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Effects of long-distance running training
on grass and versus asphalt on physiological and performance variables

Junichi SEINO®, Akira NAKAMURA®, Kazunori NOSAKA®, Natsue KOIKAWA?

Abstract

Long-distance running training is performed on various surfaces
such as track, grass, and asphalt. It is possible that the burden on
the body is different among the running surfaces. Therefore, this
study compared the effects of grass versus asphalt surface on physi-
ological and performance variables in long-distance running train-
ing.

Fourteen male student long-distance runners ran 20 km on grass
and asphalt (0 to 15 km at sub-maximal pace and 15 to 20 km at
maximum pace) on a different day. The time, heart rate, subjective
exercise intensity and running motion were recorded during the 20-
km run, and blood lactate concentration and other blood parame-
ters, concentric knee extension-flexion muscle strength, and muscle
pain were measured before and after the run. The results showed
that haptoglobin decreased (P<0.05) after one hour and 24 hours of
20 km running on both grass and asphalt similarly. The 20 km run
times were significantly faster on asphalt than grass fields. Howev-
er, the mean and maximum heart rates from 0 km to 15 km in a
submaximal pace were significantly higher for grass field (174.50 +
7.12 beats/min, 182.93 + 6.33 beats/min) than for asphalt field
(168.60 £ 7.99 beats/min, 177.93 + 8.95 beats/min). At 15 to 20 km
at maximum pace, the stride and pitch on grass fields were signifi-
cantly lower than those on asphalt fields, and ground contact time
and dwell time were significantly longer. Concentric knee exten-
sion-flexion muscle strength was significantly lower on the asphalt
field after the 20-km run, but blood lactate concentration, subjec-
tive exercise intensity, and muscle soreness did not differ due to the
running surface.

These findings suggest that long-distance running on a grass field
reduces lower limb muscle weakness, increases the cardiorespirato-
ry load at a submaximal pace, and influences maximum pace run-
ning.
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1. #

EHBEEO N L —Z 2T NIy, ZBXUT R
77V NEOI EFIERETHICBNTITHON TV 5.
RICFE ClHEE = E->7-E L TH, EfFHOY AT TIC
THERIIHN DA D EEZEZ 5N S.

HENC XD AMIE, MENELZSIEEZ T ENR
H XN T D (Davidson et al., 1987 ; Lijen et al., 1987 ;
Miller et al.,1988) 73, F D IMENIAIMIZHEZ KIFL
TWaHDIL, HANTEHRINSEAE GBA, 1982 ; 7
DY, 1986), Mg sHEINc UV L F > (AR,
1968) 72 & DALERIEIA &, JRIMERD B 5 EE & DFEE
BoOEA Broun,1922 ; Broun,1923), M IZEH L /=
FICER, FRICRIRICHD S E S (Miller et al,, 1988 :
HRIED, 199D, B L O INHME 12 & 2 7R ifn Bk O £ #E
(George et al.,1986) 72 E DY ERNEZEZ 5N D &
WEINTWD EFEHFIED, 1997).

T JIE > TAL A IMENEMICBE L T, &=
BERANZZLAERANDHBNERBICEZZ2HDEIN
(Miller et al., 1988 ; Telford et al.,2003), L —=> 7/ &
DM (Deitrick, 1991) %, SNV —)ILD T 21—
A& LTV —)L D 2 2 — X CLRIME N L 2358
FITHET D (Dressendorfer et al.,1992) & Wb T
%. Janakiraman et al. (2011 132 &7 A7 7))L hich
5K 750 km R—ZATO 1RO S > =2 7% 00
WY TIVING, ZTOT 2 TDEIDT AT 7L
FEDBHLEL DMENEMDOARENENH D Z &2 WM& L
TWwb. —HT, Peeling etal. (2009) IZ&E7 A7y
IV ST O IMENEBEIMDENE, #4459 20 B /km RX—
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A C 10km £ > 725 EN RN > 724, 2T lkm
%37 3BBTIOEFEOIRT A & —/NLERTIE, X
D% < OMENRIIMMNAEL S Z E&RL, EFHOYA
TEOHERENMENAIMICEEE 525 EHEL T
W5,

Pinnington and Dawson (2001a,b) 13#iEd 5 > = >
T MIZITHRK 40% &ho iz EMEL, 702
27 A S OENE AT O SR A A ORI
BrHEZTWL0REEHHEIL TS, F/z Tessutti et
al. (2010) &, Z2&E7 A7 7V NTRIEIZhNDIENZ
gL, ZICHRTTY AT 7V TOT 227 T3
Ml D K O HEA AR 2 BT 14% /NS <720,
PR RIRD 5 DO LY 7 T2~ U%hoiz &
WAEL TS, X517, Tessuttietal. (2012) 13 47 A
DLIL—2alIioF—DZET AT 7IVEDRILSD
ETRITOD T > =2 THORIRITHD 5 5040 % HIE
L, ZTRE7A7 7))V L0 B REEENFIEITT7 ~
14%, #REMTIO~19% NI EZ2RLE. INH5D
ZEMS, ZTOIT 2 TIEBEBHNDA ML X %%
WCTE570, REMEDN —Z27ITHEL TW5 L
Bbhs.

FEATH O 31T & o THEHBER, B0 BB DK
BRAE, BIOAHRENRLRS LS, MOMETDH
RENTW3B (Dixon et al., 2000 ; Hardin et al., 2004) .
Frerris etal. (1999) 136 AL /U TL—2 325 F—
DT THOHD AT ¢ 7% AE, ZHMWT)N—
&L THWT N—ET29% K<, BB
LEMIIENTIN—ETOIT > TNEDRENT &
EHELTCNWS. £z, T2 7IBI2HIANDY
A—=IZDWWT Chevrolet et al. (1993) 1%, 7L< TV
CEN=TRTYTOL—RARITFEOH N7 =2
KFI2ZEE2MEL TWS. 3512 Chen et al. (2009)
1Z, HENSEFHZERL THWL2BEMHEICFODO ML Y R
INTI DT EI/EERIIBNT, ZHET 1Y
AUy TR IMET L, CKAEMUKT/ZZ
LEWREL, HHoEMBOKRIL CK BB I
TR R DD H & LT 5.

LILns, ZE7 A7 7))V NORRLETEHICH
A FEICETAMEO BMIT B L THE 5T (Dixon
et al., 2000 ; Tessutti et al., 2012), T > =27 & DR
T LKL BMNREEDOY A7 ITDNTIEE 572
LHENNEL (Peeling et al., 2009) & XN TN5.

BHELNVDOEWT = HEN S S £ EnERK
ThL—Z 727> THO, HEDH D WIEH HEERSE
E—oL ) T—arI =3z sin
FELW., ZRICHEMNDSET, INETOERDEN
WWEBLEEL DT >V TP TIE, EBEOT >+ —
DhL—Z2VREXDB/IBESNTNS. TO
W, BELNVOENT >F =0, HEMKRNL —Z>

TaRBDLERETRIEL & E, FEHENERCT >
ZOINT =R AL EDELDIENRD HNTHS
NZEINTWRWN, INHEHSNMNTTSZ &L, iR
HES > —DOREO TR ML —Z 2 7 DN RITEREN
HBHEEDLNS, HEMBLWNL—Z 2T %% mL
TWb5 2 —ThoTH, ZETYAT7IVRTDT >
Z U TSN ARNRIRD, N7 +—< 2 AT
BYDLHEHEC .

FTIZTAMEDOHMIL, X< ML= EBAER
TRAERRRES > —augic, 2ET7 A7 7V MO
FETHCTERMEN L —= 272 L0, AMENE
BBLUONT =< P RACHGADEEIOVWTIE, &
WNTBHZETHoT-.

2. i &

2.1 #ERE

WeEREL, H6H, 1A2EOMETNL—Z2T%
EfpL, P EHE 150km LA LD T > = 7 % Efi
LTWBBFRARKMNS > F— 144 THo /- HBR
F D 5000m ONA NRLEklT 14 5 157 87 70 5 15 47 39
B THY, ZDVNI 145746 B 77 £ 247 02 ThH o
7o EEERIT 204 £ 0.8 5%, I H KIX 1705 £ 5.9cm,
SEJIRELL 56.8 + 5.5kg ThH o7z, WERFIZIZH 5N U
OAEBROBR, FHiEsS RTEREZ S L S0 [
BEBR. 1B, RFRIINEREKZEZR— Y fEFERZE
RS M TR ORRESTERL 2 (ERBEA
95 24-139 5).

22 RETFHA

ETCOWHBFL, AzdCZ2oEfTm CIF, 2)
ETY AT 7)) boETH CAF, YAT77IV ) OWA
T 20km ZEZFENL /=, #BHE & 5000m ED N ~F
ALDFEFICBREZED THTOO2 T )—T25mVF, &
FEET A7) NTH—HKIZI > 7 3d, 1
M IFCETHZLAS 7 OAF —N—FBREL .
20km FE O I —X1F, WETHICENHRWE D FEHR
JEE (1% 666m) & L7z. Peeling et al. (2009) 1%, &
THEZELRBELETRICBW TS >N T+ —< &
IR S WERKEEFETED 75% )0 5 80% i E
KL TWheZEnS, AFRITBNTHAY— NS
15km £ TZ#HEERE D 5000m DNA KT A Ln5 80%
MM OEEETH S 35 40 B /km THE CUF, &K
FAR—=2Z) L7z, 15km 7 5 20km £ TIIHERA O 21 (LA
T, &#HR—=2) &L, AR—VHETEHEINTNS
ML —Z  TREICRDEDOREL .

PEREITIE, 2MOERICBWTENETNLNHENS
BEENZ 2 —X2FHAIEE2D, $HREMD
Pa—XEH Loz vB, tREDS 2 —X%
EEN—FR T —IPEHRINTORNWEEDEK
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Pre Post Post
24h okm 3'40" /km 15km 20km 1h 24h
Sub-maximal pace Maximum pace
Running | | |
[ I |
Blood sample X X X
Heart rate X X X X
Blood Lactate X XXXXX
Running motion X X XXX
MVC X X X
DOMS X X X

Figure 1. Measurements protocol
MVC: maximal voluntary contraction
DOMS: delayed onset muscle soreness

Pa—XThol= ZOZAF—N—RBOR=D, [F—#
BERFRLCS 2 —XZ2FHALTHD, T—FHE EORM
37 mo 7z,

WEEB M, 20km EDY A LA, OHE, fhF
Feiers, EENME IR EEMHORAG N (E—
7 BV r ) BROEERER®RE & AR ICET 23T
THo7 (Fig D).

23 BMEAHE

(1) 1M s Hr

20km zE D 24 RefETRT (BAR, HRifE), 1WF#EE, 24
Rrffigic i z2p 2ao . BIEEBE, mENE
MOEEELTNT NraEy, mEg~x—h—&L T
L7 FoFF—F CK), EHHEEAMY—H—ELT
ANEZOEY, AYRZUw R, 8 JxUFELE
MR Hiid SRL MRSt ERFA Lz B, SHREHE
HOREAEMEIZ CK50 ~250U/L, N7 hZ7DOE>19~
170mg/dL, NEZ/ OE > 135~ 17.6g/dL, "X k7 U v
k 39.8 ~ 51.8%, &k 45~ 200ug/dL, 7 = U F > 13~
27Tng/mL TH > /.

) 20km EHF DT> = TINT =< 2 ADHEE

20km FEHF O LHEIZN— N L — FEZH — (RS400,
POLAR) ZH\\WT, 5 MR TRiEL 2. kI Nl
HELE, AR FR—Z® 0km 7n 5 15km B I UL HR—
Z D 15km 75 20km D 2 DIT/HHEL, SEESOHEE
SRR U 7.

i Hp L P U RV fE B i+ RL R M E & (Lactate Pro,
ARKRAY) Z H W T 20km EE /] (LA, FHRifE) &,
20km E 2 53, 543, 1047, 1543, 20 7 ZHIEL 7.

ATTHICB T 2 EER KT 572012, N5\
A AE— R H A5 (EXILIM EX-F1,CASIO) % W\ T/
300 O~ THgsw L7z, Sl i ER LI Sm g T~ —
N—%HEL, TORBOEMEOEZIToZ. £D
g% % &12, Quick Time Pro (Apple #E84) Z i L

TIL—LEENT > NTHIEICLD, v—H—MIiC
LR ZEH L EvFI3 1 HERHOWRTH S
ZENS, 1ARICET DM ZRRICEN TS 2 &ITX
D, EvFaRHELE ANIA RIEHEZE Y FT
P9 EITR DR, JRERAHI & 32 U /=R & $2
Ky, i SN S 2 R & U, BEiRey S B
Rz & U7, By S I 2 £ Tl
ZEE L7z, 2 LT, 2NFIUTE L = IRR & 2 HiIRERE,
fr e S EER L 2.

TR DA % TS B T 6O V2 S M A 1 I
(Biodex system3, BiodexMedical,USA) % FHWNT, AR
HEEMHORKE N (E=2Z MVY ) ZHIELEZ. &
BN TEANE (LK, OREED) OEBENZ
Mmolel &, F£7z 20km EHOHERE OB L UEAHE
ZEE LT, BEHOADHEE L. YAV AR Y
7 (ERE) Mvrizsdartr U vz (Rivth)
MV Z %, 20km & D 24 KeffG (LAF, FRifE), 1K
M, BLP 24 FFEZO 3 EEIELZ. T4V AR v
R, RGBS OMAEZEZ 0 ESL, ARED
g, JEEBITSBEENTH b HEZ1
SEOREZIZISATE 2mFEEL, L&D LWk %
BRAMVIBEBELTEALEZ a2t MU v IR,
JEHR T D AR OB L UAHEESEL T
180 /BOADHEEEL, AREO-HOFEEEZS
NT3EBIAW, REFOERD IVl zREK LY #E
ELTHEALE.

20km 7E 12 K % EBIYE B R & 5 AR O E 12,
BUER B 2 WISHEANAY 2 EMHFRITHEEL Thianhy
1) — R 2%EEAH L <29 Wy Category-Ratio scale (CR-10) 7
W7z (Borg, 1982). #B&3&13 20km AEE LI 0 (] gk
L) 5 10 (EWICEDN) T nzh—R
ZHWT, mBYTUIE2BDICHIZ DT, £/-HAE
DT > — NHMZE T, BRI KRR, KBE%
HBLCTFEREEICB T 2R EAET OREZ 0
(2<ABW) NS4 (IERIZH D) ETO5 M TS &7,



2.4 HEtaLEE

Mg, EBE, MHFLERRREE, R AR R AR

DA B K TR R & 6 O
2 ETTIH ERFRIC K 2 2 DRI,

FEICBY
T E D Hy

WB XL E M E (Bonferroni ) 2 W 7~. 20km
ERDYA L, DB I OEEAGETRED 2 DD4

PR D BT e D B B t-test & W=,

s DfEkR

RlI5%EL, TXTOfEIL Mean = SD T/RLU =

3. B =R
3.1 Mk

ZTRIXUET AT 7))V MBI DERMED CK IZEITE
Molz. £ CKIE, HFnifE & bz LT 20km &£ 1 K
#BIZZ (p<0.001) E7ZX 77 (p<0.01) &EHITH
BICEFLED EfTmHICES2E2ZASNEN- K

(Tablel).

NT KT OE I3EAiEE LT, 2T 20km & 1
Kiftg (P<0.00D) & 24 FEfEIfE (p<0.05) ITHEITK
TLz 7RAT7 7))L MZBWTHEREIC, 1% E 24
B ICAE (p<0.001) I RUD, EfFmEoEn

XD ERASNIBN DT

P, NEZOE, AYKIUw N, FeBXUO7 T
U F ATERTEIT LN 20km FERICHBERLEHNA SN
727, WEfTH EBICFEKEOHERZRL, EfTHICEKD

BWIASNLMN> 7 (Tablel).

3.2 20km EFTHRDS = INT+—< VR

SR HOKH SIRERER, 1REIRZ 19.1°7C, 43%,
Y A7 7 ) b200°C, 46% TH VO, 2HHIF, Z
18.3°C, 60%, 7 X7 7)L bk 23.0C, 40%TH-> 7z

BARKFRX—=ZD 15km T TOY 1 L, ZH564) 01
W+ 428, 7AT77I 05445348+ 01 W THE
(p<0.00D) IZ7 A7 7))V hI3#Nh> . BIR—ZXD
15km M5 20km ECOF A LD, ZN1873 38 £ 1
SR, TAT7IVENR17508+15 028 THD
BE (p<0.001) 72ENH LN

SEEOHENT, BARTFAR—Z® 0km ~ 15km 2B W
TZM174.50 £ 71241/ 53, 7 X 7 7 ) hH3168.60 = 7.99
W/ 7THo, ZOENHEE (p<0.00) ZEM> 7.
4} R—Z D 15km ~ 20km T2 (181.71 = 9.91 41/ %))
E7 AT 7))L (183.79 £ 10.64 H1/ 7)) ITEIEA SN
sino 7z meE NS, BRFAR—Z® 0km ~ 15km
IZBNWTEN18293 + 633 /%, 7 AT 7 IV M
17793 £ 89541/ TH O ZDHMNAHEXE (p<0.001) i
oz, &S R—Z D 15km ~ 20km TIXZ (186.36
+10374A/40) &7 A7 7))l b (189.36 + 10.26 1/ %))
WCHERZEZIZASNRN >/ (Fig2).

P ALEE L L, 20km £ 2 A RBE < (£ 9.99
+ 5.37mmol/L, 7 A7 7 )Lk 8.92 + 3.11mmol/L), 54
#% (G£7.66 = 4.11lmmol/L, 7 2 7 7 )L s 7.91 + 3.81mmol/
L), 10 > (Z6.23 + 2.36mmol/L, 7 A 7 7 )L b & 6.26
+ 2.84mmol/L) ,15 53t (£ 5.15 + 3.11lmmol/L, 7 A 7 7
JV b 541 £ 2.37mmol/L), B L U205 (Z 451 +
1.59mmol/L, 7 X7 7))L bk 493 + 2.0lmmol/L) T&H D,
R & EBIIR T L. EfTHmITX B EEAS NN
7= (Fig3).

20kmEF OEEE, A NI R, BEHIFFR B X O
22, BR R X — A D Okm ~ 15km DA 1CH
WTZET AT 7V NMZERASNRN > LHiL,
Ey FIXL2km#i T TT7 27 7 )V MCHRZNEE

Table 1. Hematological states
Pre 1h-Post 24h-Post
CK Grass 276.1123.0 382.1+169.7 624.61468.1 *#x
(U/mL) Asphalt 270.4*+111.4 392.9£212.2 578.61455.5 %+
Haptoglobin Grass 37.61+29.1 23.4+27.4 *** 331+£26.2 *
(mg/dL)  Asphalt 38.3+26.4 19.1420.1 *** 27.6418.0 ##*
Hemoglobin Grass 15.1+1.0 1556+0.8 **  15.0£0.7
(g/dL)  Asphalt 15.240.7 15.6+0.8 **  15.0+0.8
Het Grass 46.5+2.9 46.9*=2.1 45.6+19 *
(%)  Asphalt 46.6+2.0 47.4+2.5 45.7+2.3 *
Fe Grass 176.0£63.3 164.1+41.8 131.9£56.6 **
(ng/dL)  Asphalt  162.638.2 170.2+32.4 115.6136.0 *x+*
Ferritin Grass 41.2+14.9 54.21+19.7 *** 453+17.6 *
(ng/mL)  Asphalt  40.4%+13.9 51.1+17.2 *** 41.1+16.2

* P<0.05, **:P<0.01, ***P<0.001 vs. pre24h .
NS: no significant for Grass vs. Asphalt.



(a) Average Heart rat (beats/min)

(b) Max Heart rate (beats/min)

Blood Lactate (mmol)

200.00
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(a)
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* %k %k

0 Grass
’ B Asphalt | 181.71
174.50
Okm~ 15km 15km~ 20km
* % %

182.93

O Grass

W Asphalt
186.36

Figure 2. Heart rate date of (a) average , and (b) max .
**k P<0.001 for grass vs. asphalt .

16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00

1

1

—4—Grass
-m=-Asphalt

NS

Rest

2min - 5min 10min 15min 20min

Time (min)

Figure 3. Blood Lactate data
NS: no significant for Grass vs. Asphalt.



(p<0.0) & TF U7z EFHEE 27X —ZD 15km
~ 20km {125 W\ T, 16km (p<0.001) & 19.3km (p<0.05)
WRTTY A7 7)) MTHRENERITEN> 2. £z,
ABNTA RIZ16km i TY A7 7 )b MTHRZEDNE E
(p<0.00D) IZEM L, v FH213 19.3km #iS THE (p
<0.05) IZfXfEZ /R U7z, BEEERGIE, 16km (p<0.001),
18km (p<0.01), 19.3km (p<0.05) HEICBNVWTT AT 7
JWHNICHRZENEERICEE L, #HZERHE® 16km
(p<0.001), 18km (p<0.05) HIFIZPBWTZITHEITE
fiL7= (Figd).

