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Factor structure and performance analysis of combined events for junior high and
high school athletes

Masashi WATANABEY

Abstract

The purpose of this study was to clarify the factor structure
and factors that influence the performance of combined events in
junior high school and high school athletes. The subjects was
the athletes that ranked within the 100th place in the national
ranking in the 2017-2019 tetrathlon in junior high school and oc-
tathlon / heptathlon in high school. As a result of factor analysis,
disciplines related to sprint ability such as sprinting, hurdles, and
long jump were extracted as the first factor in all combined
events. Combined events depended on sprint ability, as they ac-
counted for half of the constituent events. Looking at the rela-
tionship between the overall score and the performance of each
discipline, the upper group showed a weak to moderate correla-
tion with the overall score in all disciplines. On the other hand,
the non-upper group had a small correlation overall. Improving
the performance of all disciplines is essential to achieving a high
overall score.
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1. ¥&

R EiEICiE, — AOREFHSEEEE ICH D MR K
BENDH D, FEEICE, NTr—< 2R G 1Tk
U758 ESME D5 TH D (World Athletics, 2001),
ZOREBEETIEM 28D, U > Ey 7, HFGEFHE,
AARZEFHEENWSEZTICIZTORBICBNTIE, BT
THEBiE:, L CLEFENEIN TV S.

IRARFIE - Bk - EE TR I TSR, Zh
5DINT > A —Tldwn, B 23 EEk B RS
IALEARNT 5N TWD A, B s B 1 ke B i 1
HEEBLESTIENSHEERENIZT TR ZTY > b
RENOEERBEREMRD (FR, 1990). DFDO, EK
PR AR L TWAHEHRIZIE, KON 26EINEEL
TWAHEHMND D, THEFiE 26k s 2 H R+ o
(RS 200 LR, BRL XVORFEZ
HRIZL THLS N STHNTE/. Linden (1977) 13,

HEOFY > Ey 7 (1948 ~ 1976 ) ITHIG L 72 IEX
160 N D F =& ICH T ied@A L, TRk OME
{3 running speed (100m -+ 400m), explosive arm strength
or object projection (FEdL4% - P& - 0 $), running
endurance (1500m), explosive leg strength or body
projection (EMEHE - LBk - 110mH - &k D4
FIZHEIND ZEEHSMIT L. Woolf et al. (2007)
13, 1986 ~ 2005 4 DHIZ 8000 2 A 7= 173 DT —
I IR —onliaEdiA L, AEENE SN S A THE
MO 5 RFICETEL I EEHSNZLE. T4
HB, [100m - 400m - 110mH - EfEBK], [FiL - [
B - o], BeEpkl, E&BE], [1500m] & U7z
Park and Zatsiorsky (2011) 13, 1988 ~ 2008 £ TDF
U2Ew VEF 166 40T —FICERD I ZBEMA L T
SHRFOWETHD I LEHSMNI L. TaDEE1
K F1% 100m - EMEBK - 400m - 110mH, 55 2 A7 I3fAL
- EEBk - B BEbk 208 EIRTIR
1500m & L7z, 235 OBFFE3 3@ U TIERITEm W
BLNIVOBFEERFITL TWDD, BRSO AED
EWCIE > TERNABSND. —HF TARBERTOS
fromEsnTnsd. Tk (2019 13, Decathlon 7—
&ty MBI TWNS 6800 LA LD 2717 D7 —
EHWTHTF O ELEEZA, ARTFICHEIND
ZEEHSMNILE TS, FH1KTIE100m -
400m - ZETEEk - 110mH - #EBk, 552 ’ I3t -
MR- 20 - Bk 53 /T3 400m - 1500m,
B4 WFIES - EMEPk - 110mH - &gk Cdh - /2.
400m, EMEBE, 110mH, HEBkIEH K0 &WK T AR
BERSY, BRORTEELESHEETH /2. Lk
H1d, 1998 ~ 2009 F DI 6800 LA LE2<—2 L7z
33 DT —IMBHESN TS (Wimmer et al.,

1) ZKIKZEHEZE  College of Education, Ibaraki University
T 310-8512  ZRIIR /KT HiSCAL 2-1-1



2011).

THBEDO/NNT + = > X TROBREERICITED
EOREHZEOEBMMARENDES S0, EE (2019 O
WEEHADE, BHIRFEATY > NEHDEET
HBETHDEMIRTES. 10MEhSEEZA T >
NEENDBEIR T 2 EHE TH D Z &5, HIEHEED/N
T A =R ANV ERZERNLBEHETHD EEF A,
Woolf et al. (2007) AT (2012a) ® [F £k D FLfiF
ERLTWS, FIAE, EFRER2 LOFREREREDY A
) 51 @ AEaton # F13, THBE D 400m ic BN T
45.00 b~ —r 4213 LR UEEHZRFD. MAT,
RNy 70 I ZDORFIZEAEMITEHNNT +—< 2 &
%L (Kenny et al., 2005 ; #&\FAH, 2019), HFriZHmhE
FOEmWHEH (110mH, M, HEadkizE) &R
MRELB2BELDTH5 (Bilic et al. 2015 ; Pavlovic and
Idrizovic, 2017).

CREFE QK FHEE &N T +—< > A5 HICBIT S it
FEF TR KB DN, 1992 FE0A4 CEy 7 H
LEOT—HITT TAY—iEEH LTI,
FAEE 800m DN T + —X > AT EALE FALZIFIT 5
WHETESZEEZHSMNI L. MAT, AFUZ K
13 200m - EEBK - 100mH - EEBKD /N7 4+ —< > AN
Enho Tz EWnS (Dawkins et al., 1994). 2010 FEI2 BV
LR T F 7173460 (5267 £ LINOETFOFT—4
WCHF M2 U 2gecls, 4 RrichEsnsd 2 &
ZHOMNMI L. 37255 1 K+ 100mH - 200m, 55
2 3R - EERk, 53 MLk - 0%,
4 [N F13 800m T & o 7= (Heazlewood, 2011). — 4,
Gassmann et al. (2016) 13 10 & DHFRKESERZ D 200
DTF—=FITH L THRFHE#EALZEZA, B1KTF
(2 100mH - AEmk - 200m - EMEBE, 25 2 KT ISR -
2 ODFT, 800m X EDHFITH I NN .

Gassmann et al. (2016) 2B S IT U7z LREFH DR
FiEEEADE, B1IRTIIRA T > MEINER S
NBEENGTEINTNWD I EDDNS. E-HEH[ERS
HazEALTHADE, B1RTICHSHEE TREGED
X EHPTED LS. WKIFEN (2012h) BFEERIC
CHEBEEORERSEINS 4B & ORIT r=0.60 LA
L OMBER®RA D B T EERL TS, S SITHILIED
(2019) &, EMEBEZEFLITA T > b B OBkERHE
HONXT +—< > XM EOEEHZHHL TS DF
0, bREFHITESEI0HZA T > MNEHOEEE
M ZTLHETHDLEFTAS.

HAIZBT DRkE L, NEEEARTI N, R
BH A - B, #2EAEEARTHERE, SRAERTIES
FC/\EBEEB L UL F CEEEENBEEI N TN S,
g O PUREEIRI 2004 RN S ZREFIF A-B Do
THEZINDLDITR o7, T TITIFEL EOFEAN
o TWDM, T LA EMFEDEA TR (BEHIZMN,

2005). RO\ FEBRD L OLREFTTE 1986 £ 5 B
HINDEDITo77 Eoa<EHM&EER (1989) 13,
SRS BIF D AT > e OEEE 2L 7=
ENEZFETHEDIT, /IMRIED (1990) 1 T2ET >+
TS0 UNDOEFORAEHEREAEH & DORERICD
WToHT L, 100m - EMEBE - 400m - 110mH A3 r=0.4 L4
FOMBEREBRTHZ ZEER L. UL UIKFHEEICEE
T RHWLEIT R L= 50, ERERERICE S TidiE s
A EFFZEANHE A TR,

T I TAMAE, HEREF D K O R/\E BE
R ORTHEE ENT = A ETD T E2EHN
ETB. INGEWPHLSNMIT S &I, RSO
BRSO RITENLDEE R S.

2. i &
21 ¥ &

KEIT, 2017 ~ 2019 FEED 12 A 31 HREARIZHBWNT
HeEutE TR B K NS\ B E TR > F
100 LINICT > 04 > LIz TTH S, 3EMOE
FHTIEFE— AN EE L T2z N E U THESE!
L7= (FREHEER30044). T >F 2 713k Btk
T3 2t EE L2 SR LU 2. RIEH D WITFLEORLHE
AN EHEIE, BWENIRRER DR —LR—2
W LFiE < D RERTRRET S5 T > F YA b
(https://rikumaga.com/) ZEIZ7 7 A L Ciddk el £
FIIMEE L. 2B, NEHEOHSHES X AL EH
HlEE1ITRLE.

22 SWAHE

TR HIIAE - Bk - BAEHTHRIN TS, Ko
SNDEENNLUTHWSHEEND D, HWITHBEIBERICH
HEHOFEFE D EEDICH > THFINT (RLE)
RO I N2 RFICERREEEEE L, A7 U —
Jovw NEEICTRTFHRZRELZ GEK- IR,
2017).

BEBRICHET ZEENERL NVCE > TR S
MESNTTBIZHZ0, B LEZT—5D E150% (E
frf s &A%H 150 #) & FAL50% F LArse : &fEH
150 %) 1T/ TEed U 7=, BERI LR EICII R D 7z
tRREZEHWE. T —YDEORKRESIEZHNT DI
H7=> IR EE (Effect Size : ES) ZH W=, ZhEE
3, B2 IVEBICEREFERTICRR O 2 2 EEE(L LTl
BT 5 HETHD. RENBRIFETH % Cohen’s d 13,
d<027 5B, 02=d <057 5%hF /N,
05=d < 0875%RM, 08=dRoshRRKEMRT
% (UNEFF-ZER, 2005). MAHMESHEEONT 4+ —
XA EDORERIIIHHBE T vz, AHEABR OIS
13, 0=r<0.27%=EME, 02=r<04 755\ FHEH,
04=r<07ZPREDOHE, 0.7=rZR\IHE &M
WU ONERSF - 24, 2005). #EEFLERICIE, #iahY
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X1 REBORABANH

BF

TH7& 5x B (n=300)

J\FE % (n=300)

?
PO pR 1% (n=300) E7E R 1% (n=300)

FREE A% FREE A% FREHE A% FREE A%
2900~2999  4(1.3) 5900~5999  2(0.7) 3000~3099 5(1.7) 5300~5399 1(0.3)
2800~2899 7(2.3) 5800~5899  2(0.7) 2900~2999 7(2.3) 5200~5299  2(0.7)
2700~2799  8(2.7) 5700~5799  4(1.3) 2800~2899 26(8.7) 5100~5199  3(1.0)
2600~2699 32(10.7) 5600~5699  9(3.0) 2700~2799 24(8.0) 5000~5099 7(2.3)
2500~2599 55(18.3) 5500~5599 21(7.0) 2600~2699 48(16.0)  4900~4999  6(2.0)
2400~2499 52(17.3) 5400~5499 18(6.0) 2500~2599 67(22.3) 4800~4899 6(2.0)
2300~2399 101(33.7)  5300~5399 26(8.7) 2400~2499 117(39.0) 4700~4799 10(3.3)

2300KjiE  41(13.7) 5200~5299 27(9.0) 2400K it 6(2.0) 4600~4699 15(5.0)

5100~5199 52(17.3) 4500~4599 15(5.0)
5000~5099 61(20.3) 4400~4499 22(7.3)

4900~4999 68(22.7)

4300~4399 38(12.7)

4900Ki#  10(3.3) 4200~4299 37(12.3)
4100~4199 57(19.0)
4000~4099 61(20.3)
4000k 20(6.7)
7 b7 JMP14.0 2 W, HEKAEL 5% E LTz THEENRD N, PERE, TXTOMEICBN

3. B R
Z21INFHNOMBRTH D, MNFEFRSETIE, Be
BHEIKETFTATY > MREH (400m/200m) &/\— R
JVFEH (110mH/100mH) 23& WA F A ff & 2 7R U 7z,
Lk &I TN ENMIL L 72 N F SRR T & 7.
JURE i T, % 11K T 100m * 400m - & 05 Bk -
110mH, %52 K7 T 1500m & 400m, % 3 K1 ChaitLf%
ER0ENEVWNTFAREZR L. £SO RN TAN
®miI/hE <, EORTFIChHH I NRho 2. TR
Tid, %1 KFT200m - 100mH - 800m - FEHEEk, 552
NFThRMZEELDE, 3 HTFTESBE 100mH 23
FWRTFARRERL .
RIPBXVELIE, EMA#EEIE LVHEORAERAB X
VERBEADINT +—<X A TH5. TXTOMEIZBN

THREEL EORENED 5Nz

=513, BHHICAHREERESEEER S OMHBERK
BTHD BLeLd LM TINTOFEBIZBNTHN
5HFEE O R IAHBRBERNED sz, —F, JE RN
HTHEEEZRLEZDE, MEGKZIIBWTIESET
400m & 22 FRastLEe J\EFE TlEEpk - Lk -
400m * 0%, LREHH TIZ 100mH - fdduf% - © 0 #%
ThHholz. TXTIBNWT EMFEX DB RN /NS
no .

M 11%, #RERICB 2 REENEREERDEE
BRI Ow MUz S EATHAD E, BTo Lk
fr T 1 2813 + 88.7 &, JIE LA X 279.0 = 93.3 &
(p=0.832, ES=0.03), ¥ ® EA7#EIZ 318.0 + 92.2 %
JE EA7HET 318.0 £ 95.3 s (p=0.943, ES=0.00) THE
RO NBN oz, NEFRIZBW T, BRI

&2 RAFHHOER

BF ZF
MmiE R AHF1 HF2 AF3 PRFEEE R A F1 HF2 A3
400m 057 0.09 0.01 100mH 0.74 0.00 -0.05
110mH 053 -0.12 -0.02 200m 0.73 0.00 0.05
i 0.00 0.50 0.00 EE B 0.00 0671 0.00
E= Bk 0.00 0.00 0.50 A% 0.00 0.00 0.59
EE=RE 1.33 1.01 0.97 EE{E 1.63 1.01 0.90

2EEE5E 333 58.5 82.8

2EFS5E 408 66.0 88.5

ST 5E AF1 AF2 AF3

tiEEER AF1 AF2 AF3

100m 090 -0.12 -0.01 200m 0.98 -0.05 -0.08
400m 045 038 -0.07 800m 0.31 0.00 -0.03
FE S Bk 034 -0.03 0.01 FENREBE 0.31 0.12 0.28
110mH 033 0.03 0.01 PYIZ 0.01 1.02 -0.22
1500m -0.11 1.02 0.01 i -0.03 049 0.13
E= Bk -0.04 -0.04 -0.15 E= Bk -0.09 0.00 061
HYK -0.13 -0.02 062 100mH 042 -0.01 046
A% 0.00 -0.11 062

EE=RE 1.94 1.40 1.23 EE=RE 2.00 1.49 1.09

RREEE 243 418 57.2

2EFS5E 285 49.8 65.5

03U EDAFAFRIERHAIZLI



&3 BFICEITS LR - FFLABHORKRE

2% (n=150)

9k _E £ %% (n=150)

_— THEIEERE BEarh BEnE TURIEERE Banb BEam | 0O
#t
BEER(R) 2574+120 2977 2421 2330+41 2420 2262 <01 272
110mH (F) 15.41+0.55 14.02 16.80 16.020.60 14.85 1868 <01 1.06
faxi(m) 11.36%+1.29 15.44 8.54 10.21%+1.30 14.75 673 <01 0.89
E= Bk (m) 1.73+0.09 1.98 1.50 1.66+0.08 1.88 146 <01 0.82
400m () 54.13+1.32 50.71 57.46 55.41%1.60 51.73 60.17 <01 0.87
J\FERR IR
BEER(R) 5358+189 5934 5127 5002+64 5123 4869 <01 252
100m () 11.34+0.23 10.88 12.03 11.51%0.21 11.01 1208 <01 0.77
FEMEEE (m) 6.55+0.29 7.41 5.56 6.32+0.28 7.22 572 <01 0.81
faf (m) 10.62+1.11 13.82 8.17 9.85+1.00 12.96 7.66 <01 073
400m () 51.18%1.09 48.48 54.60 52.12+1.08 49.74 55.88 <01 0.87
110mH () 15.73%0.60 14.31 17.54 16.2940.60 14.71 1797 <01 093
PYHE (m) 45.39+5.39 59.39 26.50 42.27+6.10 56.02 2125 <01 054
E= Bk (m) 1.79+0.09 2.07 1.60 1.74%0.10 2.01 150 <01 053
1500m (¥2) 282.19+9.74 253.22 320.8 287.60+10.38 263.85  316.36 <01 0.54
Bkl ERUENRRERT . Tahbr Y R B IER/IME, J—ILFEBRLVREBRIERKIETHS.ES: DEE
R4 TFICTHTSEAEE - IELMBOELRHEE
EREF (n=150) JE_E L& (n=150) P ES
ITHEHIZERE xocix xELik THETEZERE ook =IEGLER
miER
wEER(R) 2706+134 3098 2525 2457+40 2524 2393 <01 252
100mH (F) 15.0920.50 13.92 16.40 15.60+0.48 14.55 1736 <01 1.04
EZBE(m) 1.5240.07 1.69 1.33 1.46+0.08 1.62 129 <01 0.80
fa & (m) 9.98+1.24 13.82 7.18 8.95+1.04 12.67 6.81 <01 0.90
200m (#) 27.10%0.62 25.51 29.14 27.78+0.67 26.19 2969 <01 105
tiEH
WwESR(R) 4532+ 261 5346 4232 4090+72 4228 3974 <01 2.31
100mH (F) 15.16+0.64 13.95 17.39 15.88+0.61 14.33 17.77 <01 1.15
E=k(m) 1.55%0.08 1.73 1.35 1.48+0.08 1.67 130 <01 0.88
AR (m) 9.09+0.94 11.56 7.25 8.29+0.96 11.18 553 <01 084
200m (7)) 26.67+0.65 25.37 29.50 27.15%0.62 25.78 2875 <01 0.74
FENE Bk (m) 517+0.23 5.67 4.30 4.95+0.23 5.62 432 <01 096
Y (m) 32.18+5.95 50.92 18.36 28.53+4.97 44.82 16.10 <01 0.67
800m (1) 149.64+6.12 136.67  170.49 154.26+6.79 136.67  175.43 <01 0.72
BeiklIRVENERERT. TUHLINYIER [ER/IME J—ILFEBERLUREBAIRKIETHD.ES: HEE
RS> HMABELRERABSLOHEBERYK
BF LrRE JEEfIEE ZF LhiAE JEEfuEE
POFERR % P& R i
110mH 0.557** 0.153 100mH 0562** 0.120
A% 0444  0.142 FE = Bk 0.419™  0.102
= Bk 0.367**  0.088 aihi& 0517  0.256™
400m 0.398™* 0.220™ 200m 0.423™ 0.100
I\FEFR K tiEw
100m 0.366™  0.148 100mH 0.604™  0.265™
1 Bk 0.442™  0.233" FE = Bk 0.420™  0.159
Atk 0.230™  0.167" ALz 0.419™  0.245™
400m 0.390™* 0.214™ 200m 0507™ 0.003
110mH 0478  0.024 FENE Bk 0.533™  0.106
©YER  0325™ 02377 Py 0503 0172
= Bk 0.465™  0.105 800m 0.375™  0.009
1500m 0.283** 0.146

