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2 oF: B A= Y29 ZE]7](downhill running, DR) & 221t JAEHS
(quadriceps group, QG) W &9 43t ARE HF5t, DR ¢ &5 Ax7t 5734 &4
(exercise—induced muscle damage, EIMD) @ 28 HIkA|7] Hglo] nj2= JFS FHsles 5oz
FHE QT F2HAR AAZFol Yl AR @A 119o] R WA wet A= oE Ak
[low—=intensity DR session(50%HR.x), LDR; high—intensity DR session(70%HR ), HDR]€] DR 252
34519t DR & EIMD9] AlZtAd2 @43 otel 7]uobA|(creatine kinase, CK) &4 & WH3s}e} o7
AAE 7% AerA 22 A2 2 £92 524 $=(maximal voluntary isometric contraction,
MVIC) ¥ T A7FsH 9] (range of motion, ROM) #2HE 5ol 2= Qe 3z B4 A8 25 WA
7] B71= DRl W2 QG W =4 28 (rectus femoris, RF; vastus lateralis, VL; vastus medialis, VM;
vastus intermedius, VD) &4 S ©A5H] dl 8=t BE AAoA @4 CK &4 4537 VL
9 VMO 255 a5 F 24X (RFS] 2% Z1ZF LDR 24A17H812F HDR 48A17H4) Z[de] 0|23
on, 8F CK oA &5 drol o2 Fogt 2] (p<.05)7F Ut ¥ ZF55olA Al 7F BAA
ztol= Gt 78 TEE o]83 MVIC ¥ ROMI Z-2 AAE 715 Ax 4 VME A9t BE QG
45 A7 &5 AT FHo2 A B F7F 2474 XA 318 e et 18y
AT 715 AFAA 5 Aol e A o= fileut RF 4 VL §HakA|7]o|A Al Wl 2 Al
Zr f9g Zol(pd 0DE Ut 2 A9l 432 ECCE &/ DR 25 Al &5 ZE= DOMS
9 AR 75 AR FEAoR kS n|d 7FsAdol flem, E5] @3 CK 4% 34 RF % VL9
TS5 SRR E 5 Al JFE AP o= gttt AHS & 4 Sty e, dA) A4E3}= DR
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EIMD AZpde 2pdstd 4 gl 187t B e Seskal ot
Tl - WEE g7, 2§ Yk L5 I8, 5 Y7L giEH 228

Abstract : The current study was performed to investigate the magnitude of exercise—induced muscle
damage (EIMD) after downhill running (DR) of different intensities and to examine the availability of
muscle echo intensity as biomarkers to detect regional damage within quadriceps muscle group (QG)
following DR. Healthy college—age men (n=11) were experienced twice DR sessions [50%HR.x DR,
LDR; 70%HR.« DR, HDR] separated by a 2-week wash—out period with the random order. After
DR, severity of EIMD according to exercise intensity were determined by serum creatine kinase (CK)
activity, muscle tenderness, and neuromuscular function indicators such as a maximal voluntary
isometric contraction (MVIC) and range of motion (ROM). Transvaginal B-mode imaging had been
employed to evaluate regional muscle echo intensity within QG [rectus femoris, RF; vastus lateralis,
VL; vastus medialis, VM; vastus intermedius, VI]. After both DR sessions, changes in serum CK
activity and muscle tenderness have tended to more increase in HDR compared to those of LDR.
There was a significant interaction effect between exercise intensity during DR and the time course of
serum CK activity(p<.05). However, there were no statistical differences between sessions in muscle
tenderness. The time course of changes in the neuromuscular functions after DR were similar to those
of regional muscle echo intensity regardless exercise intensity. Although neuromuscular function
showed to decline in HDR more than those of LDR after DR, no statistical differences between
sessions. In contrast, there were significant interaction effects between sessions and time course of
changes in RF and VL muscle echo intensity(p<.01), but not shown in those of VI and VM. These
results indicated that each muscles within the QG show different response profiles for EIMD during
DR, exercise intensity influences on these responses as well. In particular, current findings suggested
that muscle echo intensity derived from ultrasound imaging is capable of detecting regional muscle
damage in QG following DR.