TAYVARN) TR EG N EBHGIRL OOt
> MU IEHRER S &R OFRiEL, BT
KBERZRN ST F, TAVARN) Y TBHENT
13, FERIE & b U T 20km £ 1 RFEICZ (1679 £
253Nm) &7 27 7))Lk (1629 + 20.7 Nm) &HITH
B (<0.05) I TFLAD, EfTHICIDEETALN
BT, TAYV AN w I BRI ERE & g L
THRB L OETHEIC K D2 EEREZA S NN -,
a2t bU w7 BRI SR E & i U C 20km
£ 17 27 7))V N (1072 £ 132 Nm) THE
(p<0.05) IZEFL/A a2t U v ZERHHS,
HEHIE & Ebik LT 20km £ 1RFRIBIC T A7 7L - (68.1
+ 11.6 Nm) THE (p<0.05) IZ{&F L /= (Figh).

20km AEE# O EEWETEE (CR10) 13251857
+1.28 7AT77)LbA1836+ 1.08 THVO, Wit fTi
EBIT [ EDN] 2o [HEFEICEDN] O
YL, E3eholk. AN EHESICETSY >
F—R3, ZETAT7ILNEDICHERMEE LT,
20km zE 1 FFfE 1% & 24 ReRIC B O CRARATHL, KhR
B X ORI A EREMER LD, Wb
EFHIC K D ET > 72 (Table2).

4, Z B
4.1 MR

T 22 IR I B S 2 BRI N B ) & i
ENEIMOBITIZEEENH 2 EFEZASNTHRD, M
MR DOIFEE INDNT N7 O 3, BEHOMERIC
Ko T T TS Miller et al., 1988; Telford et al., 2003).
ZUTC, FEERE AR T IUT R O i 5 A
0, X0ZOMEWNEINEL 2 HEENRB I N T
W5, E7, O'toole et al., (1988) 13 2 DD ¥z 2 iRk
DbI47 A8 > TMENEMICET 2t Efroz &
5, NThr7oEroOREADRIENERD L — X TR
20% 7205 7= DI LEWIEHED L — A Tid32% TH D,
MAENEMIZ L — 2 DB E I ICEET 5 & LT
W5, AREFFEIEHZ D b L —= 2 Z IV EBRE &
HEECRBREB IR0, ZET AT 7L EBITN
TRTOECRERIETLE Zolensd, El
BEE N L —Z 2703, EfTmEICBERR < HEMIZInE N

6.00 1 ——Grass

-m-Asphalt

5.50 -

5.00 -

(a) Speed (m/s)

4.50 A

4.00

—+—Grass

-m-Asphalt
1.70 A

1.50 A

(b) Stride Length (m)

1.30

3.40 -

—+—Grass

-m-Asphalt

3.20 -

(c) Stride Frequency (HZ)

3.00 -

2.80

—+—Grass
0.24 - -m-Asphalt

0.22 -

(d) Comtact time (sec)

0.16
0.16 —+—Grass

-m-Asphalt

0.14 -

(e) Flight time (s)

0.12 A

0.1

4 8 12 16 18 193
Distance (km)

Figure 4. Running motion data (a) Speed ,
(b) Stride Length , (c) Stride Frequency ,
(d) Contact time , (e) Flight time.
*P<0.05 , **:P<0.01 , ****P<0.001 for Grass
vs. Asphalt.

WIMNFEAET B T EARBINL. £, BN —)LD
Ta—ARBERSMhNY =)D -k, T
THONT 7 DOE > OBENEEETH D EHmESNT
5% (Dressendorfer et al.,1992 ; Falsetti et al.,1983). A&
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Figure 5. Perk torque of (a)lsometric knee extension,
(b)lsometric knee flexion, (c)Concentric
knee extension, (d)Concentric knee flexion.
*P<0.05 , for Grass vs. Asphalt.
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INTHBD FHEZED, 2023 FEUIED, 2022), ke
THRNT B HENHDZAD.

42 SUZUINTF—I VR

ZET AT 7))V N ORI D ETHICHB N T 20km &%
i Ui, RN FR—2AELNR—2EBITELXD
BT AT 7IVEDOENK O ERENEN S 2. iR
TR—=ZA® 15km £ TRIR—ZAZHEL TWIZTHED
57, FERIGESREIZRSE Th NN T+—< A
WWHEBRENHSN, ZIXT7 A7 7))V ML
HEmBDABDERICEN . INSDZ EN5,
ZTOEREEN —Z2 737 A7 7))L MZH~REH
MBI EEEDDLENH D, ZIUTX 0 OiHEEE~D
BWNXOELRD I ENRI N

2 NFEE LU 15km ~ 20km IZBNWTH, ZTIHEHRE
EIERIGESARD, A hI1 RIZERICESLS, EvF
BEEICHEAD U2, £/, Z TR &2 R
BEICEMN> . #E (2004) 13, BEREZIC—EX—
A TO4000m EZ2RARBHTB I by, EHICK?
AEWECTICERT 251 F A =7 AWER 28] 5 7
IZLTW5. ZO/E, EHRFITFK=FEHDO AT 1
TR AL, B O ) & BREAET )L 7 TR
TERLRDZEITLD, EEEOERENEL TNV
EEWMELTWDS, £, L—A% 0T R CH
EERMEFFT 55 A TIIREEHE - B RV 7 2 KEL
THZEHEEZERBLTND., AIIFETIE, —KRHY
IZHETE R IOV NS W ETORIEREEICHB N T, 15km £
TORKFR—=AT, T TITETNEREL TWI En
5, TIM5DRNER—ZA T =ZMHOZ T+ 7%
AMT AT 7 hE D R0z EHRIND. ZHIC
KD, 15km ~ 20km DZETDA S RBLXURE v F
WAL, YAT77IV KD BEEREN ENS BN
—HEHTHDEBEZLN5.

Daniel (2004) 13, O\EGES®REZT> hOo—)l
TEODIRETH D, LD LR TIUE, BEREBI
EBICMPARBES AL TLEAT 2D, Ins
ZHEWIEEREDD 2> TWb &R TWS, 20
2%, AR—Y B CHEBICHIE T & 2 A PH i
ELT, DMABITESRE 2 HEE 9 5 5 A THEERIEE
&E72%. Sassietal. 2011 128 AN X F a7 Y —
EFEENRIZ, BHNWEREZOERKTIDDODAE—ROD
NG =TI EEMLIZETH, AE—=RNE
MBICDONTEDHENT 7 IR, LHEBIN
MEERENEAL, SO/ Ta/I—MEFLT
FOREBIFINF=DMELERDIEEZWMEL TN
5. AR TIE, A SNTZREERS > F—TH-oTH,
LT AT 7 IV MIZHARERTX—=ZIZBI1T 5B X
CRANMASAEREICE 222 EME D, SRITZI
BIE5>Z2/7Ta I —DIKFR, ZFIUTHEDEYT



Table 2. Survey of muscle soreness and muscle fatigue

Pre 1h-Post 24h-Post

Knee Extensors Grass 1.3£0.8 2.41+0.9 wwx 2.110.7 w=

Asphalt 1.6£0.9 2.1£08 * 2.5£0.8 wwx
Knee Flexors Grass 1.4%+0.9 2.6+£0.7 wxx  23+0.7 =

Asphalt 1.6%+0.9 2.1£1.0 * 22111 =**
Plantar Flexors Grass 1.1+1.0 2.3E£1.1 #%x 1.8+12 *

Asphalt 1.4+£1.1 24+13 *** 19+13 *
Scale: 0 (Nothing at all) ~ 4 (Extremely strong)

*:P<0.05,

DEBIZDVWTIIR T 20 END 5.

Sherman et al. (1984) & HEE» S Fli % 210 7= B 1%
T2 =0TV L —XHIRIZ, HHEENT —OHIE
2EmLZEZA, HERBE—T MILVIZELWE T Z
FLEk L, ZTORTE7 HRElZ> THEIE LN >z &
HL T3S, X512 Chenetal (2009 135> =2 7%
O N OEMBOK T, CK OB X OFEE B
HENH D ELTND.

UL s ARFEICBNWT, CKIZENME & ik L
T 20km £ 24 IFBIBICZEET A 77 IV D EB LB E
BIs ERZRLUED, ETHICXSETEO SN
Tz E7z, YAV AN T EHERE T 771E 20km &
1R ETHE & BITE T 9 BRI D > 72 25ETT
HOENWIZEDHEERZETR L, 20km £ 24 FEREIC

FEXR—ZTA ETHEEL TV LirLaztr
NU oy TR EEEM T 27 7 )V MZB N T 20km
EIRMBICEECENLEZZENS, TAT7IVLET
BN R—ZATHICEER NN, —RERIZIE NS
S5ONZOTIERWNEEZEZ NS, RIFFRICBIT %%
BRIERE, EBREZRBRSTEOERD 2 » ARiNS
pEEICEMMICHERE 2R RL TR0, Hohk
FT—HETHICEETELZHDTHD. TDRED, Z&
TAT 7V NORRBRLETHTOT 22T TR, T A
7 7 )V h TR K T 3B sz ny, BifEIcix
ZlZlnwEEZONEZ. TOERNEL T, AUFERIISM
L#Bd I HEN S MBEO ML —Z > V&2 EHmL T
WHLHBRDERBES > F —Tho I EMNEZLNS.
:hif@%ﬁﬁ%@%%%u,—%@VﬁUI~>a
DI, BREOHNETH, HEMNTERED
5‘/‘/71‘5‘%&#7‘;#9 7o RWFROHERFIIHEN S
ERT ATy IVNDOEFTH TR L -2 T EEATH
0, EFRMOIREEETES Z LI TWED, b
L= L XR)VO 20km 7E TIRENRA S NN =&
EZzoNb. Lhl, x5V 252 F—Ilkhd&1EO
=22 7 TOMEGAETTIEREAY 30km $° 40km 12725

/

**:P<0.01, ***P<0.001 vs. pre24h .
NS: no signficant for Grass vs. Asphalt.

Z EBH D7 < 72wy, Peeling et al. (2009) 13, EFEEER
HHEEZBMLA RN L —Z 2 7 OBDERELICK > TRZ 2R
R Y A 712DWT, SEBEICRHET 20ENH S &
LTHO, AELDS T =27 OFFEEENEML 720
AEHEN LN 20 Lz8gE, EfTHICK2ENDND S
HN D A[REMIIE € TE /W, Milner et al. (2006) &
Pohl et al. (2009) IAE &I 57 B 1 & J& JE R 2 D & &
R OERICEARMEZ R L, T OREEDHE I N
ETHNEET S (Derrik et al.,2002) EFEL TV,
FBRIZ, Wang et al. (2012) \FABR EFERIC, ZTO
T2 TRT AT 7V M U TR R AR W
EERLTWD, E£i, 7AT7 7))V TIIZICHTE
JRIZONDENNRE S BHERENZ ENS, TN
DEEY X7 DWMRIZDRBNZ7=D, N—Z Ui
ZHET 2 GEICIEZTOT oMl nweEIn
TW5 (Tessutti et al., 2010 ; Tessutti et al., 2012). AHF
T, 7 AT 7))V MCBWT—EIIC RIS oK T
MALNTZZENSD, NL—Z T OEEEDEINC
N, BHOBIIZISHANDOEELZN SN SERD
LGEENDY 2T ZBET D EETERNWESS.

43 ML —Z=V JRIGADRE
AFRICBNT, Z2ET A7 7))L N TOERERE b
—Z 2P, MRSHRNICEGADHEEIRCTHo -

M, ZRT AT 7 IV MTHAGEFREN ENDIZ<L, IO

IHERENDAEMNE <2 D T ENHLN RS-, il

BEERL—Z2 703, BEOEVWIL > T—EHEDS

DU MERIRIIF R, TRDBI VT

a2 —IZEENN S0, ERORIICE > TlEFEZ

DAE—ROBVBETH2 EIZR ST, HIAITEROES

ITR—=ZADNEL 2o THEMPENREEZHZT I &N

T&% (Daniels, 2004). D% 0D, ZIE7A 77L&

0B DIR W ETIERECOMEREICH T2 ML —2 2> 7%)

EhEoh, ML—Z2 7EORES N —= 2 J M

DEMIIRIDEZEZOND. £z, H& ORI



ENEIMS M IO T 2587 5L, ZTORER
ENL—Z2 713, BENOT A=V EIZ, BECR
EBRXOEEBERIM & Wo 7z b L —Z 2 7 Okl 2 151
LHERNZBE L, SROCEVESRE TN -2 T
7D TEMTELNEEENHSD. LeN>T, FL—
Z2TBBIIBWCERE ORI, RIERES > -
IODXNEREEND D -DICEERBERZTH D I EDUR
X,

5113, ANLESWERKZ EDkES, EEKY 12—X
EETH OEWIT K B EMER R IT DN THIRETY
LENHBHIZAS.

5. ¥

HEMNSBA SN RE#S > F—13, Z&T7AT77
JVRTEHBEE N L —= 272 LK, miEfrmE Hic
HREBIMENELNA SN, ETHOENVITEDETH
SNz, Fie, TAT7 7))V T NEBHITOKT
MAEN, ZTIRERKFRX—Z TLMMBEREND AT
F0, EHR—ADNNT =R AT HEEEZ5 &
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The influence of arm swing on kinematics during the initial acceleration phase in sprint running

Ryoji TOYOSHIMA?

EF

AR, EEREEE OFIHINGEIC B DR D O%E 2
MNT D7D, BHRO A 1T o EHRICRTTHESR
HeENCT2ZEZ2EMNE L UWEHDOLTREE (il
202 £ 1.1 5%, B E 158 + 0.06m, {KE 52.5 + 35kg) ZXf
S42, 10m O&HFEEE, BEHORMNE (Arm) BLOBERD
FEZHIR L 7254 (Non-arm) Tfrbt7. ZTOD 1%
HNS 4B ETOREEE, EvF, AT REODAT Y
TINTA=ZIZx LT, ZERGHT CREX S 2o
. #ERELUT, 10m &1 LEArm O FNAEITEL, &
EHEIZ1ISAENG4BBEFTOLETIIBNT, Arm D
MEBICEHME THo7=. EvFIiL 1HHOH Arm O S0
BREICKMETHo7Z. AT RIZ, 1, 3, 42HIZBWT
Arm A FICEETH o /. B FEEED I OVEEMEE 0 E.0
FEENL, RAMERIA SN S =R O X R NAE
T, Arm 7 Non-arm & 0 H B EEEE IS &, B0
BELAEIMEETH - = U LOENS, FIHILEICBT
DR 0 BRI, 1AM S EEREZED, BiiFcB N
Tld, BROFEE R S8 CE Mz E< 5L TR
FoA RERELSTHRENND D Z EARBI N/,

F-—U—F: RFUVME LB, KEEE, EvTF,
ARZAF

1. ¥&

EEEEENY, ML AR VIZBWTHEA L 22 EE
D1DTHD. FETLIHEZOSDEF SR LFHO
HIREEEE 20 TR L, By i—, BER N2 REA—)V
BE, 2L DEREAR—VIZBWTH, EIEEEERE N
W EIHEEARICED D EEERDES. 2D
EnG, EHIEEEREN Z2EO 2 EKZHSNIT H20
IR IR E M TN TE 2. 204 <1E, FROEE
PHREICETE2HDOTHS. — 5T, HEEIETSH
L= JHmEICBNTIE, BiRVEIECERI NS Z
EbHH 5. e LFHEIREERA O EEREE BT 2N O
i, 2013) Tlid, BEHROEEORA > FELT, UXA
EERYNCTHZED, WETIWEFEHZONSGES
AA=J TS ZEnBTFoN TS, DFED, Ah—

Y DOERKBITBNT, HEHEEEERE N LDk D B
R EHTEDZ HDTIRAENENZ S,

FAETBT DR SEOKRENL, NI TOME
12 & o THGE S #1 T & 7=. Hinrichs et al. (1987a) <
Hinrichs (1987b) 13, A T OHEEIZHBIT 2 Bk O BhiE
DOHEEE LT, BERELD LS OEERICERT S
&, THROMEGSEZEKR TSI LEZRL TS,
FEREEICHNTIE, BEOEELE BEZEE L THiRD
ERITTORWEEZRILIET 2 Z & T, Bk EIEDRK
BIPET I N TEZ. BRO EEEITORN > 255,
S (1982) I 50m AHEDA R T A RBMETFLAZZ &
EHEL TV D. dEAREFED (2009) BIFREKIC, Bk O B
EZ{TORD > 728 AE13 40 — 50m FHED A b 51 KR8
KT, BEEMEESL TXREHOMEAER L UAE
ENED LI E2®MEL TS, |l =K (2010) 13,
Bk O BIEZ T O RN > 5B 30m a0 E v FH
KOZRTA RNEBIKTFL, BEHPEEESREAD L2
EEMEL TS, 51z, 25 - B (201913, il
0 EEZAT D W EE D JFERR N 5, 40 — 50m
R BT 2R 0 BRI, SR ZESE AN inE S &
52 LT, MM TRWFZERHZ 850, A b
T4 RERELTHHRENHZ Z LR LTINS, DL
oz ENS, EEEEEE D 30m DI & W D PR ik
MEESZRIMIZHN TS, PR BEX N EEEEZ 2
BEE0 EHNONRHEITEMLZD TSI LITK
D, ATA REWMRITLERENDD LN, INET
DOWIFETHLNMIINTEZENZ S,

ZZETRLEED R, HENSESZRAICEITS
WrgELiAhic, BrE i UEZOME /T (AT, #IAmH
ET %) ITBIT MR D BIEITDWTHT L =B
H.XN 5. Slawinski et al. (2010) 13, Bl NV DR
BROEIERERFZ LR U RENS, VIUF TR

1) EHIBAEKY  Aichi Shukutoku University
T 480-1197 EHIREAF A2 TH9
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& — RS OFIHINEICB W TIE, B0 BES SKE
DEMANBEBI TS Z EICHBL TWa &R Th
%. Lockie et al. (2014) 1%, #JHAILE DR © BIfEICH
ARSI O R BN AEORES LR L TS 2 &
ZRLTWS, UL, 205 OFZEEME AR O tigd
FOMBBEBRO O TH D ZEn5, Bk BELEE
HEDLZ N1 RICKIFTTHEOREBERENGET 51T
EAR+4TdHD. — 57T, Brooks et al. (2022) 1%, %
NI B W THHR O BifE 2T/ WERE Sl OB
EIEEL TS, ZORREELT, [BEEFEEHEMONS
FEBRUOT—LAR—YEMOHRE L BIT, BlRO B
EZ2fTbEN> ZHA1E 10m O ETHRESY 1 ADE
HOBRELDBESB>RIEEZRLTWVWD., £,
Otsuka et al. (2016) 1%, EHEET—E>ZITL-> THE
ELTHEELESR, SROBWBDICE>T2m DX 7Y
ORI LDMEL B ZIEEREL TS, 250D
e s, EHEEEEICR W TR, BE i UESD S KR
DEHENREREZEHDDDICEE THDENZD.
MHEIIEZ 1S EICEEHENRES LT 2
(Nagahara et al., 2014b) Z &5, iR D SIEDLE S
1B EICBET D RESENH L. L LARNS, Z0
KOBIEERFEL 2T HE D A SN, G
HICBT 2RV EEOKEIZE 1 AL ITHRFTH L
KD, BIEHURFICEWEEINNRD SN DL 72X
A=Y OEBBEHICBWT, Bk EMEZTT S EFHEAH
BiZissaEEZEZONS. LEDZ ENSAWNZFETIE, &
FEEEE O WIHTINER I B B ik D BIfE D% EI 2 a2
72012, BROD 1352 & OEERRICKIF T HE L
5MITTSHIEEZANEL .