*p<0.05 **p<0.01
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3300

o EfEF Mg (B F) o Lfu#¥ g (X F)
3000 | OFFELIE 3100 | OFLfuE R
o’r g
2800 | 2900 |
2600 | 2700 |
2400 2500 |
#2200 2300
a 0 0
A=
=T
= 6100 5600
I 5900 _'iﬁﬁ oo I\FERR X sag0 | O LHIE TR
5200 |
5700 | =000 |
5500 | 4800 |
5300 | 4600 |
5100 4400 1
I 4200 |
4900 | 4000 F
4700 L L 1 1 1 L L ] 3800 1 1 1 1 1 1 1 J
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
RRERE(R)
H1 MEBRERABRELDOBEE

329.7 + 78.5 i, JE B{7TELT 338.6 + 84.2 m (p=0.341,
ES=0.11), CtREmKIcBW T, LATEEE 390.3 + 87.6
&, JEEAIERS 369.4 + 85.8 s (p=0.038, ES=0.24) T
BEETRD NN T

4. £ =
R1oBE OGO ERD &, BT ufEs
el 2300 A & 2400 B EDORIT 16.4%, 01 IafdEs;
il 2400 555 & 2500 S5 & ORI 16.7%, /\FESHIT
5100 M5 & 5200 S5 & DRIC 8.3%, LT 4100
MEE 4200 B EDORIC 6.7% &k 0 HEE DL
KEMoTm WEBHRERENECZGEU EOEFD
& DD B TIUMEEE T 2400 S04 E1E 52.6%, T
DU H T 2500 s PL 13 59 %, J\FESEE; T 5200 s 2L
F1336.4%, LAfEEH T 4200 HLLEIE54% TH o /.
JUEBHICBNTIZ 364% Db DDz BB XL ZF
50%ThHhdIEMNS, £2ET F 27 50 (ild—DDEE
ThHhdHEEZEZBND. LT, /IMEED (1990) T
BHaN=2ES > F 27 50 M LANE L TAPF% TH
W SHERIEL T —F O EAL50%13, 2E B
ELTRDPTEL—DORMETHL LYW TELZA
9.
4.1 BRI OEFEE

HNFHEEEATHDE, TXTORREHROHE 1 KT
WITEEREEEE, N— R, EEpkE WX T > Mg
Tk SNDEENGEI N RICHRER 05

ICATY > RENMERSINDREE E > TN Z &N
DD, MEFRICBW TR & EEBIMNL L T
W3 ERRTE DD, MEFKE, A7 2RO 2
FEE, Bk 1MEH, RTE1IMEHEVWOIHBRTHDES
A%, JVEFHEZE1IKTOZA T > NREHOMIZ,
FARREH (1500m), & CEfHEH (R - 20 #%),
BRiEfEE GEERR) o TE5. bHEBEEBLUEED
I, B1IINTFORTY > NREHOMIZ, HTEE 7
A - 20, BEREE GEmBh) ChETE5. E
ik &R AR Ik B TS NS, BV
BRI 4 13 e < Bin s, EEBII ARV EE T
BiEL CBkEL, Zh CIREHEBUSTH> TN—%2 Y
735, —HTEERT SWBIERETEH TkiEdT
2708, BREEFEBEICIIB EREORENRKE L (FK
1990). O Wo KM S, EEBKIZZA T > bR
BIZpEINDZ LB SIZEEAD. LT D 800m N
EIKRTFDOED AT > MREHBICEI N OIFHE
REW., 04D ERF v > EF>OTF—F 20 L7z
Gassmann et al. (2016) D HFZFE TIZ, 800m I & DK ¥
CHBIRMoZEREINTVDA, 10 405 200
DTF—=FZNWELTHNL TW=Z EMSINA T AM»
Mo TWaTREMEDYE 2 5 5. FEHB OB S
800m & 200m B L U EMRBL & DREfRE A5 &, ki
n (2012b) 1XFNE4 r=0.36 B L 0.25, ZRiEH (2019)
13 r=0.47 BEL0.56 & 550 5 P FEE OFHBIBI R %
ZEERL TVDDARFRDFER LEMT 5. LR



B3 A7) > NENITIKET 5729, FARICE I E
MW ENDEFRROMATHSE EEDNS. HXD
L= 2T BITHEDIAAN 800m D/NT +—< >
2B B2 5 L TWAHEENEZEZ 5 NED, A
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Relationships between the throwing records and kinematic variables of lower limbs movements
in hammer thrower during turn phase

Hiroaki FUJIIY, Keigo OHYAMA BYUN®, Norihisa FUJII?

Abstract

The purpose of this study was to investigate the relationships
between the throwing records and kinematic variables of lower
limbs movements in hammer thrower during turn phase and to
clarify the characteristics of the lower limbs motion of high-
record thrower. Forty-four male throwers (throwing record:
80.50-44.17m) participated in the study as subjects. The throw-
ing motions were videotaped on high-speed VTR cameras (250-
300 fps), and three-dimensional coordinates were calculated us-
ing a DLT method. The kinematic parameters of the lower limbs
and trunk were calculated, and the correlations between the
throwing record and each kinematic parameter were examined.
The main results were as follows: (1) The higher record of
thrower, the smaller the range of right ankle plantar flexion mo-
tion during Double Support Phase (DSP). In addition, the higher
the average hip rotation velocity, the smaller the range of the
right knee flexion motion during DSP. (2) The range of left lower
limb motion during DSP rarely had a significant correlation with
the throwing records. (3) The higher record of thrower, the more
left thigh and left shank were tilted forward at right foot contact
during 1st and 2nd turn out of 4 turns. In the right limb it is con-
sidered that the knee joint flexion movement and the ankle joint
plantar flexion motion were reduced to correspond to the high-
speed turn during DSP. In addition, tilting the left thigh and
shank during Single Support Phase (SSP), it is possible to short-
en the time required for the time of SSP and increase the accel-
eration distance of the hammer head in the phase from the high
point to low point.
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) ICAECHZEnMEINTWS (Dapena, 1984, il
5, 1994). DSPEHHHEDORERDBNEZELS T D )F
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ERmEERL, o RRME &L (Figd. £2
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EMET) FARENBE L Th s BT 5 £ TR,
DSPIZ AN L Th ol &2 E CoRm &L,
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T 00 AT (AT E 14T

Roffl  HP1 Ronl LP1 Roff2 HP2 Ron2 LP2 Roff3 HP3 Ron3 LP3 Roff4 HP4  Ron4 LP4

SSP1 DSP1 SSP2 DSP2

Turnl Turn2

SSP3 DSP3

SSP4 DSP4

Turn3 Turn4

Fig.1 Definition of turn phases

22 THEROFRIT 4 VRAEHOEHICDNT

221 FBREERB LV TREZSR

Fig.2 IZRE AR B X O I EER D EEZE /R LT
FEA D BB L RS ATERR S O AL (BT, TR A
) Z2ESEL, FEANSELAORRBATLEREAR
frorors (IR, mEBEEHR) Tmn>5> T MLE
Z, E LT, Z, EREBATHL A S A BT T A S
N7 MVX, EONBICED Y, 28, Y, & Z, OFFE
CED X, Z2EHL, X, YV, Z M5 R5BHEERZEK
IR EEFE L2 (Fig.2a).

(a) Trunk reference frame (b) Lower trunk reference frame

Fig.2 Definition of reference frame

(a) Extension/Flexion (b) Horizontal
angle of hip abduction/adduction
angle of hip

(e) Left thigh angle

(c)Knee angle

Fig2b I2 FIAMEER OEHER U, MR %
Fie L, BIHEERDZ HROBINY ML E Z, &
U7z, ERBEEIFL S A RBEEHOIZ N S X R
Xy & Z, DAFRICE D ¥y 2BHL Y, & Z, DAFTIC &
DX, ZEHL, X, Yy Zuh 5755 BEIERSR % TR
JERE R & L CEsE L7
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X, Z, A RBE T 0 & A B E hL.OIT[E N D X

(d) Ankle angle

(f) Left shank angle

Fig.3 Angle definitions
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W7z (Fig.db). A5 B & i Jee il /4 213, SSP T (f
J&) U, DSP4 %k < DSP T/ (R L T /= (Fig.dc).
GRS RAEL &5 —>DDSP#Y (LP—
Roff) IZBWTHEAMEM (EF) L TWw/z (Figdd).

Tablel 12, BHECER & BEEL X MTBIT S 4T
DF AT 1 7 AL EOMBEIRRZERL 2. 4B
HERAEIY, LP1 OARMEIE & A ERADMHERM
RGO 5Nz, A RBAEI NS R A S Roff2, Roff3
Roff4, LP4, Rel IZHB W THEFLE & HERE DR
RS SN, 4 BE R JE B A 1S, Ron2,
Rond B XN LP4 THISFLE & B RERE DOHBIRIRHGE
o5z AEBEERYEAEX, Ronl, Roff2, Roff3
IZBNWTHREGS EFEBADOHBREGRNRD 5Nk,
%7z, LP2, LP3 BX U Rond ITB W TIIHMEilskF
B EOHBEBEGZRNHD 5.

Table 2 17, $eiEfEisk & DSP IZ BV 2 45 B BE i i A4
B b, BTN A R 2 g, A B e A
v B KO e BT E A 2 (R & OMBRfR 2R
U7z, ZTORER, G & DSPICH T 54 2 BEIE
Ji A 28 & DRI DSP2, DSP3, DSP4iCHBWTH
DHBIBI RS 57z

Table 3 12, DSP 1T 3BV % [ 0]tz £ 5 5 Sl & A6 1
REETE A E AL E & OMBERE{R 2R L 7z, DSPL,
DSP2 3 & X DSP3 I8\ CE DHHBIBERAZED 5117z,

Table 4 12, DSP 12 3VF 2 B B #5650 B 3 0 & & A
BEETNER A 28 b e & OFHBIB R 2R L7z, DSP1 B &
U DSP2 IZB W TIEDHHBIRIfRAGED 5 e

2. I—VEMERICBITRETROFRIT 1V REH
Fig512, #—EifEh O L TFHEBEHAEEZRL .
EREESHREBHAEE &5 — 2BV TLP — HP
T (M), HP — LP THin (JgEfhL7z) L Cwiz
(Fig.5a). FM(BARINA IR ML, & — > 8fEh HP —
LP TEDEEM i) L, LP — HP TEAEA (W)
L TWw/ (Figsb). AKEAEiMREMAEIL &5 —
> @SSP T (gl L, DSP CHIN (g LT
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Fig.4 Angle of right leg joints during turn phase

Table 1

Me ik 20 &% 15 2022

Wiz (Fighe). e BMIEETEAEIL, Tun 1B XU
DSP4 ZFRWTIEIE—EDEE/RL Tz (Fighd).

Table 512, BB LKA X MTBTFLETKD
FRRT 1 7 AEHEOHBERARZE R U 2. KB
EEHAEZICDNT, #ER&RE 4 D01 X2 NOAE
E DM DOAHBIBEIRICDWT, HP1, Ronl, LP1, Ron2,
LP2, Roff3 &% —VEIEICBNT, HERREAER
B OMBIRRNRD SNz KRB NG A,
Rel O AHALELER & (F OHBIBIRAGERD Sz, LR

FT e SR R A LY, FRIBECER & Ronl 1 IE O AHBH AR,
HP2 5 X U HP3 13 & OAHBEBI R AIED 6Tz, /i E B
HiEHT AL, Rel O AL Ek & & DO FHBIRI R AR
LORSY gl

Table 6 17, $efifiisk & DSP 12 BV B 7e B BE i it h A4
B b, Ao BB R A AR B KO R R i
EALEE OMBEGRZERL - BB E & DSPL 2
BT % 1 I BE T i A4 FE A8 b & DRICIE OAHBIRE Rt
ROLN. Fiz, FABELE S DSPL BT 5 AR Ea i
HEAEALE S ORMICADMHBIRRIGED 5z

Table 7 |2 [ [aldx f 5 5 1 N & & DSP 2B 5 £ %
A BB E P & ORIfRMEZ /R L 2. DSP1 B LT
DSP3 2B W TH BIAHBEBEGEED 5.

Fig6 12, & — > @{EF O L KBERZBEMAES L UL
THERTREAE 2R L7z EREATEEAE (Fig6a)
BROLETIRATRR A (Fig.6b) 13, SSP TN (#if)
L, DSP G () L Twiz. 7adb, RiEG&Es
2 KR AT E A & o REIZiE, HP1, Ronl, Ron2,
Roff3 12 B W TIEDMHBIRIRAGEE® 5z (Table 5). %
WL Ek & & P BRATHE M A B & O MITIE, Roff2, HP2,
Ron2, Roff3 1B W CIEDFHBIRI{RN D 5117z (Table 5).

3. IREBELER L SSP OFTERRE & L VIEREAXRE T

& & DEFRIE

Table 8 17, F%MLEkE &Y — > D SSP A EIFE & D
AHEEBERZ R L7, 2 TDSSPIZHB W THREHEGEA
DOAIBIEI R GED b7z,

% 7=, Table 9 IZHREFLER & SSP 12 3BT 5 [ 1] #iz £ -
B A & OMBEIREGRZERLZ. 2T SSPITHNT
PEECER & IE OFHBARI R D 5 .

Correlation coefficient between record and right leg Jomts kinematics parameter at each event

SEL?\‘RK“&%R‘E?%R’ZZ

4 3

Roffl HP1 Ronl LP1 Roff2 Ron2 Roff3  HP3 Ron3 LP3 Roff4 Ron4 Rel
Extention/Flexion angle of Right hip 0.064 0.029 -0.224 -0419* -0250 0208 -0.175 -0.222 0.040 0.046 -0271 -0.126 0.120 -0.073 -0.121  0.041  0.192
Abduction/Adduction angle of Right hip -0.132  -0.008 0.010 0.019 -0.334% 0.247 0.100 -0.203 -0.354% 0.140 -0.168 -0.265 -0.426*% 0.148  0.006 -0.305* -0.299%
Extension/flexion angle of Right knee ~ 0.215  0.189  -0.068 -0.090 -0.069 -0.030 -0.414* -0290 -0.114 -0.116 -0.265 -0.232 0.024 -0.050 -0.307 * -0.301 * -0.169
Extension/flexion angle of Right ankle -0.279 -0.131  -0.316% 0.202 -0.302* 0.098  0.109  0.421% -0457* 0.093 0283 0.350% -0.288 0.055 0313*% 0268 -0.157

*a significance level is set at a risk rate of 5% or less.

13



Table 2 Correlation coefficient between record and angular displacement of right leg joint during DSP.

Correlation coefficient

Average value (deg) Vs record
DSP1 15.64+17.10 -0.180
. . L . DSP2 18.10%12.67 -0.183
Displacement of right hip joint extension DSP3 1810+ 14.72 032]
DSP4 60.44£15.08 -0.232
DSP1 38.08+19.06 0.261
. . L . DSP2 33.93%+15.93 0.312 %
Displacement of right hip joint adduction DSP3 242741128 0.010
DSP4 25.34+11.40 0.143
DSP1 -42.26+12.62 -0.034
. . - . DSP2 -25.61£14.89 -0.320 *
Displacement of right knee joint flexion DSP3 17.05+13.70 0.048
DSP4 28.70+13.11 -0.121
DSP1 36.244+ 9.87 -0.011
. . .. . DSP2 35.65%= 9.82 -0.505 *
Displacement of Right ankle joint plantar flexion DSP3 355041161 0410 *
DSP4 19.65+15.90 -0.298 *

Table 3 Correlation coefficient between hip
rotation angular velocity during DSP and
angular displacement of right knee joint
flexion during DSP.

Correlation coefficient

DSP1 -0.355 =
DSP2 -0.533 *
DSP3 -0.544 =
DSP4 -0.248

*:a significance level is set
at a risk rate of 5% or less.

V. £ =

1. RIFTBREATRFRIT 4V RAEHEDOBFRMEIC
21\ T
DSP ic B\ 2 A B EHERAELLICERT 2
&, BB HREEEZ T Tz (Figda). RIZ, H
Jis 8] i i J2 JeEL R £ B2 13 Ron A3 Tl R MBAL Z R L,
EO%A EHEH RofD) 12 THEL Tz (Figdo).
INGLOZENS, HiEFIZDSPIZB W THBRME O
JRERZ PENTRAY S, BITH B EEIEZ 1T > Tz
EWR B, Eie, HAREMEKTRMAEIZHP S LP £
TIIH 80 E THAENMFRF I N/, LP — Roff TH 2
MO EREEENfThN T (Figdd). AT, #
70 8% & DSP2, DSP3, DSP4 2BV %4 & B i i £
28 & ORICA OMHBIBIRAR® 547z (Table 2).
DED, WO EWHEFIFZE, LP — Roff IcHB T
LEEHEAOERBEEN NS Mo EERLTNSD.
FEIREEE O FIEMEICDWT, GHEIFA (1998) 13/5RY

14

*:a significance level is set at a risk rate of 5% or less.

Table 4 Correlation coefficient between increase
of hip rotation velocity and angular
displacement of right hip adduction

during DSP.
Correlation coefficient
DSP1 0.421 =
DSP2 0.298 *
DSP3 0.287
DSP4 0.011

*:a significance level is set
at a risk rate of 5% or less.

i R B 2 S RN 2R D 21 > J IR L
BBELNF Y VEEEITD 29121, B OMESE
FEI O EREHEN Dis Wy VEEZITS T ENEET
HBHIEEMELTWD, £/, FEE (1998) 12, &
Hi O ENS ISR IC K> TRiES N =F v I %
FTOERFMEIRETHIETHD, BHEZEES A,
HZ VR T ETE > THWEFHITHEL T
EERLTWS, AR THRERIC, Sk oa N
IXDSP IZB W T HICKBEFHEBEZT> THD, %
BRELER D& W EHEFIF E LP — Roff I2BVF 54 2 B
JEEIEDVNS NWE WD EAERLZ. 61T, N—
FIZHWNWTH, DSP O Fr I I B0 50 Sk D & W b
FIFEEL (EMEED, 2016), DSPIZBIF2ER IV
[E O AR S E S =Y GEFFIEDY, 2021) 2 &V
BEINTWVWD, NS5O EMS, N> —F D DSP
IZHNTH, HEGRLER DB WHER 1T EE VKRR THIE
2TV EENDH D, DSP D4 e B K T A4 EA
ftEZ/NE< LT, SEEETFNTOY — 2 EfEZTHEIC
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M EiEe it HB208H1E 2022
LWk EHfREINS.

BB Ek S HIBERERII A SN o 7= H DD, DSP
O BB [Edi 4 3  SEE AS s Wi & 13 &, DSP1, DSP2
BLUDSP3 THIEFEI R A EEEIA/NS D> T
(Table 3). JEHIEA (202D 13, FBREEFEOB WS H
13 & DSP O g (el f 3 S E D & n - 7o & & i
LTHBD, ZOZEHDSPITHBITBHIBEFOE W
BEOTEIMEORBERAD ZENTELS. Zhb
DTEMS, N —HFHDY— D EfEFIC BN THERE
RO E WL, DSPIch W CHKMEE ORI, 4
JEBIET DR & 1 2 7= BRI EE DI D Z A > TEEE
752 &T, EEEE N TOY —BfEZATREICL T
LRI NS.