Keywords - downhill running, exercise intensity, exercise—induced muscle damage, muscle echo
intensity, regional muscle damage

1.ME oith Als 2 g -ubEolu ] AgS fls) B4
A 4% (eccentric contraction, ECC)S Z7|
Hm, ECCE &9t &5 FHie +594

=h)

27] 9 gl g A gAY By
E

&om Jo
ol th jul
- L= —

o]
& 9% (Jocomotion)?] FH Zetholn], E3| GA T (sarcomere)®] EE 9Y/E SE-F5
42 2xo olgdt Ady Edfo|gdo MAH & (excitation—contraction coupling) Z°lE %
FOAR dA Qg1 E5] dEe gElr) = Aoz oA o3l
(downhill running, DR)= AL tAlA Hlg @ A= DR 8 3 #d7Hs 9l (range of
Lo 3 W Lyl 7] e AR Hohe g motion, ROM) 4t &2 AT 715 s},
F3517]) wRof, AAEE Aozt HEE] A E 2] A4 55(delayed  onset muscle soreness,
Aaggt ofg; el W AIT fFTA A DOMS) &4 2 @y aotd 7]uolA(creatine
FZAL 95 Efolyd s|Woz o]y gtk kinase, CK) B4 Z7} 59| £AATE Holk:
[2]. 289 DR =9t E3] HiEAEZ =24 SE5GTA L&A (exercise—induced  muscle

(quadriceps muscle group, QG)&= z}zte] A= damage, EIMD)E Z&¢itt4]. ®]E EIMD7t
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AA|Z ol AZke] Aute}l A AdHor 5l
HE E2AA4E FAol7E Sht A A9
284 9 54388 A4as Uit B
A DReJ w2 EIMD2] 37 @ Ak 7|He 4

2 75 9 AFEFY esm2aH A
of ojA AddHoz e Fast EAo|h
R ¥ EIMD2] 2 2 3|84 ol2¢&
25 Aygsty] st A yAYE

N

=
Wt JH = o] Aol
QGE o]FE fi5 & X(rectus femoris, RF), U=
TZ(vastus medialis, VM), €&FL(vastus
lateralis, VL) & 73 Z(vastus intermedius, VD)2
SfRetd x)ot TR (GETE E i)t A=
Aolst7] wiZoll DR &<t W =4 259 9
T ECColl o8t A4t Ao A xpdste g2
K &= QiH5]. of|e 22 Esh] Hsl A2
DR ¥ 27|55 9% (magnetic resonance imaging,
MRDoA  &=0]¢hA| 7 Htransverse  relaxation
time, T2) 4& o-&dl QG W &9 =43=
Brrste e AE7E At SrEAE 4527 DR
T B2 A4 A 28 &4 2 QG 255 T2
EIMD Z/fo] HaA= & et ope} VL, VI ¥
VMelA &5 § 24A12F 2 48A1ZM T2 159
ottt 7T ISR, RE= T2 gt §igtollA]
FeJu|gt 2fol= VERER] QEQITHS]. o]#et A=
DR &¢F ECCE 2= QG W /¥ &&E0°] A=
T2 I&4EE 7H 4 the 78S gAlEith
AA EIMD T 5ot 28 240 Brie dubdo
2 g 494 5&HA $=(maximal voluntary
isometric contraction, MVIC)-& ©]-835}7] wj&o]
SAS T2 25 9 ThE F4 259 S F9o
2 BAE 5 9lomle], @4 CK 2442 A4 &8
HILE dtgded 8 olygt DOMSE F34 7t
o|z]517] wjEef|[7] DR & Aot 4 285 &3S
EXsk=t] A7 lok. webA MRI9F 22 gAst
A @Yrhe EIMDe| o2 QG =4 28442 F7t
o o Sl 78R B 7 4 loh I18u MRI
A2 J17te] AArE|g o2 AAFollA] A TS
olg¢H, T2 gkt EIMDO] 27t 7+ &3 A=
A e F A1 2ol KHolz] miZof[8] DR
T EIMDo]| w2 =34 8 Hat S agxe=
B7rE 4= sl et 24 71 o] Algottt
Z& %-Suh(ultrasonography) GAMEAL H|W
A Aot AR E glo] HAEH s 242

