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The acute effects of knee extension exercises with different contraction durations on the subsequent

maximal knee extension torque for athletes with different strength levels
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Abstract

This study examined whether the optimal contraction duration of dynamic knee extension exercises

to maximize subsequent voluntary performance varies depending on the strength level of an

individual. Twenty-two male college American football players participated in this study. First, all

subjects performed a 10-s maximal isometric knee extension exercise and were classified as stronger

individuals (SI; n = 8) and weaker individuals (WI; n = 8) based on their relative muscle strength.

Each group then performed three types of dynamic conditioning activity (CA) with different total

contraction durations (6-s [6-CA)], 12-s [12-CA], and 18-s [18-CA]) in random order. To observe the

time-course changes in post-activation potentiation (PAP) and post-activation performance

enhancement (PAPE), the twitch torques induced by electrical stimulation and isokinetic knee

extension torques at 180°/s were recorded before and after each CA. The twitch torque increased at

10 s and 1 min after 6-CA for SI (p < 0.05). In contrast, WI were unable to induce PAP in either

protocol. Voluntary performance increased at 4 and 7 min after only 18-CA for SI (p <0.05), but

PAP was not observed at that time. On the other hand, there was no PAPE in either protocol for W1

We concluded that the CA with relatively long contraction duration was optimal to maximize

subsequently voluntary performance for SI, but PAP was not related to this mechanism. Conversely,

we could not conclude whether the CAs performed with a relatively short or long contraction

duration were optimal to maximize subsequent voluntary performance for WI. These results suggest

that the strategy for demonstrating PAPE may be different depending on the strength level.
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BIE RS

H—OBRARIC L - THER SN D BHE MV 21X, FRNThIoRK, D WIEK
KEOREER 22T >3 =2 715 (conditioning activity: CA) 12 X - CT—IRAYIZHEER
TAHZENIMBLN TS (Vandervoort et al., 1983; Hamada et al., 2000). CA # 2 BLINHE b v
7 BRI RS 25 BIGU TG BN % 58 (post-activation potentiation: PAP) & FE XAV Tk
D, PAP O e A B = X MZIE I A UliEiRRSH D U (k. (phosphorylation of myosin
regulatory light chains: P-MRLC) 723B85- L T\ % &£& 2 54TV 5 (Moore and Stull., 1984;
Sweeney et al., 1993). P-MRLC |%, 77 F 2 -I AT U HEAEED Ca® 13T 2 % m o
5HZ LT, HDNEARES) 2 —FiZ i E S5 (Szezesna., 2003; Tillin and Bishop.,
2009). W< OMDFATAFZEIC £ - T, CAITESHRRIC & 2 BIE ML s 07257, b
AR M R CHEME SN D EIEE) T 4 —~ A b R LS5 2 LAl
STV 5 (Fukutani et al., 2014; Mitchell and Sale., 2011; Miyamoto et al., 2011; Baudry and
Duchateau., 2007; Bergmann et al., 2013) . CA FEifz (ZEEER) N7 4+ —~ A —KFIC M)
FF B BSITIEEN% N T+ —~ L APETE (post-activation performance enhancements: PAPE)
EFEZNTE Y (Cuenca-Fernandez et al., 2017), Tillin and Bishop (2009) %, PAPE ®E%
IMAT=ALD—>L LT, PAPBEEL TN EBRTND.

BB/ LI, CA ERIAE D TR L I7I3TIFT 2 2 L VRENTEY  (Rassier
and Maclntosh., 2000), PAPE MBER SN D0 EE, B 2 DD HERDIERO /T 2 A

WX TEAEND EEZ LN TWD (Tillin and Bishop., 2009) . E{&M)IZ1E, & L CAZE



RV A D 9% 57 DS T R 2 ERVEREEGES) X7+ —~  RIFEF L, —5 T, HEEsE
D7 & ERIFUXMEEEE N7 + —~ A I\ ETHEEXLNTWS. LEER-T, X
NI A& T 4 a=r 7 a—FRlEERNT +—~ A —RIZm ESE5
HHIT CA 220§ 2 BI2IE, MR E T0ICR T 5 Z L DR b, WHORELE
BRANRIZIZA D Z L b BETOVLERDHS.

CA ORRIHFERF I A ST 2 Z LIX PAPE A i KL S D - OIC B BT R EE AR TR T
HDHEEZHNTUWS (Vandervoort et al., 1983; Seitz et al., 2015; Hamada et al., 2003) . 1] x.
1%, CA ORRUNAERFE 2T X 2358121E PAP & & Lo R R SFH % SR W ATEEME R &
%, SATHRFRICC, ZevER (i EER) 2 AV 72 CA ORILHERE2S PAP & PAPE (2 }IE T
IRDPBEES LTV D (Seitzetal., 2015). % 51%, CA OUHEEEIZED ST (60%/s,
180°/s, % LT 300%s), #RUHMERFHEDS 6 FPRICHT A Hivie 7w b2 /LTlE, CA EREE %)
5 453% % T PAP MMBIER S 41, CA FEMARITAT O MK 180°/s DR Fv 21X, CA
Ehi 6 455 & 7 0%IC CARNCHIE Sh - B & i L CREICEEZ ~T 2 %
WE L. —J5T, CA ORI 2 B ® 50T 1.2 REOHE TiE, 2 CToORMHE
{23 T PAP & PAPE Ofi i BBIEL S Lo 7. # DIl EOFE RS, PAPE it
T 57T, B0 CA IZRB W TR ERAKIR OFRUNAERER] 2 Mt 2 MR B 5 & kbinft
Jiz. BB ZNE TORITHIIED L X, PAPBEIONPAPE N 3 ICREI SN D Z &M
IRENTND S~10 D CA #8H L T2 (Miyamoto et al., 2011; Miyamoto et al.,
2013; Fukutani et al., 2012; Hamada et al., 2000). — 5T, £E7 X 2 UHER LS LVIES

ZRIFFICFHETE L, CA FERICHEWIEB) SN D MR R DT LV FTHIH S D ATRerEDs



& 7%. Hamadaetal. (2003) 1%, 5FPHEIOERMEDRKEEEGHE (maximal voluntary
contraction: MVC) % 16 & v FMEML, &t v METHIE MV 7 255335 2 & T PAP
DORRRFEAZBIEL LTz, #E01%, BUGHE ML 213 31810 MVC 1% £ THN LT 72723,
ZOHITE Y MERERDICONTETFTLTVE, 16y METHIZIZT 1 b 2 LEHERTIC
WE ST HIUHE M7 2B EICTRIA Z 2R L. 6137 1 ha/Li& 7412 PAP
OFEFEN MM Z Tl > - FERIZOWT, @k L TEMIND MVCIZL» TERE I
P97 DS, P-MRLC 12 X D% Bl o7 Z ERFKTH D Lk TWn5b. Lz
BoT, BT EDMINNERME THEM S LD CA TIEE LVIEI DR R 2T B 72
W, BlEFRWTEMSNDMEEE N7 4 —~ U AZ@EmODDLOIZH L TN RNZ T4
Ehn. LhkxaE s L, PAPE ZZhRANCH| & HI 72012, BRI 5 B
SRR D HEHE LW ORAEDRIZ B 5 R CA OFRRIHERFH 4 RARD 5 VB3 &
5.

BUBRZRNZ 202, S TR L - T, SEHNIZBW T IA3 mW A (stronger individuals:
SI) &KWV A (weaker individuals: WI) & O ClX, SR CA Ktk iZ331F 5 PAP
(Hamada et al., 2000) & %55 OFEE  (Miyamoto et al., 2013; Jo et al., 2010; Seitz et al., 2014)
INHLIR D Z ERIBEE TN D, RIS, STIZ WI L0 & EAHHRHED & A L3 E O ME A
(2 5 M (Aagaard and Andersen., 1998; Maughan et al., 1983), 7 H 3 & Z &|Z, P-MRLC
BHRTHEETHD I TV BT —F (myosin light chain kinase: MLCK) |27
HEX D LA Z < EENTNDH T2, P-MRLC ITEfMMECRE S BB SND Z &

NG EN TS (Moore and Stull., 1984). L7228 T, CA FEfifkizHB T SIIZTWI LD



HEWVP-MRLC Z5| ZEEZ L, #5HFE L TRV EWPAP 258 T 2 wlREtE2 5 (Tillin
and Bishop., 2009). F7=, SINEIRE T P A Xk D @\ OEITTEEH 2 RF> 2 &
IZIERIZMET % (Miyamoto et al., 2013; Jo et al., 2010; Seitz et al., 2014) . Miyamoto et al.
(2013) 1%, CA & LTSHHEORME MVC &5 L7-#%IC, RREFERERME ML R
1 3% 35%ICIH ELTE—FHT, CARBMEZTIISHES RN 2R L. Ll
D, FEHIX 12 EBOBME N L —=2 7% T, CAEMEZITIBW T HRREEN
RN DPERBICA ET 22 2R L. oEEMMoLrYyAZ A L —=
T\ R R S L2 3 CA FEREZ NG EE D X ) ICR-2BERIZHONT, &
ROV AZ AN L= ZIZ Ko TEBEE CA KT 2R ITIMMMES S icfh &, FHL
WIEF OFAENMZ OGN Z L E2ZFF TS, HO2RUERERIE, S0z s &, SHiX
WI £V & @E CAIZT D @mVETIEZ i 2 FFo>Z L 2R L TnD. FxiZr R
— hOFFI LNV DFEIT L > THEFRE CA Eltith O PAP LIE I OFRREN R 5 Z LITHEH
L, PAPE Z i RIb S ¥ 2 DITHKEZ CA ORBILAEREFAY ST & WI ORI THE7ZR 5 ATREMED &
HEBEZT-.