A5 % BE 0 PN b B £ 51, DSPC B WL TN SR T AT ZE
fELTwiz (Figdb). F7=, BRGSO WHEHIZ
& Roff2, Roff3, Roff4 125 Tk D NEER TdH > 7= (Table
1). Murofushi et al. (2007) 1%, $hEHEIZHDITHKE
MRS EDTDE—A > hOERITDNT, FEITHREIZ
Ko TEAINZHIMRIIOEBRNKEN > 2 &EEH
HBLTWB, T, DSP o[ /4 e &
B NG A E A L E E OBREIC DOV TRNT S
&, BBEEAEE RS K E WHiE#FIZE, DSPL B
KUDSP2 ITHBWNWT, FifBIEiNGELMAEEA L RNPKE
Mo 7z (Table 4). FHXBAEIOWNIREIEIX, #EHEOA
T ZBEERAFRIANET SEEE RS 2 &G, KEMm L
IR HHIEK DR EDPRE S ITHEL TW 2 alHelk
NHsbH. ZNHDZEMS5, DSP (Ron — Roff) 2B
545 BB O NERBIEIE, DSP O M 5 7 D7k R4
DO EEEIE, GHICK25KZEEIES O
T— A bOEEIZEFS L, DSP o EKDMEER A E—
RERELTHIEICHEBRL CWZaREERH S, L
L7sht s, AR CldHE K I OBEIEZE{T>TH 5T
Matd 2 Z ERl3REETHS. ZDZEITDVTHREHNT S
T2 DIV HIT S ) DEIE 217V, KSEH RI2HB T 2 M
R DIERRTHRTT 24 FIEME & DBIFRIEIC DWW THRE
TOHREMEND L EEZEZEND. XI5, &1 (1983)
PREEE (1990) 13, ¥—@EOBRRT > NELT,
SSPIZHhWNWT, #EDE (i) %, e (Bl ITHE
BDEICES TNDINEINEERT DI ENRET

Table 5 Correlation coefficient between record and left leg joints kinematics parameter at each event

PULALCL A

1 1

! ( . ) \ ¢ / ~
. .
| EA Q g Q -% X
LP2 HP3 LP3 HP4 LP4 Rel

Roffl HP1 Ronl LP1 Roff2 HP2 Ron2 Roff3 Ron3 Roff4 Ron4
Extention/Flexion angle of Left hip -0.124  -0.500* -0.602% -0.320 * -0.187 -0.184 -0.462* -0.394% -0.333* -0.164 -0.277 -0.295 -0.245 0.030 -0.105 -0.136  0.069
Abduction/Adduction angle of Left hip -0.081  0.116  -0.096 -0.026  0.227  0.137 -0.047 -0.092 0262 0.216 0.020 -0.141 -0.023 -0.042 -0.264 0.104 0.351%
Extesion/Flexion angle of Left knee 0.248  0.102 0.401% 0.192 -0.225 -0.361* -0.057 0.218 -0.151 -0.324% 0.136 0240 0.064 -0.221  0.134 -0.076 -0.119
Extension/Flexion angle of Left ankle ~ 0.168 -0.014 0.163 0.162  0.051 -0.247 0.245 -0.025 -0.263 -0.032 0.246 -0.099 -0.215 -0.226  0.250 -0.289 -0.324*
Left thigh angle 0280  0.509*% 0.612%-0.068 0.081 0.122 0.410* 0.294 0354* 0.012 0260 0276 0245 -0209 0.060 0256 -0.041
Left shank angle -0.140  0.261 0.169 -0.183  0.371* 0.428* 0.306* -0.146  0.393* 0.243 -0.071  0.007 0219 0.049 -0.066 0210 -0.263

*a significance level is set at a risk rate of 5% or less.
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Table 6 Correlation coefficient between record and angular displacement of left leg joint during DSP.

Correlation coefficient
Average value (deg)

vs record

DSP1 19.04410.46 0.371 =
. oL . DSP2 12.65+ 8.49 0.265
Displacement of left hip joint flexion DSP3 Q44+ 635 0210
DSP4 3.17%x 3.95 0.064
DSP1 18.114+ 8.94 -0.151
. Lo . DSP2 16.98% 7.15 0.218
Displacement of left hip joint extension DSP3 17054+ 873 0116
DSP4 42.14x11.36 -0.108

DSP1 45.86+12.56 -0.526 =
. .. . DSP2 50.37%+10.22 -0.086
Displacement of left knee joint extension DSP3 522041150 0.043
DSP4 73.29%+14.64 -0.182

*:a significance level is set at a risk rate of 5% or less.

Table 7 Correlation coefficient between increase of hip rotation velocity and angular displacement of left
hip joint abduction duiring DSP.

Correlation coefficient

Average value (deg) vs increase of hip rotation angular velocity
DSP1 40.40£22.89 0.463 *
. L . DSP2 27.69£17.03 0.153
Displacement of left hip joint abduction DSP3 19.05411.97 0.530 *
DSP4 13.11+10.15 0.156

*:a significance level is set at a risk rate of 5% or less.

uwms m I RNNN

Roffl Ronl  Roff2  Ron2 Roff3 Ron3 Roff4  Ron4 Rel Roff1 Ronl Roff2  Ron2  Roff3 Ron3 Roff4 Ron4 Rel
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T T T T T T T T T 80
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=30 [ 1 .
| 20
-40 &
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60 [ 207
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Fig.6 Left thigh angle and left shank angle during turn phase

HDHEHFML TS, —iic, ok (KR &fh HBZB5ZENHLBDEBBRTNSD. ZNHDT &
BaEELDIEDTSIET, AHDEERID HERD L ME, FMELERD & WH A, DSP I BT 2 N
BNEDITL, TR KDY — BT 54 RS Hn S H, Roff IR IC A R BAETNERAL CTSSP 2 ZA %5 Z & T,
27D XOBG TRENRI NS, £/, B (1990) KON =Ny RAGRICH T 282175 T edH D
12, ARZEEDESITHENSBEL THEZT 2 &, S EEZBNS.

DD 2 TRICRATET, N —ICRERnHEz
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2. WIBSCBREATRYFRIYT 4 7 AL EDBFRIEIC
20T

5 — > FER D DSPICHBIT 5L FIEBIEICDWT,
FERBAEIE Ron — LP THEHIL, LP {13271 5 Roff T
JEL TWw/z (Figba). 7=, DSPIZBIT 2 LB,
Ron—Roff TR L TWw/z (Figho). TNHDT ENDG,
DSP @ LP — Roff I B W THi # 3 AR B L
R iR EEZIT> TWiz & WA 5. Murofushi et
al. (2007) 1%, DSP QA A Al (REFFEICHIT 2 Y FHA)
OHIE K ITITDONWT, ERIIEE AN, ARIFZFDK
KGN OHT 2 5L, REfED D O FKZ R
MIEHNOE—AFEEEL TVl Ea2HELT
Wa, IN6DITENS, HEFIIERMEHESXIV
ERESGHEEEZTD 2 & T, GO R 1
AL TWEEEZLONS. £ 2T, KRGS
DSP ITBT % A e B iR Hh A FE 28 i, 7 B BA 6 1
AEACED X OEREEGHEL LR E ORREIT DN
TR % &, #BEECE: & DSP1 T BV 2 /2 B BE i it
AEA LR S RS HEAEA (bE S ORICH B
HBE@RARED L NZDOD, FOMDF[EHITBWTIEA
BERBERENED SN MMmo 7 (Table ). THH5D T
L5, DSPITHBT 5 7 i BE i 35 L OV gk B i
JRENMEHIPTIC DWW TCIE, BRERICK 2 EITNS0nHD
EEZBNS.

DSP 2BV % BN A EICEH 9 5 &, DSP
A7 (Ron — LP) THMEL, DSP#¥ (LP — Roff) T
Wiz L Tz (Figbb). F 7=, DSPIZHBT 2 [E[alHx 4
HEEINED S WEEHEIFE, DSP1 B LU DSP3 25
B B BN ER BN (E R PR AN K & > 72 (Table 7).
i (2010) 13, ARBEESTOKENGEEICE > TH
A D e A1 g O 7 80 D 7 i BA £ 0D 7K SE N i T Bl 35 2 e Ok
U, BROEREZITVLT K L TNEEBERL TN,
KIFFRDFERMN S, BEEHRAEEEINEIR & WFHH
iZE, Ron — LPIZMIFTTL D ERBETGi 2RI 85 2
ET, ZOROEDEMLEEE I DRITFTWbD L
EAZ5N5.

PR O E Wi BT & SSP O T ERFE A <,
SSP \ZB1VF % a2 S E AR E 0 > 7= (Table 8
BEUTable 9). T72bB, RFFEOFERED S LM EE

Me ik 20 &% 15 2022

Table 8 Correlation coefficient between throwing
record and time during SSP.

Time () conticient
SSP1  0.33+£0.04  -0.562 *
SSP2  0.28+0.04  -0.595 *
SSP3  0.25+0.03  -0.570 *
SSP4 026004  -0.510 *

*:a significance level is set
at a risk rate of 5% or less.

DEWFRHE T EE O RIFLHEE & R, SSP O ERFH
ZHELSTHHNDITENTVEZEWVWZA LS. SSPIE/\ >
Y= ROBHERMTH D Z &5, FrEifzE<
95 EFNT Ay RDPEEFEIC BRI S K<
HITFTHZERRT, N —Av RAE—ROEDb %
Mz EMNTELEEND D Z & (BEHIED,
2010), 51T, FENY—Av RIERETH 5
HP—LP GEFH:IFEA, 20200 DN\ < —~ R0y
ERELTHZEMAREERS. £z, SSP ORI
HREREMETEICDWTERT 2 &, LBREEIIEMEE
Zf7o Tz (Fig5c). SSP Tl EMBEH 2 5 <
L, WoRERZED 2 2 & TSSP O B 28 < T
HIEMTEDRENDNTWS (&1, 1988). ZI T
R ER & SSP O e ik B i A e Jee it A B & O BRI
#HT 5 &, HP2 BELUHP3 IZB W THRIEBFEOEHWN
BHEFZEREMAREN O (Table 5). S 51T,
FUEk & SSP T BT B L2 KR AT AE £ B 3 & O TR i
BEAEICOWTEHEHT S &, ERBATZEMAED
HP1, Ronl, Ron2 TIEDAABIREtR, A= FREAGHZIE AL,
HP2 3 & U Ron2 IZB W TIEDHBIBRMNED 517z
(Table 5). T D Z &3, HWELFEOEWHEFIFE
Ronl IZB W TIILEKRRRESATRTEAL, Ron2 ITHNWTIEE
KIEEH KO FREESSHIEM TH > 7= 2 L& RL TN
5. 3B, [FRFRIZHUT B HABFCER & 7 ik B & e e it
fE S OMBIBERE A5 &, HP1, Ronl, Ron2 TH:E
RUER D Wi 1T E B iR Tdh > 7= (Table 5).
Thabb, HEREOSVWEEEIFZE, ¥ — ik
(Turnl BE X Turn2) IZHBNWT, X EREE2HED

Table 9 Correlation coefficient between throwing record
and hip rotation angular velocity during SSP

Angular velocity Correlation coefficient
(deg/s) vs throwing record
SSP1  644.79 = 81.55 0.404 *
Hip rotation SSP2  782.99 £107.11 0.475 =
angular velocity SSP3  874.24 £117.18 0.676 =
SSP4  893.67 = 97.79 0.651 *

*:a significance level is set at a risk rate of 5% or less.
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KO TR 2 A & & 72 R0 (& i S 2 72 R88)
THREBEMEEZITo TWEE WA S, SSP TEMOD T
RESZREI TS 2 &1, ERTANY—ITH L TH
RELEKLSTEIE0, AROBMZRD S Z EICE
MBEBEZLND., IO EMG, FEGEEOEN
BT E, SSP B B B nl#LfHE & m D 5721 T
2<, Z—2d0¥ (Turnl BEX P Turn2) IBWT, £
R CERAED D KBEERE & OV FBEHES 2 Ron FREIZ RTHEALIC
2% & DI 2TV, SSP OFFEREEZE < LT
RN D D EEZ BN 5.

V. &&8

AT O HIE, REGECEO S NWERE O FEEED
FEZEHSMNTT 52017, Bk & NREBEE TR~
T A E DR ERFT A& THho . Fix
FERIILTO®ED TH 5.

(1) WHSZHEEE (DSP) Ao THEENELS, EICARESH
R, KBEETEEME 21T > T/, DSP#} (LP
— Roff) Tid, EBEHIEEEED AN/,

(2) FEELEROEWEEEIZ E, DSP DA B i IS
EAERILENNE o, £, &5 — 2 OER
IRAEESEEEN S W EIZE, DSP o4 K
BEH i th A AL ' NE Do T,

(3) DSP H @ FREENER, TICLERESGIHER IO
KRB REME 21T > Tz, BifEEIFHICEI L T,
BREGCER & A BB R 2 0 2 /A 7a -
7z.

@) HELEROEmWEIEH X E IS (SSP) O
B FEIOVE <, SSP T 33UT 2 BE Bl 1 38 B SE Y i 73
KEhol Fihk, ¥—ai¥ (Turnl B XU
Turn2) @ Ron IZHWNWT, HBELE D& W FIZ &,
FERBEESH K OV FREERSHIENL TdH - 7=

NGO ENG, REEEOEWE R FIZE, DSP
IZBWTHBREE O S & O 2R O KB EIEZ /I
S LS IREAEIHREIEZTTS 2 & C, SEEERT
TOY—CEECHIEL TWhW BRI ND. £/,
SSP DEFRfAEE L EZRE<TH I L, ¥— Hi
FATHWT SSP n 5 DSP OFAT J5 1 C il o fif {E Eh 7
CRBEEBSTRRES DR E) 2 5030 U 7= M BiE 2175 2
&C, SSP Ok 2= < L, HP—LPIZBIF 2 /\ >
N =Ny RONEEREZENS 2N H 5.
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Relationship between foot strike patterns and swing leg movement during running
in university students

Kanta IWASA®, Masato MAEDA?

Abstract
The purpose of this study was to clarify the effect of subjec-

tively changing running speed on foot strike patterns and swing

leg movement, and to determine the relationship between foot

strike patterns and swing leg movement. Participants were 11

university students. Seven subjective effort levels (50 %, 60 %,

70%, 80%, 902, 100%, s100%) were set, with 50% represent-

ing a jogging pace and 100% representing maximum effort dur-

ing long-distance running, and s100% representing maximum

effort during short-distance running. The participants ran on a

flat track, attempting one set for each of the effort levels. The

running motion of the participants was captured using a single
digital video camera (240 fps). In addition, the pressure distribu-

tion of the sole of the foot during running was measured (720

Hz) using the sensor sheet of the F-scan system that was insert-

ed in the shoes of each participant, and an attempt was made to

determine the foot strike patterns.

The results of analyzing the running motion and the pressure
distribution of the sole of the foot for each attempt are summa-
rized as follows.

1. The relative running speed tended to be higher when the ef-
fort was higher in all participants. In addition, it is considered
that the relative running speed tended to vary among partici-
pants in the trials with lower levels of subjective long-distance
running effort as well as in maximum short-distance running
effort (s100%).

2. At long-distance running effort levels, rear foot strike (RFS)
was standard, whereas at short-distance running effort
(s100%), some runners exhibited RFS and others exhibited
middle foot strike (MFS).

3. Participants who exhibited MFS had a smaller plantar angle
immediately before landing compared with participants who
exhibited RFS, and the leg swung backward.

From the above, it was clarified that differences in foot strike
patterns are related to the size of the plantar angle immediately
before landing as well as differences in the range of movement
when the leg swings backward.

F—7 — K : subjective effort, long distance running,
foot strike patterns, swing period,
plantar angle
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M, 2014). ZOXIBERMNS, THE, ROEMEER
WWHEBHENEE> THO (NHK 2R v )L A HE,
2013), ZMNETIT, EHEBZFRITL 2RO EMER
TR EN N DR INTWD. BEFH
(2018) 1%, 5000m FEHEHICHBIT 2B TET 373 L DHE
X EFEL, BEMTEHEHT HHEIREKD 74.2% T
HolmZEEMEL TS, F£/-, Kasmeretal. (2013)
% Hasegawa et al. (2007) 1%, TN T T 2, N\—
TIITYVOREEEE (T TV 221124, N—
TRTV 2415 4) OFMEELEREL, wWInbig
B TOEMMNEN ST EE2RELTND, LA
VAN E MR 2 A U2 mE» (20190 O#mEFICEK
% &, 5000m O HONA MLk D A 13 573 48 B D
FALERII AT, 14 43 31 MO FALEIS BRI CE T
DIEMMN D D ERRTND., X BT, NFEEWNRITHE
ik 2 FE L KBEEDN (2016) OWMETIE, > a—
RZBWIREETIRAET D E/NFE UL DD BRI 82%
WKHED TP BREETOEMERD, 12/ LIRET
WEIEDETTHD D BRI 69%IT8H 7% 53 #hiHi B
O EH TOEFEMICARLZEMEL TS, S

1) #ERFERFR AN EREZUI7EE  Graduate School of Human Development and Environment, Kobe University

T 657-8501 T K ESFE 3-11

2) #F K% Graduate School of Human Development and Environment, Kobe University

T 657-8501 HF AR 3-11

21



DR DITHITHFETIE, FrE OERE T TRtk %
HE - FWELZDONELL, [H—F > F—DnERNICE
TEERE U EREZBLI B & E0FMEICRIF
TEEELTHRELZD0E DN, EFEEEE T
L — A OB B IRk > TEREZ LSS B
MOEET2HENRH 0 (BARIFD, 2005 ; BARIZN,
2014 ; RRIE, 1997), EEEIT K o T /a8 ek
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ANz ECHEEZBIRT H2HRERH D EEZ SN TN
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F7z, EEETOROFEHEERICET 2L, Mk
BHREBESNY T7 2=, HDWIREMEN
(2020) /KEIFED (2016) DX DI HIRAFEERBSIC
HDNFEEHNRELEZHDOEIBHAEIND D, B it
RIREER D —MR N 2 X RIC U = HiE 370, IED
(2008) Vi iRk ER S & MR, KFEGEDE
BLOSBEIENR D Z 2R, 2LHEIED (2013)
1, A BHTIE R OMEE N NEERTFOEN &
FE<ERELZHBDOTHoEMEL TnDE. InsDZ
EMS, MEFOME LFHERSR DA 0 B 7R D 75 B
DENVIEDOEMHERICOEEZRITTEEEND 5.
I ST, BEEMSESELH [0 7T—4])
EVWDbNZEIIT, T T EBENZBL TS (F
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EHE T EBIAICEA S8 2 2 EAVE D&MD EH
E AT DO ZEH OHEIEIC RIZTHBEEZHSMIT L L
HIT, ORI 22 OMIENE & DRIk Z RS
LT EEAMELT.

0. /5 &

1. #ERE

BRI B OB, HEMICEMNR S
SO L= T ET D TWIRWE T R¥EE 11
HTRHBB LI T OBRENRNE (Table ) &L 7.
BB, EBETOIICHZD, WHREICZIARBROESE
HENUOHRHAL, BMORZER-.