2. A &
2.1. MRE

KIT, 7 RFA 14 4 R 20.2 £ 1.1%, &5 1.58
+ 0.06m, {KEE 525 + 3.5kg) & L7z BSWHRENED
E<RBU-EMERZRELZEZA, VT MR-
M54, T ABRORE LRENEnNEN2 4, N2y
NAR—Ib, INL2, sHER KYk, &ESETNZTN1IHAT
HO, TN5OHHEET3EL L TH >z FEREFITHE
FEBICATE L TR REFT 11 4 THo2h%, b bgt
BEICHE L TWaHIZWRho 2. AIFEIL, Bl
TERFREEEREPETMER B S OKR (2023-8 5)
A O ATEMU . WRFIE, HIEOEM, FEhk
FhE, VA% 2EFHPIOOETEICHAL, 6
TEBRBMORE 25T,

2.2. REHERBLTHERE

F—HIEED =D DET, BIHNOERERAEK TE
fil7z. A% — bREOBEIROEBIEICDONTERLTNVS
SeFTIFZE (Slawinski et al., 2010) T, 10m FE®D 3 #%H

12

FTESHGREL TWEZ EEBEIC, AFROEER
AELT 10m 2 hEAES L, @EOREESNE CUF, “Arm”
E92) BLRUBWRD EEEZGIRL %M (BLF,
“Non-arm” &9 %) Z&%& 2l {THE . Non-arm i3,
Brooks et al. (2022) @ 4k & FARIC, Wil % KO §;
TRAESE TCFEHMOBEMEICES 2L &L, BET
BREEFITORN > (M1, A5 —FRET, WSk
HEBEEDREZRIBICHWEZAY > F 0 > TERBE
L, #ibiREEN 5 EFE (NT7502, NISHI fH#) o&
MTAY—h3®7= B, ZBEAEORNITE 972
VA —=I2T7 v I BRI OME 2 {Th 7. R,
Non-arm IZ D W T ARENRBEETH S7290, HKAENH
TORENTED ZLEMETHRETE T ol 21T
iz 4l ONEFIE, Arm & Non-arm 72338 BT 78
&1L, EBE5DOLRMGEEITITONIHEE LI
A VA O B % 5 32 | N = G s AN N B el S

RGP ZTOE, LRy - AROBETE S
Bife L7268 (NT7503, NISHI #:#1) 7% 10m M5
RE L. Ko, EROEMHGIINAZAE—RAAT (A
R=YA—=F > T HL INCHr >y RiERD) ##%iEL,
KHEDAY — NEBMS 5m AR THIRD KD I
5240 X THE L=

23. PIMREOESE

SN DEFRIIK 2 1R Uz, ARBFZE T, i
B U 72 S RICHEBIO BT 2 ETE 145 &
EEL, 4BHETESEMmME L. 272U, 14H
OB, A —RZEBENSHMORE AT, (%2
E95) DEEBhLEBEE L. DX, 2BEBEO
Bts EFEkIC, 1HOBBD [FEOHDEHL 72K
RIS BRI CHE—a b LD ICERLE. 3 51T,
1ENS 4SHETOFENZTNICBNT, FEntim
EHLTWD Rz R, miEE b &L Tz
W T A 2R & U e

24. BET -5 DREBLVEERDEE
BERREDR—ZKMD 2D S5, HEETFHHIL

7210 m DBES A LINEM - 7275 Dk Be 2 o rad B &

UZe. otk 4w U le e — & 2l fgtt/ 7 b

1 Non-arm D&
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B Bl = ‘ g b b Bt e
5 % e 7 ﬁigiﬂ;giﬁﬁi E%fi{t w |
ey T % i ~5 i S = i ?E
U & & = T N
e —t— osE L asE sl e

2 SHBEOESER

(Frame-DIAS V, DKH ##) ICHUDAA, 1 —445HZ
NEN QMK (1 2HIIB BRI X OEEHIIR I
B 5 SRR 23 A GEHIE HEA MWE b £
HOE, N, Fu, FL RisT B 2w, B ORBE
Bk, R 2TFYY 1AL, 2KITEDLT kick > T
JEREEZ S, OB, EREOmMEzHlRE L,
HEAT MM Z X, $hiE EAmEYEE L 51T, M
ILIED (1992) OSBRI Z Y, B RELE
EREMLZ.

Arm & Non-arm Tl EE DM ENRKRES x> TH
D, Non-arm Tl %D BN E AW TR IZ3E
TERWEERH 7. ZOFBIZXD, TV A XL
B DMK TR D AR E 2 5N 5. 22T,
EREROWEEESSOGRELDEML, EEoTY
YA XRRENFERICKITTHEERIET S L& L.
MEEFEIC DWW T, 2.6, LIS THRIR T 5.

25. 9HAIEE

PUTIRIHEBZSI L2 2B, 3) 25 8) DI
HiZ, BET—F0n5 1B EICEMB UK.
(1) 10m &1 L [s]

HEETEHILZ, A5 —bEAAS5 10m O £
TICHEL R Z 10m # 1 L & LTz,
@) BEY A L [s]

eSS
BEEL '

-

J Foesosmag 4

10m %1 L6, 25— MERICRT 2 KISICET
LI ER WY A LAEFHET 2720, 25— MERM
SHEENEERT 2 £ TORMZ 10m 1 L 5 Ui
BEEHEY 1 LELTHEHLZ.

(3) EvF [Hz]

1BMHZ0 OB ERTHETH D, 15O ERFH
DWFEEyFELTHHELZ.

4 ZbZ4 K [m]

1BRITBIT 2 HREL O X B AN OB B2 X -
FA4ARELTHERELZ.

(5) FERE [nys)

B EvFE 4 ALTIAREDEEFEREZ L L
THEHL .

(6) ZHFHFR B I OV 2erE R [s]

TR B X U E N F N O ER 2, SRR
B2 E L CEB L.

(7) fHhBREE, EEhPEEE W2eiEEE [m] (X3)

BediE (1B E IR R 1TB W T, BRELH,
5L L 72 R EITHEIN D X7 NV D X ERERR ) &
S L7z, DED, BRELKDBHICEAND
LHZADEEELIDICHEM L. 51T, BRI
BUF HEE U 722 % S BRELICEN D X7 RLD X
JERERR ) & BEHEERE, AN B W T ARE.LS XS
MRS U 7= PR 2 22 R & U 7z

By el

l_'_l
B PR
3

fEHhIERE. BEhIERE. HEEBOESR
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®) ELAME [deg]

By (12 HI3 EBERE) B X OEEHF 2B N T,
B U7z RS 5 BHRE OISO N7 ML X fiff &
R EELAE S U TR L Z.

(9) HIHHD#EME [%]

B3 M5 B) FTOHEHIZDWT, BHHREDSE
HZEIZ 12805 4 HETOMEZ L, Non-
arm OfEZFAEE LT Arm OfEA E DRREHEINL 727/
Z, UFORXIcko THEHL, #mREL .

(Arm D — Non-arm @{[E)

X 100[%]
Non- arm Df#

2.6. #EHiLIE

KRNI BT B O T V% A TRZEDBEWFERIC
BIIFTHEEZMT 57290, EADEFRZERWZ SR
HarOERELERANEZANTA ROEH L. HKE
DINSEHUEZA N TA RE, EREUADEGRELNS
BHLZARNSA RICDWTHANMHBEGREZEHL,
T —5 OIFFEMEZRGE L 72,

BOWEHIZDWTIE, Arm 3 & O Non-arm Z 4112
BT S 10m &1 L, BEY A L, BRUEEGHTIHE
HO12Z L0 LFEEREEZEH LA 10m ¥
ATLBIVEEY 1 LI, HEOHDtMEICELS T
Arm & Non-arm DZEDHFEEEZMFEL /=. TN 5L D
HERZDWTIE, ZERSEGT (GEXEE 217>
. REERAPERETHOZHEITE, BE B R RE
2TV, 1RO EOREZBIEL-. FD
&2, Cohen ORNEEHFH L. T OFIAME,
Cohen (1988) #Z&#1Z, 0.2 Kz M/, 02 LLE 05
Riiz /NS, 05800108 Kz [WHFEE] 0.8 LU
EZE [REW] &Lk REERANEETIIRN 5
B, RMHICE D ERRICE ST, KM OEZRIEL 72

I 51T, BWIRVDEEZITD ZEICKBHEEREDEL
IR U TRIEDS R WEH 2SN 5700, BHRAERE
DM EMOEE O & ORItk %, Pearson DFf
RAABARE 2 W THREE L 72, £ TOMEHILEIZ DN T,

BRI 5% A & L 7.

3. B =R

3. LTI 44 XBEDKREE
BERMITBNTHOMNRE L7562 (= 45X 14 44)
ZDOWT, BERELMPSERHLEANT A RE, REFEEL
HOEGRELNSHEH LA T4 ROBNMHEREZ
HHLUZ ZF0fE, Arm BX U Non-arm & 512, ICC
(1,1)=1.000 THo/=. DD, AhT71 ROEHIZH
WT, EiEEAWLZHAEEANVEVWEAOMIZIZIE 3
LTWe, LENST, EOTIH 1 TEENERIC
KT EEEIMOD TSI NWHDER A, EZEDHE

14

HLZEHWTHTEEZRE LT 25 2 S ITHENRNH D
Lot zitEdrz.

3.2. Arm & Non-arm D LEE

10m % 1 A%, Arm Y252 + 0.16 s, Non-arm 7 2.63
+017s THO, Arm O VA BICKMEZRLUZ. BfE
5 A LE, Arm 73 2.14 £ 0.12s, Non-arm 7% 2.23 + 0.13s
ThHO, Am OLFNAERICEMEE R L 2. FAEMOMHE
D7 (Arm — Non-arm) 25 5#% Z LICHEHT % &, 10m
& A Lld-0.11 £ 0.06s, E{ES 1 113 -0.09 + 0.04s TH >
/z.

#£1I1L, FEHEEE, TOBRERTHLIEYTFB
FUZ NI ROFERERL = HEEEIR, KEEM
MABETHY, 1BHMS4LHETOETIIBNT,
Arm @52 Non-arm K D b A EICEEE R L7z, 2FR
=3, IS < 2H5HURETEREE TS 2. B
FII, XHEEHNEETHO, 14HDH Arm Y Non-
arm KD HAEICMEZERL, TONEEIT/NS Mo 7=,
2BMS 44HITHBNWTIE, Arm & Non-arm & O [H]
WWHBERBREZRD S NRN /2. A NT1 RiE, RAESE
HMEETHD, 24HBLSMTB T Arm O 5757 Non-
arm KD BARICEMERL, N5 ORBEITHEE
Tholz. 2HHICIERBEIRD S NRN D .

#2113, ZFFRFES X O =R OfE R E2 R U 7z
TRIGRNE, REEAGED HNT, KL DR
bRO NN . WERENE, REEANEETH
0, 12H D& Arm @} Non-arm & 0 &4 &I &l
ZaRlie. ZOMRBIIHREETH-> . 2458054
BHHETITBWTIL, Arm & Non-arm & O REJIC A H 75
iR s ilano .

F31TIE, EHOEEEE AEHREREE ARZCRREEORE R AR
U, BHEBIZEEANEETHD, 3BEHOA
Arm @M Non-arm KD B HFEICHEZEZ R L. Z£D
RBIIFEETH > 2. 32HLUS TIE Arm & Non-
arm & DOMICERERZIBD Shan o /. BiiEEERS
LHERDRD S5NT, FHEICKDFHRIED SN,
1—4%HOETICBVWTAM DO SN EETH - 7=,
NI AERANEETHD, 1 5BBXU445H
ZHBNWT, Am O AN ERICEHEEZRLE. 050
PEEIL, 1HEMNNEL, 45BN PEETHo . 2
SHEPLVIHEHIZBWTIE, Arm & Non-arm & O [
ICHERBRERD S NRho .

#4113, BB X OEERE O O A E OFE R 2R
UZe. BT, ZEERANEETHD, 34HHDA Arm
73 Non-arm X D b HEREICEMZ/R Lz, ZORREITH
BETH-o. 1,2, 4 5HIZBNWTIE, Arm & Non-arm
EOMICHERAZIRD NN -, BEHEE, KH
ERNRD6NT, FHICXD2EDRENEETH D,
1 —45HOETIZBWT Arm OB TH - 7.
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£1 ArmBLV Non-arm DEERE, EvF, ALSA R

paist=l= & 158 24 H 3% 448
Arm 2.50£0.18  3.49%£021 421026  4.72%0.32

TeERE Non-arm 2.44+£0.18 3.36+0.22 4.00£0.27 4.47%0.32

[m/s] EEEH F (3, 13) = 35.154%, partial n2 = 0.730
CES@ 0354 o601* 0784%  0782%
Arm 3494039 377040  3.89%036  4.03%0.29
by T Nonarm  3.67+036  3.68+038  3.97+0.19  4.13+0.40
Mzl %EMEE F(,13)=3680% paiali2=0221
U UES() 0487 0243(N.S)  -0220(N.S) -0252N.5)
Arm 0.73£0.10  093%0.10  1.09%0.12  1.18%0.13

2 k54 p  Nomarm 067009 092011  1.01£0.08  1.09+0.13

(m] EHEEH F (3, 13) = 4.149%, partial n2 = 0.242
ES (d) 0.597* 0.097(N. S.) 0.726* 0.645*

*: p<0.05, ES: Effect size, N. S.: Non-significant

K2 Arm B LU Non-arm DR & L O =R

AHTEE ESE E= 258 34%H 45

Arm 0.256£0.020 0.224£0.021 0.200£0.017 0.185%+0.015

Non-arm  0.251%0.020 0.226%0.020 0.195+0.015 0.186+0.018
N BE o,
SRR -—

[s] X E F (3,13)=1.765 (N. S.), partial n2 = 0.120
EHED
ﬁg% F(1,13)=0.775 (N. S.), partial n2 = 0.056

Arm 0.035+£0.020 0.044%0.018 0.059%0.013 0.064%0.014
3 70 i g Non-arm  0.024%£0.014 0.048+0.018 0.057£0.012 0.058£0.017

[s] ZTEAEFA F (3, 13) = 3.763 % partial n2 = 0.224
ES (d) 0.539% 20.234(N.S)  0.119(N.S)  0.348(N. S.)

*: p<0.05, ES: Effect size, N. S.: Non-significant

£ 3 Arm BBXT Non-arm DIEHhiERE. BihiEmt, HZiEm

SiTEE B 1458 24 H 34 H 4% H
Arm -0.07%0.06  0.080.06 0.17%0.05 0.22+0.05

PR Non-arm -0.08 £0.06 0.10£0.06 0.15%0.04 0.20£0.06

[m] SHVEH F (3, 13) = 3.539* partial n2 = 0.214
CESW@  0ITIN.S)  0326(V.S) 0516 0264(N.S)
Arm 0.71£0.05 0.70 £0.04 0.66 £0.04 0.66 £0.05
Non-arm  0.70 £0.05 0.67+0.05 0.64 *0.04 0.63+0.04
BEMBEERE -
[m] XEIERA F (3,13)=1.333 (V. S.), partial 2 = 0.093
ig; F (1, 13) = 27.445% partial n2 = 0.679
Arm 0.11%0.06 0.17+0.08 0.27%0.07 0.32+0.09
seoo gE R Non-arm  0.07+0.04 0.18%0.07 0.25%0.06 0.27+0.09
Ml =EMEAR FG13)-3055%patialp2=0.195
COEB@ 0492 0135(N.S) 028I(N.S)  0.504%

*: p <0.05, ES: Effect size, N. S.: Non-significant
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x4 Arm BELU Non-arm ODELAE

SHTEER ESs 158 24%H 3%H 44H
Arm 84.7%4.7 96.5 4.7 102.8+4.2 105.6+3.8
b S Non-arm 83.8%4.6 97.8%43 100.6+3.0 1043 £4.2
BOBE oot Dol T T
[deg] XEERA F (3, 13) =3.505% partial n2 = 0.212
CES@)  OISIV.S)  0291(N.S)  0581%  0317(N.S)
Arm 47.6%2.8 485%23 50.7%2.6 51.5+1.8
B Non-arm  47.8%22 50.3%2.5 523%2.1 52.7%2.4
Bonl FEGR Fey24s0us) peemoots
ig;ﬁ F (1, 13) = 19.302% partial n2 = 0.598
*: p<0.05, ES: Effect size, N. S.: Non-significant
3.3. MR & DORICHE B/REDMHBIBRAGED 5N, B O L
41213, FEEEEOHEMR EMOHEE OHENE & A FE QIR & ORICIIE B REOMHBREKRNED 51

BIfR 2R U, BEEE OBINR, %Ei’&ﬁﬁﬁ’&@i%m%é 7. MOIHE QIR & ORI, A ESAHBBfRIZER

ey F AbTAR i
5% - _15% © = 510 . 10% -
\c; o.. E N'S’o. é 5% L #
B 0% e B 10% C » i LI
@I 9 ° o. %jl ¢ .o' 'Eﬂ] 0% L
W 5% e L5 - oo o, »
B _ X q o fty -7 -
N r=.303 N P e r=-272
-10% L N.S. ~ 0% — N -10% L N.S.
5% 0% 5% 10% X 5% 0% 5% 10% 5% 0% 5% 10%
BEREIRNIE [%] BEREIENE [%] B REIENIER (%]
2R %%EE%& Bl EEBE
50% - 100% - 10% -
= =- = r=-097 =
X 40% s 149 X 80% - X
o 300 N.S. < 600 N.S. v
b 30% I e b 60% T e® 5%
2 20% e o 2 40% - =
0% ST 2 20% e ) o
% e b % et TR 1° =748
[==3 0 | @ oa 0 l_ () oR
B -10% ° S -20% o = p<0.05
sk -20% L B -40% L g 5% L
5% 0% 5% 10% 5% 0% 5% 10% 5% 0% 5% 10%
FEEREIENNZE (%) FEEREIENNZE (%) FEREIENNE (%)
22 EE B EHRFELEE BB OB E
. 50% - r=-.069 5% - % 717
S 40% + NS =, Ve s p<bo5
v . L[] ) .
B 30% L Mooy — Boow e
I — ° — °
jjl,?l 20% Lo ..' jﬁljl L ° @ .o
#o10% - e® W -5% - B -5% -
e r=.010
[=x=} 0% ‘*——t— QEH: &: °
£ -, 2 N.S 2
fie -10% - i -10% - i -10% -
5% 0% 5% 10% % 0% 5% 10% 5% 0% 5% 10%
BERE IR [%)] BRI (%] R RE IR [%]

N. S.: Non-significant
4 HREREOEMFELZIBEROEMEL DOREEF
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BORSR WA IS Y
4. Z =

4.1. BdRY BIED 10m DERES 1 AICKITTHE
10m % 1 A%, Arm @ 55753 0.11 £ 0.06s 3 7 > 7=.
EH5IT, Im Y1 LNSAY —bERANDRIRITET
LIFHOERZRWZEMESY 1 LI, Arm D571 0.09
+0.04s Ao/, TOTENS, 10m & WD R
WHEED 2 NEEICB N THBROEEIZIEETH S Z
EDEFE S 172, Brooks et al. (2022) 13, F—LAR—
Y OFHH DG, BWIRDEEEZITS 2 &2k > T 10m
DY A LD30.02s i SN2 LEREL TS, 20
il & EbiR LT, AEFZED Arm & Non-arm D 7K E W,
Brooks et al. (2022) 1%, HMRFICHENEEN TS
ZE®, Yuh—, SJE— TJ4—I)LREKvr—%H
FMETHENTENTND T, RIFFEEITHGE DR
HENEL STV, ZOLD R REDEED, Arm
& Non-arm @ 10m & 1 L DEITHE L RN H 5.

42, BiRYEBMEN 1 T L DREFHECRITTRE

AR BV 2 Bl 0 A BRI RT3 8 & 5
AT 5720, Arm & Non-arm OfEiZ 142 &1
bR U7z,

D) FEHE, EvF, ZAhT1 RICkFTEE

12:H1E, MRV EMEICK > TA NS RO KT S
—HTEYFNEFTZENDADHENER (Hunter
et al, 2004) NAHESN=. LiLL, ATA1 ROEE
NHREETHZDICHLTE y FORRRIT/ NS D
2. DFED, EvFORTIEANTA ROEKETLLIC
T 25D TR > /I, Arm OBEEED
Non-arm & D b FEICEME &8> 72, BE OHEE EWilk
DEMEZHIR U 72958 & bl U 72 61T IF9E T, kR~ 7s
JHHENC BN THREREEICENA SN Z ENMEINT
Wo (AEJE, 1982 1 ibAIZ A, 2009 BiH - =&, 2010 ;
Brooks et al., 2022). ARBFFEDOFERMN S, TN 5 DAL
1BRENSELC TS I ENRBEIN, HEEREZRA L
D LTI, B UER? SBHROBENEETH
LHEEZLNS.

2401, FEEEEIZ Arm O ) Non-arm K 0 &
BlgE<, ZoRREIZ, 1HEEHNNSI >0l
THREETH- . EEERENEG/EDEE, EvTFE
FZIEARTA RO ED - HIINTEL DN, 2
SEICBVWTEYTFBLXUA NI RIZEDICHERERE
MBSNIRMMDTZ. ZOZENS, BIRDEEICEIST
1B EFRIC2HEE D EWEEREZ R TE 2,
ZFNMEY FOREICLDZHDNA N T ROHEAKIZK
H5HDTHDMMI—ELUEANRN STz E N D.