H L, @IEE CA 23 20 FPRIFEE O L) R WRINEIR I TIT b 256, F LWET O
FEAENT L0 B SN HRBIEFT B &4, PAPE BNEATE L LW ATREMERY B D, L
L7236, SHEEIBEE CA T 2 MV STt E i 2 £F-272% (Miyamoto et al., 2013; Jo
etal., 2010; Seitz et al., 2014), FLELHYE\VRRIGHERIE CT/TH4L 5 CA TH - THEH LUV
DIAEZEIMZ, HEEE) T +—~ R emD LA RMERH 5. M2 T, HEARE VIR

HERE CITHOI D CA T, BRI C1THi 5 CA XV & PAP A =X A% +431C



FHIET D IREMDH Y, FHTHFBBAEOE AR EVMENICH D STIT PAP Z 453125 H)

L, #iR& LTPAPEZ RE < @O D AMRENDN H L. —TF7, @IRE CA 2 5 BRIEE DO

YL RINHERF ] TIT N 2556, RUOKRINHERH T1THoh D CA X b REEIND

PAP ODFRFEIZENZ ENTFAREND. L LN S, EWRIGHER C{Thitd CA LY

BIEITTOFRAENIMZ G Z LT, EIRE CA KT DI ITMEDS LKV WI Tdh -

Tt PAPE ZBAEL S E 2 A[REMEDNH D, LLEX VW, PAPE R KILEED &) HIZBW

T, CA Ofcil 72 ARG 237 A Y — N ORI LU K- TR D AREMED H 5 03,

Ferx OMBIEY, FHIIL~VnER/2 %7 AU — MMEC PAPE Zix Kb 15 DI 72 CA

DRMHERFFEI 23 5 70 2 735 3 2 BRRE L T2 WFFEI R S 72 B 720,

L7eh> T, ARBED HIJIE, PAPE Z i KL &S 2 DIZHKIE 72 CA ORIUHEIFH 237 A

V= RDORFIIL ML > TR DINEDERIET S22 & THD. Foxid, SIIL 20 FOH]

T BT 0D LB AR WORRIHEIE ] T S 15 CA 23 PAPE Z i KL E 5 DIZHRE TH Y,

—5C, WL 5 FOHIFREE O Fel R L IR R CHEIES 115 CA B RIETH D LR &

A

FBHE  SCERET

II-1. PAP O%E

II-1-1. PAP D A J1 =X



PAP [T H—OESHIHIC X - THRE SN DB L7 23, FRNATONDRKR, 5D
WK T O CAIZ X > TR T 28158 45 L (Vandervoort et al., 1983; Hamada et
al., 2000) (Figure 1), PAP ®EFi/e A 1 =X AIZIE, P-MRLC BEELTWbHEE LN
TV 5% (Moore and Stull., 1984; Sweeney et al., 1993). P-MRLC %, FIEMICHEA L7 Ca’
TDINEY 2 Y UEREE L, ARSIVZEEERS MLCK 215 T2 2L THEL D
(Manning and Stull., 1982; Szczesna et al., 2002) (Figure 2). MLCK {Z L > TV k&
AV UFEESHIE I AV Ny RET I FUORBEMLCE ST S Z T, T F -
ATV UBEEERD Cat T DI E AR E D, T NEARE M ESE D (Szezesna,
2003; Tillin and Bishop., 2009) (Figure 3). HZE 72 Z &2, PAP [HUGHECIRBEE IMIZ 35
WIS R A R 328, BRI U QIR R 2 R LIS W2 R ST
W% (Stulletal,2011) (Figure4). msHEEAINAN G- 2 O AVIIRIL T CHETREN L D3RR < 4L
W WER E LTI, MlENICBT 5 Ca® REN®BERFIC X - Tafi L~ L
L, FEAEDT7F L eIFToNrurxT ) v PEFBHELTNDZ ET, Cal DR
PENEE D Z LIS L DERENE SIS WZ ERBTF b5 (Sale, 2002). L7=A3 -
T, PAP ITRARMH N LTI EE b7 b S 20s, J1OSLH B3 Y # (Rate of
force development: RFD) (25t L CITHImM R A2 A L, AR R VENETE Sh 5

O S)RERE 2 @mO D Z ERARETH D & TS (Tillin and Bishop., 2009) .

[1-1-2. PAP OREFHIZEALIZHOUWNT



WL DD IATIFZEIZ L - T, PAPIE CA %5 L7 BRI KEZ /R 2 L ndE S
N TW% (Hamada et al., 2000; Vandervoort et al., 1983; Miyamoto et al., 2011; Fukutani et al.,
2013). L2 L7223 5, PAP OFEEIT CA FEMER IR NEZ R LR, I ATV ARAT 7
B —RIZ Lo TIA VAR O U VBRI BrAvi D Z & T, RN T &
R, 5RICITRES D PAP MERT 5 Z L3R STV 5 (Hamada et al., 2000;
Vandervoort et al., 1983). —7C, & LWEHFEZFHRET 2 721F OEWIRIHEREEIZE > T
CA NENE SN T-5E, PAP ORI LIT LR S 1X R R 5B 2= 85 Z L s Sh
T % (Vandervoort et al., 1983; Hamada et al., 2003; Houston and Grange., 1990). Houston and
Grange (1990) (%, 10#RdH 5T 60 BB OBEME MVC % CA & L CHElfi L7=1% D PAP
ORI 2 BE Uiz, 18 51%, 10 MM CHEME S 4172 CA Tl, CA EMEHZIZ PAP 2
RKREZRL, EOHRIIIEEBEBINAR T T2 2 & 28 L7223, 60 PRI - THEM S
U7z CA TiE, CA FEMiE % Tlx CA FEiOMEZ FEIY, 1.5 3% LI 01D T PAP 3%
b7 % 2 & &2ffEsd L7z (Figure 5). Rassier and Maclntosh (2000) %, P-MRLC (2 & %1
PRI LI ITIIT BRI CTIAFET 52 L 2ME L TRV, PAP ORI L & & O
X P-MRLC LT DNT AL o TEASND EEZX LN TS, LIER-T, 60 FHfH
D XD TeRIURERFEI 33 L < £V CA Tl, CA FEhiEZ IS IT DM ENE LWIEHIC
K OITBIHEND T2, PAP IE—E DIREIRFH] 2 5% T 57 D FZEE LY BRI M)

TEREETD.

I-1-3. HFHRHEDO G H K & PAP ORI SN T



JATHFRRIC L - T, CAIZ K> THEI S D PAP OFEEE, EAMRMEL 0 bIfH#RIET
WZ EAREN TS (Hamada et al., 2000) . HUXAE bV 27 235558 S0 T B BULHE R
IV D RAEZ 7~ E TORR] (Time to peak torque: TPT) (I G2 5 O sl ARkHE D & A R %
A KT D CH 0, TPT NEWNE EEHREOEHRIE N2 LM LR T
% (Moore and Stull., 1984). Hamada etal. (2000) | 10 #[H D MVCIZ K> THEBI ST
PAP O & MVC DRTZFHSE S 7= BUHED TPT & ORICH B e A DOHBIBR AT
HZEERLTEY (r=-0.73,p<0.001), HEFHIHEOEZAFENEOANIZEFHE) S 41D PAP
OFEENRENZ & 2 RBEMNICHER Lz, 7ok, BUHARMEC CHER B PAP S REI XD
DI, P-MRLC # 5| & 23 MLCK OIEMEAS, FRFHMHHE L D & B ME v 2 & 2RIA
ThdEEZHLN TS (Moore and Stull,, 1984). F7-EE/A Z L1, FHIHANENA

FERWA LY HEGBMEDO T HRREVERICH D Z LA HIL TS (Aagaard and
Andersen., 1998; Maughan et al., 1983). L7223-> T, FHRIH IO @ W AL CA FEhIZ L,
£V %< OMEF#RMEN P-MRLC 25| 2 L, R E LTED &V PAP 2883 5 AlheME:
23 % (Tillin and Bishop., 2009). ZiLZEfHT 5 X 912, Hamadaetal. (2000) 1% 10 FP[H]
D MVC IZ L > THRE) S PAP OFEE L MVC FICHELNTZRK MLy & OMICAERE

EOMBEBENTFEET 22 L2 HMEL TS (r=0.48,p<0.05).

11-2. PAPE Of5E

[I-2-1. PAPE W9 SENILFE 7= 5



PAPE | I post-activation performance enhancement O#&FRC, Cuenca-Fernandez et al. (2017)
2R > THID T, CAFEhithk OREEER /T +—~ 0 ADO—IFH RN R L R T EH L
LTHWSND L9 IZ/e-T. PAPE &0 ) SENHAV SN DATE TIL, PAP XML
Ko TREFE SN D BN M v O K2R ERTEETHLICHEDL LT, b
BB SN AR L ED T PAP LR END Z L% h o 7= (Naclerio et al,

2015; Seitz et al., 2014; Batista et al., 2011; Baudry and Duchateau., 2007; Jo et al., 2010; Kilduff et

al., 2007). Joilk L7= X 9512, PAP (% CA Sk H RKREZRE LT, ST L, 5
SBITITIEE A ED PAP NS RTHZ ENITEAETHS (Hamada et al., 2000;

Vandervoort et al., 1983). FAUZHL D BT, ZHFETPAP DRIENEZIMIZK T LTV,

B D WIEBEICTHA L TW D RIS T, BEEIEE) T 4+ —~ 2 AW L2 fERd L2 fetThl

ZeNN S OELE L (Prieske et al., 2018; Seitz et al., 2015; Thomas et al., 2017), CA FEfif% D

FEEEE) ST +—~ L ADE LD PAPIZ L > TORBZE I INTNDENE 5 MNTHONT

X, ITHERER O Y EAS > Tz (Blazevich and Babault., 2019; Prieske et al., 2020;

Zimmermann et al., 2020). L7223 > THHETIL, CA FEftk OHIUHE v o b LR

EH) ST o+ —~ 2 ADI L& FNE, PAP & PAPE ICIXKHI L CEBT 5 2 L HEE SR

TU% (Blazevich and Babault., 2019; Prieske et al., 2020; Zimmermann et al., 2020) .