2. REBRAE

PR IR+ =277 v T, il
ELTT7 A7 7))V b EOEHERER FITT, 7K
(50%, 60%, 70%, 80%, 90%, 100%, s100%) DE
B hE CIF, BhE) 2%EL, SREOENE
Tl T OITbER. FREOZAY —MZiEx s >~
T TR~ EAWDZEEL, REEIR B
50 % M 5 B, B 60 %, 70 %, 80 %, 90 %,
100%, s100% DJiEIZ, BHEEEHD TN ZETEHR
EERELISEDLDIIT L. AIEOETEDREILSE
T8 50% 7 5B H1E 100% £ Tl EHEEZBEEL, #
BRFIIIBNES0% N Y aF I R—, BHE100%
7% 3000m ~ 5000m FEE O KifEaES 2 L2 MEL
LEDORNR—A, iz, BHE s100%13% 771 100%
ZHAEERESZDRT, DEOIMREMADRKER
EERDEIDIIBBIEOHEZELAL. a8, #HHRE
WISEEZIRE T 258 X O ERMOEYE 10m O

Table 1 #EBREBOBR, BRELLIUVEH
i RE A fin

(m) (kg) (%)

subj. A 1.87 70 22
subj. B 1.81 74 23
subj. C 1.80 75 21
subj. D 1.76 95 22
subj. E 1.76 68 23
subj. F 1.75 66 19
subj. G 1.74 78 21
subj. H 1.69 66 23
subj. T 1.68 59 23
subj. J 1.67 58 23
subj. K 1.66 60 24
Mean+SD  1.74+0.06  70+10.1  22+1.3




YK E S RICT 5 2 E2ERICEA, BERRE
% 10m OfRERMICREL 2L EEZXBI T X
SR L. TIICED T TOMEEEL, BHE
50% & 60% 13 10m F2JE, 52775 70% & 80% 13 20m 2,
SN 90% E 100% B LN s100% 13 30m FREE L,
BRI BIEE  & DNEEEBEX N T2 1Tk U B AE
PHEERZ Y 10m DR RN L® LI EBETETL T
Wi, ETIEY DEENIR NI DT, BRI L
W KEZ RS B

WA OEEEZE WS D201, EROHEMS IR
BLEZ1IROTFYHIETH AT (EX-100F, CASIO
1) 1Tk D 240 fps (FEYERFR 1/1000 B) TN =27
W Ul BIEREICH o T, wREEENSHHR
FORDOYA RIZHbEya—X (7278303, v
F—N) ZHVWEZHDEL, ¥ a—XRITIEEEE
I HEESATL FRAF5 20, = w4720
Hz) ot v —haFAL, BHEHICT—~ 00—
Iz hEREFL GREZTOERZ. 88, FAF+v >
DOt HIZEE015mm DT 1 LLAIKRDS — R TH
D, HBREOEDOYA XITHEDOETCHHICHY hT52
EMHEDZHDERS>TNS, £z, AY—MNEEND
DREFDHEE T > N 57012, EBOLERTHIC
H1BDOTIHINETAH AT (EX-100F, CASIO th)
ZHREBEL, EESIKZ 120 ps (FEEHR 171000 #) T
wL.

3. SAE
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EXBMNIZBWT, HESHIEICEL 2%, HOAE
IMHITICEM T 2 ETOLERO 191 7)1 GRS HTH
EHELTODHIM 2R, BRUHIEICHEL Thiizn
IR : dred) Eofius (Fig. D & U, 2 RIcEhfEfiE
Y7 b7 (Frame-DIAS V, Q'sfix #f) ZMHW\W T
WZzfro/z. £/ AR O OB ETREY
DR OATHITALE L 2R 2R 0 UK & L2 (Fig. 1).
SR RIARPICONT, FIK23 HOTIF 1 UL

Me ik 20 &% 15 2022
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ATFIHINT 4 IV ZIZX 0 6Hz THEI|ILL 7=, @hES
MoFv )7L — 32023, MR EB510m D
KM@ T 5L DI hao—)LR1 > R EEL
ZhEBGERWE Sy TL—2a itk B llER
ZEVE X Wl 16178 0.005~0.016m, Y il /517173 0.006~0.014m
ThO, INsOfElE, BEFHPFAIH L THIT/hE<
BONZHET—FITEET LD TRV E B L
7.
RIEENDOBIEIZH > Tidt o3 — MEICEIEE
HOMHNES AT LEROF Y TL—2a &5 H
DEL, FU#HRE CTOEBIGHICE T — FEEHE
LESHAEEFYY T — a 2o RICHIE 25
L7z WEickofmsonzgREr—%igto v —h
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Wi J178 10 N & LAl> 2R =5 k& L, 10N %
T =R R 2B & Uz, E£2, AR % Him
RI1H310 N DL - o3I 2 32k 11, 10N A i oD 3 1] 2
e E L 2B, Ui — MIEERE OEBH D
A XWZHEDRTMTLERED, o — N OERET
2B —hOHLERRELTERLLLZ.

4. $A1ER
a. M ERE (%)

IR ROERNEL THE, RICHENERT S
ETCORMOD 12 0wk (EvF) LHEHED 12 (R b
T4 R) ORKXVEREEZFEML, $E 100% TOE
PR 2 U I BB ORI D W THIR EEE (%)
ZHEH L.

b. # M1l D COP fiziE (%)

RIEEN D AHIES AT LMTES T, HRIThnDiH
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c. | H UK K OEMIFO R IRAARE (deg)
O H UKRFP K OE IR BT 2 R & KERIA S
AL CUF, RErAE 2R LE (Fig 2-D.
d. #]RO H UK S B L TOMA 1 > 7 A (deg)
WO H LIRS X OE MBI 26 (GRis &4
REZAESIY) A RKERT 218 2 IEMRA 2 A
EEREEL, RO HUROHMME o &35 O£
EBDEEMAA > AEE L (Fig 2-1).
e. ROMKBEE (m)
ARETREEEE LU THRBEITERYE, ADXE
OB EE, AlloBEEmMmtiLe. T LT ik
Ot U 5 & HIKE £ CTOMIT DWW THREn T & H e
ChHEOBEREENL, #REOHFETHRY ZLTIE
BUEL CTlROMxBEIE E L (Fig. 2-2).

m. #R
. BhELHMERE

HBENEIT BT B EEE Z Table 2-112, 5515 100%
TOEREZRMEL UL BB NEITBT DA EEEZ
Table 2-2 12, 851 EARAEEE ORI 2 Fig. 3 1RT.

Table 2-1 & D BN ENEWIE EEEE I E < 725 [
A5, Table 2-2 XD HHE50%, 60%, 70%, 80%,
90% DIRFKITHWT, subj. H DEESEE 80%, 90% Dk
FoOBGERE, SEBEOSEE DM ERZIT
100% % FE>TH D, BHENESWNIZERSERED
FWERINA SNz I 61T, BhEMEWEEL, #
B [ OFEER ZE DI 2K E WHET Th o 7= (Table 2-2,
Fig. 3). Z1E s100% OAICTHNT, subj. A ZFRE,
B BRE ORI EEEIL 100% 2 EE> TH O, AR
223 DES ) T DRERVERZ TR T TREN -
7z.

2. BHBFICHBITSEEEAD COPRIE

Fig. 4 B XU Fig. 5 ICHHIKED 2 K N D COP & %
RY. Fig. 4 BX U Fig. 5 K0, COP {7 V3AH A 2 B
DOR/NZERE< BEROHLED B G OEMZT O,
MOIMUZF O 75> TWzidBini2 <, #EHOIMUE
D TOEM (BUF, HEMEM AMEER &72-> T,
—5°T, subj. B, subj. E BX U subj. I DEZIIE s100%,
subj. A DB HE 80%, 100%, s100%, subj. C D&

AN
/ =
®YHLUE
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Table 2-1 BBHEILBIT2ERE

(EREDEAL - m/s)

B

50% 60% 70% 80% 90% 100% s100%
subj. A 4.07 4.67 6.01 6.93 7.82 8.59 8.18
subj. B 4.78 4.88 5.54 6.15 6.63 7.12 7.66
subj. C 3.69 3.72 4.80 4.72 5.13 6.23 7.68
subj. D 3.66 4.18 4.72 5.24 5.43 5.92 7.22
subj. E 4.43 4.56 5.66 5.87 6.18 6.63 7.95
subj. F 3.44 3.99 4.57 5.17 5.52 6.22 8.38
subj. G 3.14 3.94 4.83 5.06 5.48 5.86 7.45
subj. H 4.38 5.03 6.11 6.80 7.06 6.67 7.69
subj. I 3.07 3.60 4.34 4.41 4.68 5.10 8.49
subj. J 5.36 5.92 6.41 6.39 6.57 7.00 7.55
subj. K 3.99 4.61 5.38 5.55 5.58 5.92 7.91

mean®=SD  4.000.67 4.46*0.64 531%0.66 566080 6.010.89 6.48+£0.87 7.83%0.37
Table 2-2 B 100% TOEREERAEL LB HENEICH T BIAMERE
(1B EEEDEAL - %)
B

50% 60% 70% 80% 90% 100% s100%
subj. A 47.4 54.3 70.0 80.6 91.0 100.0 95.2
subj. B 67.0 68.5 77.8 86.3 93.1 100.0 107.6
subj. C 59.2 59.7 77.0 75.7 823 100.0 1233
subj. D 61.8 70.7 79.8 88.6 91.8 100.0 122.0
subj. E 66.8 68.7 85.4 88.6 93.2 100.0 120.0
subj. F 553 64.2 73.5 83.1 88.8 100.0 134.7
subj. G 53.6 67.2 82.4 86.3 93.4 100.0 127.1
subj. H 65.6 75.4 91.6 102.0 105.8 100.0 115.3
subj. I 60.3 70.7 85.3 86.5 91.8 100.0 166.5
subj. J 76.6 84.5 91.6 913 93.8 100.0 107.9
subj. K 67.3 77.9 90.9 93.7 94.2 100.0 133.6

mean®SD 61.9+7.7 69.3+£7.9 82.3+7.1 87.5+6.6 92.7£5.3 100.0 123.0+£17.8

70%, 80%, 90%, 100 %, s100 % o & 11 ik £ T3,
COP &N B EHDOH LK D BRI AT TENS D
SEDOELPHMUZEFD TH D, HREEHMAEDIMIZ D D
frETEM (LU, HEifsE) 128> Tk

3. iRV LB S EhEF E TOMIENE & Btk

FEOH UKo R AE 2 Fig. 6-1 12, HHEOZ0
4% % Fig. 6-2 12,79, Fig. 6-1, Fig.6-2 X0, EOHL
B, % HiBEIC B W Csubj. A D %% 1% 80%, 100 %,

s100 %, subj. C @ 2% J7 & 70 %, 80 %, 90 %, 100 %,
s100%, subj. B, subj. E 3\ subj. I DEZHIEE s100% D
11l (A D) 13 25deg Z KELSHEA
52 &<, okt EREMERDRE) K06 REIK
HAENNS WERAITH > 7=,

RO UM S EMFE TOM AT > 7 fE % Fig. 7
12, RO MUK S E I E TOMOBEOHN S EIEE
Fig. 812, & NIEICBIF DR H URE & 25 HiRE D 2 i
WA, 217 fAER KOO B8O SEEE

25



CHEWEAEE Table 3ICFNEFNRT. Xz, B NE

Relative running speed[%)]

$1002% DRI BT DI 0 H UK 5 5 HilkF L TORI D
FHOEEZ2HE, AREBLTAEDEEOWEE & H
IZ Fig. 910579 Fig. 7LD, $EA50%~ 100% T
» B BRIFEEE R — 2 OB DM A A > 7 #4113 10deg &
TRIZBENDIZEAETHD, WTNOWEBRE BENE
EEDDEMAA TAEZOTMNTHEMT2H5DD 0
~ 10deg DHIFAIN TR ES LT HZ &3>z
(Table 3). 7=, BJIE s100% DikBic BT 221 >
THEIIDVWTIE, HEMEME 2> T subj. B,

subj. E @ s100% 77 10deg Z 8 AMMOHEHRFDZNLD B

50% 60% 70% 80% 90% 100%  s100%

Subjective effort KEMo7. Fig 8 KD, BIEMNL0%~ 100% TH 5
i N 2 S % o ISR 2
Flg 3 gﬁlﬁ&*ﬂﬁiﬁg@ﬂﬂﬁ: EEE%EA:E/\ Z@uiﬁi'ﬂih 0)1:9;(1@%%73\ 0.06m %fﬁf

AT &R, BhEZRDLEOINHEMNTSD
DD, 0~ 0.06 m DEFANTRE LT D Z &3
7= (Table 3). F7/z, Fig.8, Fig. 9 & 0 ZJJHE s100% D

il . T BVTHREBE M E /25 Tz subj. B, subj. E @
" i B DX BRI 0.08m A, BRI E > T
o T D W 5 O kS PR B & 72 5 T 72 subj. A
2 | 1 | L esubin DB 80%, 100%, $100% D&, subj. C D53
| | asubic FE70%, 80%, 90%, 100%, s100% O #% il & O
% (w o = | | @subj.D subj. T DB s100% Dl D2 N 5 L 0 BEHFITKE
) 8 él [ subj. E Mmooz,
§ 0 : =<> < subj. F
~_§ O A subj. G IV ":% g
& | | osubi-H 1. BARE LA EREOBG
£ L] O KBTI, 7EBOBNEEREL, FIE 50%H
= | © subi.J 58S 100% £ TO 6 BRI EIMEZHEL T, #
£ oubl. K BB E 50% A 3 ¥ T R— 2, B 100%
BEEHEDSNR—Z ERBE IR LE. £,
-50

5 25 o0 25 50 S s100% 1L EHEEES D2 LR D KD ITBB X
Normalized foot width[%] TOHZERRA, EHEEELIEDLITHRLE

TORER, WBH T EITH D O IR EE E A
Fig. 4 &E#FSOREEND COP &
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(m)
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A Simple Method for Measuring the Running Velocity During the Acceleration Phase of Sprint

Nobuyuki ITO?

Abstract

The purpose of this study was to clarify the reliability of the
simple method for measuring the running velocity during the ac-
celeration phase of maximal sprinting and to examine the possi-
bility of evaluating sprinting ability during the acceleration phase
calculating data every 1 meter. Fourteen male track and field
athletes performed maximal effort 60-m sprints. Sprinting mo-
tion was recorded with five high-speed cameras. For each run, a
spline interpolation technique was applied to the obtained dis-
tance-time curve. Then, we used the integral over time of the
equation that fits the velocity-time curve with a biexponential
function. We compared this method to the running velocity cal-
culated by motion analysis. Then, the running velocity and the
spatiotemporal variables for each 1 meter were calculated and
compared between individuals. The main results were as fol-
lows.

1) The running velocity calculated from the data of only the
passing time every 10 meters showed a slight difference from
the value obtained by the motion analysis. It was confirmed that
the reliability was improved by adding the time-distance data of
the 1% step, the 2™ step, and the 4® step.

2) It was found that the running velocity with high accuracy
can be calculated by using the estimated value from the passing
time of 10 meters instead of using the measured value of the 1%
step, the 2™ step, and the 4™ step.

3) By calculating the running velocity and the spatiotemporal
variables every 1 m, the average value and standard deviation
can be calculated every 1 meter. Then, it was recognized that it
became possible to make direct comparisons between individu-
als.

It was concluded that this simple method allows the running
velocity during acceleration phase and could be useful in further
field measurements.
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T EEBEKTLIENHL <KD EBEZLENS.
DE G DEEEREICDNT 1 BT &I E AT
5OTIRL, ~EMROHHCZEIcEERT T2 &
T, HEHSAMSE bR A DD, FEECEAMB
K OMEANND L 217D T EMAREE 2B D TIE &EB X
5N%. £z, N TOMFEEERITBIT SHEEFREIL
FRBBARRYICHERNIC AL T 52—, R2EIAE R DAL
FEHMMICELLT S 2 EnMmEI N TS (KIE,
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2015). ZNHSEIEEHICDWTS Im Z &Iz H
THZEICEDT, FAETOREEEEDBERIZDOWN
T 2ITD ZENREE R D EBEA NS, 20D
Z &, MEEEDREN & @D 2729 DEFE 4 D
DFREERFTTHHO—BhERmbEEZGN5.

AWFFE T, ONEEE P OB ERE DL 250
ICHET 5 HEOEEEEERT 2L, @ EMED
il SR EEEB LA Ty TELAT v THER
EORZEMAKRZEE T2 2 &C, IEEERE N O
WEDESIHEATELNIDOVWTHHNT S ZEZ2HM
&L

2. A&
2.1 #WEBESLICANERE

BeBRAEL, KPPRE R EEERICATE LT\ 2 RS &
OBkHGET 14 4 (FEfG 21.6 + 1.2 7%, & 1.74 £ 0.05m,
& T 65.1 = 6.5kg, 100m H C fix & ic &% 11.12 + 0.31s;
10.54-11.84s) TH > 7z. KFFRIIFIET 5 KF D
fmPifE et (NICBId 2890 ITEDWTIThNk, FHil
ICARIIZE D B0 fEitkis &2 it L, G2
U8B a 0B RIGEMEZE UGS, WD THH
EEPIETESIEEZFATHELEDIT, ERBIMTK
THRBEEMCHZ ETHEELE, Ur—32T7 Y
T, BWBHREIAY —T 4> T 0y 750 60m
ENEELSHDANA V> a—XeFALTULSY >
P—7 2 ADORE RFHES N T v U TIThE .

113, 60m EDH/REBIUVY A LEHHIO DDA
ATREZRLEDBDOTHS. EBKD 3m, 9m, 20m,
30m, 40m Mg & ERZT B A M) 40m AT ERE L
7256 D& #EE X 5 (EX-F1, Casio, Tokyo, Japan,
300fps) Z AT, 60m IZIELHERFEDREZ/N =
T Uic. &N ATQHEMIZ, HATDEMIIBNT
KEFENTHK bm & Lz, BRHWEOLDIZ, XAF¥—h
FA NS L2mIZE D E T, EROMEME AR LT 2m
MR CHAIE~Y— 2 Z2i%iE L, EETDOHEE ORI
EfAPNICIRDAD XL ST L7z Cameralid, A% — b
/N5 6m £ T, Camera 213 6 ~ 12m Hi5{ £ T, Camera
313 20m M2 RT#2, Camera 4 13 30m M Ai1#%, Camera
513 40m HisS R 5 60m £ COREEEER ZN TN
s L7z

R SN-BHNS 10m ZEICHREBEINZHEO
I—2ZEED MVY —DBY) > R a3 AM0,
10m H 5 (Camera 2 £ 0), 20m Hig (Camera3 & 0),
30m Hh % (Camera 4 £ 0), 40m H#isT (Camera5 & D),
50m i 5 (Camera 5 & 0 ), 60m g (Camerab & 0)
DEEY 1 LAzHEHE L. 10m, 50m, 60m Hisiz D
TIE, DATNERL TWAEWED, ITATMSRT,
10m TEDORY DM A ERPREL TRADNMBEIC
O— > DOFEGF = L7z, Cameral XD EZFNH
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60m A

AL — I 10n 20n 300 4011]‘ 50111‘
N\ T — /“x/fﬂ/ | B2
‘ ‘,:,'_'f: a7 LY R =7
Camera 5

Camera 1
3mith

Camera 3
20mih &5

Camera 2
Omih &

Camera 4
30mith &

Aa—>

______________________________________

40mHb 5

1 60m EDBREE LV A AGFRDIHDH A SEE

MK L TEEHIBREORES (LIF, Ty BT
“ty hREORIHIOD KN AY —FT 1 > T 0y
Mo SBE O R (CLF, Ty ZHARD, XF—
FOERMNS Ty BEX U Ty £TORMZZNTNEH
Uk, WRENRY —T 1 > 770y 7 &N, KRITH
WUz 1 5H0EME L. 25— NOARER
MELUT ST EORME X OB OB O R 5 % 5
o7z, RO SN S R E ORI R ETZE 1
HREERL, 1HICELERROYREZ Ty THE L
U7z, K7z, Bl s S e < BfEHIRE /3 C % SRR R,
BEHIRY 0y © e < ML U TR 2SI & L TRk
/z.

TEB LT IHEENS 645 H OB O A, 10m,
20m, 30m, 40m % £/=<ED 1 YA 7))L OIS (F
RB-fig-ERbULIEHR-ER-AH-E) OBEGn 5
R 23 8) BLURIBELAD 4 DDIEY—
77 %, Frame-DIAS system (DKH Co., Tokyo, Japan) % i
WTTPHA XL, 5RO 2 RICEREAE % 4 ROBIEY —
%S EITREREICHIE L. Bo5NEEKRONEDE
FEREN S BIT (1996) O FRTMEMREZHWT, T,
DR B L UENTND O FEHIN 5T O B RE LR
ZEH L.