3BERXV44HIFE, EwFIiE Arm & Non-arm @
MICHEBERZIRD S NBN>/Z—HT, AT 1 RiZ

Me Liirieaik 23 &M 1H 2025

Am O ADBERBICEMEZ R LUz BIRDEEICE S T
ARTA RMRKREL B oEEVWDRIF1IHHEHLEL =
FERTHOLM, EvFRMETFTLAN>/ZEWnD RIT 1
HHERBDEMTH . iR ERmICBT %%
TiE, BIRDEMEIZIE Y FOESXDBARNTA ROK
FINHETHZENRINTETWS (HN-ALRH,
2004 ; EAIFED, 2009). T D& D IR E S T &
5N 5RO EIEDORENT, 34H & D FIHINE O &
HEERE N 5 RN TV S ATRENEAY, ARIFEICK > TREN
7. Uthoff et al. (2020) 13, FAiBIICHEKED 2%DED &
M THEELZES, A — 05 4R80T DS
MONFENERL, AT ROEFELDBEALZ—
FTC, EvFICHRERETIASNEN I EEREL
TWa, ZOZENSH, FHINEERIZBT 2 iR D BifE
DT, HEH P OMTRK I EZFLUTARNTA RO
BRICEEL TWBLZENEZLNS.

2 EvFEARTA RO FIERICKT 20 E

By FIE, XM EHERROMOWERTH S, *
o, ARNTA R, RICHEHEEEE, SEHEEEE e
& T I NS, 25 OERAWR D BEICE >
TEDLOBFEEZTHIET, ERLEESRBREY
FEARNTA ROBMENEC TSN ERF L.

TEFRFRNE, REEABLIUORMEIC L2 EDRNES
WD s NEh-o7z. Ev FIEHHOENA SN 1
HBHITBWT, B2l Arm @ 5578 Non-arm £ 0 b
BREICEMBETH o 2. BENIFZEREIL, EWiFEHEEED
BEENLUTA NI REBARIES—HT, EvFN
BKFT2EWSHDOMHAEMOERERD, TORW
ZERFENI R EWEME SO NRITER TS EEnTn b
(Hunter et a., 2004; ZUB{Z72, 2015). AFZED Arm b,
1AEIRH RN E< By FRRNEW DS G OMAE
FAMNA SNz MK B X OCHREIZEE L TR,
iR © BfEIS,  RIE OBy R E S O SR O
RICESDTREWVWRARNTA RIZEMIT D E WS HA
(Hinrichs et al., 1987a; 28 - k2 H:, 2019) ZEiEZ 2 &,
1ARBIZBWTHHR O BESRE A MO R E B RS
H, MRELTANIA RPMERLZEHEINS.

125 H THBERAEMN A S NI 2R EED K O 22 IRF 1
1%, 2B X U34HTId Arm & Non-arm & OHICH &E
REZRDLNRNO . IO EME, FAHINECS
WTIE, BEIZE - TR OBNRIx L EEZ 6N
5. AT REHKT 2 EFETH DHEERT, KA
TERIZREO SN o 72y, SO EENEETH O,
Arm O N EEZER Uz, Fiz, BEEREE S FERIC,
BEHIRE O B A S B AAEHNGED 5NT, FfIck s
FTOHRMEETHO, Arm O A EEZEZRLE. 2D
Z &, BHEODEMEZRTTS 2 LTk D, BN S FK
HLEESNRT MV, Bk D BEE{THORWEAEXD
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HATEL 72IRETHEEM T 5 Z & 2R L T, Kugler
and Janshen (2010) ¥, A% — NEZOMEIZHBNT,
BEHIRFIC B0 5 B 2 SR E.OITH L TR DB AT E
IHDHILET, BHADS FEELEKSINT ML EX
DETMES B2 Z EAATREE 72D, Z ORIEAH H K TR
7 NIVERGIZIANT S Z EICEMT 22 EERL TN
5. DFED, BEHRFOBELAEEZ/NS LT DI E S
FREE D B RIZBEEME R W EHER I NS, Wild et al.
(2018) &, AZ—hrm53HHEXTEZMIL, M
ETEPBIUOSTE—ET LI, EHEENIE NI &N
MEICBNWTEETHLIEERBLTNS., T &
R EATKE (2023) 13, FRICERBGETFITH W IR
B2 1 D OFEMIRIE & U O 2 iz D Tn
LZTEMPBEERXRTNS, 51T, BHEzEzRELE
Otsuka et al. (2016) 1%, S5m EZEWBH D HIETITo 7235
BEEHBOAERETE L T 2Ga &L, #1m
HICBIT2EPEDL HRORHEZEDOERENH D Z &
R LTS, itk O BIfE AR ETHORIRD > I A0
LTSN C ST AN, B OEMEIZ S 2
DHIRZMA 2 Z EPIINERIC BT 2 B A I E
T 55T, AW O RIT Otsuka et al. (2016) DHIA
EXRTHBDENZD. LT ENnS, HIHNEIC
BOTHEPEEE 2RI B THAEREREREI B TH <
ZEFEETHD, ZOZEITHL THIED EBfEIZRE
BEEEHS> TVWD EEZLNS.

it O EED BB A R S B 2B E LT, Bilk
DEIENTHROBFICZE TSI ENEA LN S.
Hinrichs (1987b) 1%, EEIZBT ZWilR D BEIZ T &
OAEHEEMBTHEEND DI EERLTVWS, L
72-> T, RO EMEZHRIR L 2856, KEmICBT S
FREOAEFHENHDOL, NTRABEDHEZDITRE
BofEgEbEA L, BEOREANGE NS FiA -
=R, 20100 Z &%, BREAEIOMEINS <725 (b4
E, 2009) ZEMWEINTNWS. IS5 OFFEIR,
30m % 40m (E/R EZ I L7ZHDTH 20, FIHmM
HIZBWTHEKRIC, PR BEIC K o TREEENE
{BL7=Z &3, BEHBEREZ RS B BN Tdh 2 nlRetk
MEZS5NS.

iR O BIEN TR OAEHEEZ BRI EL2HE, T0
RO A TIER L, WiHICAA > T 2iEHO
FEIZH M REHE X 5415, Nagahara et al. (2014a) 13,
HNZE S TEL BRI\ DL ZEF] BIET 720 OHiE
FHIENOHE 1L, IEEICEE> ThE <5729, ih
BILARWEDIZT 27201213, B L =l %25 <AihH
IR, BRZENISGE DT 20N H D LR Tn
5. AWFFED Arm 13 Non-arm & D & HRNEE L TW
7728, M2 #E < Fi 5 ICGESSAEMEA Non-arm & O
HEWEEZ SN, TOZ &I L THEHED BfENE
HAL Tz SR INS.
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—/TC, Kl (2015) EHEL TWa KD IT, itk D B
TEZD® OHMIE R IS S et S H 5. Hinrichs
et al. (1987a) %> Bhowmick & Bhattacharyya (1988) 1%, [
IO EMEIC K > THE U DRI M OIS LB &I,
EHED ERETHEI NS EBXTWWwS. UL, Otsuka
et al. (2016) *> Macadam et al. (2018) IR XT3 X
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Effects of external load and step distance on lower-limb load characteristics
during step clean exercise

Ryohei Hayashi®, Takuya Yoshida®, Yasushi Kariyama®

Abstract

This study aimed to investigate the effects of external load
and step distance on lower extremity loading characteristics dur-
ing the step clean exercise by focusing on pelvic elevation. Ten
male college athletes performed a step clean exercise under
three step distance conditions (20 % , 40 % , and 60 % of their
height) using external loads of 30% , 60% , and 90% of one rep-
etition maximum (1RM). Motion capturing (250 Hz) and a force
platform (1,000 Hz) were used to record the raw data and calcu-
late lower-extremity kinetics and kinematics data. Two-way
analysis of variance was used to examine data for each joint. The
lower-limb kinetics were load-dependent in the hip flexion—ex-
tension axis and the ankle joint but not in the hip abduction—-ex-
tension axis and the knee joint. In the step clean exercise, the
hip joint kinetics increased with increasing step distance (p <
0.05). Furthermore, the kinetics of the step clean exercise em-
phasizing pelvic elevation at a load of 60 % of 1RM (at 40 % of
their height) revealed greater joint moments and power in the
hip flexion—-extension axis and knee joints than in the normal
step clean exercise (p < 0.05). These results provide useful in-
formation that will aid athletes and coaches incorporate step
clean exercises into their weight training plans.
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Ea9—RI7YHA X ThHs (K1A).

INETOHPC IZBY 2 ENSORFFEIE, Wil &

UHRMITHERET 5 HPC O FEDOF 37«1 7 2T 5
WM& < FEEL TV, [l HPC 2B 2 WF5E Tl

BEREMIN—=N)VELEMKRL 22 2T LAELL N
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FHIZEETZENSET ) -2 A XDOFE
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Z OB TIEHT BRI DB RICR D EEBE A 5N
5.

AR, X (2018) 13, SFEAR—VEHEIZBY
SHuigEm LoFgo% ERICEHL, FHITERT S
ATy N EBBROEE LEEEBRFALZAT Ty RHEO
THEEOAREHEICDW TR L TS, ZOME, #HiE
WIS H), TIONLE BN DR, BiEO% R, RS
WERF X T 1 7 A0S, B0 EBIEZERHE L 2 2
7y NOHFMRKEN I EEREL TS, ZDZ
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A)/\‘/’J“/ﬁ'?—’J =2
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PEOIEMEDRHED i SRR ER 2O HL, Th
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FATIE DA inE», 2018) 2&EEL T, FROD
FEEEZMRHLZEBESZEL AR5, SCO LD
AR ZE L .
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2.1 MHRE

e bt a2 EMET 2B FRFEE 104 GFf 219
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>, HPC 75 £ @ Weightlifting Derivatives |Z B # 9 % T
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HPC @ IRM I3 % 30%, 60%, 90% D5\ & i %
L, 27w THEEZ DWW TIIAEWNREDHEICHT
%20%, 40%, 60% DWEZEMEH L 7. TiH RO
IZBNWT, 2TCORNEENEMAE L) TREEITTA S
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. TORE, ENGFENERRHEETAS AT Y
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FEEEFI L 72 SC TIIHREIITHT 5 0% DHEEZ
BHLZ.

2.3 BIEFNE
ETOXMRFEIR, EBRITHN > THIMTHPC @ 1RM
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dA—%— (Power MAXVII, JF 3 AR — V&)
ERAWCS MO+ —I 07y TeEELE 20
%, FHITo HPC ZLARiHEIE L 72 IRM I2Xd % 30%,
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ERKRT 52ERE CTHNERZENIE TV, 1IRM
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FIHIENTELRDEVWEREERL .
FHHPC ® IRM Z#llE L/Z3 AMS 5 A%, MR
F13 SC #HBAR & LAREZ{T> 2. SC DEIED,
12 C Ol < HPC 2175 BR & FEkIC, N—ILE K
BRERDALE CTHRHF L7 IREE TN R &2 . T D%
EEoh—HORMZ/GFIZED HT T & TRIBAMIC
BEE D, RIHICH U7z i i3 U 7= %10 KB
FHEZEEWEN S N—=N)L 2 —KIZ EHIZEEL, N—
NN aeFvyvTFT5—#HOMETHS (K1B).
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TD%, B0 EEIEEMEF L2 SC % 2 i RS
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ICHLE Lo 72D, BiE0% EEifEZ i L 2 its
Y, %D SC DL OEIEICEEE KIFIRNKDITT
5-0THD. 2TORIIE, UANANT Y T2EH
L, Ya—XZRBW/IREBIZE D2 TiTbi7z. &7T
DB HIERIC BT 2R 2K~ 52017, 2#I=
ZF XA —% (DKH #:#, SG150) 7 {8/ U C I BE & 4 B
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5E5IC U7 W EEET 2ICIE, TESHETEMH
ATy THEE T 2R EI ® 572017, iz s
THMEBENSHFEICTHT S 20%, 40%, 60%D AT v
THEEOME (74 —AT Ty N7 x—AF) IZIE5cm
OF—TEMMAL, TOMBICEZEFE#I® CEET
bz WP, C2oF—7oENICHRED D Eg
NNES> TVWDNED NRE 2 ADHEREL, T— )
SIEAHZRBIC O W TITRBGRE & Uiz, ad, IS
DB TR0, dEMOREIZ T2 ITHERL 2

24 T—HIEE

WK T —% 2 ET B0, EAZTNZTNOMH
WWBWTHIET 220107 +—ATFv T 5—A
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T EEETADERL 2%, X—=VFI)Lar
Ea—#ICRDAAT.

S X B BEES BT E (Vicon Motion Systems #1:#1)
EHWT, &ilB 0BRSS 47 ETH L TIN—)L
DA 2 MEPNC S~ — 1 — 2L, 3 RICHE
S —% %, 250Hz TINEEL 7=, &b JEAER1E, AlHiBY
AR DR RFRTHITERKT 5 LM% X il AR
OXZFE S Z Yl $hE bAEzZiEdT24F %
MREER L. BONZ I RSO EEMIL, AR
oy T &N Bm e 3 % (12.5 — 15.0 Hz) % Wells and
Winter (1980) D HiEICH EDWTIRE L, Butterworth
Low-Pass Digital Filter 2 f Ly CEAL L /=

25 HHIEB

AWFETIL, WRENSC OFEZBBL, EAED
SEN—HDOREM T +—AT Ty N7 +—LITHEML -
%, BiRT H5RELOEENA DN S IEDMHEITHEITL
TR R ORGSR EER L. 0%, TV
FEZETTV, BEN T+ —AT Ty N T —L05EEN
oS, s B T X ) D SR TE K4 D fE AT 10N BL R
W2z e i & AT R O Rk EEE L7z (M 2).
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2. RELEMHPTZHIETRELEEEZRHEL, RE
DR &R ) DERNE R S FED S RELDINT — %
BHL, SAdEOFGETEHLZNT —ORKEN RS
REMoEABEEZTOWSEE L.

26 fREHOE

BERDOEHMEIZDNWT, Shapiro-Wilk 7 A M2 k-
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Jz. Fiz, BEDSC EBBOZE FEIEERPL 7= SC
DELEREWT B0, HE0H 3 tREE{To7-
2DDT—HFEICBITHEDRKEIZIKT D201,
Hedge'sg #H L, IhzRes Lz HREID, 0.2

Me Liirieaik 23 &M 1H 2025

DA % trivial, 0.2 705 0.5 £ T#% small, 05705 0.8 &
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MozbDD (F=098p=0432), EEOHERH (F =
11.87,p = 0.001) BLUVRAF v THEOEK F =

&1 IRMICXT B 30% OFMEELEFERALLBEOFRT A VABLIUVFRIT 1 F ADREH

30% 1IRM
Width 20% Height 40% Height 60% Height ES (20% vs. 40%) ES (20% vs. 60%) ES (40% vs. 60%)

Peak GRF Vertical 31.92 + 1.48 32.11 + 1.77 32.67 + 2.13 0.11 0.39 0.27
(N/kg) ES (vs. 60% IRM) 133 0.60
ES (vs. 90% 1RM) 2.11 1.50

Horizontal -5.01 £ 0.35 -7.82 £ 0.81 -10.04 + 0.82 431 7.64 2.61
ES (vs. 60% 1RM) 0.57 0.13
ES (vs. 90% 1RM) 2.06 0.47

Joint moment  Hip extension-flexion 243 + 0.68 3.00 + 1.08 445 £ 149 0.60 1.67 1.07
(Nm/kg) ES (vs. 60% IRM) 0.63 0.03
ES (vs. 90% 1RM) 1.43 0.17

Hip abduction-adduction 2.31 = 0.50 2.44 = 0.61 2.34 + 0.62 0.22 0.05 0.16
ES (vs. 60% 1RM) 0.09 0.00
ES (vs. 90% 1RM) 0.21 0.18

Knee extension-flexion 2.46 = 0.50 291 + 0.67 2.82 + 0.61 0.73 0.62 0.13
ES (vs. 60% IRM) 0.05 0.20
ES (vs. 90% IRM) 0.07 0140

Ankle planter flexion-dorsi flexion 2.41 £ 0.36 2.28 + 0.39 1.96 = 0.44 0.33 1.07 0.74
ES (vs. 60% IRM) 1.05 1.86
ES (vs. 90% 1RM) 1.40 233

Joint power Hip extension-flexion 4.20 + 2.38 5.06 = 3.09 5.94 + 3.38 0.3 0.57 0.26
(W/kg) ES (vs. 60% IRM) 0.36 0.49
ES (vs. 90% IRM) 2.18 1.20

Hip abduction-adduction 2.51 £ 0.65 2.39 = 059 2.31 = 1.06 0.19 0.22 0.09
ES (vs. 60% 1RM) 0.19 0.11
ES (vs. 90% IRM) 0.12 0.34

Knee extension-flexion 5.96 + 0.73 7.22 + 1.95 6.66 + 2.22 0.82 0.41 0.26
ES (vs. 60% IRM) 0.19 0.24
ES (vs. 90% IRM) 0.25 0.31

Ankle planter flexion-dorsi flexion 9.61 + 2.74 7.75 + 2.04 6.45 + 3.05 0.74 1.04 0.48
ES (vs. 60% 1RM) 1.27 1.36
ES (vs. 90% IRM) 1.26 2.07

1RM = One repetition maximum, GRF = Ground reaction force, ES = Effect size p <0.05
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60% 1RM
Width 20% Height 40% Height 60% Height ES (20% vs. 40%) ES (20% vs. 60%) ES (40% vs. 60%)
Peak GRF Vertical 3498 + 2.74  34.89 + 2.21 35.30 £ 5.49 0.03 0.07 0.09
(N/kg) ES (vs. 90% 1RM) 0.65 0.89 0.44
Horizontal -5.46 + 1.01 -8.20 £+ 0.66 -9.94 + 0.69 3.08 4.96 247
ES (vs. 90% 1RM) 0.84 0.99 0.62
Joint Hip ex flexion 3.09 + 1.24 3.86 + 1.11 450 + 1.39 0.63 1.03 0.49
(Nm/kg) ES (vs. 90% 1RM) 0.23 0.08 0.14
Hip abduction-adduction 2.26 = 0.56 2.20 + 0.64 234 = 0.70 0.10 0.12 0.20
ES (vs. 90% 1RM) 0.13 0.11 0.17
Knee extension-flexion 243 = 0.59 249 £ 0.70 2.67 = 0.83 0.09 0.32 0.22
ES (vs. 90% 1RM) 0.02 0.07 0.15
Ankle planter flexion-dorsi flexion 2.84 = 042 2.70 = 0.31 2.70 + 0.31 0.36 0.36 0.00
ES (vs. 90% 1RM) 0.34 0.88 0.72
Joint power  Hip extension-flexion 5.19 + 2.90 6.85 £ 3.66 772 £ 3.52 0.48 0.75 023
(Wikg) ES (vs. 90% 1RM) 1.60 0.26 0.60
Hip abduction-adduction 2.65 = 0.75 242 + 085 247 + 1.69 0.28 0.13 0.04
ES (vs. 90% 1RM) 0.28 0.04 0.35
Knee extension-flexion 6.22 + 1.68 6.18 + 2.04 6.10 + 2.31 0.02 0.06 0.04
ES (vs. 90% 1RM) 0.08 0.07 0.06
Ankle planter flexion-dorsi flexion 12.64 = 1.73 11.05 + 2.32 10.26 = 2.24 0.74 1.14 0.33
ES (vs. 90% 1RM) 0.17 0.52 0.83
1RM = One repetition maximum, GRF = Ground reaction force, ES = Effect size p <0.05
K3 RMIIXT S 90% D IMEEEZFERALEBOFRT 4 VRABLVFRYT 4 VRADEEE
90% 1RM
Width 20% Height 40% Height 60% Height ES (20% vs. 40%) ES (20% vs. 60%) ES (40% vs. 60%)
Peak GRF Vertical 36.86 + 2.80 37.06 £ 2.47 37.45 £ 3.77 0.07 0.17 0.12
(N/kg) Horizontal -6.23 = 0.72 -9.02 = 091  -10.48 = 0.96 3.26 3.13 1.49
Joint t  Hip ext flexion 332 £ 0.50 3.94 + 0.68 4.66 + 0.75 0.99 2.01 0.96
(Nm/kg) Hip abduction-adduction 217 = 0.73 212 = 0.74 222 + 0.64 0.07 0.07 0.14
Knee extension-flexion 242 = 0.66 2.54 + 0.62 2.55 + 0.67 0.14 0.18 0.19
Ankle planter flexion-dorsi flexion 2.99 £ 043 2.96 + 0.25 2.96 + 0.38 0.08 0.07 0.00
Joint power  Hip extension-flexion 7.30 = 2.71 7.69 + 2.34 9.58 £ 2.34 0.15 0.86 0.77
(W/kg) Hip abduction-adduction 242 = 0.80 238 £ 117 1.99 £+ 0.72 0.04 0.54 0.38
Knee extension-flexion 6.39 = 2.19 6.32 + 2.06 597 + 2.00 0.03 0.19 0.17
Ankle planter flexion-dorsi flexion 13.01 + 2.42 12.30 + 2.26 12.18 + 2.18 0.29 0.35 0.05
1RM = One repetition maximum, GRF = Ground reaction force, ES = Effect size p <0.05

416.12, p = 0.000) IZHEREPENED SN 2T
DEBMEDERICONVTIE, £1, 2, 3I1TELE.
KIZ, BAEIE— A2 MZTDWT, EEIHETO i itk il
DFEREHD L, BEBRXAEERTIEOD NN
OO (F=0.72p=0587), HEOHERK F=413,p =
0.033) BXUVOZA 7 THHEEOHERK (F = 51.12,p = 0.001)
WCHERBREDRNRD 5Nz, KRB O NI RS L O
BEAFIIC DWW TIE, EB5DBfMIICBWTHHEERICH
TERAGED 5 d (BN iRl F = 0.83,p = 0.516,
JRBEET : F = 1.02,p = 0.408), EEOHEK (EIEINST
Rl @ F = 2.84,p = 0.085, JEBEMI : F =2.21,p = 0.139)
EATy THBEO BN (KBIEINI MR © F = 0.32,p =
0.730, JEEHHET : F = 2.68,p = 0.096) ITBWTHHER
FHRITFED SNk, REFICOWTIE, AFER
ZHERNZED 51 (F = 3.96,p = 0.009), EEDOER
=42.26,p = 0.001) BEL U7 THEEOER (F = 7.85,
p =0.004) ICHEREMEIEDENED SN £2TO
EBMEDERIIOVWTIL, #£1,2,31TR0LE.
BAEI/NT —I2DWT, BT O i i e R i D i 3R & 7
5L, HEBZHEANRDNRBN>2ZHDD F =
0.86,p = 0.499), EEOHEK F = 22.70p = 0.001) B
FORTy THEEOER (F = 10.29,p = 0.001) ITE=
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BB ENED SN BB O R K OB
B DN T, EB5DHEfMIICBNWTHHERERZALE
AR sNd (BRSNS iz F = 0.33,p = 0.857,
JAERBEAT © F = 0.83, p = 0.515), HEOER (KBIFAINIF
fniih 0 F = 0.71,p = 0.506, BERAET : F = 0.74, p = 0.489)
EX Ty THEEOER (KBNS SRS 0 F = 2.08,p =
0.154, FEEHHET : F = 0.55,p = 0.586) ICBWVWTHHEER
ERRIZED SN h o7z BEEICONWTIE, FER
THEHRNRDNRN2HDOD F=159p =
0.198), EEOHER (F=23.32,p = 0.000) BELULZT v
THEEOERE (F = 9.92,p = 0.001) I[ZHEBZEEMN
ROLNE. ETOEBMEDOHRIIONTIE, %£1,2,
3ITRLE.