[I-2-2. PAPE D A Jj =X 1

-2-2-1. AT U FHEEREO VU Rl



IZff5 P-MRLC (X, PAPEDEFER AN =ALD—2L L TEXLNTND

(Fukutani et al., 2014; Mitchell and Sale., 2011; Miyamoto et al., 2011; Baudry and Duchateau.,
2007; Bergmann et al., 2013). Miyamoto etal. (2011) 13 6 FPH] 0> fr R R fg BE £ [ S il
DEEDD 5551 F COMTHIUNE My DDA EISHNT 5 2 L 2R L, MAEE 180%/s
T OSSP RBIMEIE FL 21X, BUGHE ML 2 OBIAHER S TWD 1 5% D 3457
FTCOMTHREIZHEMT 5 Z & 28 L7z, F7= Baudry and Duchateau (2007) 1%, 6 F)H]
DI K& RIERHENERET O 1 38512, BUHE hL o O e RIS, KT (10%,
20%, 50%33 KN 75%) FRELIC TIT i - % RIERHENEES) O RFD A A B B35 2
EEBIZE LT, S5\, Bergmannetal. (2013) (X, CA & L Thy =7 %44 X% 104
Feh U7z 30 i1, FRR=FHM Tk L CREJE S AU/ BUHE RV 2 23 32%H8N L, [A UAk
BRFEBICE SN Ray 7Y 7 Eb 2% ET 5 2 L 2R L. 4561
BIE SN PAP ORREL Fr v 7Yy U R OMORRE & ORICH B 72 EOFHBIBRA
FETHZEamR L (P=026). ZNHOHEREND, CAFEMIZES PAP OFH)IT
PAPE D EFERAH=ALD—2L LTEXLNTE ., LLAaRs, RiLZR-7T,
PAP 73 PAPE D EH/2 A H = XA TIF N2 &2 FRET H2HE BN TE TS (Prieske
etal., 2018; Thomas et al., 2017). Prieske etal. (2018) 1%, CA FhEfk|Z PAP ML X /e
STERRFIC T Y IR T =~ ANRAETHZ L AR L, CAERBEDY v TN
74—~ U ADA_FIZ PAP IXEHEITITRE O e & a7z, £72, Thomas et al.

(2017) 1%, CA & L T 3 repetition maximum (RM) @ 80%, 90%, & L T 100%DHEFET
Ny VA7 Ty b7 PP A X% ZNE3 by 7 E LT 8 531412 CMI @A EICH N
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THZ L EMER LN, ZTORETIEEEIZ PAP TR LTEBY, Py v IR T —< A

D] EIZ PAP 35 L CWB LisiafhiT 5 Z E AR 7Z2H > 7-. Zimmermann et al.

(2020) 1T N5 DFERAFEE 2T, PAPED A =X AIZHT LS PAP 3> T 5

CIER ST, ZOMD AT = X LN PAPE ICEHBAL TWAH A[REMEZ TR L TRV, S HUE

IZBWTH, PAPE D A B =X L2 PAP 3G L TW A 0ENTOW T RO —Eh3 5

HAILTUNRU.

-2-2-2. fiEo L5

PAPE D A 51 = X L D—2IZ, CAFEFIZHED FHRDO EFANZET 5 Tuvv%  (Blazevich

and Babault., 2019). Davies and Young (1983) %, #¢6R& % 46°CDIE/KIZ 30~45 43[R

SEDHZ L THIRAFE L T31CEA S %S, FREEBISHERE S BN My

7O TPT (1CHZY 7.7%) EFIHATREZ: Ca2 23 g/ IMERIC RN S HHEREA 9 12

shigiEE (1CHTY 72%) NENENET T2 Z &2 L, BHio LRSI > THD

IR A B A2 L #BBMIZ LTZ. F£72, deRuiter and de Hann (2000) 1%, /KiE®D

F72 2% 4 FHOWME A AL 2 20 AR S 2% 2 & TREE PR O il 2 21k

SHTZ. ZTOREE, FHRSEE S L RIENEHIE SHESANY — L W o TLEERm <R D

ZEDNHBENI o2, Lo T, CAICHEIRIRD EADS W CE S LA EE

HEEN ST =< A @D TWAHARENERH 5. fHiE EF IO ER) N7 4 —< &

A T2 A D= X BIZOWNTIE, FORMERPIOR) (Buchthal et al., 1944), #fRD1x

EE O L (Karvonen., 1992), #5727 U a—/47 L, fighilk X ONE = 1 LX—1 VRO E
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DfeiE (Febbraio etal., 1996) 72 &, #x pHERBELG L TWLH EFEZbNTWS. ERT
REZ LI, R B BEEEE ST 4 —~ v ADE(E, FEhi SN DR RS 0O
JEIIRIEL TV D EEZ BN TWA. Sargeantetal. (1987) 1%, KEEEOAHIE _E5F-23 (A5
DRI D 2FIAD LY T 7 o Ao/ —FEHEE T G- 2 DR R & Wik L
7o ZOREE, RN 1C ERT2I22o%, 54105/ DRE Y v 727 P4 A R D/RT
—HINE 2% B L 72D L, 140 [BlE/y DRZ Y o 7 7 A X3 10%FEE
TAU—MNRM ET 52 RS, EERZ LT, CARICHIEMNTERmIND
BHENER) N7 4 —~ > AW LSRRI, Flpgdy s THEM S 5 BEES)N S LT
KO EWHERNREZ 72 H 3 2 LA S TWS  (Fukutani etal., 2013). UL A E 2
5L, CAERITHE D RO LFHIE, PAPE A N =X LD FEELBERO—~DOTHDLEEZD

NHIEAD.

-2-2-3. #RAREERE ) D) I

CA FERIAE O MRnERE I D b, BUEETPAPE AN =X LD—2L L TEXLN
CZ 7= (Blazevich and Babault., 2019; Gullich and Schmidtbleicher., 1996) . H— DT %
FHIE LT BRI A THLEE S D HlIE, TEEVEENAZ A a sKODHERRREIZ IR - TIRIZE S AT
WCEGEL=H L, BEET D affl=a— o 20 L THICERES S 2 L TR SN DK
Toh 2 (Figure 6). CA EfEthIZ HIEOHMMABIE I D Z L%, Ta RKOPESR AR & &F
SINCENRD BB =2 — 1 DU T A% L O THIBMRERR IR E LTS Z e
EEWL, fERE U TRIROEB) B OB B EEEINR0RE KBHE OBEINZ [ LT 5 &

12



HIV TV 5. Gullich and Schmidtbleicher (1996) (%, 5 F[H D55 R 2 BE i i &) % 5 e
L 72 0 HIEIRIE & 1R FEAITAT D 7o 5 RV R B i # Bl S el R v 7 o
R 2 BIEL L, CA itk O HIERIE ORI & KR BEEIE N L 2 R
(AL & DR CAHRICEVHBIBIRAFEET 2 2 L 2@t Lz (7=090). LA L2anb
5 OMFFETIE, HIEIRIEA M ORKIRIE CIEFLIN TE 53, Na-K' R 7Ol
{b72 EORMER DS H IEIRIEICZ B2 LI L TCWZREEERH 5. bbb LT,
Folland et al. (2008) 1%, MBS D% RIEM A EIER) D 5~11 43%, Trimble and Harp
(1998) 1%, REAHiOEHR MVC O 3~10 732 M D KRIRIE TIERL S 7z H ERIE
MDERTDHZ L ZMER LTS, LEER>T, CAIE o2 IKEREM A3 T 7212 12
NIRRT D MRMRERE ) A L SETW O AR HSH. L L7eA 5, Folland et al.
(2008) DHFFETIE, ZHFEIFTO HIERIEAFHII S TH Y, Trimble and Harp (1998) @
WFFEIC VT H ERIR S L HRE, & D W IFEEGEENRFIZBIEE S 722 & D W TiE
RSN TE 5T, HIEIREOHE KO EEETFHI B W T HRRICBIZE S LD 00 E 9 T
OWTIEHAGNIZ STV RV, £, TR L~ TOMBRENE LS D & R
B D EMG RIS KT 5720, CA FEitklZ1T 5 EMG IRIEDOZ{L 2 #81%3 L, PAPE A
) = R LZHRRARIERE ) O] BB L CW DS Z A LR b AET 5.
Sotiropoulos etal. (2010) (X, IRM @ 25%& 35%, & 5\ 45% & 65%D AR TZi
ZFhs5Ly 7, 2ty hESNTANA—T A7 Ty bO35%IC, CMIEORE E LR
Hif A O EMG RIS O KA W 7' 7 b 2V CE S22 L 2®E L, CA FEMITHE S M
BARIERE N DI L EEEE) N7 +—~ > 200 TS Lz etk " LT, L
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MU G, EMG IRIEDOZEL &5 DI, PHXPERERE DAL D Z 72 597, Ml E B FEAL
7u 7 7 A )VDIER (Arabadzhiev et al., 2010) <> Na'-K'78 > 7 OiE Al (Thomas et al.,
2006) 7 E ORMEPEEEOZIL S KB % 7=, Sotiropoulos etal. (2010) DFEFITEE %
fho THRIRT 2303 8 5. EMG #RIE A M I O KIRIEIZ K > TESMbL S - fe ks
(EMG:M) 1, RIMMEHEREOREE RAYRT 2 2 LN TE, TRMEEEOZ{bE R~d %
BRI THDLHEEZ LN TS, L L7235, Fukutanietal. (2013) 1%, 6 FEDOER
P2 BA S I S B O B4 | A 180°/s T ME = 2 it 2 BAFEIE by 2 3 L7z
—J T, EMGMIFZ{L L7anZ L 2B 5T L. [AIERIC Seitzetal. (2015) 1%, BRI
2K DEHY CA Z i L 721212 PAPE MBI S NZICHBAD LT, EMGMIIZ(L L 220>
Tl EREL WD, BEofEEELEHD L, SBUE CA EIERZRITAFRRIRERE J153 1
EL, 208l &k BEER) N7 +—~ > 2Dk, 3725 PAPEIZH G LT\ 50