2 N A

Th D40 QYR IR 25 4R 9T 3

ol AZIEE 5 e $8F =7E HuEc

9. At #¢ =Ze S44G% I
(hyperechoic)d e EAL 98 Mz BHA

(gray—scale analysis)©] =QUEHOoZHN HIGEA7]
(echo intensity) 2] B3 HeFots Fal, oo ECC
T EIMDE HE? t49] dAtolA 5 §HEA|7]
7t & EoITH10]. BlE 25 WA S A
B 4 o= st mAUESS B2, =
HdAE okt AAE Fof(neuromuscular
disorders)2 1EWF= SizpEoh obal 1G58
(proprioception)& E&TH AL 7|5 S FaF
Sli= EIMDOME F58 o= 1Rk o] EAfjst
E Ao Yyegti11]. ECCE frE+E AAES
7% Aste -5 2% A2"Y 7E
2 55 AZ S AREH gt 25
ANE SR HANE Boll dEEolst
(12], EIMD 2@ & AZ 715541} Sae 28
W 2 4 Jeetd Hale] oigh J/dshd
FAE A= mEgt AA ol

dH AR OE I8 dolox FHX
(& 259 FHol weh) E= ZARE
roll wheh) & EIMD+= &
TH13, 14]. E3] ECCE
gt BE 245 RYolA EIMDY AEE
ste 7P ARl a4t 5 Axol A
ECC #&°lA EIMDe] A& A ot=d A
HACR 7|3tz AFAE o4o] 27} gick
[15].
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olgigh wighollA] fAtAA % FeolAT
DR 4] ECCE FWslr] wiie] 25 =7t
DR & EIMD % Z5ut HIekA7] wste] 242
g g ud S e 8%er 239 & 4
o 2y AR, 4548 AHA Ex Rot
] o) ECC &% DR 7t @4 CK&A E&
HhepA|7] wistel e EIMD A%e] Azt %

A A=7E e 2 AelE HolH[le, 17],
A7 A2 o2 ZF=o] DRo| w2 EIMD
ol oS WU AxE §idddh. AFHor
DR & A7AZ 715 #4E FWg EIMD9| 3
7tellAl DR 53t AEg ECCE & QGOlA

=4 25 U7 Hele ASEHA 2

wRel, £ At G W] mHE o
e B 4 drk

ol@gt ol9=2 HE }2 7o DR & %
i e o8 I%
EIMDe|| it = 234 9 4l
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E9F ECCE F=
T Ao M2 Ite] AHsE QS g
T2 I8 TPV &8 THsE ot
71998 4= ot

o 2 Ade 33 AU 94 dige
2 Zgu YHEAHE o83 DR & QG W &
Aol F432 ALk, DR B¢t &% e
7} FIMD EA|# 9 28 uighd|7] Hslo] n]%]
t % FEstr] ft EHoz Y=t