2.2 REREDHELFE

Prendergast (2001) % Slawinski et al (2015) 1%,
REINTWD 10m TEDWES A L& W THEERE
EEHL TWEA, A& — MNEZOEEHREDOZEITIE
WIZREWD GREIEN, 2013), 10m A O REHE —
HEEA LD T —F 2NA 5 2 ET, LOBEDOEWEE
WEOHEMNREICR D EE A 515, 10m £l DEF
M — 2 MAZdD L, 10m OB 1 LD H
TRHINEEREEZ, BfEothh s Bl SN 8F
T D 2 & T, EMENEORRER ET S0
% Z & & U7z RIT 10m A DI — BEEE T — & 252
AE T3 < HEEE & T S H HIEIC K D REFZDHED

HENHERINTODNRELEZ. £z, 10m Z&ED
K& A LS KEPEESE 2R, iz marz. LA
T, ENENOHEMAFIEITDNTIRRS.

) BEgROTFPH A X BHEHE (Dig i)

ToRBLUORY — MELBAEEMNS 6B ITNTTO
B DWW T DT 2 FRE LT 8 DIKEZALE
Ty TEELE 1HTEOATy TEERAT Y THIE
ERERLDIETHEREREZRD, 2 BT LITEHHEER
WUL7& Q248 34%H 564 H). 10m, 20m,
30m, 40m OZFNZNOHIEZE £72< 2 B0 FKE LML
ENSEH LTy TEBLUR Ty THEZHNWT
FEREZERD, 220 EEEE2ENLE. Z0LDIT
LTT I A RIT& > THE SNz RITEREE 2 W T
B SN/ EEE DM Z Digikic LB EEEEL,
BT B ETIRICL D EH I NZRERE & OHEZE KR
MTEAHLDITLE.

(2) WEBY A LI 10m R DT — 4 Z A TOEH %

(SP %)

Slawinski et al. (2015) 13, 10m Z & O &R 2
W, AT i &0 HEEE— R 2B U=
BT, ZO0EEBEED S B E R AW TRERE %
BHHL TWz AFETIE, KDEEOEWEEEED
BT 572912, 10m Z & Q@I 10m A5 o b
M- T — 42 MA5 & THREREZEHL -
(LLF, SP##EET2). 213, A TS5 HiEcks
A= MEDOHEBOREHOFH ZRLEZHDTHD. T
DHAAXBLUVERERFICL > THHEI N TyRB L
U 1HEMNS 6 H2H O DI 55 0 SR TR O Hi
5, ToWE, 120, 24:H, 4%HOZEHNOHAREL
frEzEHWe., TS OHIEMEZY — FDHERMNS D
FE (%, 2019) PELVU10m T EDEBEY 1 Lz
WTC, AT 51 DML > THBEBRED A Y — s
60m 1222V T 300Hz ([Z i & /- eRE] — BEgE - — % %
HH U AT T4 iz fAWTHENS 60m O I—
JZINT TOEZREHT 27291213, HREXE O] &%
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® EiNT—%

— XTS5 EEIC L BE

AB—rS4 b DEREm)

6 8

AR — FH S DR EREREFDY)

2 RTSAVHBICEDRY— b SDOIERDOEH DG

T —FEMABMENRD D, FEROBMT—F &L
Tid, XY —hOEROBMERWZ. d—=)Li&DEN
T—4% &L TIE, 40 ~ 50m X[ O F358E & 50 ~
60m K DO EHEN S, FEOHEL(LIFES &
REL THEHLZ T0m#EDY 1 AEfnE. 20X
SILTHESNRFM—-HEET—5 5, ToRhS
60m 1Z 72 VT O 5 2% 0 15 M % ] 00 I o D B e 7 5% A HH
L, Higd HMEOKEEMEATYy TRELE. 14
TEDAT Y TREEATy THEEZFRLU S Z & THRAEHR
EERD .

RERER & I SN D HEEEL, BEMLRIN
2T NI &5 (Prendergast, 2001), T 7R A
D DMK D, FEREDLZ(ENIEFT DL D Ilhifric
RoOTLESZENDS. K3 (b) 13, 10mH 5 &
30m M O EEKEFIC 0.01 B EMALHEZERL T
5. OIN V100 BOFZmAMDREICL > T, HHIH
T REREZE OB DRI ITRD 2 ENgnb.
HMMOBREICKLDEEZNSILTDHLDIT,

=
L

Morin et

al. (2006) DIBEL =D OB S5 T DK
KREAWT, SHEBENKEL TS T 12y a2T 2D
ETORFM —EELRMEL O XD I L 7.
v () = vyle (rm /D o VD (Morin et al., 2006)
ZIZTC, VIIEESEE (m/s) &, tIZXF—En56D
B2, e I ZHARBDIER, Vo W RIEEHE
DR DEE, g (FERANBEREZERRFO AL — b
WS ORI T 2 EK 2, t1I3MERICET 2 ER 2,
2 3PHICEIT 5 EREEERL T 5. Ve tmee L
DL DDERIIRAETHD. RALL1LEOR
HDIEE DAY — N6 DIFHIBLUA T 1 I
FoTHISINAZ 1 AT EORERHE Z LTI, fHh
THEICE ST ING 4 DDERDOEERD, 5507z
HEEBOEZHAITHETIEIDSL T ET, FHEEMNS 60m
T COEERE Z LUz #lz AN TrEER
EEEHTHZLICXD, HEYICHEARSNZHEEIFIF
FCENESND I ENHRTES (1 30).

10 10 10
9 9 9
Z 8- 8 - 8
% 7 4 7 4 74
. —ATSAVRMCLBEERE TATIAVRRICLSRERR |
® o DIE (10mi =5 & U30mit =
i ] - DN Z T-1BA) i —#HAIC EQD
5 — i £ BED 5 ?)'ﬁ./f LIC1/100B N A 7235R) 5 HAICLBHED
ol 4 - HRICL BEOD o e HRIC L BED
3 . . . . . 3 : . : : : .3 . . ; , . ,
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
BBk (m) B8 (m) BB (m)

3 MR- EEZE{LDHA DM
BEREIRTSA VHEBICK > TEEINAE, REFIIZODIEHBEHN 5255 (Morin,2006) M5 HEH S Wiz fE

ZRLTWS.
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(3) 10m KD T —% ZHeEM E T A5 ML (IR
10m A O WGRH — BEEE T — & O ERME D 1 DI
BE,m s EHINZBROT—% (T, T, T) BXO
10m D@ Y 1 L5 3KD & N HHEEOHEE T — % (D,
D, D) #HWT, EEHREZREHLL CIF, ik
L93). INSOHEMERINT2ICH> T, X
7 —~DERITHT B EEDISHRIC X 2 EEE24<
ZET, JOKEOEWEEMENRETIENS EEZ SN
5. T WREFHEMNAY — b DA G L 7z B 0O B 5
TlEdH2H, HHETEMICKET2DIXREETH D DI
LT, A —bOERBICHIHMOD LTy 7h
SEEN DR TH D T i DWW TR AT AT HE T
HBHTENS, Ty DRERZRMAE UZFHB K O
DTF—F el &L

SPIRIT & > T S N7 & 48R D RER — FEEE O i 7»
5, T FEB KTy, Ty, T, REDRE 2 D EEEEZ FiAH L 72
10m 7 L (T B2 depi & U0 Z2MSIEE, Ty R0
AT =T S OEHERRE LT, T, T,
FCOHEZEEARKE Lz —ROEREN S, Kok
HEDOT, T, T,FF 0Bz ZThZThRkD &
(B 4ab,e). TS OB Telea & UIERE&
B0, AT =8I 205 TyRE TOHKELD
KA DONEE (0.35m) &A= H D% Dy, D, D,
LU/ K513, fESETHAT M o T—%
KDOWTRLEDBDTH D, Tyl2ld, A¥— AN
SEFHFNEEH IR E TOREMOEEHETH S 0.16
Moz AN2ZEELE T, AY— NEXER
MoDERMTOy ZnsEinsBE (LUF, Ty 7
5 1 HEE CORRMOESEME (0.076 7)) 1545
FZDOREGHEMNS Ty FTORMOME % I A -6, T, 13,
T 25 2 S HEHE TORROEEE (0318 7)) 1I2&
PWREDFREGHMND Ty FTORMOMZ A E,
T3 Te 25 2 22 A M £ TORFRI O (0.774 7)
WHREBREDRESGHE NS Ty T TORMOMEZIMA T
i, Dyid, ZA¥—MEKREIDSETRED A — KT A >
5 BRELLE O AEAA O E (-0.23m) &Lk
1,24 BB OEAEORD DIT IS OFHE (BRI
BIOHEEM (BHEE) 2 VT 10m BAKE O BRI & #E
DTF—%EHHET, FEENS 60m IZH ) TD 300Hz
IR S Nz — Bt O T — ¥ 2 HH U7, S50
HiBRE ORGSO EE 2 5 A L, 5T 2008 OKEE
M2y TEELE 1BTEDATYy TREZAT Y
THEZRELD I ETHREREZRD . TDHK, SP
HEERBRICEXEHNT, FENS 60m IMNT TOE
AREZREH L.

(4) 10m ZE D@ A LS DEH (SPy i)

10m RGO —EitoTF— ¥ Z2HWVnT, 24—k
M5 10m, 20m, 30m, 40m, 50m, 60m i ik D &
LS EEREEZE N U (CAR SPik&d2). T,

Me ik 20 &% 15 2022

E 027 ,
% 026 -
os
8 025 -
10
Z 024 1
?II:J 0.23 A
S 022 { y=-0277x+0.693
i r=-0.694 (p<0.01) ¢}
= 021 { 4
0.20 ————
2 19 7 ()
%
S
0
£ 120 A
Bl
e y=-1347x 43389 g
S 115 1 1=_0917 (p<0.01) 0 0
% n=14
& 1.10 ;
~ 390 -
£ (©)
BE 350
% o
o 370 1
S 3.60
H y=-3.181x + 8.819
S 350 | 17-0.934(p<0.01)
# n=14
=)
; 340 T T T T T T 1

1.56 1.58 1.60 1.62 164 166 168 1.70

10mitt S DIEE X A L(F)

K4 TuDEEEEaELT IMbEDBEBY A AL
(@)T,, )T, ()T, BED TeBORMENSIESE
(0] EA

13, A& — AR S EFENEE H R £ TORRH D
SEEETH S 0.160 BB OfEE A, Dold, Z¥—hFAEK
RID SET DAY — T 1 )5 B RE LT E D 7K
AL O (0.23m) & U7z, 10m PARE O REfE] & R Ak
DF—FEHHET, FEENS 60m TN TD 300Hz
WA S Nz — Bk T — ¥ 2HH Uz, 850
MR DG S O FEEE 2 e A U, 5T D008 DK EE
MEATy TREELE 1HZEDATY TREZATY
THEEZRLC S L THREREZRD . ZD%, SP
EERFRICELLZAWT, FEENS 60m IZMIT TORE
EHEZEH L.

23 BEHEDT—SERE Im TEDREEDOEL
BHEDAY — MMUE S OIEREIEAEGICRR D
W, —EMHROERC S TONEEH QMO HEKZTTS
7=, Im TEOREERBT S I LU fBIEIC
Lo THLENZ 1A T EOREM LEROEN S, AT
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R WOR T B
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A — AR 5 DORF B (7))

5 f5iEA CERTIEME-EHT—5.
EHEMSEHREINET, T, T Ty Dy BEXT 10m
DBEBY A ADSEHENAED, D, D; % 1458, 248,
4HBEORM BT - LTRWS.

T, : R — hEREM S RIG L BB E TOBEOFHE
(0.160 )

Ty T D5 135 BiEHhE TOREOFEHE (0.076 # )
[CRHBEREOREARNS Toff ETOREBDEEMA
7=

Ty Tee M5 25 BHIEMETORBOTHIE (0.318F )
[CRBEREOREARNS Toff E TOREDEEIMZ
=&

T, T D5 45BEME TORMOFESE (0.774 %)
[CEHEBREBORESRNS Toff ETORBODEZEMZ
il ]

Dy: A¥— FAKEID SETHORY— S VDG
BB LALE DK FZERL D F(E (-0.23m)

Dy, D, Dy: 1IOMD@EBY A ADSEHEINAERSY —
FSAUDEDENTNDIESRICRY — MERZATRH
B7OvoDhoBNIBEEOFEELAEDFHIE
(0.35m) =N Z /=&

0
¢
£
i O Digi&
217 — Pk
s+ lll — S
e SPyoi&
N = RASEE
2 T T T T T ]
0 10 20 30 40 50 60
B & (m)
6 AMRTHWEADDOFERICL>TEEENEEK
FEIRE DA (Sub.4)
Digi%, SP10i%, SPi&, fZEICMA T, 10m &
DBEBY A LADSERINZXEFEREZE 5m i,
15m H#h g1, 25m #ths, 35mithsn, 45mithss, 55mith 3
[CZENZENRLTIS.
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T4 CBEBICE > THBTAZET, Im Z&EDEER
EEREHLE ANIA R, EvF, LR, HZER
MOBEHIZHz> TR, 1T LOELEDZEE PR
T5720, UFOREZHNTS SMESEEEEICES

1
9i = 1¢ Gi-2 + 49i-1 + 6gi + 4911 + Gir2)

SR TS %, Im TEDEEENLE (F7).

22T, gl3HEEEE, (135K EEKRL TWS. 1.2
SHBIORED 2507 —FIZHND T ENTERN
28, ATy TEBIORT Y THE, SZERRME, e
FERIE, 3m ~ 55m I T COREEETO Im & & DIE %
HHTr2 &L

2.4 fREHaEE

FEMOMEZFS MCT 5729012, 12 45H, 344
H, 5-6 % H 3 & O 10m # /5, 20m H# £5, 30m b 55,
40m M SIZ B B RAEEE O E % Dig ik, SP I,
i 5%, SPyp iEZ EITRD. —ICleE D i 2 v
THEHEOEREMEETT O /. ERRMERETH-
58, HomEEZHWTLELEETo/R 3517, &
Tk & Dig LDl & D FE 5 OHEEHE DS T H 5 1
Hoxrii7= (Mean Absolute Error, LK MAE) 2% H L /-.
BFEE Digik LD —HEEMRFT 572D1T1F, BEM
DEHEMEDIEETH DHMNHHEBEFE ICC2D (A,
1997) &= MW=, FRNFHBIRE DK 0 s lE KT D
WL, FREIZEN (1993) #2512, 0.6 £l T re-work
(ELF#%), 0.6 ~ 0.8 T possible (FJfE), 0.7~0.8 T OK (%
), 0.8~ 0.9 Tgood (B&F), 09 LA L% great (EF5)
E U7z, #EHILEIZIE Microsoft® Excel 2 Wz, 708
3BT B K U N BIR BT DWW T Excel DT — 27 3 —
ks EicENEN—iiEB L Vol E DS BT R %
ERULEH Lz FTEMERICEHD NV, EZR
versionl.37 (Kanda, 2013) Z MW T, Excel iTL2HD
EEIRIZEDHBDDFENTXRTH—TH5DZ & &k
RUTz. TRTOMEDH BKEER 5% A& L.

3. B

113, Ty R¥—bERBIIMODEEN 7Oy 7
MOEENSBRED) 5, 14H, 2450, 4HEME
TORFMOYHEE (£ SD) BLU60m & 1 L& DB
BEERLIEZHDTH D, TNETNOFEIIEICSPRA
DAY —bERMS Ty £ETCORMZMAZD D%, G
GIEICH W=, Tgn o, 14:H, 245H, 4BHEMME
TOREE 60m ¥ 1 L & DORICIZA B/ MHREBERIZE
O BNRIND Tz,

K413, Ty DR ZIKAEL T 10m iSO @iESY 1
LAETMOMEZEAELT, T K @, T,K O®),
T, K (0 DB L DB ERLIZDHDTH S, ZNZEh,



Me ik 20 &% 15 2022

2.4 A 0.16
2.2 A @ ©
—_ @ 0.14
é 2.0 A E
%I\K 18 1 % 0.12
D
Ik 167 i 0.10
X 1.4 -
0.08
1.2 4
1.0 0.06
5.5 7 0.16
(b) (d
§ 2 0.14
# 5.0 - o
*-}?5\ _steee. s n_ % 0.12 .»‘/.‘JN
™ TTSeger” B \v4
- 0.10
':(‘ 4.5 4
0.08 A
4.0 T T T r r ) 0.06 T T T T T Y
0 10 20 30 40 50 60 0 10 20 30 40 50 60
PEE# (m) EERE (m)
B7 AMETHWE () ATv 7R, (b) X7y 74EE, (c) XM, (d) FZEBEOH (Subd). &5 T7DKE
BIIET—%, B35 aMEBHTHICL>TEREINET—YERLTINS.
£1 Tx/5 158, 2408, 4:BEbETOREO
FHHELEZERFRES LV 660mM YA AEDIHEBER N-ETH- 7=,
# (n=14) 713, AWK THWERATY 7E @), A7y 7H
E (), ZEREM (o), WZEEM 1) oz Rl
”
Refdl (s)  HABIARZK DTHD. R 1B T LS h T,
18 0.076+0.016 0.169  ns BTN ETIm CEICEHENET—% 25
248  0.318 +0.020 0436  ns LTWwa., ZoOEE (Subd) T X7y TRIF (K
da), A — MERBICHEIML, ZofEeMTEmL
A58  0.774+0035 0265 ns ) P =

ns: non significant

BEBHBEBRRNERD SN E0D, 226HE 4%
Hichz2 T,k ), T, (0 OAF— I oiElEE
10m Hi A O@E S 1 L EDORITIE, FEFITHNE DM
BAREMRAGED 517z,

B 613, AEFZETHWE 4 DDOFE (Dig i, SP ik
5%, SP10 %) 1Tk > THEH I N2 EHE O iR
BlZRLEZHDTHSD. E5IT10m TEDFES A L
MO R I N XKEEEEE 2 5m L, 15m H A,
25m Hif, 35m b, 45m HiA, 55m M ICEN TN
AUz SPikld 5 ~20m £ CHHEET, thoFTkIck
Ltz EESEEN R S N7z KEHEZ 20 ~ 30m X
MO ELRL, I FIEEERER B TOy b
NTWD, 0~ 10m [X[E DV HEE LA E < MiT B

ReVT 7=, ATy THIE (K4b) 1%, A% — b 20m i
METHEMUZ#, 40 ~ 60m 2/ T U 72 E
DERF I N T, ZFFIRFRNE (M40, X — MR
BT U7, 10m R DA RZ S 0 12984 LU 30m
FHETR/ANERS 72, M2 (M 4d), Ay — R
ST U 725, 20m DABE TI3FRemicigmL 7.