IZOWTIIRIEEBEMORHA R S TN D,

[-2-2-4. 7 A MEWMEICHT 2 FEDICIEN O

MacIntosh etal. (2012) %, PAPE A B =X AD—DIZT7 A NEIEIC FENRE
NOEELZT TS, DF 0, FHCRENLRT X MIIECTHIUL, ZOBIMEIZONTO
BRMR00 FEFETH L TRT =~ ARSI BT A FREMESA H D, Lizs
©5C, PAPEIZHEZ KITT AN =X LITOWT X0 FRMICHETT BRI, FafcT A
FEMEICKH L CHALTHL L Y MERH Y, 72 MEIEDOHR Y K LIZ L 28 E0EN
DR TEDLLETHRT HLEN D L.
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I1-2-3. PAPE O#RIFYZE(IZ DT

HEHT2& Z&IZ, PAPED CA EMEZNOBIREIND r— A LD DT,
Seitz and Haff (2016) (& > TiThi 7z A ZHTIc L, FaIIRVMRERERH (5-7 43
ES=0.49;>8 /4y, ES=0.44) %&%\J7-%\Z PAPE I35 KAL T 2 alEME DS B <, FRERAO L MK
BRI T B e 7 v b 2/ Cld PAPE OFEEL T HEAVRWV 2 L 2VRIES TV D (04
53, ES=0.17). [AIFRIC Wilson etal. (2013) 23MTo7z A X 3HFICH 0T, CA EMEHKIZL
AR VVVRERFEI R T 525G 0 (3-7 47, ES=0.54;7-10 43, ES=0.74), {REEf
MBEWGE (K240, ES=0.17) K0 b @m0 R R 4 " BN RE ST 5. CA
Fhia s b IR VMAR R 358 1T 72 & 1T X 0 @V PAPE DM S 0T 0B & L
T, CAFEMIZHED I DEBNPREWVKERRICENEY R Z e ons. £
AU H B 59, Tillin and Bishop (2009) (%, CA T/ U 29% 9 ORENMERWGAIZIE CA
FHEE %2> 5 PAPE DI SN D AIREMEDN H D LT\ 5 (Figure 7). 3 French et al.

(2003) 1, CA DFRULHERFHI A ELER 2 FhiE S 11 2 1B FERIBEEDEB) N 7 4 —~ » AT MIF
TRREZTAEL, 3MMOERMERREES M REZ 5 &y b3EE L7z B TR Mg
EEB DR bV 7 SR L i U CHBICIR T L72—5 T, 3ty FEMm LRI
CA ERERZITH D O TR MLy A BITHENYT 2 2 & 268 L. Tillin and
Bishop (2009) I, CA #4179 Z & THE U ZEFOREMUNEAIZIE, CAEEER TH
S THITNEE T OFEL LA D 2 & CHMEEE) N7 +—~ A0 =32 aJREtEN
HDHEBRRTND., FBHRGENZ 212, PAPE 2 &AL SH 25 DIZRD 55K E R
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LWV DITHREBE DIV~ Ko TR D RN R STV (Seitz et al., 2014;
Seitz and Haff., 2016; Wilson et al., 2013; Miyamoto et al., 2013). Seitzetal. (2014) I,

90%IRM D/ 7 227 T b 3 by TE LT BRI EHNTEMEND V¥ 737
F—~ U ADORELD, TAU = FOFHH LI X > TRRDDHGRELTZ. #2513
Ny 7 A7 Ty FO IRM BMEED 2 fFERTEOPERE 1L CA Flin D 9 3RO TV ¥
TRT d— VA @ED DL ENTELZDOIIXL, Ny 7 A7 Ty hO IRM BMEED 2 %
VL EDOHERE 1L CAERNS 6 pBRIZT Y o INT =~ Aamb b 2P b L
7o, EADTHII LIV DFEIZ L > T PAPE BNRI{L SN D R AR 5K & LT, i
IV MBS @ OB 1L, R DEBRE K 0 b SR 7 A RIS D0
FMHERENZ E Nz 545 (Miyamoto et al., 2013; Jo et al., 2010; Seitz et al., 2014) . Hi
7R U723V, PAPE Id CA FEHEIZ K - CTHE U DH RN R I D8 % a5 7= & & 120
TS 5. Lo T, EHMEOREOAIENALD b, EIRE CA FEhalofk 5 5
FORENIZ B, L0 RN LHRDROBEEGL ZENTEL LABEZZ LN

TW5.

BME FHik

II-1. SEERAEEE

AIFFRITEERE 4D v > 3 - TEES N, BP0y > a &L 3E
DOty a rOBMEIZOWTIEZENZ N, Figure 8A & Figure 8B (Z/R L=l Th o7z
BAIOE v a T 10 HEOBMHE MVC 2 £ L, 5ok R HE Mo 2 KE
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THIS T ARR ) 2 AT ST & WID G ZAT -T2, ¥ 3BT v v a IHOE v v
9 TSIE WIOWTNNI SNBSS ki Lz, ok, £ty arid
24~-72 LA EORIMR AR (T TiThivz. FEijt v v a o TliX, PAPE 2R KIS ELHDIC
7R EH) CA ORBIAERER 2 B M2 572 01T ST & WHIAFES NS HBRE 1L, #
IGHERF M D 5272 2 3 MO ERY CA (6 M [6-CAl, 128 [12-CAl, F LT 18 FOIH]

[18-CAl) %3k L7=. A CA ILMAIEEL 60°/s THEE X4, 6-CA, 12-CA B LU 18-CA
O EFEITZNZEN4, 8, BLUREITH-T. £, #1Y CA ORIZIZESHNL

2 X 2 HUIUHE bV 7 23T 5 2 L T PAP, & BITIIAMEE 180°/s Coo &b i i Bf
% FEfid D Z & T PAPE ORRFEIE A ZNZNBIEE LT, 7eds, TIRERIC TRARMIH
B RV &R KRB bV 7 ORATRG M 2 BEt LIRS R, SN BEREIEEhEh
0.962 (0.897-0.989) & 0.998 (0.995-1.000) & 7¢ v IEH T -T2,

BTOE Yy a T, HREITEREICRER, BET D E TITHER SN PAP D
BARIY R 72DIZ 10 EOREREE %2 & 5 Z L3R bz, Z ORERHIX PAP O
IR AR EE 2 DI A53 IRERE# & STV % (Hamada et al., 2000; Vandervoort et al.,
1983). {RE#, WBRE IX%EMES A € A — % — (Biodex System 4; Sakai Medical
Instrument, Tokyo, Japan) (ZJE Y, F| & OB & KEAEI S Z £ 90° & 80° CTREE S
7. RIZ2ADLZEZET DL — UL P E T A RN—RATH A FTEA—F—DT— |
WIS [HE SN, XA TEA =L —DLNR=T —NIHEND 2~3 em _EICHED (T Hh
7o, F7z, BEEioORESENI CTX 5720 KEEIMIEIC A biv/z. £72, Maclntosh et

al. (2012) 1%, 7 A FEMEICKT 2572 OBV O D PAPE OEICEE 2 L7257
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ATREVEA NI LTS, L72d o TARBIETIE, AAMEEONIE 217 9 Bl T A MEIEIC
RER T A — L7 v T FE L, FEDRSENC L DR OARENE TS 57208k

L 7.

II-2. #esRE

RIFFROWERENL 24 DBFT AV I 7y FR—VROKRFEATH 72 (FH) 1%
e 22 R D, 19.7 £ 1.2 5% R, 171.5£6.1 cm; K, 74.6 £ 10.6 kg) . ABFSEICSINT 55
LT, Pt 6 AU ED TFHOL AR VAN L —=0 TORBRH D Z &%
B, SRR TENARMIICSIN U, PR L, EBRIRE T B B H AR 2 Rk

ft L, HAEE) L ~NLRRE - KGERELZEZRWE DI REZIT . £, HRE

rI

ILEERD 24 BRI DI D OWE (eg, T/va—/b) BT V2= 7WE (eg,
a—tb—) OEmRAHEZ D LIRSz, HBRE IITFERICEL > T, RiFEOH
1, NE, FIEHIZOWTAEBIOCEICI M EITY, FE 257 ECTEBRE E
L7z, AL, KIEERFZONEMEBFEAMSSOKHE 22T, Fh Lz KR

B:21-2).