2, g3 4y

21, A&

G*power statistical software(version 3.1.9.2
for Windows; Heinrich Heine University,
Dusseldorf, Germany) A ZZIHS o]&5|
BESE AET Ay A4 89FH+=  total
sample size= 2290|%th 2 A7t A= oE
& 55 23] AAlshs FASNHESAA
de A & W A4 A8 FHs] As)
Me Ha 1170] Aol 2= ojof jirt
ol Higom Kdjstuwe] Ajet F¢ 200 A
s mstalom, Fofak A Al ofshA
A ZAE o) v|=ZAEZ =95 3] (American
College of Sports Medicine, ACSM) 7to]=&2]
oA AR AP AAIEE FHAEA (Physical
Activity Readiness Questionnaire, PAR-Q) %
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o4 E 8] (American  Heart
AHA)O] 7/A= Ald o]
(Heath/Fitness Facility Preparticipation
Screening Questionaries) & 5ol H3THg 9
Ayelatd EAVE gle %
AdrstaAtH18]. ECCE &
dolde ECC & FIMDeO] gt A& 7|4
TotRR2 24 67fE ol 2FE oA &
HAA S22 A5, g
1399] A4z 5 AP @3 CK f°
2
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=
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3 2017-0044),
ARSI Ao B, BA W S
dgYe PAoR Aystn AR
o Y I8 Azt @A o
=42 (Table D} 2t}

ox @ i R ol
No2rr e
rie
rlo

NI

ECCE ¥#% DR REE& o]&s A=z &
2% AN % 28] S WE Sasisln
A= 239 d4 FZA92 A%% DR Al
Allow-intensity DR session(50%HRmax), LDR;
high—intensity DR session(70%HR .x), HDR]®]
Fofslg o, ZF e DR & 3Y 5o 34

o

O = T T
BEoR P RE 24 WAL &5
Ae TS 95 A7, 24, 48 LeT 724k

Table 1. Clinical characteristics of subjects (n=11)

Low High p

Variables

Age (yrs) 2327 + 041 23.27 + 041 1.000
Height (cm) 177.60 + 1.64 177.56 + 1.57 0.784
Weight (kg) 81.51 + 4.49 80.85 + 4.34 0.929
BEP (%) 21.66 + 1.84 21.60 £ 1.90 0.994
SBP (mmHg) 123.18 + 3.77 119.64 + 4.02 0.888
DBP (mmHg) 7445 + 2.98 70.27 + 2.93 0.471
MAP (mmHg) 189.97 + 6.96 180.42 + 7.13 0.567
MHR (beats/min) 73.45 + 2.34 73.00 £ 1.93 0.480

Values are means + SEM

BFP, body fat percentage; SBP, systolic blood pressure; DBP, diastolic blood
pressure; MAP, mean arterial pressure; MHR, mean heart rate
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1o
=

A7|7Hwash-out)= FoIstitt. AP AIAHA
A A 24AT Bt EFE E sHoQle] S
=29 HHE Agstdlom, 4847t Agst
AASES FAHAT AR 5 032
oA A& ¥ $Hd F A PSS
ASHE= A|AJSHEIL DR A4 & mUEF 7|7t

B9 24 WY oXE AxsP] e o
A, oAz, FEFA EE AFA 5§ 5 9
23] 4L 0 4 dE AAEL FA%

ik

-
-

2.3, 2|9 =a|7|

A A2 /1A Lift jack& A3 -9 ° (-16%
gradient) 71&719] EY =g (MAHA3,
TAEYOUNG Inc., Korea)o|d DR& F-@stgict
[19]. €% A= ACSM 7rol=gfele] whet 7z}
50%HR pox EE T0%HR o = AR 0 FAA
ol FyEAE that g WA 7 WEAE
9 AEH & BAE 07 ] EfledolA 7k
& 2712 AFstolth. AR F44HH Polar
RS800CX(Polar Electro Oy, Kempele, Finland)&
o]-g-5to] Z47+o] DR Aol slidste HEARS
(target heart rate)E 5& Ul EEoleE 2555
B[z Z7MAHY. Warm—up & EHEE ]
ANEE 25T MR 212 AP el
30+ 59 DRS AAISHAT