K 2WFEFIEICK > TEHEI N HEREE O i E IR
LizbDThD. TXNTOMETHERERZITIE, FIERH
WWHEBEREDNRENBD SN0, SELBOER, Dig
% SPik fBEOMEICIIABRRENASNT, SPy
FEOARIDEZER LT SPpikic X5 1HEIL, 1-2 4xH
T, MOFIEOMEL D ERIT/INEI o /2. 344 H T,
Digif L DRICERBEZR SN N> 20, SPiE
AGHEIOBERICKEN D/ 5-64:H, 10m #hs,
20m M Cl3, Digik, SPi% fEiZERDERITKEL,
30m M TlE, DigiklDMICEERZIZIR S NN
7=, SP ik, fESEL D b AREIT/NE <, 40m Hix Tl
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£2 BFELCL> THUHENALKEEEE (M/S) DLLE (n=14)

A Digi& SPi& IGEZES SPi& EFHE
(mean+SD) (mean+SD) (mean+SD) (mean+SD)
1258  3.04+0.13 3.07+0.11° 3.07 +0.09° 270 +0.13*  F=90.1 (p <0.01)
(1.07 + 0.09m)
34458 537+0.16 533+0.14° 533 +0.14° 536+0.15%  F=7.9 (p<0.01)
(3.36  0.20m)
5658 6.64+0.19 6.63+0.16" 6.62+0.17° 6.78+0.17°°  F=27.2 (p<0.01)
(6.17 + 0.36m)
10m 7.55+0.19 7.56+ 0.18° 7.55+0.19° 7.73+0.19*"°  F=50.2 (p <0.01)
20m 9.21+0.24 920+ 0.22° 9.20 + 0.22° 9.25+0.22*"°  F=12.0 (p <0.01)
30m 9.67 +0.25 9.66 +0.25° 9.66 + 0.24" 9.64+0.25"  F=3.6 (ns)
40m 9.84+0.26 9.82+027° 9.82 +0.27" 9.78 +0.27*"°  F=12.6 (p <0.01)

() NOETIX, Digli TOAY — kb O HEED E¥E

* Diglk b B E DN (p<0.05), © SPIEELH B 7D (p<0.05)

S IEL B EEDY (9<0.05), ¢ SP1 L B DD (p<0.05)

ns: non significant

D3 DODDOFEIDBHEEITNI MO

=313, BEFRCLLHEEEE DM & Dig iEDEE D
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813, Im T & ITHH I Nz HAEMEOFE (it
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SP{% i 5 1% SP 101k
- MAE f&ggrﬁ MAE #&Z\%g&ﬂ MAE ﬁggaﬁ
(m/s) (ICC(2.1)) (m/s) ICC(2.1)) (m/s) (ICC(2.1))
1-24* H 0.04 0.922 0.08 0.605 0.34 0.153
(1.07 + 0.09m)
3-44= H 0.05 0.925 0.05 0.919 0.04 0.961
(3.36 £ 0.20m)
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40m 0.04 0.984 0.05 0.981 0.07 0.962
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2). —J, SPEDOBHAEHEL, DigiEDOH D LIFIFEL -
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A study of foot-strike patterns in the bounding exercise

Yuki IWAI”, Masato MAEDA?

Abstract

This study aimed to investigate the landing pattern of each
step in the bounding exercise and determine how plantar pres-
sure during contact changes with each step as well as among
athletes. Participants were five male jumpers who belonged to
the university track and field club. Each participant performed
standing ten-step jumps while wearing athletic shoes equipped
with a sensor sheet that measured the plantar pressure distribu-
tion. The vertical ground reaction force, load area, center of
pressure (COP) position, and COP velocity (i.e., the moving ve-
locity of the plantar area when making contact with the ground)
were measured for each step of the ten-step jump. The results
were as follows. (1) In the step with the largest jumping dis-
tance, the ground reaction force was large at the first and second
peaks. (2) Instead of landing in a narrow area near the heel, each
step landed in a relatively wide area of the sole. (3) The larger
the load area at the second peak, the larger the ground reaction
force tended to be, suggesting that the jumping distance might
have been increased by increasing the load area at the second
peak. (4) In the bounding exercise, the changing pattern of the
COP position did not change significantly as the number of steps
increased. (5) Steps with a high COP velocity tended to have a
large jumping distance, suggesting that COP velocity may be
one of the indicators for increasing jump distance in the bound-
ing exercise.

F+—7—FK :track and field, jumping events,
bounding, active landing, pressure

distribution on the plantar surface,
ground reaction force, foot contact
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2. /5 &
2.1 #ERE

EBRAE TR 2 ERE E S Ok 2 M ST 5 BT
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2, BEY, IHEHBEBKUTORZ btk HMEHEZ
F1LITRL =
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S N/z. #ERFITE, AREBROEEZD SN U DA
L, BINOREZEZ&ED Z TERET- 2.
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U, #BENFERL 23— MTODWTHIE rTRE
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Shoe Standing five-

Subject Age Height  Weight Size step jumps . Specialty
(years) (cm)  (kg)  (cm) (m) Jump events
A 22 172.2 65.6 25.5 16.20 Triple Jump
B 23 169.5 61.1 25.5 15.50 High Jump
C 18 177.0 69.1 27.0 15.20 Long Jump
D 24 162.0 56.4 25.5 14.20 Pole Vault
E 18 160.3 55.8 25.5 13.70 Pole Vault
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Training effects of short period and low frequency to aim to improve stride frequency
and stride length on running velocity: For collegiate students majoring sports

Soma SAITOY, Nobuaki FUJIBAYASHI?, Toshiaki ODA"

Abstract

The purpose of this study was to investigate the effectiveness
of training based on individual differences in step characteristics
among collegiate “athletics” students. Thirty-five male students
who actively engaged in sports participated in the study. All sub-
jects were measured on the 50 m run, countermovement jump,
and rebound jump. The stride frequency and stride length were
calculated based on the 50 m run measurement. Two training
groups, a stride length training group and a stride frequency
training group, were classified based on the average values of
stride frequency and stride length of the subjects. During the
study, training for each task was carried out ten times during the
warm-up period (15 to 20 minutes), and the same measurement
was performed in the Pre - Post period.

As a result, a significant increase in running velocity was ob-
served in both groups. Additionally, a significant increase in
stride length and stride frequency was observed in the stride
length and stride frequency training groups, respectively. The
results of this study suggest that the training task setting based
on the step characteristics may be suitable for individual tasks
and may be applied as an effective sprint running training meth-
od.

F—U—F:RKERE, EvF, AbSABE, GHMAE -
BHEEN —=2F

. ¥ 8

EEENT, TOBTHEIDNT +—< P AEMKET S
B EEik 213 Cw, £<DAR—VHEEICHERT 2 H#
HI7REEN Th 5. FRIT, mWRERE &2 #5T 5 EiEkE
EDXIBENT, ELOBEMEHON T+ —< 22D
Al LICE 5 CESHEMENDH 5.

AEEZ 2 PEN S BRI NSEHTHD (FlL
2001), = DHREC AR EEE S, MEIT > THREL,
—WICIE BT TREKRMIICE—= 20 Z2 ONEgES,
2006), 18 mEMN 5 REMITIR T T 2 MM H . Kl
5 (2005) 1%, KRZEHEICEHITFAEZEMLTHBD, —

BT RFEOHREERZITTE1LFEAE 135K DFH
i (6.82m/s), —MRLTRKFHEDEEEEIT/NARK 4 F
4 (10 5%) DM (5.62my/s) ITHM T 2H D &M
LT, 18R EREDKFIE, FL—2>
7% AT TNDERFEET 2 — MIBWTHIAE
HThD, BNMICEEEREZN LSE2 707 I 0%
B ANZziriuE, DI 4anH CEREEEMERN L
ZEMIEINTW D (B - M, 2018). Zhod
ZENS, REMEKRATZREERKRAT XA — Sl
KEEHE 2L - S B 272012013, KiplisbhL—
Z2770r 5 AEERCED ANDHRERH D Z &
IR TE 5.

UL S, KREESCHRAT A —FTIE, kL
FaEMET L0 ERE, FMEE OO DR
HITREENFINND Z &N <, PERTZMEIES
ML —Z 2 TR T IR T 2 2 LIXR#TH D &
EALGND. ZOXIIEMBEITHIET 272012, #Hiks
Ak (2018) 13, KFH - AR—VRKFD (B EHHL
DERED—FIT, FEEREZEEENI L7201, EvF
O¥mEENE L —VEEEELE T A&, XK
4 Ro¥mMEzEHNE LY —0EEZEBLIZT T AD
N —Z 2 TR OBREERE O 2175 7. T DRER,
By FolmzEELEZY—7E2ERHTHIET, K
FEOFEERENMEINTE LI EEZREL Tnd. —4,
EwFNdTIzE<, A NI ROBEMPNLERNRE
DEFERENHRF SN D/ERE R L. oDl Eh
5, FU—Z 2 FTHMNEMBENET 2HEN KL IR
Mo zHE, FEFEREDN EICIEST, WREHHFIC
WMLEZNL—Z2 7707 5 O0EEEBREE L TR
L. FEOBEIB FEREEZMNFELERENS

1) SJEHERFZREGEESERBEMZ R Hyogo University of Teacher Education, The Joint Graduate School

T 637-1494 SLJEEIRNNETT FACK 942-1

2) HHRRZEAR—YEEE  Chukyo University, Health and Sports Sciences

T 470-0393 1R FH T H T RAT 101

57



(2016) HIHELTHO, EEHEOEERNITE > T
B REEMREZEYIOBRIRT O RENH D %
RLTWa., LnL, ABREDSH - FE TR
TR R0 B T2 RS 2 i o T2 0 BT TS ARG IS A B & 7
D, NL—Z U8 THSMICRET 2 ZLFEST
QAN

PAEREREBEIEYFEANTA ROBETREIND
(Hunter et al., 2004) Z &5, WF IR KKEEEE 2
WRT2RFTHD, NL—Z VB THHBNAS
WEHBARERIEH Ch D, EvFEARTA R ML —
RA7 (MK DRGNS, WInnzEiEns s/
AZTE, MGEREDTS. DED, HEEHREZBEN
IEAH0IZIE, WEOHEM, EiE, —HEREMmIE
BNSH, MO TZ2TELZTAHITS, HLLIZ
MFFxgaZ &k ons, 2L T EVvFEALNT
1 ROEESMEFBEICHET HNITDNTIE, AR
ik o THAE 2 (NS, 2013;Salo et al., 2011). X o
T, EvFEANTA ROEEMN SR OMEEHET
L2 EMTENL, FL—Z 2 FHS T T 55
ZHEIC, MARECRCE N —Z T RRETES
EEZBNS.

ML—Z 2 T3E ML —Z D THIB DY 1 LR E
HEZHWTHHETE, EvFERXARNTA ROZEICE
HT2Z&ET, NT4—<XUAZEEN-ERERNE
MITRFTES. 2L T, By FIRHOBEHPHZ/NS
9% (BRL, 2001) Z &%, WBEEHORHICBIRT 2
MM RER NIV ZDONT —Z2RIETE & (JERS,
2003), A LT RLEHT O KRIBAEEZKEL TS
(B 5, 2018), ZHFHO EBFEEAHENFET S ~
WIRNT =N ®sZERBECEI>TRETES
(JERS, 2003) ZE&RENMHHEIN TS, Thbb,
EwFEZNTA RIZEMAER AR R ER O A
Mick-oTkEEINTWS., ZDD, ML —= 7
BOEYFEANTA ROZBMDADHETIE, HfY
EERNNEROEE SNEEL THWLNEHRITSH I &
IR TH 5. IR O, BE TR itk >
TS 2 2 ENAIRE T H D08, IRE ROk EEi Ll
NOEBGHADHAIIES TRW. —F, KINER
IZDWTIE, BEL O 172 & OFERT7EIE T # L s
TheoNT -5 EThhE, Pv > 7TTFAMD
G2 WD Z & THERNAESICEHEIT 5 2 & AT 68
(M+5, 1993) THhH5. #HlzE, EEBK CLF, CM)D
RUNT > REP v 7 (LUF, R SBEREN EBRA
HOIENS, FEHNDOMBARTFIECRE CE2 Hiks
LT DRITHZETH NSNS (Bret et al., 2002 5 &
o, 2002). DED, BKEERENEMIET DI & THEE
HWEOHEMOER ZFMICHMFTESEEALND.
72, R % CMJ 13 & BITTR DN T —FEHAE S O3l 2
B TRBICHBEITE 20, RJIGEHEERY 2 0 I8

58

BUBkEmZAWT, EREE &R D/ —FEHHEE
NEFT 2 ZENS, FEEBEDX D RERFFTD /X
T —JeHENRD 5N A FEH OB A KIS S RE N
AT 5 HEE L TRATE 2 A5, 2002). 7z,
CM]J 1 REFE Y IR D 72 W BRI R B AN F6 48 T & % )N
T—DREIZFMMTEDEEZONS. LENST,
BEERE, EvF, ANIA RREDZT v TEHITM
Z, CM], R] #lAH#EHETHEdT 52 & T, HEEHRE
BN ECEERNE ML —Z > TBG T h D5t
MICMAETED EEZ 5N,
PLEDOKGEEIC L > T, K - AR—YRFHDH DK
¥, bLLIE, BEBERRRETEEINSGZLDZN
e L OREDO L E NI RSN OH T, Rk
BENZEMEIEEZENTEDL N —Z 2 T FEERT
ZEmTENL, EEFHREOR EELEE LRSS
DR =22 T OREZEI ZENTERVWRFEEY
2 —=bD)NT +—< A EICFF 5 TE 5l &
5. T ZTAMIEL, KE - AR—VEHERL TWHH
FRFEEEZRRIZ, EvFEZNTA ROEHRMNSME~
OHEEH TSI &T, EEEEZM LEIES ML —
DU REEERLE LT, ML= T ORI
DWW, FL—Z 2 FRiIBOEEREE, EvF, ALT
1R, CM], RIOZ{LEZHWTHHNTEIEZ2HN &
L7z

2. A ik
2.1 MRE
RIFFEDHGEHFL, AKE - AR—YRRECTBNT [k
bl OFEIRFE GA LM, 1E907) Z%#L 725
T3 A (Fy I—HR16 £, BFERER10 %4, NAT v
SAR—IVER 3 44, JKIKER 2 44, B RIEECER 2 44, ZEE 2
%) Thole. MEFOHEWRFERIRLITRLE 2
WEDOB, AR—VEEREDEET, BRI 52K
HE D=0 OFHINIARZ, &L <IE, 2N THROHED
ZEMTERPOFERMRELBNWIEELE 2
B, RTCOMRFL, ENITAR—=YRDY T TiEH)
Z{7oTHE0, HERICHMNESEEZAL TV

K1 BROSGEEME

ATA R PL—=0 TR

EyF hl—=r s

(n=22) (n=13)
1.70 1.77
& +0.05 +0.07
(m)
ek
64.49 68.78
KE
+7.17 +5.24
(kg
n.s
**: p<0.01



AT D T RREE A R — Y RN e mE R B R
DERBEZITHEZT> 2. EOEMEFICIE, ~L
CEFEEERMTLT, E2TOREEITIIENNTRHED
HiY, Hik et EAEROID HNTDNWTHEH
THALZ. EHROEREBRETUE Lz T—5 %
RIS HT B I EMS, ZNHDT—F DADIGHIT
DWTOABEZEM CHEZ. TOBIZIX, T—4 OWI%
FIRAOEGICED, iz D TRREN—Y)4 Ul

Me ik 20 &% 15 2022

&, MEHMWTIREEZBEL TWHDTIERL, &3¢
DFERHEAERT DE-OICHENZTOT T L %E—T
HELUTHEINHT S Z &2 03I L 7=

22 FU—Z=VJRBBERUVAR

c—Z2FTHENE, H2FEDO4AMSTHD3 7 H
MIichH77z0, H1EfFbNze 15 mOREICHIT 5 H
feL7z10m&ELZ (R2). H1EEORETIE, AU

K2 REOREAR

S R RN
e - AIZZEDOHI(T A X R)
IO HE OB ey
U mEEommah o VA=V TT T

50mzE - A kRGeS HE

R T =TT v

2 ERBEOEIBEO R SENEBEEG) | U L - BB b ORI
p— - R A —X T v
3o RRRODERROLE  yeyom - 20k OBEIE
4 EEBUOWE Dt A - BT .
s EEBEORGIBIEE BN 4 — 3T T T
B OB EBBREE) 1 U L - By RO - B E(E O
2 Hj NN i Y e &
6 ERBOWEOWE kAo BEHRER - e
o _ BRI 4 — ST T
NS Aot Ty XYy Aa—DRD K - T
ST - BEOB - B
8 Ty R s AR—D MR A= T T T
i By A - R -
o EEBEEOEY I B 4 — 3 T T
(75 —2) OB Wit 0 Oy - FEHEE RV - v a—h ¥y a
R MEN T A= T T v
AL —RNF v a Z . N - o
10 y AR—=T 47Ty I OFREDEFTEAL— Ny v aOBAB LY
IRBAEOED 5 B - 25} 0 SR ~ DT Iy
B 4 — 3 TT T
12 ERHLONE SOmk: + 4 FEBEREAE )M iE
I KA DI E L FHR L CU RV 5 MR o — 3 2 7T
13 U— RO L3R E ML U — KR - 22— R b 1B HE LU3EHETO
* TOME N— RVfgE
e B PR L TR O Y +—I v 77 v 7
RN A gt BXIE U — IR A - A 2 % — el - SEHEToA—
V) E5HREE TOME oL
15 ~—FAOHE BB L TR WL ORER Y 4+ = v 7T v T

AZ— b l1aHOMR - HE

59



FKDTOT T NERHO R R MEfIER) 21T > 7214
12, B BB AR IR AR R T 2 JIE - BRI S IE
MoTOrSAELT, 50mEE CM], R 2HEMEL 7~
9512 B O TREMMICB 24K 02 L2 50
BHEEHENLAAENTW =22 ENMS, B 1EHER
FROWIE 2170, 2 BIOBPEFERZESITICHNZ. Iadb,
BIEERESE 1EE &S 12 B ETCHEANTIEZFRTC &L
TWwa. 2LC HE2EEMNSHE 1L FEHORETI,
HEEB ORERIH (15 ~ 20 4/ 12, %k 5 2 fijE
OREER D N L —Z 2 T2 MBAR, 550 ORFRIIEH
Dl LR L RO EREREZEmRL 2. Rl
N —Z 2 T OMENEREEE L TOFEIRICE A
HMEZR/NNRICT 572012, %13 ~ 15 [@H OFHEN
BT, BHORELIIRRLIHENEEZ 7 OAF—
N—LUTCEBIT 2 EETT> 7.

2.3 HEIEE

PEEHE ORI, 50m EDORNEEE AN &K
R ANREREE DR LT 2 L —= 2 TR %
M2 2 ENHNTH S Lz, K¥EAED 50m ED
RRFEEEED 20m LI CTHIRT 25 EL (P
B, 2017), & A LEHEIKEE 20m 2 THE#E L 728 0
#%¥30m & L7z (BAF, 20+30m ). ®RFITIE, i
ALY — b S1 NNk D ITHAAY > T+
A —NDOEBNSCAFDI A I T TAY—E
T, IJ=NVETehEEET LD THERELE.
20m 1 /L& 50m (T —)b) MiRIZENTNLEE
(Microgate fL# WITTY) #&ki& L T4 AGHHEIL, X
MO EERE CAF, wEEERE) 28R £k
M5 16m QRN S N1 AE— R A S (CASIO £
1 EX-100, ) 240 O <) TREE OEHy 2175 /2.
W S PO TS (NiEE S, 2006) #2512, 35m il
MEFDICHIE 3m &Lz, BT —yhoRET
EICET2NTA—-H—E1LTC, EvF, ArTA K,
EEHRER, Wk 2R U, Ev i, BEih 5
M ETORERFOWHREL, 2 257y T 0N
EESHICEALZ. AT R, EAaHmicEmL
RO D XN S ROMO D T E TOMEFHZONT,
Frame Dias V. (DKH #:#) ZfHL, 4 HOWIET—
7 (Im [#lE) OEEENSEEMRE LU EEz AW B
HIRERT 3 L O 2RI RS, 191 27 )L OB & b 3 1
HiH L <IZEEH L TWBEEZ/N\1 AE— KA A5 D
GO AN ERD, TOWEE Lz

CMJ & RJ @ EHENZ 1 Optojump system (Microgate #:
#) Z2FEHL, FhEn 2 BT OFNIZEITY, REOR
WHZERMA LUz, CM] 3Bk S (m) ZiFiifstE & L C,
R DK T IR N T RO IR ORI E L THWS Z
LUk BETIE, AZEBNSMEAMICTE SR
TE<BkRE D IRz L. wEBENREFMELZ

60

HEBETH D Z NS, BOFAITITHIEZ 1T 7%
Moz RIE, WFESZ=0ICEELZESZHWT
T O IFEOFMEE & U THWZ, @ T, YL
LB S W TN E ST 6 FEEGRE 21T, B
M T TEL @M< R & 2R L=, BEHIIEH
13, BEEES (m), BEHIEERT (s), BREES 2 BEHEGRE T
Fr L 7= CTd % RJ-index (m/s) & L7z #H1ICiE, 6
[ Dk IZ 3311 T Rl-index 23 fE &2 7R U 72 Bk EE 0 5
AL/ 3THEOEZEZH W .
INS OHEEEHOEFEEZLTOX TR L.

