’ X L2 3
H B o0 H k]
T 0o s T 0o H
; & g & 15 t\4.326, p = .01
8 -05 & 50 8 -05 &
o - = o - =
£ z £ & oo
£ -10 -10.0 5 -10 ~ \
-15 -15.0 -15 e
40 60 80 100 [ 20 40 60 80 100 20 40 60 80 100 60 80 100
Tlme (% push-off phase) Time (% push-off phase) Time (% push-off phase) Tlme (% push-off phase)

Fig. 3. Time—continuous biomechanical analysis by carbon fiber plate condition (angle and moment: + dorsiflexion, - plantarflexion; power:
+ positive, — negaitive)

= 9 3} glo] =& AR 9] &5 T= HhiF E40] Xojgto 2= MTP &
9] A ]lolu oy A] Hol(transfer)ol] 2721 BISHE FE5}A]
B 7L da} A A ARREE n]E40] AAjo] npE FHE 4 Fohe Aoz dokd HEo] B A7 HuQ AlA S5 2
o|E9] 4l Ao BA At Aol S HFS7] A5l R EH A T, FY 28 5 BI 5944 891S FASHA ddtt= A
WA, Zo|E7} gl 27A0|A EVASF PEBA 7+ Apol= LR} oA mEE A S E4o] mE ZolE FHAIZE 7ol A=
7] okoyr}. AF o] waw, 9]y A] wrlete] 2 0 X (roll- Aoz AtaHrh(Nigg & Wakeling, 2001).
off) g A mHlE L wole A1) FYF F9 Aol et W, SEl0IE A B 7 A 2bof £ Aok et
gtk B oIt Roy & Stefanyshyn, 2006: Willwacher EVA a0l EH0|ES 713t 44 Zd0|E7} gl 2410 Hld]
et al.,, 2013). & AN E up7IA 2 250 Al 734 | MTP & 9] 7+ H 7t AlRt= AL 9] w7} A4k o™, push-
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off A7t 53 MTP BEuHe] Mg eto] o] 27] B4, o A%
S99 a7t Yeb . ol push-off F7tol A MTP B9 Hj
Sa3p0] F3] o]Fo|A|7] Hof| wEA AHoA s EEste=
224 FPol= AL 9ulsith. Willwacher et al. (2013)9] <

TollA AEEY] AR WS F50] & 2 S dFiTa B
135t vke} o], Elo]E Aoz 3t w4 whi(recoil) 7150l &
25| &85 ] Bolal w2 F4 Elo|gS AHehs BAAH Ahs
$Pst= Ao FwaEthRoy & Stefanyshyn, 2006). wahA, 3
Aol & EVA £419] mjE&at o] E9] At dAe] 3