£ 41213, IRM T 3 60% OHINER & & K&k

K4 BESIVBRBOBIHEEERLERTY TS
U—>ICH1F 5 T 3EEDAEL(LE (deg.)
60% 1RM
Normal Pelvic ES
Hip extension-flexion 35.27 + 9.62 34.74 £ 942 0.05
Hip abduction-adduction 10.95 + 2.31 14.52 + 1.54 1.74
Knee extension-flexion 27.90 + 3.92 29.62 + 4.43 0.41
AnKle planter flexion-dorsi flexion 27.90 + 3.92 27.64 + 8.53 0.04
IRM = One repetition maximum, ES = Effect size p <0.05
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x5 BESIUVBBOEIHFEZEBLAEARTYTIU-VICEITS

FRT 4V ADELEE

60% 1RM

Normal Pelvic ES
Peak GRF Vertical 34.89 + 2.21 39.53 + 535 1.09
(N/Kg) Horizontal -8.20 £ 0.66 -8.94 + 1.53 0.60
Joint moment  Hip extension-flexion 3.86 + 1.11 514 + 1.72 0.85
(Nm/kg) Hip abduction-adduction 2.20 + 0.64 2.68 + 0.83 0.62
Knee extension-flexion 2.49 = 0.70 3.03 + 1.03 0.59
Ankle planter flexion-dorsi flexion 2.70 + 031 2.78 + 0.56 0.17
Joint power Hip extension-flexion 6.85 £ 3.66 9.99 + 3.43 1.02
(W/kg) Hip abduction-adduction 242 = 0.84 333 + 213 0.54
Knee extension-flexion 6.18 = 2.04 8.50 + 3.65 0.75
Ankle planter flexion-dorsi flexion 11.05 + 2.32 12.36 + 3.84 0.40

1RM = One repetition maximum, GRF = Ground reaction force, ES = Effect size p <0.05

92 40% DA Ty THREEE MR L 2% o SC &FiD
% LEEZE T L 72 SC 2% L =B O AEA (L& Z R
L7z, MISDH 5 t BEDFER, BBIE O NI izigicH
WTOH, HEBRENRD SN (¢ =4.17,p = 0.002).
£ 5121%, IRM KT % 60% DN & & B Rkt
T2 40% DA T THREEEHERH L 2% o SC &FD
% LEfEZ 8 L 7= SC 2% L 7= B o Hiiii K 1 DR
BIORIERRS, BET—X 2N, BE/NT —O8E
ERUE. MISDOH B ¢t EDOFE, Hi K DRk
5y, IRBEETONSMEREI OB ETN Y —, BRI OME T —
AL RBRUNT—DANDOETOLEKIIBWT, &K
WD SN (=163 — 4.18,p = 0.001 — 0.028).

4, 2 B

AWZEO BRI, Be EFiE OBk BT 2 B THE)
EOREMZZEB L THERLEZSCIZONWT, Sam s
2Ty THHEEDZELICER LT R oamEtic5 x5
WERRKRTDHIETHo -

FZC®IZ, fMEEOHEIMIMES T 3EEToF*
FA T ADEITDNTHDE (£1,2,3), KBEHEE
Hh R BT DS T— A > N EBEI/NT—IZDNT
13, IRM 2% % 30% 7005 90% /M COfINEREZ
FHLUZBDO ATy THEE20% B XV 40%I12HB 0T,
HEICHWKRILZZENEO SN, £2, IRMITHT
530%05 0% IZMT TOFIMEREZMEHLZEBEDO X
T THEEE 20% 7005 60%12BWT, ERIEICHIT 5
fiE—A> NEBEEINT—DHABEICHEKRTSZEHRD
57z ZHUIHLT, £ TORAT Y THEHCBIT 2 &
BE 1 PN Ak i L ORI AT O B ST — A > B K OB
INT—=IZDNWTIE, 2@ TOMMEEMICBWTHEERAE
W3R B o =, Wi HPC I2BY 9 % SeiTiF5E Tl3,
FNE R 2 NS B, REEs K RS O F %
T A7 AWK THOICHLT, BESOFFT 17 A
BAELEWZ ENHSEMER > TS (Kipp et al.,
2018, 2019). —J5°C, F#il HPC \ZBI$ 2 Sefriigeicd
WTH, (ORI D B BE i dh i fh, HERE
fi, EEfGOFFT 1 7 2 OZLLIE M HPC & [Fkk7n
fEZ-RL, ZNITMAT, FHPC TidiBEEinst

RO F 327 ¢ 7 ZIMIMEENEML THREIIE
LW Z ENRHESMNEMR > TS (Hayashi et al,,
2023). AFLOFERNS, FiANOBEBBEE LS 2
SCIZHBNTH, (MERDOHEIMESEGTITEDF*
T+ 7 2 D2 I HPC < F- i HPC & B4 72 6 1]
ERTZENHShERoTE DD Z &S, W
HPC, K HPC XL NSC 2B 2 N 3 B fi o &t
REMITDWTIE, B dh b R, 2B Tl A
KETHH00, BEAFINI MRS K DRBEEIC DN T
12, BMREFLENEVWSIGEL ZEHEEEL TS Z
EMHHS MM ETRD T2,

RIZ, AT THEEOEINIHES ThE 3 EHioF*
T AT ADEIC DN THADE (1, 2, 3), KREAH
JRHI B OF T 1 7 AL, & TOMIMERICBNT
AEICHBARTHZENRINE SCIZBWTAT Yy
PEEE 2 BN X B =BT, MU ) DRI RS> DB D
MNETOMNIMERICBWTHRICHEAL TW Zhid,
2Ty THBEDYERIC K O RIH N OB EEBEATE R U 7=
DIZ, BRDET HEIHHRNDEENES /25722
ENEBEL WD EEZSNS. MOBHOF%T 17
ADFERZEINRT 2 &, AT v THEEOBKITHES TH
RKUTEFRT 1 7 3R O R E DA Th - 7=
729012, SC TCIXEIT BB &ETEIICEE 59 5 i CHm
RO DEIBRS 22 T IED TR H 2 EE R 5
Nnad. DEoZEns, SCTRAT Y FHEED I
o T, BIRBEESHEEHOF T« 7 ANERT S Z
EMHHSMMNETRD 2.

WH O SC &JiED% FEEEF L 7= SC ORHEifA
EOZELEIZTDNTIE, JREIRINI RO A2 BN TAE
MBDHENTND (R, ZOHEENS, WHREITE
REDICEBOZ FEEZ®RF L CSC 2EETE TV
I EMMERTESD. IRMITHT 2 60%DfINERE &
HRICHT240%D AT v THEREEMEH L ZBRICBT
LEHBOR LEEZHRFALZSCO NEOF 2T 107 A
v, B RE T E R L OB OB E— A > B
K OBEENT = HE D SC LD HEEICKEWNHEZR
L7z (k5). %z, BREIEEMMREEICB T2 F 2T 1
7 ZWZDNWTIE, IR &ED large TH o 7=, ZTHITIMA T,
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IEBEEINMEENC BT HRBEFIE— A > MZDOWTHE#
D% FENMEZRFL 72 SCOHMRENT ENEHHN
72 (&S, IOLEBBRELOFTRT ¢ 7 AWNIRFE
IZDOWTIE, BRO% EEEEz@EHAL /X Ty b1y
YA XORMEBH DAY Ty NI B A XDOEM
Bk & Dbl S#Et U 72Xl s (2018) O|ETH
FERIORIN TN D, [ B OB H T3, FHIT
REBEAWMEZITIED D ZENERIND T ENRES
NTnsd (Jr, 2012). L7=N>T, 507K
LU THHICE D RERNI0NT -2 RET 268 %
WETHZEEZHAMELTSC Z2ET 2021, B
D% FEEZSRIAL 7= SC ZHD AN HDBENIE 5
RN H D EEZ BN 5.

Bigic, SCZ27 A b= F7FEELTHN
HBEOAMBEICDWTHMwT 2. IRM XT3 30%,
60%, 90% O} 0E & % i /= K HPC O JefriF 5%
(Hayashi et al., 2023) & ARMFZEICHIT S SCDF 2T+
JADRKESIZIEETSHE, SCOAMKERFRT 1
I ADMEERLIZDIE, BEHEOFXT 1 7 ADHT
Holz. FOREIIIZOVWTE, HEHTMHMEES X
Ty THEEC b 5T, SCHOEBIET OB T — A
ChBXUONT—IE, FHHPC X0 H# 1.5 — 2.0 {552
EREWMETH /. 2O ENSG, KEAKEL O
DIy« NT—FfRE N = hET S I LEH> CHPC &
RO ANSBRITIE, FBIHPC XD ® SC DO EMNEI
BB AREE S E L. — 5T, RBEETS X LRSI OF*
T4 T AT DNWTIE, FBIHPC D A21SC LD BHKRE
<IBBAREMED D S, AT, IRBEE O JE il Ehhic B
TBFFRT 47 AT DNTIE, SCITHBIT BIEMERZEMN
K&EL, ATE> T, HMHPC &L TIEs D
HHEMENSH D, Lo T, KREfiBIOEESICH
50N RN E2RETDHIEEHNELT
A MMV OMHZERINT 2HRICIE, SC X
DHFMHHPC 20 ANZERNLODEN RN —Z >
TEREERDARENNDH D, TNSITMAT, Bl
DOERER BT I2BUBON T +—< > A 2EEL T
SC ZEfd HBITIE, THRAEENFHMET 2 H0/XT —
O¥RZR->T, BERO%¥ FEEZMEHL 2 258 O
HPC XD B3R L —Z > V2T I &M T
XbHEE\EZOENS.

5 B 9

AT, EHFSNEBERLZSCZEZHRELT, 4t
HIER E BB DB (R T THERED D28 {kAs SC
DO MEOAMFEIC G A DHBIDNTHET 22 &
HITH o/, ZHUTIAT, HRO% LEEZEHREL
TZEEZE B L 7z SC O TR D & MRtk b RIKFICHAE L
7o AN SGFO N ERFERIEL IFOED TH 5.

(D) TH3BHEIDF 1T 1 &7 AN, M BE & e e 22
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LRI CIIARKET 2 H D0, BN R
BLURBEHICOWTIE, BAfkEFELRWI EN
SN ET2 o T,

(2) SC TIEAT v FHHBEEO I E> T, EITHKE
HDOFRT 4 ANHERT DI ENHS M ERS
7.

(3) 1RM @ 60% DI NE & & B FEITHT 2 40% D A
T THHBE R U 2B B B B o3 EEE
ZERI L 72 SC DF T 1 7 X1, KB Hh A
RS X OB OBEIE— A > N B KON
T—MNEFEDSCLXDBRENWI ENH SN E
Bo7.

btz Ens, SCE2UzA MM —Z T FEE

LTHWSBIZIE, FREoEEZEZEEL, ML—227
DOHMIZHE>D THWA Z ENEFE LW,

SRR

FYLEE (1996) HARAYDEBIUTT 2 — kD &K
i3 f%%%. Japanese Journal of Sports Science, 15: 155—
162.

Bosch, E (2015) Strength Training and Coordination: An
Integrative Approach; IPTS: Seville, pp. 265-323.

Cohen, J. (1988) Statistical Power Analysis for the
Behavioral Science (second ed.). Lawrence Erlbaum
Associates: New York, pp. 20-27.

Garhammer, J. (1993) A review of power output studies of
Olympic and powerlifting: Methodology, performance
prediction, and evaluation tests. ] Strength Cond Res 7:
76-89.

FoOBE - HHIER - ABERE (2018) ROy 71—
BT LEEENEES K B IO T 3
HIOF 3T 1 7 ATKITTHE (KEEWE 63 ),
199-214.

Hayashi, R., Yoshida, T., and Kariyama, Y. (2021)
Differences in kinetics during one- and two-leg hang
power clean. Sports, 9: 45.

Hayashi, R., Yoshida, T., and Kariyama, Y. (2023).
Comparison of joint-level kinetics during single-leg and
double-leg weightlifting derivatives. ] Strength Cond
Res, 37 (5), 1017-1022.

il - Ak BESE - HHER - T H £ - KTEXR
- s (2018) HHEODZ: EB)Z 58 L 72 i
A7 Ty NI YYA XN FRRRE. RTRRE, 67
(2), 187-197.

Kariyama, Y., Hobara, H., Zushi, K. (2017) Differences in
take-ofF leg kinetics between horizontal and vertical
single-leg rebound jumps. Sports Biomech 16: 187-200.

Kawamori, N., Crum, A]J., Blumert, PA., Kulik, JR.,
Childers, JT., Wood, JA., Stone, MH., and Haff, GG.



(2005) Influence of different relative intensities on
power output during the hang power clean: Identification
of the optimal load. J Strength Cond Res, 19: 698-708.

Kilduff, LP, Beva, H., Owen, N, Kingsley, MIC., Bunce, P,
Bennett, M, and Cunningham, D. (2007) Optimal loading
for peak power output during the hang power clean in
professional rughy players. Int J Sports Physiol Perf, 2:
260-2609.

Kipp, K., Malloy, PJ., Smith, JC., Giordanelli, MD., Kiely,
M.., Geiser, CE, and Suchomel, TJ. (2018). Mechanical
demands of the hang power clean and jump shrug: A
joint-level perspective. J. Strength Cond. Res., 32 (2),
466-474.

Kipp, K., Suchomel, TJ., and Comfort, P. (2019).
Correlational analysis between joint-level kinetics of
countermovement jumps and weightlifting derivatives. J.
Sports Sci. Med., 18 (4), 663-668.

Muraki, Y., Ae, M., Koyama, H., and Yokozawa, T. (2008).
Joint torque and power of the takeofF leg in the long
jump. International journal of sport and health science, 6,
21-32.

Perttunen, J., Kyrolaine, H., Komi, PV,, and Heinonen, A.

Me Liirieaik 23 &M 1H 2025

(2000). Biomechanical loading in the triple jump. ]
Sports Sci, 18 (5), 363-370.

Suchomel, TJ., Beckham GK., and Wright GA. (2014) The
impact of load on lower body performance variables
during the hang power clean. Sports Biomech 13: 87-95.

Takei, S., Hirayama, K., and Okada, J. (2021) Comparison
of the power output between the hang power clean and
hang high pull across a wide range of loads in
weightlifters. J Strength Cond Res, 35 (Suppl 1) @ S84—
S88.

Btk U FRALIER - N E EF (2003) BB HLOE
EED RS « BiEt. NA T AT Z A LFEREE, 27
29-36.

FEELA - X 5 - bk BB - KBGEE - B% =
(2019) EmBkOBYIFEICHT S i 3D ) -
INT —FEEEREE. KB, 64 (2), 625-635.

Wells, RP, and Winter, DA. (1980) Assessment of signal
and noise in the kinematics of normal, pathological and
sporting gaits. Human Locomotion, 1 : 92-93.

M= (2013) FL—=7Z@wl. bL—Z2 7 0H
i e iE. NRAR—VIEEEERTF AN, pp.
104-117.

29






[ EH]

BE bRk BF 5000m EICHIFLEFEEHEBNELLIEL—R 0T

—EBELVNIVERRALANILDO L —REMRIC—

Him RV, LFE B0 M

15387 IEAIS 7 S < R G =

Analysis of Men’s 5000m-race between higher and lower long-distance runners :
focused on the national and international games

Atsuya KUROSAKI Y Yuichi YAMATE ®, Shotaro SEKI?, Tetsuro KOBAYASHI?, Inkwan HWANG ?

Abstract

The purpose of this study was to compare lap time and the rate
of change in lap time of national or international races which was
focused on breaking the individual record for the 5000m race, and
to clarify the characteristics of pacing strategies between higher
and lower groups. We analyzed 72 races (37 national and 35 inter-
national), categorizing them into higher and lower groups based on
the Diamond League minimum record of 13min 36sec.
The results were shown as follows:

1) In all groups, the last 1000 m was the fastest segment, fol-
lowed by the first 1000 m.

2) There was no significant difference in the ratio of average lap
times based on finishing time between higher and lower
groups. When averaging the lap time ratios of both groups, the
values were 100.5% at 0 m to 1000 m, 99.1% at 1000 m to
2000 m, 98.5% at 2000 m to 3000 m, 98.7% at 3000 m to
4000 m, and 103.5% at 4000 m to 5000 m. Therefore, the race
pace was maintained at a relatively high intensity across 2000
m to 4000 m.

3) There were no significant differences in the rate of change in
lap times across athletic levels. The first 2000m showed a
1.5% decrease, followed by a 0.2% decrease in the next 2000
m. In contrast, the last 1000 m exhibited a 4.6% increase.

4) There was no significant difference in the ratio of lap times
based on finishing time between the higher and lower groups.
When averaging the ratio of both groups for each section,
19.9% from 0 m to 1000 m, 20.2% from 1000 m to 2000 m,
20.3% from 2000 m to 3000 m, 20.3% from 3000 m to 4000
m, and 19.3% from 4000 m to 5000 m. The ratio was low in
the 0 m to 1000 m and 4000 m to 5000 m sections.

Based on these results, the race strategy for achieving a individual
record in the men’s 5000m, regardless of athletic level, is to con-
serve energy in the 1000 m to 4000 m section and to increase the
pace in the last 1000m section.