IM-3. SI & WID5HH

AR TIEERE v v a LT C, RS SRR HIRT; /) OBIEZ/TV ST E WL
IR EAT ST, B, BRBOGHE & HITHBRD 72T E o2 ) TRZMIZT L 9
(R R =T, WEE T ER I IR E 2R L7z, 72, AR & PAP @ RfR
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P2 BIET 572002, 10 FPE O fif i & E) o B ICERANSC X D HEINNE by 25
F LT, eRE R EEINC L > THERE I 72 PAP OFREE L, %PAPwve & L THKS
n, UToEKXTROLNT.

(Ttwpost—MVC - Ttwpre—MVC)

Tewpre-mve

T 2T, Towpre-mve & Towpostomye EZAVERL, SR VLIS (b RTEB O & 16 00 fie K WU
M2 TloB. ABATIETIL, 10 BRI SRS R IR RE 1215 & 17 e

NV 2 AR TR o 7oA i 1 2 250, AL 844 % SI, TAL 84 & WIIZAHHH LT,

II-4. FEXARKIC X 2 HUUHE v 7 D%

KR DUSER O BIGHE b V7 2 RET D 72012, FiEE 7 (SR-4080; Minato Medical
Science, Osaka, Japan) 723055472 10 x 20 cm DT /L I WA V& F v F L _—R—THE- -
WSy REARRRL L7z, MRS N @E R Sy RIZK TR D S, Fl & o RERPYSE
PRI EDIN D X OIS KERATE EEE FEIC 280 T bhiz. 2ok, #HBREIX
A A T A —H Y FHE S, BNy RidH 1 —7 1 (D185-HB4;
Digitimer Ltd, Hertfordshire, UK) % L C @& L EBMANKIEE (Model DS7AH; Digitimer
Ltd, Hertfordshire, UK) &8t 47z, £7=, BRAPLOEEIL 100 mA 225 50 mA 3>
Wz BT, HUHE VY O KIEHE B ALTZHREE D 120%I25%E S 4172 (Hamada
et al., 2003, Fukutani et al., 2013). 7233, HIPMGREL 2 &3 D IR O® v 29 o TfF
bivic. XA FF A= —OHIHE SV 7 {5551, Power Lab A7 A (Power Lab/8SP;
ADInstuments, Bellaviata, NSW, Australia) (2L > C7Fa /-7 U X VA I, /=Y )L
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2y Ea—F—0Y 7 77 (Lab Chart 6 Japanese; ADInstruments) [ZFiEkSi7z. £
Iz, Y7 =T LICERENETIINT =23y b AT ABEE 12Hz DTV 5 v

TANE =TT

-5, RO +—I 77y Ty v ar

Maclntosh et al. (2012) (%, 7 & FEMEITHT 27 2 ROME L0 PAPE (508 4 MAE
AIREMEZ R L T D, L7y o TAMIFETIE, Seitzetal. (2015) OWFFRICE DX,
Figure 8A T/ L7z K D 1T MAIEEE 180°/s DM EEERNIZ /0T EH AL TH 5 O R Ray Y + —
RVTT Ty va VEERNCRIT . EBRE IIHIGHE L2 ORIBIRE R Bk, f4iE
JEE 180°/s OS5 ME g i sl 2 LAY B KIREE D 20%, 40%, 60%, % LT 80% CT# 2 (Al

TOASBEOE Yy MHA v F— SV ERITTERLZ. 0%, FHRRKERED 100%

i

]

=

T O MERE R ER) 2, @t L7z 3RO K bV Y OEN 2% R/ DETASHIT &
W A3 L2, ZOBERE L, HRD7Z20E L o2 h TEemiET L5 IR

T

-6. 7A K781 k=

BRAOUA—I 77 v 7y va T, 10 0MOKREEZRITZRICERE v v =
VANERAT U, ERE o v a OMEET Figure 8B IR L7l ThHhDH. Eptoyia v
TIHET, BRI L DI v 2 2355 L (Prevere) , € D%, fAHE 180°/s TD
sV R RS 4 2 [ M L7, 2 (61 B OB EEER TEAIC, HIGE N Ly &
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#HFE L7Z (Preafer) . Z 2T 2 BIH OHUNHE b b7 OFFEFEIE, S RS- L
PAP DFEE Z AT 572D T Tz, Preaer TOEXMIM G2 Hiv, 90 FHOIKEDN
RT DN BRI O e B 3THO BN CA (6-CA, 12-CA, & D\ 18-CA)

DOWFTIPRFEmI NIz, £ LT, B CAZKZTHD 1081 (Post-10s), 1537
(Post-1 min), 477 (Post-4 min), 7%7%% (Post-7min) < LT 1047%% (Post-10 min) |
ZTNENESHNT & 2 BILE v 7 ORE & AR 180°/s T o> ML i EH) 2 S fi
U7z, Sl s Eh R B IR 4 15 BOIER S, Ahefac 2R oEfsh, 556
NI KB Z Z OB OGHTICHE LT, HBRE 1T XA T A =2 —DOBIE A b v 7P Z
% E TR AR o TROKS SRR EEB 217\, 1 H OB RER K 7%, %
BHICA X — FART Y g LRI 2B H O MRES~ L BT L7z, 180°/s TOMAKE
FEIX, CA EWufz \CHERMEBMEANT +—~ AWM BT 52 & 2858 L TV HIFRICHE

SWTIRE STz (Seitzetal., 2015). 7235, B{hEIEEOBESM FEIT Miyamoto et al.
(2013) DOBFFRIZHESE, 200005 110° (0°=5E2HE) ICRE Sz, KRHEAFTO
PAPE OFEE (LR, %PAPE) 13k OXTHEAE Sz,
%PAPE = {(Tyorpost-ca — Tvotpre-ca)/Tvorpre-ca} % 100
22T, Toorpre—ca & Toorpost—cald, TAVEIL CA % Efid % il & AR BIFR 1 0D e K&l
PEREIRR L7 2R LTS, £72, FERE v v a o THIE L7z PAP OFEEII%PAP & L
TRIN, £OFTY, 2 BIOEHERFERMERMRIED) THZ S5 %PAP [ ZR O TEHEA S
.
96PAP = {(Tew preaster—ca — Tewprevefore-ca)/ Towprevefore-ca} X 100
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Z 2T, Tiwprevefore—ca & Tewpreafter—cald, THEHL Pre IE THHE S 15 2 [\l I K55
HVERR A RRIEE O FT & RICHEFE SN TR KRB L7 2R LT D, KEICCARDR
R EFRIR ICIE SN D %PAP TR O X THE S Lz,

%PAP = {(Ttw.post—CA - Ttw.prebefore—CA)/Ttw.prebefore—CA} x 100

ZZ T, Trwpost—cal® CA DB ERHE DR KRB ML 7 2R LTS,

-7. CA7m k2L

AWFFETHW LB CA 1, LARTO Seitzetal. (2015) OWFFEIZIESWTHEE
60°/s DFEHRVERAR BIEE R S 7z, £ 71 b3 v O#Ry CA OUHERIEIE 4, 8, £ L
T 12 [ENZERE S 4L, ZENOMRIAERF TR OFH R TRk bz,

FRUHHFIH = ROM [V X 1

Z 2T, ROMIZMEMEESOBMEARE (e, 90°) T, Ve ldMAHE (e, 60%s), T LT,
nlFUAEE S 2R L TvD. 6-CA, 12-CA % LT 18-CA DRI ZNZiL 4, 8, 12]H]
Tholoizw, FROFHERAL Y ER CA ORIGHERFIL, EhZive, 12, I8PHTH

27z,

1I-8. HeatsLEl

AMFFEDORERITET, P £ ¥R 2E (Mean+SD) T/ L7z, SI & WI O H#IZIIAS
JEDIRN tRREE W2, £72, %PAPwve & MVC B LT MVCiweight D BIEMEIZ DT
X, BT Y ORFMBEREE OV TREET L, MHBEDMRSIL01<r<03 %/, 03<r<05
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ZH, ZLTr>052KREDE L. SHITAIZETIE, T A NEMEICHRMZR DY +—3
YIT o TR E N TN E D D EEGRT 572018, — It @ 0 i & v
T, RO A —I 7T v 7y a BT D% 3 IO ME Lo & Pre JIIERE
DORE M7 O EZITo7c. K= 7 A4 X7 1 k2B 5 %PAP ORRKHIZ
fEIZBI LTI, —ouBEl@E s #odT (R [Prepefore, Preatier, Post-10 s, Post-1 min, Post-4 min,
Post-7 min, Post-10 min] x= 27 # 4 1 X [6-CA, 12-CA, 18-CA]) #A\W Tl L7z. *
72, %PAPE OfRRFIZ(ICE L CHRIBRIC, —ooldiE 8ot (Rl [Pre, Post-10 s, Post-
1 min, Post-4 min, Post-7 min, Post-10 min] x= 27 # ¥ X [6-CA, 12-CA, 18-CA]) Z M\ T
Bt Uiz, ZEAEADEED bN2561%, F%MIE L LT Bonferroni 154 JHVW T E LK
MREZEAT T2, REEHOHREIZONTIIHA — % 2% (partial 12) Z H W THREFTL
(7151 0.01-0.059, H1: 0.06-0.137, K:>0.138), —xFIL#IZRE9 520K AT Cohen’s d 128 - T
WESNTZ (Uh:>02, H:>0.5, K:>0.8). 7B H7I21E, SPSS Statistics ver.27.0 (IBM

) ZHV, BEFFA RIS 5% AR & LTz,

FIVE R
IV-1. SI & WI DL

PR DB IRHEE, MVC, MVC/weight, MVC Hits TR SN - HIWME hLvy, B X
U%PAPMyc (2 DWW TIE Table LIZR T Y THD. KISORW e BIEDORER, #xtfi ) Th

% MVC (p<0.001,d=2.427) &%} 7Tl D MVClweight (p <0.001, d=3.434) (ZOU
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T, SI & WIRITCHERENRD bILTZ. £72, %PAPuwvclZBWTH SI & WIRITHER

ZEMRD BT (p=0.004, d=1.806).