Z{tZ = (Post-Pre) / Pre X 100

2.4 MREBEOBEDT

EwFEANTA RICEDLSRERTERERT 2720
12, HB1IEHOHIERIZBIZEYFERANTA RDOEZ
NTNDOFEHE (EvF 1 438Hz, A 51 K :1.89m)
RIS T EIT o, EVvFEXNTA REHW#
SFIFIZDNT, AFETIIFELSE THIEL TWasZ L
o, GREBREOHEEZEZRLBRWIENMEZ W G5
B - RRAK, 2018 5 JEE - AORK, 2006). EvFERALNT
1 RIZBEDOFEEEZZTLZENRESNTBO (NE
FE2y, 2013), EvFEXNTA RO ZIEMICHE
T 2701203, BEICHT 2 H%HE & U TRl 5 5%
MAWNWSNTWS (Alexander, 1977). —JF, ZDZ &
EWOHENRTIEAS L, SHEREVWS RN EZSGL
TWBEAEE, AbT1 ROEEIRIASTHDN, B
FOEIGIIHTF THDHEBZZDIENTED. RIFFED
Kol EEE O N L —Z 2 T 2 EHMIZT > Than
MEFNL S WDEER, BERNEEEITBHET RO
BENEAEL TOWRWEREL, WREMWE 2 A D SRR
2SO THEANOE,EETEZEE L BB, KE -
AR—=VRRKZEZENFE L ETHEICBT 2 EY
EyFBIOEHR T4 RiZENEFN, 4.34Hz, 1.81m
THO (GEFE-FEH, 2018), ERa— YIS RFET XU —
N ZEKMmL TW=EBZE 25N 5.

25 RL—=YUBEORFE
HEHOEHEITH T EHREEDOE Y FEA T F2E
BHL T YEHEXIDHE - TS ERZEIGE &M
FERBEE NSO THEELTCHRELE. L
MoT, [EvFNELHLETHDD, XA KTA RHE
BHUTTHoEE] BANIA RoMmzE L —=Z >
i LA, AMIARRNL—Z2F8) &L, [R
N oA RPBEHMELLET, By FOEEEUTOHE]
BEYyFOHEME N —Z 2 VBECOCIT, EvF L —
ZUUR) L B, EvFEZXNTA ROHKITFE
Bl EOXREFITIL, e EFEHOFENL EEN
ZENS, AEOHNTH S [HEREZ @D D



MR L —Z 2 TRERL THIRWEE] OHiERIZIN
LRGN E L. £, EvFEXRTA BRI

SEEELL R DRI REZEICDNTIE, FHZTHOEERNMN
£, EOLDB ML= T &L THEEHE N
N3 2 alEEttE 2 & E CERNZORFIHE L. 51T,
EvFEANTA RPLICEEEIGENHREFITDONT
1%, BEEORMEZ KL CORWAREEN S 5. FDT
O, BEHEOREMEEZ L DI 57012, BT
7% (LERIE,, 2013) &2, EvFEANTARD
SEMME + 0.5 FEHERADINICH %4 D uf4Ed, &
MEMNSRS ZEE L. BRI, ARIA BRL—
U224 (By =894, WERE8 4, NA Ty
FR—IVER2 44, FEFH24), EvFRL—2 T
134 (y h—874, HEKHL24, NATv ER—
IVER 1 4, KK 144, BeLEBETR 2 £4) Z290rdsic
AR

ARNTA REHENSE520I12, #mmcsl TRE
BNEMADZENKROENS (BIFS, 2018). =D
=%, ANIA RMNL—Z2FBHCIE [RERZ2HE
CMA%] Z&EEMELENL—Z22 T T0r I 0%
BELRZ. —F, EvFEEINSE220I1203, Akt
1B L O 288 < 9% (Hunter et al., 2004) Z &
MERINDZEEBELT, EvFRNL—Z2FRIC
3 ERHTOBEXT] 2EMNELENL 22T

e
ERr L)

(7l 253 HW20&W 1 s 2022

RENTHENDLRITHEMTE DI LITEE LN
5, HEMICKE L OREICHED > TWAFEHD 3
LZOEREICE>THRE LR BN NL—Z 0 TAE
IZDOWTIFER3ITRLZ. ML —Z 2 JITHIYS T % HEfE
B ORI TIE, R YE SR EEE D 2 #4030
LThL—Z T8 EEML .

BB, RHFEL, WHREOMEEANTA REEYF
OEIENSML, SFHENEDTS &R NL—2
JHEELE. LEN-oT, FHEEXIDS2EAEIRSE
DRHNRKENZENRETE S, e EFIRENTE
L TWa772D, 2> hO—)LHORENKHETH > /-
=80, FERICHhMPOSTHEMIZAT) ML —2 2
TaRERUESR, BENSEESINAREEDEZ SN
5. Loalians, EiS (2016) 7ERE-FEMk (2018)
DOHEHICLDE, ML= THNERNRENET D%
M —BUTah o BG, FEEFEEOR RIZIEES R0
ZEEHELTHBD, AFERTORRIE, FL—Z22F
DHNBIZLDBDTH D EHRT D,

2.6 HRETALIE

20m+30m QLS 1 L, HEHE, EvF, XAhT
AR, EHIFFR, WERBMBICCM], R O&KEHEO
FERITH T DEBED b L —Z > TR M OB O Sl
DEERAET D201, —BERSBOSEITo]Z. N

S = = —~ R P - - TN — - —
0788 ELE ML —Z 2 FARITDNTIL, e E 1213 Bonferroni 12 X5 £ &L &#{7o7/-. bl —=
pa— > LJ NS =r
X3 Pr—=VI/RNBARUVEBES
Zh74 KA kL —=v7
hL—=27% (ARG 3 Hof - & M- EEA
QHRBHT T BEMOBS ETEFBY vy 7 (10Hx2) eI A & 7 MM R L C IR K& A A 2 B B & BT
@k x TS B o < LA R O S LSRN LR B8 D & BB & Jr I AT i~ BB 2 (bt 5 = & T, DOMIEE A7 ) > MSE N EHT
T F(20mx2) FESED. WEEOR) RLBEELRESTHILETRA NI FOBHIET 5.
S PR Hfi 0 5> B L TR T, 2 OB 570 B H~B IO BECS R S0 5 BIFE BT 5. K3 A2 b1 FEMS 1 12 R &
S e L7zBnWTVy v 7 L by (20mx2) LT HREND LI, WHOBER T TARTEIiA &2 HalE 5 e B icfHT 5.
DatHEx 2AHUTZR D | TADHE R R L2228 & A~k Hii A 00 < $R LR DB R A R T IR & M S E L EEAZ BT 5. IS LRERDEZMA D
(LK (20mx2) ZLnh, FETORE ZHTRAOE/EZHEEL, A T4 FOBMCETS.

i b B~ MO 30 < o3 5 B Lab 7S B SPHSE RIHIC A& < MBI S R EMER BB 5. 0 BB I
®r T [y RN LB M 2 v 275 Gom LIIESIN 2 K& B, RIS RS BN, AR BB &
NET 5.

KIS KE BN LAR S S =ne FARISTOMA o o . Cw e L pes U
P DO COBELE 0, 27> MHFISRI DL b BTG5, A <HI~
(3= FAI5E%2 3=/ KR £ 0.6m 7 : 0.3m) - e .
vyFhHEr—=r7
hL—=r7% [T CI'q [ERS I O AR
- Z DI B & B LTI Sy 7 WEBIO I, SRR ORI & C % % U0 0 L AR CRE T RO < B L, L
A (20[]x2) HIFER T & R B RE N 2 BT 5.
@M T OB TR BRI BB LT DLRED = & AR EBECTRIE TS 5 R TR 5.

(20[1x2)

Ji MICHEM OBGABE & 355 L TR ~# < BB %

@UE &S HIAR R UL (20mx2)

e RMIT2AT v 7D ) AATH b LFBIEE L bl
DY ALAT v T il (20mx2)
N BADHE L= [EBR L, #R =2 &1
OEyFTyTe=0k  pyomanmektss (v—21stx)

0.ImDEH EDHEEANTTE 5721 # R FEER 21T 5
(10%hx1)

©OF#EAT v 7
(B DHEE)

Ey FEMSE L DIEMOREBES KRR 2D 2 LARD BN LD, @ORIEN LKA
HRALSHEROMG~ BRI S L Z L2 B SED.

2AT vy T TY ANERY BN HHRPEMEANEZ 282 EET 5. XRMWEEROY A 10 7%
ADED LT, WEAL-RCHEIT S HEELHETS. .

WEDORAFT A FEDEN~— 7 HRTHEET 2 Z L TRWE Yy FTRET2EEEZTIMHT 5. O
~OQOWEEE LD, FOEHHTHEZRR S EIRE 2 2 LTy FRME BIET.

FVE Y FEAREICT 2 ICEME B AN Z D 2 L BB 23 B e D 72,
AWM D 2 L TG R LSS,

BloH# <

61



CURBIIBT B ERROSENEEE 02RO BRI fR .
DIEITIZ Pearson OFERAHEREK EH Wz, Wino 3. B R

MEICBNTS, HEAMEITIS% & Uik, e, 31 fL—Z=ZVIHAOEENIA—F—D L —=
I BI)U#kGE Ver3.22 (i attit 2wy —ER) = > Uitk DLHER
L 7= 1RO 212, ML —= 7#BoOBIEHEB IR

(sec) 2A L (m/s) FAER

e ek

4.00 — 9.00 |

3.90

3.80

8.50

3.70

3.60

3.50 8.00

3.40

330 7.50 —

3.20 gk

kk
3.10
3.00 7.00
Pre Post Pre Post
(m) AFZA4F (Hz)

: -
200 L*\l : [ T%
*
1.90 * * 4.00
* *

>< }

V"T

e 1

Hek

1.80
3.50 sesk
1.70
1.60 3.00
Pre Post Pre Post
. e,
(sec) He b R (sec) B2
0.150 Kok 0.150
0.140 0.140 ses
0.130 0.130
0.120 T§T 0.120
* *
0.110 0.110 *[ * wx
0.100 0.100
0.090 0.090
¥k
0.080 0.080
Pre Post Pre Post
8 XA LT *:p<0.05
P |\ F — = A
By F L 7 #* . p<0.01

1 BHORT Y TEHROEL

62



(m)
0.60
0.55
0.50
0.45
0.40
0.35

0.30

(m)

0.50

0.40
0.33
0.30
0.23

0.20

CMJ

RINES

(7 M X7253

RENA G
EREL)

HW20&W 1 s 2022

0.15 ok

0.10

B—l XS RML—Z R

o —® yFIL—=V

(ws) RI-index
2,50
2.00
1.50
oy

1.00 L

Pre Post
(sec) RIFEHE R
0.30
0.25
0.20
0.15

Pre Post

*:p<0.05
**:p<0.01

2 BEOHBEENDZEL

G EHNT A=Y —DEbEIRL . Pre DRERIZHNT,
2 kT4 K (F (1,33) =56.24, p<0.01), EvF (F (1,33)
=40.74, p<0.01), #rZerEf (F (1,33) =34.81, p<0.01),
R] Bk (F (1,33) =5.13, p<0.05) & OMIZAZHMEM
X ENMED SN Post DIFETIE, AT R
DI ED 5N, EHE F (1,33) =30.58,
p<0.01) MFEDHBHNT=.

ARTA RN =22 O L —Z 2 TR D LK
IZB W T, 20430m ¥ 1 A (F (1,33) =4.74, p<0.05),
PEEEE (F (1,33)=5.32,p<0.05), A b 51 K (F (1,33)
=10.60, p<0.01), ¥z (F (1,33) =9.45, p<0.01),
RJ-index (F (1,33) =7.67, p<0.01), R] Bk (F (1,33)
=5.25, p<0.05) IZEZNENRED SN/

EwF ML= FBO N —Z 0 RO EICB N
T, 20430m %1 & (F (1,33) =10.95, p<0.01), FRiEH
B (F (1,33) =10.75, p<0.01), ¥ F (F (1,33) =19.04,
p<0.01), #F2zelE (F (1,33) =23.36, p<0.01) IZEZH
MDD 5Nz,

32 BATEBEBEHDOML—ZY JRIZICBITZE(ED
HHES

FTAWFARNIA RN —Z 7 HOWEEBHMO b
L—Z 2 TRt OBLER OB Z /R Uiz, BEEEDE
b2, AT FOEMREFREBREDOHE =
0.55), EwFDOEZEIL, A NTA ROEILHREHEH
OB REDBICEERADHE ¢ =-050, r=
-0.58) MNEDLN. T, ANTA ROELERE R]-
index DZ LR E ORNICHZESIEOME ¢ =0.49) 78
ok, IHIT, BEHRREOEIEE CM] O& L
EOMICHEERADOHE = -043), R]BkEEmDOZE(L
3 R] R D 28 {b 2 K O R]-index DAL & D
ICHBERIEOMBE (= 0.69, r=0.69) 72D 5HN7.

K5REYFRL—Z  VHOUEEAMO N —=
SR OECROHBE &R U Tz, R EE OZLFIL,
By FOE(LRK O R] ZHIRF R OB(LR E ORICHZ
BIEDME r =059, r=059, EvFOLEREH
2R DAL R E ORICEE/ZA DM ¢ = -0.70) 8
WOLNE. e, CM] D2k & R] Bk & D2k

63



K4 ARSARM—ZVIBRICETHAEIREOELEDOHEEA

PR EyF  ANIA R BEHIREE HF2CINEH] CcMJ RIBEHEES  RIBEHBFER]  RJ-index
WA 0.40 0.55 ** -0.37 -0.40 0.12 0.25 -0.03 0.30
= -0.50 * -0.58 ** -0.34 0.21 0.07 0.00 -0.11
ANTA KR 0.06 -0.10 0.02 0.23 -0.03 0.49 *
FE HiRE ] -0.12 -0.43 * -0.12 0.04 -0.09
22 Rz H 0.16 -0.02 0.12 -0.05
CMJ 0.29 0.06 0.29
RIBKFE 0.69 ** 0.69 **
RIBEHIER] 0.03
RJ-index

**:p<0.01 *:p<0.05

x5 EvFrL—ZVIBICBIIBREIEEDELEDHEE

GEEE €y

A NTA R B

22 IR ] CcMT RIBKFER RIBEHIRGRE]  RJ-index

B 0.59 * 0.44 -0.41
vy -0.46 -0.50
ANTA R 0.09

122 i R R
T 2]
CMJ
RIBEHE &
RIBEHIREF
RJ-index

-0.34 0.45 0.29 0.59 * -0.12
-0.70 * 0.35 0.14 0.47 -0.18
0.42 0.09 0.16 0.13 0.06
-0.21 -0.07 0.35 -0.13 0.47
-0.31 -0.34 -0.36 -0.11
0.56 * 0.04 0.51

0.24 0.79 **
-0.38

DORICIEDAHES (r = 056), R]BkEEEDELRE R]-
index DML & DICHERIEDHE (=079 7#
HHNTE.

4. £ =
41 PL—ZUJHBICEITB ML —Z  IHR
M= 728U T, ANIARNL—22F
BHEEYFRL =22 ZHED20+30m 5 1 LADEEL
i, EEEEORBERENSED SN, £, A b
FARMNLV—ZTBEIANIAR, EvFRL—=2
TRIE Y FOERICEMLZZ ENDS, AW THEGE
LizbhL—=22270, bL—Z 27 HWICHES L 7-fE
A LRS5OI Th > 2 iR I N7z,
NRFEOEANEEEZEEETT I Y LTRNL—Z 2 Tk
FEZTRHE L 72 BfTIIZE T, AWIEO A RS R L —
CSUUBCHYT AL D VR ERI R ED
FERE N 2N ETERN S EZREL TBO (GEi%-
FEFR, 2018), ZAUIMEA O EZEBEAL TR ML —
SRS LEZEIGERLAEZEEZRBL TN,
AL, EAOMEEZFACHEL, ZOREIHEG
Lizhb—Z 7R LE LEST, ARTI1R
Al BNk 5N HREFITHL TIEA NFA R LEH
MELENL—=27, EvFmEdRd 5 s654%
WiEy FmMEzHMELZ N L —Z 2 T80T 2 2

64

**:p<0.01 *:p<0.05

EOBRBEUENERINZ S5, AMEDOLD X
20+30m £ 1 LA 3.40 ~ 4.27s DHFIFHTH 56 RFIT
BWTIE, AW THWE ML —Z 2 THEOHRE, K
ENHEY THhomEEZBND. FLTC, Bk say
TLERBLIRN OB AN R U EEEE (B -
FEAK, 2018) A%, JE1[E15~20 0 DEMTH > TH,
WYL= TR - BT 52 LT, HRERE
M B SR EEEDVRE S N .

KIZ, TOXIBERL—Z 2 TENE S NZEHRAIT
DINT, BEEOZIICEET 2 37t 2 BRI = L
7z.

42 RAMSARDEMEBRIELENL—ZV IHRIC
2T

ARTARML—=Z2FHTIE, ML—Z 2 THiEIC
AT RBEEIML T2 &ns, BwEEEE OB
ARTA ROEIMILZbDEEEZEND. FIT,
FREREDOEMEREANTA ROELERICEHT 2 &,
WHEIFAREREOHMEMNRO SNz MAT, AT
A RENL—RATOBERICHDEY FIZKFTEH T &
BHFTERLZENS, BEEENM ELZI EAUR
BIN. ABRTA RIIWERMNE<SRZ EBNY %
Z &M (Hunter et al,, 2004), A b5+ KOB T
ZERFEIMERD 1 D THhHDEEZE5ND. FEOIFE



RENEFMTHHEHETHDD Y > ST A N OERICEH
3% &, Rl-index i& b L —Z= > ZHiBICH &R0 LR
5N 2O Rl-index O[] ki3, RJ O IR & 4
L83, BRESAZICEMLEZZENnS, AT
ARM—Z2 BN —Z 2 JRTER CREIN TR
ERNERETELIOBMENEEEL TW I &M
ETESD. AMTA1 ROZE{LHE L R]-index DE{LH &
OMICAEEBREOHBENED LN EMEH, KER
TIFIEDIZ S T4 R OBANCERE L TS A HEMEDE £
5N5. INSOHEKRT, A NI RMN—Z 27X
EyvFZEEFIETICA NI REHNTERLEEZS
ns.

ANTFA RN THO N —Z 2 TARIE, i
FHE O 2 A T < 2HBhE 2015 BN
WCHURLIGNSHL [AnSRE] D, KREBRANIA
R 2GS EIGH TR A BkIgd 2 [NT 7«
21 (F2) EWwo mHImEICH LRSI EMA N
SHIFNED ZEZHNELEZ N L —Z 2T Tho 72
INSDORL—Z 272k, Bl KE IR E A
DIFEREN NI ELEZZ 5N, BEHlOKERT
OB ZEREOER USSR, KERANIAR
EEWRERE 2 A TEARRENE A 5N 5.