24.1. ANz 2 FGH HQl

HALFE(overnight fasting) FEHZ A TS E
515t DolskA Hole A5ttt oE-8 =olstyl
Z20F 289 el 2 A A E A (GL-150,
G-tech international, Korea)& o|-&3f A1 @ A=
< 247 28] S5kt AALE(percent body fat)
Z42 ACSM 7tolEgRIE vl e g HAH opda
14 5] Z A (skinfold caliper, Dynatronic CO.,
Salt Lake City, USA)E ©]-8-5to] 75 (chest), BF
(abdomen), tE| (anterior thigh)& Ztz 234 =
A5kl Jackson & Pollock[20]9] F-2]of w2} Hd
(body density)& T8+ &, Sird P2 Fofl AXTE
S AFESIATH18]. &4 208 o AdA W oA
Z gA" AEEAABM, Beurer, USA)E ©]-835}o]
H|- QNS Aol A Bt Ak, =571 U (systolic

B>
i
b

2
1o
of

2
g
)
ey
El
gl
1%
Ho
ol

N

N,
H1
1o
of

o
w

blood pressure, SBP) & ©]2t7] & (diastolic blood
pressure, DBP)& Z75{th. 5745 SBP % DBP
2= Y-S5 (mean arterial pressure, MAP)
AbEo] o] 8=

2.4.2. Serum CK 4%

FAZAW  (antecubital vein)ollA AWz}

(venipuncture) 7|H-& o]-&3f AWE-E 8 ml o4
MEYst 3 E ] FE(serum separation tubes,
SST)oll BFJtt. SST+= A-204 302 ol 1L
T YAEZ(4000 RPM, 108)5t] B4 FEsiaL
A A7EA] -80TC oA BERY Skt o] F @5
CK €4 #2842 2 o]§ 753t Creatine
Kinase kit(Roche, Germany) @ Cobas 8000
analyzer (Roche, Mannheim, Germany)& ©]-&3l
UV-assay® o) 24190k RE 247pge 24
2+ ol A HGreen Cross Co., Yongin, Korea)ol
o|Z|sto] ZA =

243 2% 9%
QGel 4% WS HAel olgEa F4A

(algometer, baseline® 1200-304, Push/Pull Force
Gauge, Fabrication Enterprises Inc., White Plains,
NY, USA)Z Z} =4 -80f 4 kg (8.8 Ibs)2] &4H
7hotde o JIAH 2552 AZEE A E(visual
analogue scale, VAS)ol| ARt 24 AH =}
VASE= 100 mm A3 9] 55 scale= A& E0
mm)< ‘A5 FFol §2 2183 2LEZ £(100
mm)2 ‘e ¢ §S TFe] T30l TR #7
Eom o QA 23T 54 A Z2H QX9
A E KA ZF F4 28 ZE(muscle belly)oll
AGE U 55U £ HAiskh] o 573

o O v T%‘
7 A% 3029 FAZIE Relstglck

N

£
ot
ol

2.4.4. AAT 75 87t

ol Ao El(CI-50104, CAS, Korea)E A=2Hst =
2 8 SHAES A ARtste] 75 WEe] MVIC
o2 ¥2FE PSRl 1Y @ ] E (goniometer) &
ol-gsll F& ¥EZ= 90° & 4745kl S-beam type
strain—gauge load cell(SS300, EWHACNM, Korea)
of Higty] FAor dAdH AnE Wmo 2-RAIZ
ok AR 9 =50 HojeA SAYS 2 A4Ss}]
9fall sl=] 2 QGE Has WES ogsl 17gsiqith
HPAEL 5% 7 MVICE S35t9loH, §AE
S AR APt A e Eee o =S
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TE2 Aotat. & 28] vhE 54 F A E
Aestgon =4 7+ 1829 & .