IV-2. %PAPwvc & MVC kL7 O BIfR M
ZIN U 7o TORERE 256 RIZ, %PAPMve & MVC I X U MVC/weight D B2 2 #1
FIRRF L72AER, MVC (r=0.550, p=0.008) & MVC/weight (r=0.570, p=10.006) D>

THICENTHAERIEOMHBERERNFE D bivle (Figure 9).

V3. FER D +—I v 77 v Ty va

HT I B A XORERINT 4 — 0 7T v Ty va T, Sl SR 2 i L
72 3[EIDIRK bV T DFER 2% AN M 78 5 F CIEFEM LRI, SIS 6-CA~7'r k=T
44+171[0], 12-CA7 1 bz T49+2.7[H, £LTI8CA Y h=a/LT86+48[H, —
FTWIIX, 6-CA7r ha/LT70+4.6[0, 12-CA~7' 2 h=a2/LC73+48[m, ZL T 18-
CA7r ha)VTI8x14ThoTz. £z, £ETCOZI YA X7 1 faizisld 55
B+ —I 07T vy v a U TIThiv it 3 EIOEME hv s L Pre JIlERFO g
i bV 7 2B L C— ol oot & F5hE L7/ 3, WIho= 7494 X7 hau
WZBWTHHEBEREDENRD 2o 7- (Figare 10) (p>0.05). |57 7k 23 i =
MBI 31T 2 e RIR R RV 2 & Pre MITERF OB KR L7 & OMICH B0
MRS NIRRT Z DD, CAZET HANIT A NEMEOHME N +iiThh, 78
BRARCIEIVS PAPE I RIE TR EB/NRIZT D22 LN TELLEEZOND.
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IV-4. %PAP
SI & WIDHETZ 7 B A X7 k=)L THO%PAP (25Tl Figure 11.1ZR9580 Y Th
%. SHIZOWT Znhl Bt & e LI-fE R, AR HERPHERESNE (p<
0.001, 7>=0.404) . W\ CEHEIEHRE 21T > T2/ER, 6-CA (15.7+6.3%, p=0.004,d =
1.068, 95% {5 #E XM [Cl] 10.4-21.0), 12-CA (14.1 £8.4%, p =0.045,d=0.417, 95% CI 7.0-
212) BEVI8-CA (11.7+3.6%, p=0.001,d=1263,95% CI8.7-14.7) DETD=L 7 JHA
A7 k3TN T Preaser 1 Prevetore < 0 b A BICEWVVEDNHER SN, Leni- T, SI
IRV T AL 180°/s THEME S5 2 Bl R M REE)IZ X - T PAP BNFFF I LD
ZENHER SN, F£7, 6-CAICEBWVTDH Post-10s (29.5% +9.3%, p=0.001,d = 1.714,
95% CI21.7-37.3) & Post-1 min (18.5% = 6.8%, p = 0.003, d = 1.101, 95% CI 14.8-24.2) 1%
Prepetore & 0 BAEICEVMEZ /R L2, RIC WIHZDW T ol @ 8o b 4 920 L 7=
B, BHERZBEERNHEGR ST (p<0.001, 72=0.369). #i\ T ELEMRIEZIT- 725
E, WTho=7 ¥4 X7 a b a8V TS Preperoe & € DOMORERIE & OFICHE 2

TR SN2 o Tz

IV-5. %PAPE
SI & WID& 7 %A X7 1 k2L TO%PAPE OfE 22Tl Figure 121277 L 7=
WY ThDH. SHTHOWT Il Bt 4 i L7z iR, AERZEENP RSN
(p<0.001,7?=0.377). HEWVTELEBHREZIT o I2ER, 18-CAIZDWT, Pre &HlZL
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T Post-4 min (7.0% +4.5%, p = 0.047, d = 0.494, 95% C13.2-10.7) 35 & " Post-7 min (8.2% +
4.3%, p=0.016,d=0.568,95% C14.6-11.8) THEIZ@\WMEDHER Sz, I WLHIZHSW
T BLE S BT 2 i L7 iER, ABRR AR HER S o7z (p=0.057, 7=

0.215).

BVE BH

AWFZED BHENE, FARHH IOER DT AV — MU T, PAPE % & Kb &8 25 DI 72

il

CA ORIHERF N B2 BN ERGET 5 2 & Th otz AHFEORR, SHXRKREE
R v & 18-CA D 7' v 2 /L TOIH CA Eiirb 4 53%3 LV 5% m EsE7z
Z &b (Figure 12A), HLEHYR VVBRIHEIRA ] CEfi S5 CA 23 STIZ & » TdRiE TH
L EW I Fa DIGRNXFFS . —J5, WHZBWTIE2To 7' e k2 /L2 T PAPE % ff
WD N TET (Figure 12B), WIIZE - THIERBEY, & 25 WIXEWRIGERERF T
Fhi EALDH CA DWT D PAPE i KL S H 2 DIZEGE Th D0 &k 5 2 & 2 H
KignoTz.

ARFFEIZ T, SIIL 18-CA 71 b 2L THFAPAPE 27k L7=Z & 205  (Figure 12A), SIIZ
& o TUT 20 FPREEE O LB R WO IRIGHERF ] C3EJiE S 412 CA 78 PAPE Z i KL S 5 DI
BB CTHDZEDNRBEINT-. LNLAERS, HETREZ LI, 18-CAYa haLT
PAPE 738142 S 7 IRl CIIBEIZ PAP 1ZH LTk Y (Figure 11A), 18-CA 7'm k=L
@ Post-4 min 3 L O Post-7 min THI%E S 4172 PAPE O A 71 = X L2 PAP 235 L T 7
ZEPRESNTZ. RBFED K 51T, PAP MBEIZTER L T2 A7 12 T PAPE 2 BlE2 S
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Z VI D FATIIEIC B W T HER I TV 5 (Prieske et al., 2018; Thomas et al.,

2017). Prieske etal. (2018) 1%, CA 1212 PAP BB I N2 o REHIC T v v /87

F =< ANMET LI ERL, CAEMBEDOY ¥ T /87—~ AD _EIZ PAP 1L

EERIIIRE O 7o et ir 7=, £7-, Thomasetal. (2017) 1%, CA & LT 3RM

D 80%, 90%, FLTI0%DEETNY 7 A7 Ty "7 Y YA X2FNENI Ly FHE

Jiti L7 8 31412 CMI B A BIZHIINT 2 Z & 2R L7220y, £ ORFS CIIEEIZ PAP 17

KLTBY, Vv o773 —< A0 EIZ PAP NG LTV 5D EfSamftir 5 2 L

72 o 7. Blazevich and Babault (2019) 1%, PAP LIAMCH, CA EIZFE S fHiED

., MRRERE I om E, L CERESRESCEN R EOREN PAPE IR L TS LR

L TWWaA. #x1X, deRuiter and de Hann (2000) [XFHIED EFIZfE, SEO D — b

W TEHEHINT 2 Z & 2 WE L TR Y, CAERMITIE D FHR o EF25 i ry W E

THEMINDEEER T —~ U A EmO L N H 5. S 5T Gonzalez-Alonso et al.

(2000) 1%, 3 43 [H oD bR A B B O SE R L2 fE VO RBRIUER S DA = 7 Y3 Xz i@

LTCERTAHZEZRLTEY, AWIZED 18-CA 7 oLVt 2 o071 hal by

#: LT CA ORMIHEIFREINEWZ b, o207 a b k) HiHiEs EF LT

-eEZ NS, LTEN-T, 18-CA 7 1a ka2 /L THOH PAPE DHERR SN T- >\ T

%, %71 hao CA EMIZHE S iR LA OREDOZENER L TW = RIREMENZET H i

%. F77, Folland etal. (2008) 1%, MERIETI D% RPYERHEIERI D 5~11 %12, MIEDE

RIRNE CIER L Sz HEIRIES R T2 Z L 2 L TR Y, ZoRIRIE, FNATH

% CA S EENRRE 7 — L OB 2 S ol ieth 2R LTV D, L7y TAISEICE
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WTh, 18-CAITHEM LRI D2RBERED DM L2 beb L, #RE L TEEHRE
AL OB EFIEINSORE KL O 2R HE L 7 AIREMEA 8 5. & 512 Maclntosh et al.
(2012) 1%, 7 A MEENIS T 5 FERSCE N D) PAPE ([ZB S LT\ D AlREME &
ML TS, L LR BARNIFETIE, LIRIfTHOMI T Seitzetal. (2015) DOHFFEIZ ISV
T PrefllEZAT I NSRRI T A — I 7T v Ty va UK b, 7 A MEBIKE
T HE D ATOINIIRRE T Pre IEN FEE ST\ 5 (Figure 10). L7223 ->TC, 7
A NIRRT 2 R RO EN ORBEN A MBS S 72 PAPE [ B A 52 T D LT
BRIV PLEomAAEE LD DL E, SIN 18-CA T 1 b VERMND 4~ 7 KIS R L
72 PAPE |Z1%, iR D EH-CMRRSERR ) D) E72 &, PAP 0T A MEENT T 5 %)
REOENUAOERNE LG L TNDEEZHND. LLaens, AIFETHE, CAEl
WZAEWAR D EHSOMRAREERE S DA B3 L TV B I DWW TOFAEN STV
W OHERI DI A D Z LT TE 220,