E= g2 ATYE oA w2 AR HEE [ATOEHN Ad
gt 9 @4 (turn oven)?t 7F5AS Eol=tl 2 7Hs/dol AR
(Onodera et al., 2017), 4189 o] 52 ARl o= 2734
ok B3 A Y S A Ho|A Aol A= MTP BE9] 554 7]
o7} Zashy] wiZe] oA Z&o] Wobd 4= qlom, A =3
A BE-ES 5 U2 BN BRS¢ 074 AlAlof| & & st
7} 7Vl 7s/dS aLefelof $tHRoy & Stefanyshyn, 2006).
PEBA &Ajo] EH0|EE 4T 2AoA= SF0lET) gle &
2] \ls) MTP #E9] 7Fs #917F Agt=| QAIeE, 2512 push-off
Alzro] dojR= A7 vepstth 3, push-off 5F MTP ¥4
o A& 2% HUES 39 o7t F7lelsl e, ol& &3 MTP
o] B B2 UAE 5= AZ & & A olE A=
Willwacher et al. (2014)9] 9toflA] H 1% Hle} o] uj=£0
ETo|EE Hste] 3T AHE S7HAIE BS E R W3
I} o g A Feof] 7104 4= Qlrks 343 YA gt E9h Nigg &
Wakehng (2001)= 9 71 A7 B9t F2 S48} v A] A 2
= Y5t A%, BE9 =& AAA7= H faoHA A48T 5
ot} H1stqich shE = ﬂ:rLoﬂ/ﬁ MTP #49] ¢ uH9l= /9
3t Zpo]7F YEhtA] gttt ofi= PEBASE Zo] £ &H/go] FHold
27l EFolEZL ’“?:]Q?iﬂ o] B E£&9] Z3H/do] B F7eHA =
H, ol E5H YAt FHPo g FES] ATEA & 5 A
52 9u|sttH(Rodrigo-Carranza et al., 2024). THA] &3f], A1)
S 3/g0] H=otA F7HE S old A A-Hg WA Eol
TAIZE Yol S8k A] gk 4= 1o H(Cigoja et al., 2022), A3
o7 By AAA FAACZE o]oX R AL TFsAS AJAFSHTE HE
W, Sanno et al. (2020)= &< g4J9] Ak 2Hg-2 HHE # 9] oY
A F5 WAUES U5 =, ojdf AVAA HAlY & 5 &
gof 9)&stA 2 B¢ A& F4(plantar flexor)d] Fa} Z7F I
< I2 F8Z opZ|T 4 Aokl BAIskGitt weba], PEBAS &7
o|E9] 232 AAT FY A T4 F5ol= F2d & UARL §HE
Al F4 %Z}O]"]' DA W ARt F31Eo] a3 EE 145 9
YA & HE F3 7Fs/0] AU AR WHEH
E}%— egﬂolEﬂ' RE RANA F 24 2F AolE Bluct 2
4 A= 5l S71e AT viEE A9 54500 o
By LH_,__,] oA A7 WAl AZHY BEg E/JolA] o] 7t Yek
Sk AR, EHolEE 4t 2704 PEBA= EVARTH
push-off 77ta?F MTP #E9] A&52 HHES 59 w97} &
J5HAl F7Fetl oy, 49 el F A%t f-9gt Afol7t vEh
;q orolt}. o]ajet ATpe 9FA =03t Azlzto], WHkEF EAL ;q
d PEBA /\Xﬂoﬂ 0| EVF AJEEA F7HE o] o B2
HAE &5 9 ARSI o] EAlets 7140 R AE33Z Al }
StcH(Willwacher et al., 2014). E3F S 0|EE AFSH 27 of A4
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2= AZH HEE SA0IAE AJolE E Itk PEBA= EVAR
‘:]' push-offE & 71 AlIZF 59t O“O]'Oﬂ on, MTP ¥4 o9 Ag
etojio] Z|AE Lt o]2|3t A= F Ao ELolE 4Y &
7t gGEA YehgS ujeith 4 Xﬂi PEBA= EE0|E A9 Al
push-off A|Zko] Z7Fst AT, MTP I8 1] A%k eto] g2 Z}o]
7} GehtA] ool wh, EVAE Z#0lE 449 ¥ push-off Azt
o] &1, MTP ¥4 19| gfo]qo] o wl2A yelyith. o3t
A= S 0|E A 24004 UEhd & & 7t A7HA w3 £4
°] PEBA 189 £/ wji£ol2tr|Et, EVAZ} Sdlo|EQt Z3tE 4
T Ueht= BE & o W5 7]Q1g B AEko] dgto® wet
Hh(Willwacher et al., 2013). w2bA], 2 A7) A¥l= PEBAS}
Eo|EQ] 2 EVAQL EH0|EQ] A AR AT 7 Al
o 71 AR Bt ] 4 F59F oY A E4kE 3sto] 9] 1
25 AAA7)= o fsHA A8 4 AATHNigg & Wakeling,
2001), EA U wRE 7h ATt 2ol S2HAQl 7180l Q4 E =
oA &+ H2E FE 7540l ItkSanno et al., 2020).
9] 2752 v EE Ao W EF0|EQ] Aol MTP ¥
9] YA AF-EAL WAUS 9 A7 ¥ Heho] HFog o
& A, @d] v EE9] A E WA AT B UERA|
%= A 549 AolE FET = U= AARITE mEhA,
st AA Al 33 B0 g1 nEL el EHo|E 4}) o F
£ THH R Nt AS AQtely, ol& Edf 23 BAE T
I ZEAA FolE HAasd 5 & A0 E Almdrh