F——R: REBE L—RAOH, ~—REE HE

. #% B

M bt RpEdEE (LU, REBEE) 3m0wEEED
MERFE A N A= N TOBERENRE RO 5N 5T
HCTho (BEAIFA, 1997 : #iFH, 2009 : HIFFH,
2023). FD=®, L—ATHHTH2DIZETA MR
N=RZBWTINANT =D Z2ITAZ2RTEL—X
HIZERT ZENTELIMNEETHD EE26NS. E
PEEEEDN T + = D AZRET HERKE LT, &KRE
FIEHR, LB MEEERE, T L s> /a3 —
(LAF, RE) % 1F 54 5 (Conley and Krahenbuhl,
1980 ; Daniels, 1985; Morgan et al., 1989 ; Noakes et al.,
1990 : Billat et al., 2001 : Joyner et al., 2020). 1 T ®,
REIZWDIZDIBNI RN F—IZX o TEFTTH I &N
TEDLMNERT [RFME] OfEEEINTHD, FUE
FE CAEIT LT\ D3R BB R A 70 257
WWENTWSEXINTWS, REIZDWT, Daniels iE0
(1985) 13z F KEAHEAEZETF O 3000m &I HB W CridEd
FFRE DETF 2 # 2 W RITHRAEFZBIENHI T 53
 (BLF, vW0umax) BEOREFEEIURZ Lz & 25,
BRI T B 512 5D 5 T vV0umax I O 348
WEICENRBDO SN EMS, REBEEDONT +—<
CAEPRETLHEINIRE THDERRTNWS., /-
M (2019) 1, RE & FREOBIME - HiGE 2 ML,
RE E BHHEEENT + —< > AN K 0BT 2 O139% 5
BRI NIEITICEDETORE OBLENT A A=Y
AWERTH D E#HE L7 Tucker 1T A (2006) 13,
5000m & D HFRFLERNEH SN/ 32 L — A D Hr &7
W, ZDIHE21 L —ZATTZAMD1000m A HHHNT v
THIALTHoI=ZEMSE, FARNAN—=FZTOD

1) HAKRERZEREGARE MR Graduate School of Health and Sport Science, Nippon Sport Science University

T 158-8508 5 AUHS TH AR PXIEEIR 7-1-1

2) HARMKEKRHEKREZEE  Faculty of Sport Science, Nippon Sport Science University

T 227-0033 %) AR T 75 ZE (XS A T 1221-1
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WL — AR N ZRESD ZENEETH S ERRT
W5 ZDZEMmS, REEDL —RITHITSRE X
FARNAN—=RZITO/ODORNERELIETHD E
ELAHN5S. TIT, R=AWMHOWMEICEHT S &,
Abbiss and Larsen (2008) 13 R—AE 2% HT 1 7,
F=NVTIN, ROTa T, A—=T >, Kk (J78
U SR, BER—27D6DITHELTNDS. T
hEIHEEE T RAICHW S NS X— A, 1—7
T, WO T T, AT T, iR (JFEE, U )
DADITHEIND (Tucker et al., 2006 ; Thiel et al.,
2012 ; Casado et al., 2021a ; Mufioz-Pérez et al., 2023 ;
Casado et al., 2024). f — T > R—=2 > 7%, L—AF
e S R FE TR E S R=ZITBE DTN R — 2l 57
T, Brox oy  oMREHOL -2k EITHWSN
TWBER=AWGTHB. RYT 1 TR—=2 2713, L—
AT R rm I BE L L — R T CEE DK
T2 R—AE D THL D 800m O i F ik & Tl
FHEBREDL —RITHNWENTNER—AWSTH 5.
IHT A TR=2 271, L—AFENSBITMNTT
R=AZBIZ EFDRH VBN E HR=AN LN > T
R—AB 75T, B D 5000m £ = 10000m E D FHe
PHRRED L —ZAITHNWENTVWEX—AE S TH
. BPBRR—=>27 (JF8) 1%, L—AFBRTR—
AMERD L — ZAHBICR—ZABMETFL, LT, L—
AHIBIT L — AFBR I D HRX— 2P LB XR—ZFHT
BT D 1500m EDOEFHELCHRREDL —AITHNS
NTWBER=ZEHTHD. BhHER—3 27 (U FR)
13, L—RAFRITR=ZANEND, L —ZAHBRITR—2
MEFL, TLTL—ARBICL—AFEEFRAL <S5 N
DR—=ZITENDEIBR—ABE O THD, B
@ 1500m £ & B F D 5000m £ F &L T 10000m 7E D HHF
EEAEEDL —ZAICHNSENTNER—ZE)TH 5.
INS 4 DDOR—ABHFIEESDEFOL )L, 2L T
L —ZOMEIZ L > TR S EHE 2 515, Thiel iEF0
(2012) 13, dLihds (2008 4E) @ %4 800m, 1500m,
5000m, 10000m DB — 22 nHr L, IEALZH> L —
A EFEREIHD L — A TR—=AW M EIL D E R T
5, ZNH5DZEMS BT 5000mEDL —AINY —
WOWTNELZIES L — R LRk E 0D L —Zi2DNn T
BMatd 5 &, EIZHED L — AR ARCRETERED
L—ZATHO, L—AFRNSREIIHT TR
WETNRHOBNSH L —ZRBICRKRES R=ZAD QY
LEMM B DD —ANY =3 T 1 TR—=2 >
7 TH% (Theil iE7, 2012;Casado 1F7>, 2024). —7H,
LERZEIH D L — AR ENEH I N — X T
HO, L—AFRIIR=ANEND, L—ZAFBIzX—
AMMEFL, ZELTL—ARBIZL—AFRLFALSS
WD R—ZNZ EDRDEHMN S L — A NS — s
R—=2 27 (UFH) THsEEZ SN (Tucker 1EFD,
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2006 ; Casado 1Z7, 2024).
PLEDZEME, INETOL =W OWFFEDRE
MIELITD 2 Bz 6nsb. O EFLETHE &
[E DEFHERD LML EFHRFD L — 212 & D—ftE
FOL—AH 21T > W9 (Aragon et al., 2015 ;
Renfree et al., 2020 ; Filipas et al., 2021 ; Casado et al.,
2021b) PR SN TS HE. T 5 OFFZIE Alm< k7
BTHETHENZREZ D 5 720 O R — 2l o 5 R
BN TOR—ZABLD) DAL TITITAERN TH S
EEBEZOENDD, INHDOL—AENFELEZL -0
WOATEINMNSE —REFITEDONTNIS ET 5 —
LI DEF DR — 2B DAL TIZII AT TH
5, @Q—iRETERUNOETORBEHZHNEL
L —R%Ty Ty A AL Thanzy, —
RRTFBIP—HLIDOET O R— A5 D Fhil f 02
MM TWRWE., TS50 &S, —iiE
FEHUNDRERFOL —AD Ty THA LTy TH
A LDECHREN S G Z2{T5 2 & T—IEF & —IRLA
NOBFEDR—AFSDEEFRTIENMTEL EEL
5N5. Fh—IEFE—RUNOEFOX— [T
ZRBNDTHIUE, TOR— BT HE L NIV
%275 < BF 5000m EIZ B W TRosr #2505 BRI i
BR— ARSI OB D 0[ReENH 2 LEZ 5N 5.
T, AWFFEIRE LEEB T 5000m 2E O FCEk
EHWETHENBLOENL —ZEWNRICT Y THA
LBEXUT v TEA LAOELREEGITONWT IR ZT
VW, —ETF E RN OBETF O R — B DR E
SMCTHIEEHME L.

2. HiE
2.1 F—HIE&E
1 HRL—ZABIET—FPEHE

L — 135 306, 308, 311 [Al H ARMKRE KFEEIHEE
BB IVE 24 B HARKRERZL T EHBERES
(2023 4£) DB ¥ 5000m EIZH B L 7= 13 53 00 B 5
1459 EFTO4 37T L —AB U215 FE0n 5 2023
#£FE £ T Diamond League @ %1 5000m EIZHE L 7=
12738 hs13036BETOR23BL—AELT
HAKRERZERERERIE, LRSI 5EFO
NHHCNA MY 1 L& EEFICHEL, TOREIN
T2 A LCEDNT L — A DEBMMRENTHONS 720,
Py L OV DIV ETFNE CH TR, fosk i
ZIHS L —REFZEZ SN (HEAKEKFWE LT,
2023). % 7= Diamond League ® - — Z %, Diamond
League DI HANC R—ZA X = —DR#EN TN TN
% (World Athletics, 2023). X—Z A— N —D&ENIZD
W T Diaz 1Z72 (2019) 1%, 1998 £/ 5 2018 EE T D
BLo< o5y > OREEE L, 201840 Y
R« FT7F a7 2L - R EITH 26km #Hif F T



NR—=ZAA—=H—EFELTL, 30km HSLIED Y 1 Ll
Rk 3 WHEHMLE. ZORRIIR—ZAA—H—
FERERT D= DI R — A EITIR O MR TH 2 &
CTCTW/=. AT, Filipas 1Z4 (2018) (& EiE#EEEL —
ZIZDNWTHY > Ew 7t FUEFHETIE A S IVESE)
HTH2DIZHL T, TOMDL —ZATIFAY — &
WHBERE D ENWY A A TI—)IVT B ENEEERS
ERARTWVWDS, AW TH S E L 7 Diamond
League @435 L — A H1, World Lead DRiEkAY16 L — &,
HoefmzEmHmlzL —2Nn11 L—XAdbo/= Dk
DZEMNSE, AR ITBNWTR=ZAA=H—=211 3%
Diamond League ® L — 213, ik E#H 2HNELZL —
AThBEEZLNT.

T TIALDT—F LR, FL—RITBWTHEH
DFFHEETL TOWHEFNEFDOR—ZX 2L TN
% & Z, LH O SEEEDY 1000m EiERF D 1000m 30 =
TEA LEH W 2485 O L —Z % Diamond League
DEARFLER (13 43 36 ) 2 HHEIT 13 4 36 BLAND L —
A% LALEE, 135936 M5 1459 ETOL —X %
TALEED 2 BEICH AL 2. A D L — A D [X[H]
EUTOXDIICER L. XM 3R En =
&Lz, TNFNORMONR— AR5 ERER D% 2R
T 7D XE D 4r4EIE, 0m-1000m (PAF, 1000m X)),
1000m-2000m (LL'F, 2000m [X[&]), 2000m-3000m (PAF,
3000m [X [ ), 3000m-4000m ( BA F, 4000m X [H ),
4000m-5000m (LLF, 5000m X[E) @ 1000m fF D [X [
EL RLCHEHOL —ZADEHY 1 L EHEHEFRAEE
RUTz. RIFEO HARE K RIERF 2 Ofleds
BB EMHEICH 25 TINE L, Diamond League
DFEERIT DN TIEA — 7 > 7 77t A ® Diamond League
@ web ¥ b (Diamond League, 2023) 7»5 H(& L 7=,
BB, AERIHAKRERZCBITSE heksns Lk
Rk - BIEPIFTRICET A MEBEERERDKEEETE
fiL7z6DTH2 UKEHEFS 3 024-H074 7).
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(2) HIEEH

5w TEA LT, BEED 5000m E IS 1000m
DTy THALENEL, T THALMNS 1000m F
DTy T LOERER L. 51, I-)¥
A L EFIT5000m EICB T D EET Yy TY A LEET
Uz, Fh, T LR BEELEEET Yy T A1
LADEIG EHBOZEZRT 2 HIT1000m, 2000m,
3000m, 4000m, 5000m KD F v F& A LADEIE % E
MU AT, SHEEMEOXEEEDNX—ZEsD%E% T
BT 57201CL—Z2D0T =)V LERHEE L& KR
DI T LADEEHEHB L.

(3) HEtuLHE

E2TOT—H I3Vl + FEHE R 2 TR L, Shapiro-
wilk BUE = FE e U EHEOMRETT o 72, TOREE, k
RLEED 1000m fED T v 75 A MIEHMEDMERNTE
BMo e 1000mED Ty TH A LO LI
Freidman #7E & iy, ZOMRERENREDOSNLD
DIZ%F L Tl Bonferroni-Dunn @ £ 5 sk i 2 32 fiti L
72. FALEED 1000m 5D T v 74 A LS IER MO
INTERZDOBVIRL DH DTl &8s 2110,
T DIERFEENZED S5 N/=H DK L T3 Bonferroni
WEZEHALLERRMEEZERL 2. £k LAHFD
T TEA LNOBCRISERNED TR T E 720Y FALEED
T TEA LNOBCRICERED R TEaho/k L
o TC, v T HALDEARDFEM LRI,
Mann-Whitney ® UMEZEFEEm L7z, =7 A Lxkk
WL LEEE Ty T A LOEEGORERMLE TX
1000m, 3000m, 5000m X [EZ 3B W TIHIERME DA
T&E7/, 2000m, 4000m X[ TR IESME DEENTE
Binolz. ULn-> T, ESMEIHERE CELREITBN
TIIFIGED 72 T BE 2170, ERESERTERN S
7= IX[E1Z 3B Wy Tld Mann-Whitney @ U #i€ % i L 7=.
5L, L—ZADd—= VI A LEHREELEZLEXEO
T TEA LOEG OIS, FREOHETIT >/ W
TNOHUIIZBNTH 7Y 7 - SPSS Statics27.0
(IBM #) ZHWTITY, §XTOHBKEIERE 5%
A & U7z

xK1. BHOLV—RAFEHI A A

B n
i (72 40
L 32

L—RZA L

13501 + 14.4%

145323% + 2118
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3. BRBLUER

3.1 BF5000mED 100mMBDSy T4 LBELN
=N LERELLE1000mBOFEES Y T4 A
LDEE

X 112 %+ 5000m #12B1F % 1000m BED T v 74 A
LERUTZ. RSB IO 1000m XEO F v
7% 4 I 2000m, 3000m, 4000m [X[E &L D HHEFEITIK
fEzmRL (p<0.05), EALFER KT ALEEO 5000m X[H
DIy THALZETORMEID BEBEICKEZRLZ
(p<0.05). F7= EAEEITH N TIZ 2000m A 5 4000m X
METDT Y THA LEXRKMDT v TH A L EDRIC

BEERENRBODONRMD . —HT, FI#D
2000m 72 5 4000m K E TOHEKBD T v TH A1 LIT
B TIE, 2000m XA 3000m K& D & A B I
R L7= (<0.05). LU, 4000m X[EIZH W TII,
2000m, 3000m KO WTHNDOREID T v TH A1 L&D
MICHEERAIED s NN Tz

B2 d=IV 71 LEFHKEE L= 1000m BONFE T v
THALDEEER L., d=NI A LML -
1000m DO YE T T A LAOEIG O AR O g T
13, 2@ CORRBTHEREIIRDSNRBN D=, ZD)=
W, PRI IO I—I YA LEHMEE L
BTy TH14 LOEGESEREITEET S &, 1000m X

180 -
1754 | g eesccccctMltccea.,,,,
....... 12,5 % 15 *
o 135 %

170 A 2,345 %
C)
g 165 4 12341
*
N
™~ 160 -
N * 15p*
N 155 4 15* L3H

23,851%
150 '/ 123,4H%
/
0o L . . . . .
0-1000 1000-2000  2000-3000  3000-4000  4000-5000
BEE (m)
== |12 (n=40) o Tt (n=32)
*p <0.05

H: bRl — 2 LFEOL — X

1:0m-1000m ; 2:1000m-2000m ; 3:2000m-3000m ; 4:3000m-4000m ; 5:4000m-5000m

1. 5000m EFDEXBMBDS v 751 A

106 1 ———:5000mEDFEHT v 741 LOES

104 -

102

100 +

724 LOEIE (%)

7v

98 A

0-1000 1000-2000

2000-3000

3000:4000 4000-5000

BERE (m)

- F{i[Ef (n=40)

@ T8 (n=32)

B 2. 5000mEDFHS Y T A AT 2 LAUBBLOTRUBDS v 791 ADBISDLE
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il T 100.5 %, 2000m X [} T 99.1 %, 3000m X [ T
98.5 %, 4000m [X [#] T 98.7%, % L C 5000m X [ T
103.5% CTdH > 7z. BT 5000m EDHFRLEDOL — 2D
M%7 o 7= Tucker 1E5 (2006) 1E, 5000m £ D {H 5
FLERDR—=ZAB P IZDNTL —AH D 1000m D F v 7
A LTI A RO 1000m D HE S KW TR O
1000m 2SN E WS 72 ALY — FAEL, HBIZR—2
MMEFL, L—ARBITKE L R=AD LD DR %
HEMRNTNS, AFZETIE, EMBEFMEESIC
Tucker (Z72 (2006) & [AKEDHKER 2R L TH D 5000m
FORLEEZHD L — 2B TSR L ~NIVICBRZ
<, 5000m KEIZBNWTRESR=AN END -2
iz RnTWE 25D En5, 2000m, 3000m,
4000m X f#1 1000m B & F5000m XKLD& Ty T4
A LEL RS A TH D, 5000m X[ 1000m X fh]
F0BHTy TYALAMELIRDZXETHZ Z ENHSM
IZiso/z. UL, #EiFn (2009) 13—HiAKFREEHEEE
T 8 £ 26 RIT 10000m L — A EE O i FhELEE IR E &
10000m L — ZH1 D 2000m 5D 7 v T & 1 L & DOAARIRE
BRESIUIREER, ThZFNOHS &/ B OB
BORED SN EMEL TWD. 51T, 10000m L —
ABHOMPABIEEE Ty T5 A1 L EDRITE W
B@ENEOLNZERELT, L—ADHEMMNSKET
BEAE—-ROBBNKRELEL IS THIEEDAE—R
DHEFF I N T W72 L — AT O I F 2L R 1 S ik
INZERRTWEZ, Tl EnG, APFEIZEN
T 2000m, 3000m, 4000m KENIHIZRX—Z 2K TS &
THITETTAHEHE TR L, 1000m KE XD BN
N—2Z (98-99%) ZHFFLODODBURNZEETED L
S 1ZEFF L 5000m KD R— R 7 v T2 A D KRET
B ERBINT.
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3.2 BF 5000m E®D 1000m REBDS Y 7914 LDE
CRET-NIALERELLIES Y TIA ALADEIE
% 2 1T H 1 5000m EH D 2 FED 1000m KEHED v
THALDOEERER L, 1000m KEED T v 7%
A LDOEERDOLEREM O TIX, 2 TORMITHBNT
BEREZIZBDLNRBMSTZ. IBIT, 2HOIT v T4
A L DZEALERZ 2000m, 3000m, 4000m, 5000m X[ &
LT 5 &, 2000m XEE 1.5% DEELTNAEL,
3000m [X[HTlZ 0.6% O EL T, 4000m K TIX 0.2%
DOFEELT, 2L T 5000m KETIX 4.6% OIEE DN
MWECTWE R3ICd—=IVY 1 LZEFEUEEL L /- 5000m
EHOBERBDT v TH A LAOEGER L. I=ILF
ALBHMEE UEERBDT Y 75 A LOKEER O i
T, 2 TCoRMEARERETRD NN 5
2, 2D Ty TH A LADEE % 1000m X [H, 2000m
X[, 3000m [X[#, 4000m X, 5000m X[ Z &2
9% &, 1000m X HE 19.9%, 2000m X1 20.2%,
3000m [X [ 13 20.3 %, 4000m X fE 13 20.3 %, 5000m [X
M3 193% CTHo/z. Tl ENS, 2HOFKL
NIVIZERZ DN R—= AP NN T ENH S NI
2o7=. LML, Pryor i@h (2020) 3 EHEHEEDX—
ARH DL E 2 —WFEICB W THBERICB W TR
NR= D TEIBIT RS2 50N ERNTNWD N, A
THRELUREEFHRZENELZL—A TR, #iab
BHLNIVIZBONTCORAEOXR =AW 3 Z R L2720
Pryor (7 (2020) DOfEREIFHREBDERTHo. L
=Moo T, REEEHD L — 22BN T L ~NIVICE
%72 <, 1000m-4000m X [E &K ) &\ 7F L 7Ia s 5 EFT
L, 5000m K CRIEBRR—ZAT v TE2TEBT &N
FETHDLEREBINZ. L—ARBOR—2T v 71T

2. 5000mEICHT B EABB LIV TUBORXREICHT ZERXES v 751 ADELEDLLER

2000m (%) 1.4%1.6 1.6 1.9 n.s
3000m (%) 0.4+1.9 0914 n.s
4000m (%) 0.2£2.0 -0.6+1.5 n.s.
5000m (%) 4929 4124 n.s.