PAP {Z2W T, SIE 6-CA 71 |k =L T Post-10 s & Post-1 min DK} HT T Prepefore & H
i L CAEICEMEZ R Lz (Figure 11A). L2cL72R3 5, [A UHFRHS 2T STIE 6-CA 71
k=)L C PAPE ZHEs8 42 2 L S Hsk o 7= (Figure 12A) . AHFSE L [RIBRIZ, PAP 23MF
129 B RER IS CREEGES) S 7 4 —~ VAWM E LR WBRIIh O B TR T L S S
TU % (Fukutani et al., 2013; Seitz et al., 2015; Zimmermann et al., 2021) . Fukutani et al.
(2013) 1, 6 B o> % R e BE T EC B B) 2 FEfi L 72 ELER 12 PAP 2N ELYE(E & L L C
62.7% A EICEMEZ R L, ZiLE RIRHTAEE 180°/s CHRM = 7= F i i B i 5 i E E)
DK VT HHEREE L L CHREICEEZ RS2 e 2R L. L L b, CA
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FEMiD B 1 5371 TIEAYEE & i L THBICEWER R TW 2 & 1TV, PAP I
303%E TIKRF L, PEEESR/ ST +—~ v RCE - TIE, FEYEE L ORI T Z 213815
g Zpo Tz, BEER T L2, CAEHEIZHE D H iR Rk 2 s ML HIHE kv
7 LIRKEEE MV L O TIERAR D Z EDRH BTV S (Sweeney etal., 1993). HifaE
WIZEIT D Ca? ' iR EEITHUHE & ik U CRRBEEIGHE CTa <, F£7z, CAEMIZMED
7 OHMOREL, MIRENICHIT D CRENPELS RDICONTINS KD EEZLN
T\ % (Persechini etal., 1985). ZDERIZIE, Ca> JBENEVIRILE WD DIFBEICE L D
7BAT7 Yy VBREHRENTEY, P-MRLCOAAEU I AV YO~y KRBT 7 F12iE3<
e TAHEULIHMMENHER IS WIZ EDRERL TS, 20X 2EmNG,
Zimmermann et al. (2020) %, PAP 7% PAPE OFAEIZHERT 5720121, PAP OFEFEEIXIEH
WCRE LS RIFNITR B2 EIRTND . ABFZED 6-CA 7' b /LTI WT, SIA Post-
10s & Post-1 min T7k L7z PAP OFEEIXZ4LEI 29.5% £ 9.3% & 18.5% £ 68% CThH Y, =
Z TP PAP OREFEIX, HEMFHIRENBIRIND £ CTHEEIH N7 +—~ A Z2mb 5D

IR ThHo TR H 5.

AHFFIZT, SIIX 18-CA 7' b a /L& Ehi Lz 4~7 nHICHEEE 7 4 —~v U 2%
BMHDIENTEI—FT, WHINWTHORREIZRE W T OEER N7 +—~ A %5
WD ENHERD T2 FoxlE, 18-CA 71 b = L#IZ PAPE 28 SI CTHER S 41, WIT
IR S e o T ER & LT, @RET 7 YA Xk 2 M 0= Bk LT
% &3 2 7. Miyamotoetal. (2013) 1%, 12BROFEmBEL P AX A N L—=2 7 DR
%, 5FR D% RMERRBIE i s ®) 23 5| = f5ev T I S D Sl MR i R EE) O ek b
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NI IZRIETNRERE LT, TORER, MARTTIL CA Z%E L7z 1| 3%ICHD THE

HE) ST =< U ANM BT D2 EERMER LA, ST A% TIE CA 25 L7z BE%ED R
BB 7 4 —< U ANRE ETHZ L2 ONI L. ED1E, MARICHEEEE 7 +
= ANN LT ORFMEN R ESLERNE LT, REMOEBRELVAZ AN L—=
YN K o THETREL CA SRS DIEITMMEDS AT &, CA FEMITHE D & LUME T DFAEN
MR BN LT, WONRLUIRRIT, S0 5L, Xm0 S HERE )
R CA VKT 2R WETIMEEZ A L TnA I EZE® L TEHEY, AFRIZBWNTY SI
(X ETREE CANTXET 2 Ry @ VT PE 2 i 2 TV 2 rBEEDN B 5. £ D—J5T, WIIZ
R CALTXT DI F7MMPEA LI BR DN o T FTREMEA D U, 18-CAIZ K> THELUEL
VR T NEIRAIR AT HIH L, MR L LTol &R\ CHEM SN HMEEE# N7 +—< A
ERDDLZENTE o aiBEN S L. £z, WIAWThOT v b=z E L%
IZBWTHPAP A AEILHE DD Z EDNHRRDP ST ROV THE R L TELLER D
%. Hamadaetal. (2000) (%, PAP ORREIIFHMES A 712 L > TRV, WO EA
ROBNERFIZEROPAP 28T 5 2 LA /R LIz, FRH OO ABMRNALD §
HAARAE DS HRDEVMERICH D Z L 2 HFE 25 & (Aagaard and Andersen., 1998;
Maughan et al., 1983), FHx15 71D @ A TE CA FEHEIZ & > TEV PAP 238813 2 AlREMEN
5. EEITARIEICBNT S, HERE O /) & PAP & OICA E R IEDO B BIR
(r=0.570,p=0.006) MBFET D Z BRI TEY (Figure 9), FE%HH 1O R
HOMR S WL, #F#HEO S A EMENZ & TPAP 2 HEICHED D Z L3k
Mo T REMED 8 5.
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AIFFROFRF L LT, UFORMPETHND. —2HIZ, SIE WIOKHEOY
NP A ZPINE ol Z ERFFT bND. KR TIE, #REM O L~ D77 Wik
(23T 2 To O TABRER F1 A3 TRl O W R 1% STREE WIRRIZE Do 7end, AlEl s,
ZROHLNITL70I2lE, KV RERF TNV A X TITONTMMERLETH D &
EBEZDH. OB, RFRICSMUIEERFEORENT AV A7y NAR—/LOERFETH
ST2Tz, T DOFHFFEN AR ORE RN B 2 KT LT lRetEn & 5. BARANICIE, 7 4
Uo7y b= WTRAE O RANEDS, IR 2 [ s iR EOEE TIT O 2 H TH Y,

AHFIEDOBINF L, PAP OFLEE BT 2 sl M O 547 R 03 LA i BRE CHERL S
TRV B 5. T DT, B PICB T 2 RFAMNE RO EEEN A& VEE (e.g.,
B LBt O RIERERT) TIX, EBHHEOSHEMRVETNLZRY, AL TR
DRERNESND RN H D, ZoHIC, ABETITOREZ CAE, EEDO L —=2
7 BUGZ T PAPE Z{E T 2 BRIC— KNIV O N D LYV A Z o A 7 i XL TR 7R
0, SEHVEEBEE A O CER SN A X Th D, LMo T, KRHFZETHDS
AUTZRE R DY K0 — XAy 70 R EEE) 2 W 2358 T H [RERICBIZEE SN D 00 8 9 NIRRT
bV, BRtORMEH L. MORI, A TIZPAPEDA I =ALLLTEXZLNTE
D, 18-CAZDOMEIER /7 +—~ v A LA B =X L%HHT 5 AREMEOH 5RO E
S, MRRMREERR ) DR L, & HITIIKSE A EDOZL (Blazevich and Babault., 2019) (2B
TORENNE SN TR, LIEA- T, 5% O RV CA Bzl Zh b o
EREBHESNDNETHD. HEIC, RO RNHIE, WHITLE > THERNEWS %
MR W RINGHERF ] THiE S 415 CA DWW HLAS PAPE Z i RAL S 5 DIZHKIE T 5 )
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BWREDTHZ EDRHRR oo, LeRnoT, fERIICIE, ARIAWEERSEINMEE

SHIEMRPFERSND Z EPREEND.

FLODE, RBFEOMENG, SHILERR ORI E THEM S 115 CA % PAPE

ERRESEDLLWVIBRICBNTRETH L Z LRI, o, TOAD=X AL

(21, PAP 07 A NEBNI T 5 FEH A RCE N O RS O TR N B 5 LT 5 alREME

VRS, —HTWIHE, Wino7 e bz E L 72%IZ8WTH PAPE 2R T

ZEMWTES, AUFECTHW T 1 b 2B IRHERIR Y, H 2 WITEW IR C

FEhi XD CADWT NN WIHIZ & o TR CTH AN AT 2 E N TEX otz

BVIE MBS

AT, 7TAY — RO L~UL DT L - T PAPE 2 KL S8 5 DI 72 CA

DFRUHERFR A R DG a2 it T 2 2 L2 AL L, 24 D0FMET AV 7w b

R—/VEFIT 10 O R KRS RERMRES 21T\, £ 2 THRLNCRNEME VY &2

IRE TE - I /) 2 A B2 846 %& ST, TAL 84 % WIIZ/AHH L7z, £/, mRFER

PR JROEE) O iR I IR RIS & 2 B by 7 OFER ATV, Ml /)36 & O

77 & PAP DFEE D RRMEIZ OV T LG T o 72, SI & WIDOW TN FE I V7=

BRE 1, #UGHEREM o R 22 5 3 FEOEIN) CA (6-CA [6 ] , 12-CA [12 B[] | 18-CA

(I8 FD]) ZBIBIZT & L TITo 72, BIRY CA ORIRICIZEIGE F L2 OFF3E, B X

OV EE 180°/s D i (i R 1E @ 21T\ PAP & PAPE ORI L 2 BIZ2 LT-. AHF4E

THROLNTHERIZUTOEY TH 5.
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10 FO1 D e KA RVE R R E SN Z K > CTEB ¥ S 4u7= PAP OFLE X, SI & WI & DET

BEENRO LN (p=0.004,d=1.806) .