O

Zd E
B A7 egsh vEd 240k 7HE SefolE Atele] e MTP
Ao] YAGsLY Aol 2 F3H7] gIstel, MTPEE] A7H-A%
SAY AR B AR SAo] vAE e Bastdr. A7
£ 59 £29 8L thawt Ut

vl 27)9) Wslko 2 MTP 2 2290 0)e 9L v

A7) %3Oy, Eo|E At A EVASH PEBAS] o] me A
2 o oA A7 A=o] ettt EVA EEo|EE F7tok=
A9 AW} o] M2 RS FEdlel 92 AEBANA F25
7| 288 P54l 9tk ¥, PEBAC] Zdo|ES 375k A%
o W2 o qA] F=eF EAto] o]folA 77 9 A| TE 12 F
B A1 5 e Ao2 B2 b vled 24
e BdolEg 4EAEL Teps] Al MIP B89 AA=TE &
ol HHARl FF= FIAEE, ‘}]‘39} T2 AA Al vEE A9

A2 Sdoleg] 2g0] that M T2t BRTS A
SHATE 2 A= 1099 RS Yo E SR oH, 7H‘£
ARl EAEFY AEY, 28 £F 5)2 A Zotdth= Aol
A B 475 SSlshe o A Sict B9, A B A
(metabolic measures)S &34 &3t7] W&o, zZ} AlEk Z7of A
e A A #strt 2 AAol vl JFol tiet A5H
ASS A gkt -0 = E6tal & Aol = nES
A H o] E AQ] ol mHE MTP ¥& 9] 7144 ‘ﬂ'%oﬂ o3t 2
a‘ET

—>i P

i)

Y

o2 FH o= FYseks HoIA ot glom, 5 Y
9 AT W58 B0 Tere o A0 T8 4 9
A% 7)9re Ag Tt
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3LI310] 0|=& AN} ZH{0|E A1I0) IS AYR|I5HE]
x10] £44

YL ASHT ASEAT A uS
2HIME Mg R&D MIE|, GI1Y
SRS ASHT ADIEAAH OfEHE, s

[54] 2 79 522 fdate] vj=& 2A(EVA, PEBA)S 7h Ed|0|E 4Rl b BRI Fet4 Aol & st

(3] A7 = 1089 287] 5502 Aot A+ ks 12m F204 3.89m/s + 5% 3 éEi
2718 eYotgo, AlZ-A4AH MTP T SAU(ZE, ZHE, 5H9)) 9 o]Ag W(FA L A7 Hd 73 &
28, g A 278, T4 ot9l9] A ego|Y)E A5G £-H HolEE A7 94 A uffEs UH%(SPM)
#47} Wilcoxon 3 9] A% AH&-cto] B W51 THe=.05).

[Z3H EYolEV} Qe 243} v S o, EY0|EE 4YT EVAE FAILZ Azt MTP #49] 7Hs 9, &9 ot
9 E Ho A 2o gastgon, MTP #4199 A3 efoo] ¥i2 A Yepdth(p<.05). B, ZH0|ES 49
3 PEBAE MTP 49| 7Fs 97} 2H4st i uh, ASa5 RHEZ} HAska 9] m9]of 4| Q1 AJ7to] Z7tstgltt
(p€.05). T3 ZF0|EV} Q= 27004 PEBAX EVAY] Bl MTP #49] A&2% BHES} 29| T4 mhg), FA|oX
AlZrol Z7ketyl o, T 9] 9] Agk eto|o] A AEE AR YERGTHp.05).

[ZE] & A9 4k v=g Aot EH0E 719] A5 280l whet MTP #89] vz A Ao Bgt w7t
UERdS ujict, FAH 02, EH0|EZ} Y EVAE B2 & oI 39S 5o A4% § QHE fEsto] M-S
FAAZ & 9lom, Zd0|EVL 9l PEBAE A7t oA §4& EX5te] ZAT 28)7] 5 T 02 & A6
o A Ao 7] & QLS Ao = HET

=)
v 2

F90]
vlEd 44, 74 Seole, TR ¥ Y, £A4 sepied i, e A% )
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