5 WEY ROM H71E ol JIAISHE 14
1] g (Raseline® goniometer, Fabrication
Enterprises Inc., White Plains, NY, USA)E ©]-&3]
o4 o w9 2 g WAL Z7gotart. +AA
o2 A Q= ZAOIA HAE T2 AAE $H
, & BES dAA7)L A FES it
to] URER7F Jgolo] Bes Aleg off Fof
ZHe, SAE RS gz 98 o FHd H
SESHATE ROM =52 | F Zpof|A X
S AAitste] AkEstot21].

o ook
ol

N o o o
fo o

Lot

ol
ol
N

2.4.5. QYEA7

7.5 MHz A9 ®ZAHlinear probe)s F2Ht =&
o AAELOGIQ 200 MD, General Electric
Medical Systems, Milwaukee, WI, USA)2] B-mode
£ ol&s QG W =4 52 787 A7k BE
274 =A%t 8917](gains), W (contrast), A
(focus)& ARSI, HIZ F+2 ZAA= HER
TS met 50% 1Rl QG Yl =4 250] e
(transverse section) F42 22 =35ttt 5%
QA5 HAskelr] Sl RE 57 Flel vrgA
QAH-E o]-gal EAISH O™ ek o)A Zh
+59] o558 land mark7t GFel BEAIHES
S5t HFH R L8 T = A7 olv]
2] Image] software version 1.5la(National
Institutes of Health, Bethesda, Maryland)®l o]
T 3254 (gray scale analysis)= AASto] T4
9 (region of interest; lem)Ulo] Zh& AF=3Th
[21].

25 I2EY

DE 2z A2]= SPSS 25.0 (Statistical Package
for the Social Sciences Software, Chicago, IL, USA)
x2S olgsto] Zh = et (mean) W} EEQ
Z(standard error)E 4F&5H{tE. DR & EIMD9]
TAARE  Hrlslrl sl Azbe]l AlAdollA
Bonferroni AF¥77d (Bonferroni post—hoc test) o+ 3
7 QLu)R] BAREA (one—way analysis of variance,
ANOVA)& AAJste] 7F 57 W52 HiskE 37t
Stk oledmix] wHEZEA  RAREA (two-way
repeated measures ANOVA)2 Z47+e] &4 HI1E
oAlA Al 7 A7kl W2 AFS A8 a YHinteraction)
E ZRI5t7] fJel AAE . Shapiro-Wilk testE
olgall 20| Ade HEShL A 1+ 57 AP E
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L% ZIh o] iE ZJolE grlstr] €8] Wilcoxon
signed-rank testg st 2E SAH ol
FL a = 052 AAstArt.

3. g3 Zu

3.1. Serum CK &Mz o| H3|

g3 CK 84 £&& RE 2% AlAdA 24
AR FHdgsEo] EEstglon| LDRe| H|g]
HDLAA o =A F7Fehls Aol yetgtt
(Fig. 1). E3L 244304 A 3+ BAA 2po]
(p<05)7F lglom Al ZF Alztel| 2 F-olgt
S AGATH(pL05)7F e

800 Low, p < 0.01
High, p < 0.01
ANOVA

600

»
0.000 ®.
0.029 s
0.013

A Serum CK activity (IU/L)

0

Pre Post 24h 48h 72h

Fig. 1. Changes of serum CK activity following
ECC.
CK, creatine kinase; p values are
calculated by one-way ANOVA;
"p<05, TTpo1,  Tpcos, TTpCol,
difference between PRE and each time
point after determined by Bonferroni

post—hoc  test;  "p<05,  comparison
between session.
3.2, 2] 4S9 W3l
QG W =4 459 & ¥k st 2

DR¥} Hlws] HDRoJA &
5% 4% 9 et cHFig. 2).
TFAH o2 RFO + S}tof|A], LDRE H

24X 7 | zof| =Eglom 72A7W7A] 3t
o= AFS veidiglod 54 A7l W 5AF
ol zfol= YepA] Ftth(Fig. 2A). tixFHo R
HDROIA 2552 48A17H4 #di$&S ety
Rom 24 9 48X &5 Mo H|F] folst
A Z7Hp 053 Aog yehydth, 12t RF
TESOAN &5 Axo] o2 AlA 7 5AH A

ol tpehtA] ghgtet.