T £ ZAERZ 5 n.s. © not significant
Ci @ Efu8f vs Bt
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3. 5000mMEICT—NIAMALAEZREL LA LUBBLUTUHOERES v 794 AICEITSEEDLHE

1000m (%) 19.9 + 0.3 19.9 + 0.3 n.s.
2000m (%) 202 £ 0.2 202 £ 0.2 n.s.
3000m (%) 203 = 0.3 20.4 + 0.2 n.s.
4000m (%) 203 £ 0.3 20.2 £ 0.3 n.s.
5000m (%) 193 + 0.4 19.4 + 0.4 n.s.
SEME + ZHEBE | ns. | not significant
Ci ¢ B8 vs TOEE
5. £&

DWT, HF 10000m EDEEESY A T DM EfTo 72
BIFF (2023) 1%, L— A E L Tl — 2K
WEREBLUVUANTIA RERELTHI L TERESE
REL LTV ERESINTWVS., BIFFEITBNWTD
5000m R TR—A7 v 79I 57201218, EHPED
KOBR—AE 7 THHL LS & H 2000m K[E NS
5000m KEIZNITTA RIS RERELTEHIENT
Z % £ 91T 2000m-4000m KM THIZIREL TETT
L5 ENEETH D AREMENRZT SN/ LA T,
R b i5i 5 557 5000m & DFLEk &I S L — R L X
IVICBIfRTE < R— 2By VR L TW/z. E 72 5000m
KMIZKE K R=Z % L 572512 2000m-4000m [X 4]
DRFFHEITEN T2 X — AEMTEERE TR T 572D DH
RERDRX—=ABL5HTH D HEEN R I N/,
PLED#ERMNS, R EFHE ST 5000m & O itk & IH
5 L —ZIZBWNT 5000m XKMIZKIERX—=ZT v T%&
T 9 72 121F 2000m-4000m [X [ 2 1000m XD T v 7
FALEDBENR—ZXTHFFL DD B ZIRF LIS
MOETTLIMNEND D EEZEZ SN,

4. AHFOPRF

AWFFEIL, B 5000m E OGS EH N E LZE
WL — 2 &2 R R L NIV I ki 217> 72, RE
13, AFENERCNA T AN ANEEEZHA NS
LT TELIRETH D 7DARFE TR TS [
FEHE] XIS OBEFREFEBICHE L 2HD1F Tld/z<,
INS OEREMVEEIZERN TN S DA 1000m-4000m
KEORFEMETH D EHZAT. ETRAMTOREALLD
N—=ZBMIREEEH ZHNE L L — AR ETH 2
720, EfiZEHS ZEEHMNELEL —2XDEARELRD
N=ZAEFIZDONTIEE R TEARN.
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ARFZEIE, R BT 5000m A& O Fl Rk H & 0w
ETBENBIUENAL —ZAZR/RITT Y THA L
T TEA LOBREEGITONWTHIEZITY, —ii
BEE—FHLSDOEF DR — 2B DR A S MY
52 EEHMNE L. AFRDOREREERNSLTOD
EMBHSMMITIE o 2.

(1) EALEETFALEEE BT 1000m 8D T v T 1 L,
ZZ @ 1000m N HEL, KW THRHO 1000m 735
no .

Q) TN LEHEELEE Ty TH 1 LOEIG
1, EMREE FAERCHERENEOD SNRN> T &
ME, WEEDO T v Ty LOEEGZEHET 5 E 1000m
X Fi] T 100.5 %, 2000m [X [#] T 99.1 %, 3000m [X [ T
98.5%, 4000m [X [ T 98.7%, % L C, 5000m X [T
103.5% T& 0 2000m, 3000m, 4000m XRIZHBWNTH
FEEBR A W TR — AR S Tz,

(3) T THA LADRMBOECRI, RS FARE
WCHBRENBED SNRN> =2 EME, MEEOZE{LHR
235 & 2000m KEICHB W T 1.5% QR T A
U, 3000m XTI 0.6% OHEL R, 4000m K[ Tl
0.2% DFEEML T, Z L T 5000m [X[H T 4.6 % )
BEhL Tz,

@) d=NVIALEHEELZT Y THA LOEEETE
& FBEICHBRENRD SNRBN 22 EN5,
MO KM O E & 239 5 & 1000m [X[# T 19.9%,
2000m [X [# T 20.2 %, 3000m [X [{ T 20.3%, 4000m X
1T 20.3%, 5000m X[ T19.3% T& D, 1000m [X [H
BILU50mXEICBNWTEAEREN EnS
1000m-4000m K TN Z2iEEFL T A~ 1000m iZ
A Tz,



Loz EMmB, BT-5000m EDREEFEHS L — R
BN TIEHE R L NIVIZBE R 72 < 1000m-4000m [X {12
A Z2|ELTEITT S ZET, 5000m KEON—2Z
7w TRAREICL TWE ERBEINT~.
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Comparison of vertical velocity derived from vertical ground reaction force during takeoff
and vertical velocity calculated from position coordinates in long jump

Shuya FUKUCHI”, Kiyomi SUGIURA?, Ryosuke ISHIKAWA?, Rinri UEMATSU?, Kiyonobu KIGOSHI®

Abstract

This study compared vertical velocity derived from vertical
ground reaction force (GRF) with that calculated from motion
capture data during the long jump takeoff. Four male long jump-
ers performed multiple jumps, with vertical GRF measured at
1000 Hz and 23 body markers tracked at 240 Hz. Vertical veloci-
ty derived from vertical GRF was determined by numerically in-
tegrating the net vertical force (vertical GRF minus body
weight) from the point of minimum center of mass height to
takeoff. Velocity calculated from motion capture was obtained by
differentiating the vertical center of mass position. Statistical
analysis showed significantly higher vertical velocities derived
from vertical GRF compared to those calculated from motion
capture. While both methods displayed a similar temporal pat-
tern—initial negative velocity followed by positive velocity—the
magnitudes differed considerably. This discrepancy was attribut-
ed to potential errors inherent in motion capture data, encom-
passing inaccuracies in body segment inertial parameters and
digitization noise, and the inclusion of passive forces in the initial
vertical GRF integration. The study highlights the importance of
acknowledging these methodological limitations when compar-
ing vertical velocity data from different sources, especially in an-
alyzing complex movements like the long jump takeoff. Further
research is needed to refine the methodologies and understand
the sources of these discrepancies.
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Development of training procedures for novice at pole vault: In male university students

Ryosuke ISHIKAWA®, Kiyonobu KIGOSHI?

Abstract

The purpose of this study was to develop introductory pole vault
training procedures for male university students. Two male univer-
sity track and field athletes were trained by a coach with extensive
experience coaching pole vaulters and his assistant. For approxi-
mately six months, the athletes followed the pole vault training
procedures developed by the coaches. The main findings of this
study were as follows:

1) The training procedures consisted of three major components.

2) The athletes achieved two primary goals: performing the pole
vault safely without bending the pole and clearing a height of
3.00 meters in competition.

3) After approximately six months of training, the coaches re-
viewed the original training procedures, eliminating two steps
and adding five new ones.

To make training procedures more suitable for male university
students with no prior experience in pole vault, it is necessary to
create opportunities for training with the modified procedures and
to consider further modifications.
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A Case Report on Success in a Short Time by Changing Throwing Methods
in U20 Japanese Top-Level Men’s Shot-Put Athlete

Shiro KOBAYASHI”

Abstract

This study reports on the success of a u20 male Japanese top-
level shot put athlete who changed his throwing technique. The
participant, a u20 male Japanese top-level shot put athlete who
had achieved top results in the u20 category in the glide throw,
changed his throwing technique to the rotational throw when he
felt that his record was not improving. He learned the technique
by focusing mainly on the phase from the start of the turning
motion to the left foot off the ground, and on acquiring a power
position posture. As a result, he was able to improve his own re-
cord by 1m29cm in about 7 months. This significant improve-
ment in his personal record in a short period of time was due to
the fact that the subject had been working on the discus throw in
parallel with the glide throw, which enabled him to acquire the
technique of the rotary throw smoothly, and that the change of
throwing technique to the rotary throw improved the timing of
right foot landing and left foot landing to reach the power position,
which had been a problem in the glide throw. The change of
throwing technique to the glide method improved the timing of
right- and left-foot grounding to reach the power position.
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A case study on evaluating the condition of using examinations of oxidative stress
on the short-term repetitive high-altitude training camp:
Two elite Japanese long distance runners

Kosuke TANIGUCHI”, Shun HASHIMOTO?, Masaaki SUGITA?

Abstract

This study periodically measured oxidative stress during
short-term repetitive high-altitude training for the competition.
Additionally, subjective and objective condition indicators during
training camps. The aim of this study was to investigate the con-
dition during the short-term repetitive high-altitude training
camp and to examine the characteristics of oxidative stress dur-
ing the period leading up to the competition. Two elite Japanese
male long-distance runners participated in this study. The high-
altitude training camp was conducted twice during the period
from May to June, with the first session held from May 23rd to
May 31st and the second session from June 10th to June 20th.
We measured SpO,, PR, sleep duration, sleep situation, subjec-
tive fatigue, running distance, and urine specific gravity at every
mooring. We measured reactive oxygen metabolites (d-ROMs),
biological antioxidant potential (BAP) at an interval of 2-3 days.
d-ROMs and BAP were also measured on the day before the
competition, following the descent from training camp. During
the early stages of the training camp, there was a significant in-
crease in BAP compared to d-ROMs. Additionally, there was a
deterioration in the redox balance of athletes who difficulty fall-
ing asleep and shorter sleep durations. It was suggested that
measures for falling asleep at night for conditioning, as it con-
tributes to maintaining a favorable redox balance. Furthermore,
it was indicated that athletes who became the champion in the
competition after the training camp showed characteristics such
as low d-ROMs and high BAP/d-ROMs during the period from
descent to the competition.
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E1ZAy, 2023b; &H - #H, 2017).

INSOTEMNS, EERICEMMXENS N —=
DUEEHL TW L RERGEET 2R E LT, BT
PHIMBR OB E TORLA b L XIBEOLEH 2 K=
mREBDHS LabERNSmE 2T 2 &1, &k
L —Z 2 HiRh oA ST, %O ST 7=
A>T 143 P iHliDZHDOHRE L THEISIERE 2
D1F5EBbhs.

T ZTAMIETIE, HANIREEEEZET 2 42Xt
RIT, BLA b L AfREE & Fil v 7= i e i 1 Y
s L —= > R B X AR I B W TEIMIC
HEL, HEPOEER - BB T« 2 a3 e s
EHITFEHMICMANT S ZET, mith L —= 2 JIFIC
BT DEIEA ML AREOETHOR ML T 1> a >
FHHICRAD L HAEGS AN E L .

2. Hi&
2.1, MRE

HAN—IRE T RIEHEEET 2 4 (A JETF 423 5%
B 1 175cm, 1K :59.7kg, BETF El:325% HE:
178cm, K @ 58.4kg) ZXH & Uiz, AWFTEH AR
T®5,000mEDHCENZ MELEkIE, AEFN13 5 34
64, BETN 137037800 THo/z. AWFFKORS
FON141E, HAR LEFEERGEEEFTHO,
HA R iR Ba X 0 Bk S /- RIEEEE R
FThH- . MEFIIIEMITEVRONE K OE M
ZOEKLOETTTHICHAL, FEHITTT > 74— 4
ROt b ERMESINOKGE Z1572.
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2.5t L —Z 2V IDRE

mii s L —=>78E CUF, 81ELET5) 18 Wb
HTHB5H~6 AOHMIZBWT, #1EH (G H 23
H~5H31H) &%2mHH 6H10H~6H20H)
D 2 BNV THEBS Nz, WESINE, R R
mit b L —=> 7T YN (ERESLT - FEH) I
NMETHHBEAGM N —= 2 Ty — (EE
1,708m, IR RET) THO, H1EHEEHE2FH
DORNZIE, 10 HE OSEHAE IR (B2 & 7.5m) % &%
JTCEmRSNZ. FL—Z 2 7 OHEEIR, B 6:00 ~),
PR (10:30~), % (16:00~) @1 H3ETH-
. BMEOSWNL—ZF (GRA 2 MNEE) 13, B
N T > KRB RS (s 1,300m) & 7= 1335
NIRRT IR (S 1,700m) TEEIH, 2~
3R 1O bz Rl1ICER N —Z2 7
NEERLZ. B, £EYaF> 7, EICHEEN
ST RBIOHEIN ) ST 5 REIDE
BCTiibhz. SEPORFL, WMEFLEDOAEFANE
EEBREATES 225, fAESYTU A2 NOBEICD
WTIE, FRICHIBR 23 = F O B Rz, b,
TEEFIIEER T O 4 HRRITH M S N/ B AR L5
BFHERS 5,000m £ (BLF, Btk &9 %) il

2.3. AEHEE LOFIE

FBIRBEEE 2EEOGHEDOHFIZBNT, FEHIIZFE
D710 HiM &R E, MHRAEZETT>72 (K1), ERE
@ Sp0,, MRIAEkIE, /NIVAAF 2 A—4— (PULSOX-
Lite, J=/h 3 /)L 8E) Z2HWTHIZEL, SpOy ik
kEEH L2 (B0, 1993 BOEH, 2022). FE
LTI, ERZBICIEML OIRREIC THEES 2 RIS
U, ¥10MORERITRINZEMEZE SpO,, HRif#k
DREME L7z, 20, PRBICHREZ[ELZ. X
7o, KNS -RERWML, RMEZEBLZ. 512
BRI D, FEMO T2 3 ViEEERRASE
7. TOMIZERMICIE, BEARFER, #6700 ES TRk
ICDOWTRAIEZ. BIEA L ZOWED, Fifgy
BLUOHEREN S 2 KL ERGE U 2 FaiH (10:00 ~
10:30) 12, FIMAZERIZRE (k=771 075X, 0y
A HATT ATy 7 B BHWT, $FR
D 100ul DMK ZEFRLIT> 72 BIEDY A 2 > 713,
b2 L ZEEEENFEA R RS 30 7 TEBhiT & [FK
HlizzZ & (B0 - M, 2015), FHETZR% 1R
FUECREN EFKUEE D 2 &2 PRI T2
TOVRRELZ. 728, PIEIZ2~5 I 1 BIORMFETIT-
7. BB A N L ZAOWEIZBEL TIE, F2EEEEKT
D3 H#% Gl ITHEML .



Me Liirieaik 23 &M 1H 2025

R B —Z=VIEBHROERAZ 21—

HEEL—= /e E [BIEBO#ETE A= 2—]

] ZFRT T =
1BE EETs ¥V BHE (FH)
288 3 -PEE M4 BB Y s ¥/ HRER (200mx 52) X5 b + 6, 000m~<— & FHEFIIEML 300mD 7 7 7 > Fio THRRE

3BE FEYs ¥

&8 Vs ¥/ RED

16,000m¥ /L K7 w7 + 300mX 34

FHEEFIIERL 00 75 7 FILTERE

4B B 16, 000mzE £ B Ys ¥ ERE - E

5HE EFEBEVsFLS B Vs ¥/ mEED 1,000mX 67 + 400mE FHEHTIIERL 30D S F 7 FIL TEE
6B E 16, 000m#E &8 Vs ¥+ AaE FBVaFS

TEE EN-DEE A H Vs ¥/ oMEER (400mX 574) X 2& > b + 1, 000mz#E FHEMEIIERL 30000 77 7 FIZTEE
S8EE 16, 000n7E B Vs XU/ EEED EEVs XS

9B H EEVs ¥ #E#E (Fa)

@i F L —= S/ E5E [BEHO#FEA=2—]
L] Ll En iz
1BE HEBVs¥FrS BEE (F&E)

2B E FEVs XS

3EE EFBYs¥rY
4B E HHVsF¥S
SHEE HEEVsFVS
6EH EFBVs¥rY

TEE EBYs¥US
SHE DAL MY 4
9B E FEVsF S
1088 EHEEVs XS

11E8 EFEVs¥VS

£HYs ¥ RRES
FB Vs ¥/ RRER
HEB Vs FU/REED
14, 00mE(L ¥V KT v 7 &
&H Vs ¥/ rEE
&H Vs ¥ rREES
£E Vs ¥/ RRES
&HYs ¥/ REED
£H Vs ¥ RmRES

400m + 300m + 200m + 6,000m~—RFE
16, 000m~—R &

HFEYVasFS

EFEv=¥rS

EEVsF¥FS

FEYVa¥S

1,000mX 53 + 400miE
HFEVsXVS

ABE : (00mx54) X2%F v F + 4,000m<—A % + 300nE

BEF : (400mX5F) X2%&w b + 1,000mE

FEHETIIERL MDY T T Fio THEE
FEEEIIERL 300mD ST T Fiz TEE

i EIEEL 30D ST v Kl TEE

FEEEIESL 0D YT T Fio TEE

FRETIIERL WD ST T Rl TEE
#HE (FaED)

24. AEEERVAE

() EBMa>T4

BRHEICKD, o0& (En

RoEs (Rw 1]

¥ 3 ViR

] ~RWw [5]), Bk
~%EW [5), giEgE C&Ew 1

MM L 7=

(3) B{LRAML R
M+ DL A b L A (d-ROMs) EHifE{E7) (BAP)

~REW [5]), 7k G\ (1) ~8Wn [5]) %5 B
(WFnH [5] RE) TRRAIEZ. N5 OHEBI,
H AR b b S ERFEICH A L CW iz NE %
FHITHEE Lz (EE», 2016).

(2) RIRE

BRREE - REANWT, RICEOREZITo . Rt
HOBPEITIE, N7 v bIREEESE (PAL-09S,
ATAGO ##) ZH W7z, HERRE, 1RHEUNO

X, 7 U —F 2 HIVEN & (FREE carpe diem,
Diacron International fL#, #iAL™” A A~ —%L) ZHW
THIE L7z, ZO%EZEHWEIEEOZ 4% R O HEHME
IZDNWTIE, INFETIMOFmRITBWTHEINTND
(Tamele et al., 2002 ; Nakayama et al., 2007). d-ROMs {3,
RN OIEMERRFEM 2 BT 20 Tldk<, 2ns
WZEDAUZMP O RO)LAF REE 2 2 A5
THEHEIL, HEERNOBACERYMOENSBILA N R E
DIREZBENICTMTH2HDTH S (B4, 2009).

WL —= Y AT F1EE WL —=2 /A% : S2EE -
(WAERET © 1,708m) (WEERERS - 1,708m ) =
K EER R FesERAE
9B [3em)
(BERE : 7.5m) (B : 7.5m)
EFEFFSPO, « ARIAEL - SpO,/ARAL
BHE
FBE
BEREVF 43 TUr—1
BE(LR P LR g g g g iy g 3 g
(lg@) (28@) (38B) (488) (S8B) (68@) ('8@) (sg@) (988) lg@) (288) (38@) (48B@) (5sm@) (é8@) (7e\) (38@) (%s@) (l08@) (118 @) wEsme)

1 AEHSEROAEIEE
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BAP 13, Mm% DERA =AMk 5 MR RES) G2
JURIR) ERLIZHDTH D, WHEEOEIN SIS
NS T REZFGEL, PR NIVEFET S 2
EMWE[RE T H D (orio, 2010). Z N5 Dl 7 5,
d-ROMs & BAP @ [t T & % # /£ ) b1 % b € (BAP/
d-ROMs) ZH H L /=. BAP/d-ROMs 1, EE{LiEITCOIR
REZFHMECTE, LA b L ABHR 2 afFE0ICiEEd %
ZEMAUEETHHEINTWVS CGkEIFEA, 2008).

b2 ML A DHEMEME L T, d-ROMs (H{r U.
CARR) 1%, IE#{# :200-300, R—%—F -1 > :301-
320, EEOEELA ML R 1 321-340, HREEOEELZ b
L Z 1 341-400, SREOEEIEA ML Z 1401500, n72 D
WEOBIA ML A 1501 LR (B, 2009) THO, »
0 DBEDOEILA L ZADIL I ITKEL EEZERTIR
RICBWTIE, BREEERKREZES TWHEENE
ABNDETHD GkEIZHN, 2008). BAP (HAT wmol/L)
1, EEME 2200 BL B, R—%—F 1 > 1 2000-2200,
PLEE AL 71 230 A 2 1 1800-2000, HilE{L 123 A2 -
1600-1800, HIEEIL J1H373 75 0 A2 : 1400-1600, HilE{t
TIMKRIEIZAE 21400 LT (orio, 20100 TH O, R
RBERTHARLRED, BFENALRENFNESREZE XK
BLL TWB ZENEMINTWS CGkHEIED, 2008).
BAP/d-ROMs 1%, HAANDHEH ONFHEETH S 7.541
M7 A —hIBVWTHHEITREETHD EHRESN
TWwa CkHEIED, 2014).

25. T

HIEMIREE L EERATRLUZ A-BEFEZN
F, H1EEEE 2 BEORREMBIT D EEED
Fh#giz1E, Wilcoxon D FF 5 fHIEMLFIMRE 217> /2.
SHLERIZIE, FREHALERY 7 K (SPSS 27.0 for windows,
IBM L) 2z WINOBHE bEBRR 5% K%
BFEELE.

3. ¥R

.. BEFELUHRBESFADOERILRA NV R

e {2 b L Z45#E (d-ROMs, BAP, BAP/d-ROMs)
IZDWT, 1 REEE 2 EEBLOTILEOEFEEH
HIZH T 2RI RS 2K 2 IR LU 7.