=1

i /1 (r=0.550, p=0.008) I KX OEXIAI /1 (r=0.570, p=0.006) & PAP DFEFEL &

DA B @ WAEBIBER 23780 vz,

TR AR 23 FEHR RO R 18-CA & V2 CA ST, SHIZFRMEME L2 % Pre &
4 55% (7.0% £ 4.5%, p=0.047,d = 0.494, 95% CI1 3.2-10.7) & 755% (8.2% + 4.3%,
p=0.016,d=0.568,95% C1 4.6-11.8) \THEREEZ R L722y, [A UWREHE T PAP 1381

BINRhoT.

KGR ST 23 FLBS O AT\ Y 6-CA 2 VN2 CA ST, STIZHLUHE R L7 % Pre & b

10 Bbt% (29.5% +9.3%, p=0.001, d=1.714,95% CI1 21.7-37.3) & 153t (18.5% = 6.8%,

p=0.003,d=1.101,95% CI 14.8-24.2) IZHAEIZEVMEZ R L7223, [A UREfEIH C PAPE

RSN,

WIEA TP CA S TPAP & PAPE Ol T A MR T 2D Z LN TE o7,
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LU EDFERDNS, STIZ 20 TR O Ll R\ IR C 320 715 CA 7% PAPE %
KL S 2 DITHREIZN, ZDOA A=A AL PAP DL L TWRWZ L3 RE N7z, —
7T, WHIRIGERE 23R, 8 2 W3V CA DWW 4L PAPE % e R S H 2 DIZ &
T D& A TIEEmTT 5 2 ENTERhole. AFROFERICES &, 158
HXT AV — hOFEFI L~V EEJE L7203 S PAPE % I KL S 5 72 8 DG % 37 C % 44
EhboHLEAD. BAERE, HhHL~v@EmnT AU — MIPAPE g RME S 5720
(Z EEEORRIURERR IS BV CA ZBIRT 2 ONEE LWEAH. —FHT, BHHL-Urofk
W7 A Y — M& PAPE ZR T 72O ORAIOEME L LT, REIBOEMBEL O AZ A L
—= VT ERERTDUNERD L0 L. REEOERELVAZ A N L—=
IXRREE CA TR DIt Z R D 2 & T, MR & LT PAPE OBEIE(LICEEN 5 ATRE
PR d 5. AWFROFEMMEEL D DT2DIT, SHBOIETIE, AWFZE THER SR D

FRMEB Z PR LGB Il BRI NN E O D ERGET DMENH D.

BEE

AFEDOEBRT A L OER, WXMERICESET, BYITEARTHYE - 5280
F LIERBIEAE RFEAR =Y B E R O — BEEBRICRE R 2B 2R LET.
ERICE £ 67, HNEEHEED ZB)E 70 & NTHERKICB T 5 THR2R &, #fix 723551 CIE
WIEBHEIC Ko T ZETHIET 22 LR E LI, F7e, WsUERRICEEL T, BEAR
BREHZENT ZRM A 5 N TS TEE £ L2 KIRIEE R FAR—Y B ER O H
WAz, MHEARICES BHOBEEZRLET. SHI1, AERIC WAV KIRIKE
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KT AV 7 hAR—VERDFA, ZF L THBRE ORI 05 EBROFRNTHT

T, < OFEZER LT IHATENZRIRETRFE ZBITIEE 3 FOMBA R S A2

ZO%EED TIREHHE L ET. &EZIC, #OTilREBn CTH#ZT 5 2 LI LT, &
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Table 1. Physical characteristics, MVC, twitch torque, and %PAP yvc
in the whole group and SI and W1 subgroups.

Whole (n=22) SI(n=38) WI (n=38)
Age (year) 19.7+1.2 19.9+ 1.6 19.9+ 1.0
Height (m) 171.5+6.1  1725%6.5 169.1 5.7
Weight (kg) 746+106  72.3+10.4 775+12.5
MVC (N-m) 2747 +68.2 337.6+41.6* 227.3+49.0
MVC/Weight (N-m-kg™) 3.7+0.9 4.7 £0.5* 3.0+05
pre-MVC (N-m) 44.6 +8.9 43.7 £6.0 48.0 +11.0
post-MVC (N+-m) 71.3+10.6 75.3+8.1 67.5+12.4
%PAPvc (%) 63.2+29.1 735+112*  43.0+211

Values are means = standard deviation. MVVC, maximum voluntary contraction;
pre-MVC, twitch torque before MVC; post-MVC, twitch torque after MVC; S,
stronger individuals; WI, weaker individuals. The statistical difference is set at
p <0.05: difference versus WI*.
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Figure 1. Post-activation potentiation (PAP) after conditioning activity (CA). Maximal or

submaximal voluntary contraction temporarily enhances the twitch torque. This phenomenon is

referred to as PAP.
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Figure 2. Phosphorylation of myosin regulatory light chain (P-MRLC) known as a major
mechanism of PAP. Calcium ions (Ca?") flowing into the intracellular from the extracellular and
sarcoplasmic reticulum form complex with calmodulin. Ca?"-calmodulin complex activate the
myosin light chain kinase (MLCK). MLCK then phosphorylates the myosin regulatory light chain
(MRLC), which is believed to the major mechanisms of PAP. Dephosphorylation of MRLC is

completed by myosin light chain phosphatase (MLCP).
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Figure 3. The structural changes in the actin-myosin complex associated with phosphorylation

of MRLC. MRLC is attached to the neck of myosin filament, and phosphorylation of MRLC by

MLCK activation brings the head of myosin filament close to the actin filament. Such a structural

change in the actin-myosin complex increases the probability of cross-bridge cycling to a given

amount of Ca2" released.
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Figure 4. The effect of PAP on the isometric force-frequency relationship. Since frequency
determines the amount of Ca?" released and therefore its concentration ([Ca?']), low and high
frequencies correspond to low and high [Ca?*]. Therefore, by increasing sensitivity to Ca*, PAP
increases twitch and low-frequency force. On the other hand, in the region of high-frequency where
[Ca?"] is saturated, most actin and myosin already form cross-bridge, and therefore, increasing

sensitivity to Ca?" (i.e., PAP) has no effect on the maximal strength.
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Figure 5. Time-course of PAP after CA with different contraction duration (revised based on
reference 21). Peak PAP is achieved immediately after the 10 second MVC, but then decreases in an
exponential fashion. In contrast, twitch peak torque is depressed immediately after the 60 second

MVC due to fatigue but become potentiated after 1.5 minutes.
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Figure 6. Mechanism of H-wave and M-wave generation (revised based on reference 47).

Electrical stimulation of a nerve evokes two electrical responses at the muscle. The first response

(M-wave) is the result of an action potential travelling directly down the a-motor neurons. The

second response (H-wave) is the result of an action potential travelling along the Ia afferent neural

fibres to the spinal cord, where it is transmitted to adjacent a-motor neurons, and down to the

muscle.

50



Peak PAP

.~
.
.~
v

.
’

Performance

.
.

.

.

.
g
- o wm w wm  —-—-

.

0 = -
.~
- A - - -
<
.
g

>
)

.
)
v
4
K
x
X
.
.
:
K
g
4
,'\
s
:
:
£
7 [ I S

I
1
!
7
/7
7
\
\
\
\
\
\
\
\

7

\

7’
\

Potentiation (post/pre)

- o - -

2 . |

. ;- 1 _Peak fatigue

‘Window / :

1 LA 4— Window 2 —,

O 1 ! 1 I
Condition volume Recovery time

Figure 7. A model of the hypothetical relationship between PAP and fatigue after CA (adapted

from reference 47). When the volume of the CA is low, PAP become more dominant than fatigue,

and a potentiation of voluntary performance can be realized immediately after CA (window 1). As

the volume of the CA increases, fatigue become dominant, negatively affect the subsequent

voluntary performance. Following the CA, fatigue dissipates at a faster rate than PAP, and a

potentiation of subsequent voluntary performance can be realized at some point during the recovery

period (window 2).
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Figure 8. Experiment overview. Task-specific warm-up procedure (4). Experimental procedure for

the 6-CA, 12-CA, and 18-CA protocols (B). The details of the test protocol after each conditioning

activity (C).
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Figure 9. Correlation between % PAPmvc and absolute (4) and relative (B) muscle strength.

Filled squares represent the weaker individual group, and open squares represent the stronger

individual group.
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Figure 10. Maximal voluntary knee extension torques produced during the last three knee

extensions at the task-specific warm-up session (warm-up 1, warm-up 2, and warm-up 3) and

the knee extension during the pretest for stronger individuals (4), and weaker individuals (B).

CA, conditioning activity.
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Figure 11. Time-course changes in %PAP after each CA for stronger individuals (4) and
weaker individuals (B). Values are means =+ standard deviation. The statistical difference is set at p

< 0.05: difference from Prepefore in 6-CA *, 12-CAT, and 18-CAS. CA, conditioning activity.
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Figure 12. Time-course changes in %PAPE after each CA for stronger individuals (4) and
weaker individuals (B). Values are means =+ standard deviation. The statistical difference is set at p

< 0.05: difference from Pre in 18-CAS. CA, conditioning activity.
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