BE 2% B9k

)

O:
Hir
Mo =

otk

i
b o

o
ol o,

[e]
T
A
Z
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Vol. 36, No. 3 (2019) Weler ge7] & 54 2840 G4 HuEY ¢ F A=Y 9% 7

VL % VM9 &85
T 24X F iz E“é‘%ﬂﬂfﬂ T2AZTA] A
FHoz fgastes Aoz UepHHFig. 2B,
20). VL ¥ VM =% LDR9| H|s]] HDROJA
o0l SRt AEdE dEdilen Ald W
Frolgt Wsk(p.05, plODE HERSIT

= AN &F

22 —_  Low,p>005 ———
T —

E 1.4 0.001 ‘
= 0.204
‘Q . T 0386
>
2
0.6
<
02 e
02 Pre Post 24h 48h 72h
34 _ Low,p<005 —48 —
28 epeate red ANOVA
P
22 0.000
0.120
Time x Session 0312

A VL VAS (mm)

0.4
0.2 Pre Post 24h 48h 7£h
3 Low, p < 0.05
.............................................. N T X ] e ——
26 Repeated measured ANOVA ‘
2 Interaction *
— Source »
E 18 Time 0.000 %
;]’ Session 0.411
< 14 Time x Session 0.358
<14 pTmexSesion OIS
=
-
< 06
0.2
-0.2 Pre Post 24h 48h 72h

Fig. 2. Changes of
following ECC.
RF, rectus femoris; VL, vastus lateralis;

regional muscle pain

VM, vastus medialis; p values are
calculated by ANOVA;
"pC05, T pol, between
PRE and each time point after

one—way
difference
determined by Bonferroni  post—hoc
test.

H 75 Wdo ROM2 2% ?
o Ael(p 055 Herial
siel i it & 72/\]7}77}7(]

o Ui Fig. 3).

A Range of motion (°)

Low. p < 0.05
High, p < 0.05

Fig. 3. Changes of range of motion following
ECC.
p values are calculated by one-way
ANOVA: "p<05, Tp<os, difference
between PRE and each time point after
determined by Bonferroni post—hoc test.

= AAA
5 35 ZME 7**0}"*0‘11 T2AZIA] AR
oz JEFoy =4 A7 W EAF Aole
LDRof| A gt UrEP:tE}(p< 05). I3y 4& AA
oJ5t zjol=

X Mo

7t &F AR e
Srt(Fig. 4).

e o

AMVIC (kg)

0.000
n 0.384
Time x Session 0.659

Low, p < 0.05
High, p > 0.05

Fig. 4. Changes of MVIC following ECC.
MVIC, maximal voluntary isometric

contraction; p values are calculated by
one-way ANOVA: Tp<05, difference
between PRE and each time point after
determined by Bonferroni post—hoc test.

3.4, HIgkM|7|2| Hs}

BE M QG W =4 o5 RHEA17]
ok *F A% SHeE IURIeH, VME
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Fig. 5. Changes of echo intensity following ECC.

A VL echo intensity (a.u.)

Repeated measured ANOVA

Time x Session 0.119

A VM echo intensity (a.u.)
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ZY7F LDR 24A1744), HDR 48A174#)) el
E%‘iﬂlﬂ, T2NZAA] AAE] FESe A
ettt 18y 84 CK 52 25 &
of W FAH 2ol yErd ¥ QG W =
TESlA Al IF felgt 2ol YERA
st B4, 8 #EE o]8e MVIC ¥ ROM
oF T2 AAE 7 BAAES 5 AT F4
o7 HAI T AR HFRA FE FEe
HeRfoIt. ol=jgt W3t mfEe VM ALle
RE QG 2% ukgE47] W3 et 017419}
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e
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Y N ¥ —
Repeated measured ANOVA
Interaction
Source P
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Time x Session 0.980

RF, rectus femoris; VL, vastus lateralis; VI, vastus intermedius; VM, vastus medialis; p

values are calculated by one-way ANOVA; “p<.05,
PRE and each time point after determined by Bonferroni post—hoc test;

comparison between session.

" p<01, TTp<01, difference between
.05, "pd01,
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