AETOIROMs 1L, HIEHDOSHHBHIINT T
300U.CARR FEEEZ T LRI AR ZRLE. H2HHE
13 300U.CARR FRETHERE L, TO®RBMERATAICKE
SIEFI2#BERLA. BAPIW, E1REHO2HH
M54 BB THEELL ETH 5 2300umol/L 2
FTCEARL, 06 HHICKEEK T I 2HEBERL
7. H2mBEF3 HBEICEREMEN EoBEN RIS, &
D% 281 A % Tl 2100umol/L 2 THER L 7=
BAP/d-ROMs i3, 51 EHEH® 4 HEH”NS 6 HHTKEL
KRL, 2E2EED 10 HEIZ2T TRORE T S Hn
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IZH-7n, ZOEHBEHERATHICEIREL LA T2H#B
LTz
BETFDd-ROMsZ, H1EHED 4 HENS 6 HHIZ
MITTREL ERLTWB Z ENRERI N, F2[HE
DO3HHICAEFORKMEZRL, 6 HHIINTTKE
SERUE®E BESAHETCHEEORMEZRLZ.
BAPIX, FHE1WHEHD2HHEMNMS 4 HEHIZ T Tl
PLETH B 2300umol/LFEEETERL, D% 8 HH
WREEKFNTHHRERLZ. H2REE3 HEICHK
WU EOBEARIN, TORBEKRSHH XTI
2100umol/L F2 ) TH:f% L /=. BAP/d-ROMs 1%, 51 [
HO4HHBHIZKES LR LA, SHHIZMTI TR T
D ERLUZ. HE2MEHO 3 HHICEETICBIT 25
KEHARINZM, FORKRIIMENEMICH O, FERH
HICIE AT O Kl & [FIFEE Ol 2 /R L 7.

#1ln H #20m H
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32. BB DREEDERFINE

(1) ¥CEREF SpO,, BRIAELES &L T SpO,/ ARiALL
B 1EEEHE 2 FHOGHETITHIT SRRl 2 &
21ZRE L7z B 1EHESE 2 EHD Sp0, DFEHEIE, A
BEENZTNZTN%6 +0.73%, 954 +0.73%, BET
MZENFH 953 +0.83%, 950 +0.89% CThHb, 1
BIE & 2 BHOESMICIE, WEFEbEEREITH
oo IREICDOWT, AEFOE 2 EHETIE
BEBFICHITREZRITHO L oD, MEFED
BIEE CORBREIIRD 5NN o7z, SpOy/ IkfALt
HREKICAETIZIBWT, F2EHETIERAE/REICH
Bz RTHSH oD, MEFEOEHEH TCORRLE
[EEEL IRy AN IS W

(2) B> T« avigE KE ERERBL
UHRETTIERE

FEWI> T 1 2 a ARE, KRE, HERIFMSB IR
EfTHEEEORFN /B2 R 2 1ICFE L. BEDE, RO
FEIBIVEEEIWETF LD EEMTORERZEILR
oM EHEIIOWT, ABRTIIAERTO
BRERETBD SN0, BEFIIE1IEELD
HE 2 EEMNEREIEWEZRLZ (p<0.05).

FREHFKICAZRFIIAEH TOARREREIRD S
Nixhozn, BETFEIEIRBIOBE2EANGE
ITIRWEZR L (p<0.05).

MERRIF L, MIEFEBEEMCTHRRRETHD 5N
o fen, BEFIIGEZM U T 6 KHE T E2SHA
Z<AZTN SN, RETHERNS, WEF S DATERH
TORABREITRD N T

(3) RIRE
RECEDRIFH/RMEZR 21T Lz, B1EHEEHE2

&2

M Biibeit 23 BE1H 2025
[\ HOEEEL, ARFENZNZH 1.030 = 0.002, 1.030
+0.002, B #TENZFNF4 1.019 + 0.004, 1.016 + 0.005
Thol-. MBBFLHAFEMTHEREITRD SN
Mo, ABFOLINEEEZBLTBEFIDBIR
EENESWEANIZH - 7=,

3.3. FRtXERPE L DR

S S ORREMRFT 272012, H2HEOE
R TBICHE Ui oEi s L OGS A -
L ZIEE DS ELHE AT HICB T 2 HEMITDNT
—BRTRLEZ GB3). ABRFOFHHE A HD d-ROMs
1Z, FHEED B 75%KEERL 2. BAPIZEHE &
FFEETH > /275, BAP/A-ROMs EHEEL D B 7.6% 5
ExERLZ —J%, BETFOHEEAHETHO d-ROMs I3,
SEEE EFFEE Th D, BAP < BAP/d-ROMs 13 -1l
KOH 4~ 5% REREZERLZ.

4. ZR

AWZETIE, @il —= 2 VRICB T SmIEA ML
ZIEEOEFOREMLI > T 1 2 a3 Vil Eb 2 A
5570, HRA—RERHEET 2 A28, ®
LA b L ZFeHE % B E 2T AV 7= J T R I 1 8 v b b
L—= > 7 HEF B LM% W TEICHEE
L, WEHhOEREN - BBMI T afmEL LD
IZHEFIICRRE Uiz, E ORER, EIMRER &~ L —
Z2UREOBEA ML AFREE LT, BERE -
L —Z T EmNE <722 M Tld d-ROMs @ EF I
v, PR LB OB E HFEFICEE S 2 &, HEIR
OE DN ESEBGRITTNT > A% BRAFITHED DI HH
FIAIRICIENT 726508, 2> F 4> a2 rdDkHo—
FERELTEHEHBETHD ZEIREINE. 2, AEHE
MO EHRE TOHMIZNT T, d-ROMs K<, BAP/

St kL —= Y SEBHROEKE SpO,, kA%, SpO,/ IRALE,

FEMACT 42 a VERBLUVRREERO—E

?'a‘/:’; ppie SpOYBRS H: ff; REE wo2 ERO®R & wE2 B8 el n%ig(

ABF BRE ABE BRE ABT BEF ABE BRE ARE BATF ART BEF ARE BRE AMT BEF ART BEF ARF BARFE AME BAT
2B B 95 95 52 41 183 232 503 515 1.031 1.016 3 4 2 4 4 4 2 3 75 70 1 2
388 95 05 56 “ 1.70 216 500 58.1 1027 1.020 4 2 4 3 4 2 4 3 80 60 2 37
4B E 95 96 56 40 170 240 — 578 1031 1.016 2 1 3 3 3 4 4 3 75 50 2 38
3 SBB 9% 96 — 46 — 200 583 578 1.030 1.026 3 1 3 3 2 3 3 4 70 55 24 27
1 6B B 96 94 52 43 185 219 — 515 1032 1021 4 2 4 3 4 4 4 3 75 55 24 28
mE s 2 8 18 210 s29 58 1031 1016 4 1 s 2 PR PR 15 50 v %
8 SB B 97 96 50 38 194 253 578 580 1.028 1.022 4 4 3 4 2 4 — 4 75 63 2 24
9B B — 06 — 45 — 213 — 578 1.031 1.012 — 4 —_ 2 —_ 4 —_ 3 —_ 6.5 —_ 2
FE 956 953 530 25 181 225 585 578 1.030 1.019 34 24 33 30 30 35 35 33 75 58 217 285
B EE 0.73 0.83 224 2.50 009 0.14 0.60 0.20 0.002 0.004 0.73 132 0.70 0.71 0.93 0.71 0.76 043 027 067 503 583
2B 8 9% 05 57 43 168 221 501 580 1.030 1012 2 4 2 2 2 2 3 80 70 15 2
38 B 94 96 60 43 157 223 582 574 1032 1018 4 4 2 4 2 4 2 2 75 60 24 3
48 E —_ 05 —_ 43 —_ 221 —_ 572 1032 1.009 —_ 3 —_ —_ 3 —_ 2 —_ 65 —_ 31
SBEB — 93 — 43 — 216 — 572 1031 1.007 —_ 1 —_ 3 — 2 —_ 3 —_ 50 — 2
F 3 68 8 9 05 46 “ 200 216 589 572 1028 1.013 4 4 3 4 2 3 3 75 50 20 24
2 7188 — o4 — “ — 214 — 572 1027 1.021 — 4 — 3 — —_ 3 —_ 65 —_ 2
SE B 9% 96 51 “ 188 218 500 571 1033 1.020 2 4 2 4 2 4 4 3 70 65 26 4
g 9B B 95 95 42 45 226 21 — 572 1029 1022 2 1 2 2 2 2 3 3 - 60 3 26
0B B 9 95 53 45 181 211 584 571 1032 1017 3 3 2 3 3 4 4 3 75 80 13 2
1188 95 96 50 46 190 200 — 572 1.030 1.023 3 3 4 4 4 4 2 3 75 6.0 26 1
FHE 954 950 513 H#o 188 216 587 57.3% 1.030 1.016 29 29 26 30 27 29 20 28*% 75 63 210 271
HEEEE 0.73 0.89 5.70 1.00 022 0.05 035 0.25 0.002 0.005 0.83 1.14 090 0.77 0.88 0.4 0.83 0.40 0.29 084 484 351

[—) BREBEEFRT.
BB CHTEIAEESY (*: p005)
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&3 HIXEAEHE (5,000mE) LEEX MLV RAEREOMNEER—E

AEF BiE T
JIE 37, 1z 6fiL
ko 14'21"52 14'25"58
d-ROMs
(U.CARR) 284 24
¥ BAP
zg (umolL) 2184 2187
BAP/d-ROMs 7.70 8.62
d&-ROMs
iﬁ (U.CARR) 263 »l« 257 T
LN BAP
iﬁﬁ (pmol/L) 2179 l 2115 l
g
D BAP/d-ROMs 8.29 T 8.23 l
d-ROMs 101.0
% (%) '
1t
s BAP
- % 96.7
X BAP/d-ROMs
107.6 95.5

(%)

ZALEITFHE L FESE A OREE S OELETFT.

d-ROMs 3@ <722 Z &N, BHARTRWINT +—< >
AeFHELEFORMTH oI EAREINT.

4.1. BBEFROEIR ML ADOEEZE(L
B1EHOGEICBT 5HIZ ML ZFEE (d-ROMs,
BAP, BAP/d-ROMs) DO#ifg % #5 &, d-ROMs 12D,
AEFIISHHEICMAT T, BEFIZ4HENS 6 HHIC
MTFTTREL EFT2ZENHEIN/Z. BAP I3
FELEHWZ2HENS4HBARNT THREMMU ETH D
2300umol/L FEEEE T ERL, TOHBAETIZI6 HAIT,
BEFIISHHICKESKTFTTB2HBEZRL . BAP/
d-ROMs 1%, Z® X 575 d-ROMs % BAP DZA{LIZHEW,
LHENEEERD, TORBRLIIK T T 2B TH-
T Ei, I7sb BARE - (KEE FREREE T T OEER I,
FEIL A DL ZAMEED Z ENMEINTND (EEIFH,
2010). L7->7T, AEmFECHS2HENS4HHE
IZMIFTAdROMs O FRMNHEF LD I ENTHIN
7273, d-ROMs & 0 6 BAP WK &< LR T 2A8MNR
SN, O LI, AERTEICIEERE RO ERITE
FoTWEN, HROHIE LR OB =T L
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b TEIL ERL TSR

V PHEILEFL TSI AT

BlenEicIn TwzEfENIND Z0LDk
d-ROMs & BAP OEEE, AWFZL & FRE QRS CTH
S NzEmih s L —Z 2 T EECEOHER (BOIED,
2022) EFEBETHY, @b L —Z 2 VRHICHBIT 551
P ORI T > A DK #MAERL TWBH EEZEA 5N
5. F0O#%, BAPIZDOWT, A%EFIZ6 HH, B#EFIZ
SHHIC2HBHERBEEE TR NI 2HBEERL 2N,
Z DX D 7sHIE, BAP A d-ROMs & Il 9 % X 73X
Py —ELTEWTWS Z & (Nagasawa et al., 2010),
I 5121, BAP NEH b L —Z > VB ORI &
EBIIFT 2 & GLMIEd, 2005 2EE{BLTHS
LHRIND., ZOXIICHEREBITHEY, BETN
T AR ENEL BN H D ZENn S, AEH
@ d-ROMs - BAP O£ # Z#E 2, Vit hzmH s
OHOAADHRORFAIEE TH D EEZ LN,
FE2RBEORMEICBITSMALA N L AIEEIZDNT
X, A-BEFTRRBRLIBFEMTH- 2. AEF O
d-ROMs i3, 3HHM™S 10 HBEIZNITTE 1 RBED 8 H
HERBETHDHR—F—F1 i &7 5 300U.
CARR FREDEMEIN/RIN, BEFIZBNTIEEWEE



kg L Tz, BAPIZDWTIZ, 3 HHEICEEMD
2200umol/L A ECTH BN REN, HE1HEHDOEE
HIH & [FRRIC B AR D FTRR AL BH RS D ) = 23 TTE L T
L2 EMOIMNAT=. —F, BEFDA-ROMs 1E3 HEH
KEE T REEZRL, 6 HHIZ LR T 5B TH- 2.
ZDE D7 dROMs - BAP DA FH TN, AERTFTD
BAP/d-ROMs 13, HFEE®D 7.541 Z FEISEE TIddH >
FEMREREFBIREINBN>ZDIZHL, BEFOD
BAP/d-ROMs 13 6 HHICKESK T T 272 EDEEN A
5N, BALEITNT > ZITBEDNEL Tnizd O S HER
N

FIEEDRA > FEZfT> TW/ZA-BEFTHH -
B, BIEZ N L ZIEEOBBITITEND A S Nz, AR
ZKTIE, ML= RO mh AR, 16
MEEN R /R & OBEIEIIf T > TWianwe®, HEEIOBIT
HzWD, ABFOAENBETFLD S 5000m EDHT
NARUFENENZESHDH D, FAFEOHE AZ 2 —%F
HA4LATERL THHAMWBRATIITENDEL, B
BIT/NT > AT WETF TR D AR S Nz T REME
MbHBHEZEZLGND. LrLAENS, ElRLELDITE
HETIE, Y aF > ToRA > MiE R Oz % 2%
FIELICHMTETBS T, i L —= 2 JAamE
BAEA R L A EDOEERRA D ETITIZES RN 2.

42. EEFOAEEDOEEFNZEL

% 1A HOEKRED Sp0,, fRkIA%R, SpOy/ MkiA kL2 &
THDE, HIKE>ThL =V RIRMNERD Z &%
ABBFIIT—INREL TWS HBHE R IR L
WS BHH D0, BIERTEDN S BLITHT T, Spo, i
9% M5 97 % RiIEDEMEN R I, IRIBENIR 4 1T
TTHHETH-o7=. BEE 1L,700m FEETOEM N L —
ST, EHEAEN S 1 R T R RS
THIEDRBINTHY (EEFD, 2006, A IFH,
2013), ZOBOEHELZRTHEEE LT, SpOy Ik
HUENEHTHL ZENMEINTWS (BROIEND,
2022). ARWFHD A - BEF O SpOy/ kAL ® 7 ~8 H
HBIZMWTTERL TWSZENSMNA, BE1EEHOS
BICHBNTIE, WHEFEHICE B ICHEIG L5 ~
L=  TRFITTE TV EZBDEEZI BN,

5% 2 [ H OEKRF D Sp0,, RIAER, SpOy MikdA LLiZBY
LTiE, B 1kEEOHTEIEICITEREASNT, B
{EA B L AHEEE & DRI SpO, 52 SpOy/ Mk b D 25 Bl
IZfE> T, d-ROMs <> BAP &2 #) %2R 72 & O BHE 1%
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HENREZRT (1] 2VEA SN, BERFFRICBEIL T
b6 K E TH2HNE Ao, 20l Ens
EOENELS, EREHDE<SBR>TLE> TWHIRM
MOMMAT. FEARFEE B D HRARFFFICEE L T
1%, MEIREMRE RIRAE) NERET 2ICDNTHHEN
T A= ADME NI Da[EMEN D 5 2 &%, HiiN
T =X AMEZEXBZ7ZDI1213, 8 KefE L DOHEAR K
MZEWHRT 2HLENHD ZEARBINTNS (FEF
71, 2023a ; Roberts et al., 2019). B & F 134 12 BERR R
NEMMo I EMS, BN —Z 2 THhDHIR ST
ZFOROBERCTENI a2 T4 a2 XS T
HHEARER 2+ ICHERR G IFRILIE) T 2068 2Hh >
mEEZBND.

5 2,000m A Y D H T - (KEE RERE T T ORI,
ANOERENZS TS, REEROBANZED, HERO
BAME RS2 ENHESIN TS (Hoshikawa et al.,
2007). F7z, & 1,500m MY OFIE - (KEERBRE T
IZHBWNT, BEIRIED SpO, 7% 90 % A & 72 2 R FEIT 13 AIE
ANZEMREL, ZORHNED 25 E TRk MR
ML T LMol EnHEINTNS
(Hoshikawa et al., 2010). AWFZE TlZ, BEEREFD SpO, 1
HIE TETWRWE, Z0LDICBEFOMMRIRN (B
O EOMERMR) NEL TWZZ &I, &l (REES)
RIFICKD2HEETHH LD EZZO5NS. SHIBRE
IR 7ZNAETII WD, BAFRIEIRZS 5720 DRA
ChRELTIE, VIY I ATEHMERMOEEZLEDS,
HUL, B, @0 IERICE L ZIREEZEZ DI E
EMHIFHN TS (Walsh et al,, 2020). BEIRZEE R
EZTHEAT P E, REDO T —F1 MREITEK
0, B ZXLDOMHEIEZIRL, ZTOHWPHHE N5
Z&T, ARKNEECHEROE DK FIZDRND Z EDHE
flisn<Tnsd (BH - I, 2021D). AZ =223
BACIERDD 2 Z ENMEIN TS (Reiter et al.,
1997) T &5, RREAIRENTIEA Z b= > Oz
ELRNWKDS, TI—F41 MNEBEEA DR EOHMED
IEAR O D] ESBE R ITT/N T > A % BEFIZSRED 20D
FHHERHRA N ThD EHRIND.

B1mEEHE 2 REORILEICEAL T, AEFONEY
fEIEM S & HI121.030 £ 0.002 TH D, Bi/KMEE 2R
FIRAETH - /= (Casa et al, 2000). —J5, BEFIIE
EHIR KRB 2R T 1.020 2 EEIS HIZ D <,
PRGBS TE TV EEZ SN 5.

ATH ORETHEZ A THD E, BIREEE2EH
DOEEEIIIETF &b ETASNRN o T2, EFMT
ORETHEBEIC DV TIE, AETFIZ1 H%N/A0 21km 2
ETHhokh, BEFII1IHHSZD 27 ~28km FEE T
HO. BEFOLFVERETERIEVWEAICH 7. B
BRFEOREICBEL T, B 1EEICHATE 2 [ B I3
DHLTHY, ZOZ EITHRETIEBDOBENWNEEL 27]
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s EZ6NS. AFEOE N L —Z 2 T O kL
LTI, m#uciaE L <, Fh GHEES XD HKH)
Tk L —=> %7 %175 Living High-Training-Low T& >
7= (Wilber, 2008). " > MEEEIIET 8 [ S 117=28
EOW 7 ENEHERE R (BEd 1,700m) K 0 HARWEES
1,300m 7 T > RTirbNk &h1 2 MEEO
400m % 1,000m O F%E Y 1 LE, FHTH D K & A f2
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METFEDFEBEOME A = 2 — &2 [FY 1 LARTITTEM
L7z BEYaF > ZIionTid, EFRAMNEFERE
PR=ZARTIIMLEEINTHD, ETEAANE G OEHL
EEEATEBL T NG, BEFEEISEND
KON EZEZEND.

4.3. FREARAE L DBR

FHARRTH OBB{E A N L ZIRIEIZDWNWT, BIENYIE
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E< EHL, FEEEOE(LERTIL 7.6% DEFIIRS
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RS, EEEE DE(LRTIZ45% K T T2EH TH -
7o, EHHEEERT Z2NSITHBEA N L AR E I
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VY, BAP/A-ROMs 23 WEFIF EFTHEREa 0 B o 7z
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2017 ; & H - H, 2020). KK TOHEE2ICBIT5
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A - EH (2020) IZXAUL, ZOXDITHIELA N
ZFEEDEENC K D HENT +—<  ZADFHENCE L T
I, EEMRESGERFOEK N Y T L)L o RE#EE
BERICASNENTHD I E2MELTND. AT
DHBEEFEHLHREANRN Y TLRIVOEBETHHE EMN
5, FHOERENGONZbDOEEZLNS.
SEOFEESRITBNTIE, /iENRD DA —X—2
THD, L—ARKREDOERD 400m 2Y)> 725 A b A ){—
MZBTFDNT =< 2 ADNBREREL ST —R
EHTH-7%. BEFOHREITOREDHRL TEND
DTIIEMN S 72Dy, L—AKBETDOIT X K ZAN—MIH
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X B L ZIFEICBI L TIIEAZEZ BB UGl 2 402
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NEFREFIREINTRY, HAEEZEZEBLZEE
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M T, d-ROMs 21K <, BAP/d-ROMs NE<L 725 Z
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FEIE (2023b) 12Xk RUE, EREEEGERT EWRIC,
HAHITHIT D Session RPE (sRPE) &b A L &
DOBRZEMRE UfER, SEOETRH (RPE 2% 6
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5. i5EA
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B2 HREEL AN E L.
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