43 EvFoiEmMERIELENV—ZVIREICDNT

EvF L= T3, ML= FHiglicBnT
Ey FRAEREICHEMIML, AT RICEEREITRDS
iMool EnG, FEEFHEOHEIMIA T Rz
FFLIMOEy FEMINTERILOZEEZZIT TR
EEZOND. Eiz, PEHBEOEERLIE Yy FOEL
REOMICERBBIEOHENRD NI ENnHD, &
AREOHEMZIIE Yy FOEBRMPKRENWI ENEFEZ 5N
5. ZORE, L —Z 7LD iR A I
HLTHD, WERMO ML —Z 2 TRiEOE R L
Yy FOECRICEBERADHBENGED 6Nz, WLk
MIOEHIIE yF, EEIZA NI RPEMNT5Z &0
5 (Hunter et al., 2004), #rZEREf] O NE v F D
IMZERL =2 ENBERASND. Tz, HHEEEOAER
WML Tl & s, HEMFMb Ey FoHncE
L, FEENEMEIEZEEZGNS. —F, i
DINT —FRIEEREN ZFMBT 5P v > T T A N OFERICH
WTI, L —Z 2 Vi TEREITRD SN o7z
N —Z 2 TR CRIES N NT —IZB(E o 72
ZEM, AT ROMHREEINEZERNTHS ETHIN
5.

By FEENIE5-01203, Bhi~NEFy I/
HEgiH~NFRHWZEEESEL20HEND L7720, HoD
BfEfiHZ/NE <35 (FNL, 2001) Z &%, THZEE
U4 Y 283 B 12725 B O Jad IR T %
ke (RIBWH°NLZRNY T R0 E) M5ET S N

Me ik 20 &% 15 2022

JRoNT—NEETHLEREINTNS (FHS,
2013 ; JER S, 2003). EvF L —Z 2 FEHCULE L
7 b= 27003, BB T O E B 5 i & iR RE
EL7 (MY Y > 7] o THHY Y > 7], MiEDFE
BNEEZBREELZ [V ALAT Yy IR [EvFT Yy
TIx—rikl, [EEATY 7] RO AN ZO0XD
BN ==, NEOFERVNEEORE T2 GEE T
LHEN DERITDRMNY, v F EHREREDBIICE
BEBEZTCOEHREENEZS5NS.

4.4 RBADOTE
RIFFEDRERINS, EvFERANTA ROES ZHLUE
EUTHEEHER LOMEEZMB L, HEICEURE R
L= T aRERT 2890 RBINE. EvFBEL
UZ T4 RIZDWTIE, ETATHATROAT vy —, A
X—=RhT7 427 U ETHIRMHREICEHIITES Z &
M5, ML= TR EEREBGICBW TR LT
WHIETHDENWA D, —FH, R TIIHROEMIC
B2 EHEEE S SIS T EITo 0, ZORBEITD
WTIRERNC L - TR D ATREND D 2. TR EE 2
R TDINIE L DT =Y WENBEIT/R DD, K%
OEME#FICBEMERT &, AR—ViGEH &k L T
Eii L TWBEEA, BL <1 20+30m EDEESY 1 L
D340 ~ 427s DEIFH O MR EDOHEIE, E v F 8
4.38Hz, 35m M s LD A N T 1 KA 1.89m % HHEIC
UMD TH D EZZ5ND. ZOMEILEITIIIEE
MPIT2METHDT ENS (JHEE 2017 ; 7510k - BEAK
2018), ZOMEZEHRICEYFERXNTA ROMENFESEE
B EME T 5 2 & T, ARE NS B
NOBEEZAG BT ENTEDEEZILHN5.
2B, AT, REEEREEZ N —Z2 T 08
ELTCERLAEZENS, I bO—)VENRETER
Mol LEN->T, Bonz L —Z 0 TR, &%
EFLERL—Z27ICEDbDTHOEMNITDNWTHE
TERBWEWSEANDS. LnL, IXRTORICY A
L EFEREICER M ESRD SN KR, ST
7% (GEHE - HEMK, 2018) I2HBWT, RL—Z 2 UEM
BOSNBMMOIZARNTA RN =2 THONL—Z
CURMENEO NI EMS. KK TRELEZ -
L—Z VDB TH - ENWRTELSEBbN
5. —HTI, AMEOHEEELOENSDHDONET D
DIT, BESGH CIRBVWERERRICX>TaY ho—
IVEEZ S U B IMRGEIZ S KO 5 N5 THh 5.

5. £&®

AEOEHIZL, FE - AR—VEHLL THWLHT
RFEAEZHZIZ, EvFEADTA ROBEHNSEAD
MEEME T 2 hkE, TOREEZLET S ML —2
7z e BHIREITEA L EE DR RIT DNV THREES

65



HZETHo. HEHICAR—VIEHZEMBL TN
BEFRFEEBDLEGREL, EvFEANTA BAE
EIZBIT B EEEL DL 2EAZ N —Z 2 JifE &

LTt L, BREER2EAZMRT DL -2 %
T4 THINIREEL 2. EREREERIILITOEO TH
%.

O AWFETEBLZ L —= 2 FHEOHIH B KOG
FELERL—Z 2 FFEBIE, w5 O N GE %
GHNCHIH LT, BEEMkTD ML —=> 7 &L
THYTH DT ENRBI N

@ EAREZEYICEEHL TN L —Z 2 Y FRER
FEITDHIET, HIE, 15~207%&WD mEHR -
A TOERTH > THEERS DM AR
2% 2 ENVRBE NI

® AFIA RzEALEIESEDICE, EBIEFEICRER
NRENBEE D720, [ARSE]RINT > T+
2T EWo RN EHEE LIRS B ERE AN
ORI ZHETD N —Z > TG NER &
% ENRMEI N,

@ EvFEEmIg5-01003, HekmesEmse
LRREND D10, [UXLATY T, [EvFT v
TI—r#&], [BEATFy 7] rEEno iz
FEFHL, EHICBIKMEE<TS N —2
CIUWMFENENTH D ENRBEINT.

D EOFERNS, EvFEX T ROBLEN ST
DHEZBRETHIET, ML—Z IO REEERE
OHG s ETHEBMIC, BAEIISCE N —22 7
EIRITEDLZENHSNER S ZOXIBIRERE
BZRE LR ERIR RO ICEAT S 2 & T, RAK
EHE DA EAKRD 5ND LD BAR—Y ZEHT DK
AT 2= DO)INT =< A EIZDNWT, FEER
B L ORIEA B HFGTED 2 EARBINT.

3K

FETHEE (2001) X 7Y > MCETAINAF AT R
HIIZE M 55 500D N DIDORE. X 7Y > MMIFSE,
11 : 14-28.

Alexander, R. M (1977) Terrestrial locomotion. In:
Alexander,R. M. and Goldspink, G. (eds.) Mechanics and
energetics of animal locomotion. Chapman and Hall, 168-
203.

Bret, C., Rahamani, A., Dufour, A.B., Messonnier, L.,
Lacour, J.R. (2002) Leg strength and stiffness as ability
factors in 100m sprint running. J. Sports Med. Phys.
Fitness, 42 : 274-281.

WRIRT 2 (2017) BRFEVEEBNC BT 58T —3#- . KE
DR, 67 221-225

Hunter, J. P, R. N. Marshall., P. J. McNair (2004)

Interaction of step length and step rate during sprint

66

running. Med. Sci. Sports Exerc., 36 :261-271.

FiE = (2017 RFPEEOEEREEDEREZSME T +—
LR BB DONT. WERFAFTENLCE,
38 : 401-408.

air E - R - PN ESE - NHERZ - KO-
HBEEED (2002) B LBHGEFOUNT Ry 2T
CBITLRBENT—EZTY > MNT =< > ZADH
&, KEFWITE, 47 : 253-261

I — - EALILE (2006) —EAR A DBEEE. (K
HEWFZE, 51 165-175

EALYLH (2001) AR OFE. HMHREE HE p.10.

KA N B (2008) BRTEERSLICHBIT SRR ED
I T2 D IR & SV E R A —. HEER BB,
31 : 57-66.

NEE - A - iomiEE - EREE - 2 B’
(2013) HHEEEHEEDO ATy T¥ A1 JITR Lz
100m L — AW o ik & 1 O BhEE. (KEFHFSE 58 ¢
523-538.

WEE 5t Xi 5 - oo - EREE - 20 B
(2017) AGWTHBT S 100m L —AHDA B~ TFA R
BLUOE Y FOMMANZEE). ke LEifkeais 15
55-66.

A - PHLEE - =~ K - MEER (2013) N1
FANZI AT —4 ZMEH U EERER EEE D%
&, B bR, 11 30-38.

PEAT =R - BRI NRE N - RIHSER] (2016) —fi%
R A D SRR AR RE TR U 7= SRR E O f s
HFHBEEOEENS., AR —VHEFEZHE 36:
1-14.

RINFEEE « SIMRIEE - (e th (2005) KEEAEREREN
DOFFEICET 2 —EFR GEIH). KEFU X NEK
HACEE, 39 1 311-326.

PERRHEES - BEAREREA (2018) {REIEH: e Rih] B3¢
NIZBWTEREZ LI 2ERERM  AR—YK
EEICKT D v —TE OMR. b IHBAR—
VRFCE, 15 1 41-49.

Salo, A. 1., I. N. Bezodis, A. M. Batterham, D. G. Kerwin
(2011) Elite Sprinting : are athletes

individually step-frequency or step-length reliant?, Med.
Sci. Sports Exerc., 43 : 1055-1062.

BHEREW] - R (2018) FHEEREE O R KEERHIC
BI2EHFRT AV ZLEYFBRUTARTA RO
L ORIk, REZEMTL 63 1 479-493.

JERER - HAWL - RINFEE - =5 FE - BME - B
s (2003) 27U > NEROREBESD I OBIH b
W EERERAN ) E DR RE T, 48
405-419.

R B ISk — (2006) AR OIKEIREICBIT S
JERREEE OMEIR. (KE L 51 1 689-702.



B

A

(7l 5 e ST

FE - mEEE (1993) A AR—VE 1. REFSE, 38 1 265-278.

FIZBI 2 FROMNBRONT —RHEITEET 25

HW20&W 1 s 2022

EyFEErL—=>@® YUXLRT Yy TOEMKEER

1 : bL—Z=2 AR (—8) DEREER

67






[ EH]

ERBFHiEHRKEOESHNDRYIEAFGICET HHE

g —2, B K, JIEEES Y, &M Y g, kEiGE"
A Survey on Japanese Male Decathletes” Approach to Pole Vault

Ryoichi MURAYAMAY, Shota ENOKI?, Raki KAWAMA® ®, Aya MORITA®, Koichi NAKAYAMA®, Hiroaki YONEHARA?

Abstract

The objective of the current study was to clarify the approach
of decathletes to the track and field event of pole vaulting.
Seventy-two decathletes completed a questionnaire survey re-
garding their tactics for improving the pole vault performance,
training frequency, and difference in takeoff leg between the pole
vault and the other events. Our main findings are as follows:
1) A significant positive correlation was observed between the
total decathlon score and the pole vault record. It was also iden-
tified that a high-performing group of decathlons had a higher
pole vault record than the low-performing group.
2) Survey results also revealed that while pole vaulting 29% of
decathletes used the opposite leg of the other events at takeoff.
3) The decathletes usually trained for the pole vault once a week
regardless of the difference in the performance level of decath-
lon. Most of the decathletes conducted their training twice a
week, especially in case of the group where the total decathlon
score ranged from 6000 to 6499 points.
4) The decathletes were mainly supervised for the pole vault
technique by athletes specializing in the pole vault when ignor-
ing the difference in the decathlon performance level. However,
it is also noted that many decathletes with a total decathlon
score of > 7000 points were supervised by a pole vault coach for
the pole vaulting technique. This implied that the pole vault
coach positively influenced the pole vaulting performance of a
decathlete.

Authors hope that the present findings would impart relevant
information for the performance enhancement of pole vaulting in
decathletes.
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Characteristics of performance development in world and Japanese top-level sprinters and hurdlers

Kohei YAMAMOTOY, Kohei YAMADAP, Hikari NAITO, Kenji MIYASHIRO?

Abstract

This study aimed to investigate the characteristics of perfor-
mance development in world and Japanese top-level sprinters
and hurdlers. Seasonal and personal best record (SB and PB) of
world level (W group) and Japanese level (J group) sprinters
(100m, 200m and 400m) and hurdlers (110mH/100mH and
400mH) were corrected (men: n=154, women: n=169, respec-
tively). The main results were as follows: (1) SB developed from
late teens to mid-twenties, after that, maintained in some years
and slowly declined. (2) The age of PB was significantly lower in
the J group than in the W group in men’s 100m, women’s 200m,
400m, 100mH, and 400mH. (3) U23PB was significantly lower
in the J group than in the W group in all events, and U23-PB de-
velopment was significantly smaller in the J group than in the W
group in men’s 400mH, women’s 400m, 100mH, and 400mH. (4)
The duration of 99% PB in the ] group was significantly longer
than in the W group. These results suggest that it is necessary
for Japanese top-level sprinters and hurdlers to develop their
performance more in the senior period.

F—U—F : BCRBERTFE, THEOMY, NT7x—
< AHEFFEARE

1. ¥&

HARe Rwitid il (LT, HARE#HST2) 13, [4E
ExERELUEHNEZIC > ZREEERO Stz B
RIZRT ] ZE2BEMIC, [HEHEERIES] (JAAF
Athlete Development Model : JADM) 7% 2018 fEIZ%E L
7z (HARE E#if#E, 2018). JADM OHIT, [ -
Bk - @it O0e X0ME] &LUT, BT 100m DA
BIOHARER LAFEERERF DLl 5, HARAFH
T Ny TNV EEFRICH L T, AlEfR ek
(Personal best record. LA N, PB &9 %) O iE A b A%
B, SWEEL X)L QMR E WNMEmN A 5N D
EULRZET, ZORRNAELT, BHHEML, HEahl
DA —, BmEORMEENMEOREEZERL TV 5.

BRI T — 213 4&E (2014, 2016) 2Lk > TH#s S
THD, PBERFEMICOVNT, BF100m icHBNTH
3R, BT 400mH ITHB W THK 2 mFaE, HAAS
BEMEFR Ny T NVEHEFICL L TRM S 22 &N
WEINTVS., 51T, FiEOEREE (Seasonal
best record. LL'F, SB &9 %) % SB ® PBIZX9 %%
% (LUF, PBEREET D) OHBNS, AAAHR
L, @A Q7185 2o =7 i (22-23
%) T TTRIRITN T =< > A& &, DRIItR~©
KR 5 ] Z2RUEDICH LT, RNy T
NIVEFEL, 26 b0 ETHESONITIINT +—< >
A BB G 30 RARICE D £ TEWL PB Ek R %
95 [BM] THHIENMRINTVS, 20X,
PB JEMAER SB B KU PB EMEDHES ) S A7 HHEH
BERUHA N v T XOVBEE OEEICD - % ik FE
DR HEZHSMNITHZ &, T atIlLbN)L
OHBEFEFROEY 3 VICHHEET LMD TEELRT
O—F&ENWZ 5.
INSLADREEIZDNTHS &, KHEN (2020)
MBLZOERBICOWT, ItiEs (20190 BXOiloe-
NI (2020) 23FBL D LMk Z O =EeBkic D THst
Z1oTC0W5. TS OO RZEZME T2 &, PB
FERAEENT, LT ESRPBIUEEBICBNT, AARA
FHEFIIHA Ny T NVEEFICHL TEREIENS
OD, ZOMOEHICBWTIZAEREITRD SN
Mozl &, Yo7 HICBT 20N O TS,
HH Sy TN EHEANFIEE & OMICENRD 51
BWEHbDAONSRE, FHE (2014, 2016) OHE &
BE2ERbEAINS. £z, MESEEL NLOFE
HEEXNRELUMZEE LT, Hollings et al. (2014) 13,
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R FE O BREICB I A HA Ny T L NV &
KIZ, FEFBOBBRICDODVWTHRIBREAE TV EZ W
THML, E=ZNXT7+—=<> A (ZZTIEPB Tldk
<, Ffn LR ORRZE 2 RENGR TEL 2B ORERD
E—2{l) DEMBIUOE—INT 53— > ABHFFL
TWAEHRIZOWTHRHNL T, MAKICIIEEZER
FOBLZENED SN EZ2WMELTVWD. T 51T,
INT = AL NI K BT DHEICDNT,
Haugen et al. (2018) 1%, Hollings et al. (2014) & [RIFED
S TR EEHOBERICOVWTHRHL, RNy T
N (=X L 104) EFNLIT (11-100 A7)
DE—7FEimlY, EEHEME TIIAREREITRD SN
BholbOD, N—RIFEHTIE Ny 7L NIVEE
WEho Rl E2MmELTWS, £z, 1Y UTENE
TR U RICBNT, T 4+ —< 2 ANE R
1%, N7 4= ADEWERFITH U T PB #EkF i
N WEEIN A 5 N2 85 <> (Boccia et al., 2019), U18
FERTHR N Y TNV TH o 7B IR K OBk i
FBEWRELEPEICBNT, UIBHEMRTIHA N Y 7L
NIVTHOEHEEN, TO% TN TH+—< A%
M EXEDZENMTETCORWEANH D Z & ENH
HEN TS (Boccia et al,, 2020, 2021). JADM (H A
e Egibimid, 2018) Ti, BT 100m Z#liC, EEO
KORBENEOHIREZR LD AT, [[FEEEOMERANIM
DEFROBHIZBWTHALNZ] EEMALTVWEHD
@, RIFEFED (2020), 1LTTIEH (2019), [H7T-NFE (2020)
BLOEEL X)L E O ERS R IC# A2 212 (Boccia
et al.,, 2019, 2020, 2021 ; Haugen et al., 2018 ; Hollings et
al, 2014), HHF Ny T N)VEiE S Uz BAR N
EHOREIGEDOENIE, MBICK > TRARD I ENE
A5H, B FIZ DN TR DEERENBD SN D
AREMEN D 2. ED2D, TFHEDIMEE DRI
DNWTHKFL, HF Ny TNV &L 2 HAR NS
FEOBBEEZEORHBICOWTHLNIT S EEDIT,
FBHERITBIT 2T DM, INT +—< > X DR
W% D BAKAFSEEIC DWW RS Z EIZEETH D &%
ALND. 51T, BEEFHEOPTHEER - N— R
FHEIE, d—IIR&y—%v MER (BF100m, 200m,
400mR) ®AF )Y —4y MEH (BT 400mH), LT
DV L—=sifb7OY s b, EFEON— RVERICBT
HEH O HARLEOEHT, HAREEOEL S EHITH N
THEHAINLDEHTHO O, 2019, s O
HOBRDEARMIREZRT 2 &1, My T NILEH
FOA—F 7 BEIRNL—Z BT HEERY T
O—FThHhbdEEZLND.
INEDZENSAMEDHINE, B - N—
RIVEERIC B 2 R B KO H AR B sksitE o
FLERTEE DR N S, PB ERRFMORERDHUIB LT
INT +—< > ADHRFICOWTHRAT S & T, &
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NEO Ny TNV B I EEEE - N— RIVEREEFEO b
L —= 2 7 BRO0a—F O FICET2HMAZES LT
»H5.

2. i &
(0 xxE

2021 FF 10 A RBAE DO B i - N— RIVFEH
(100m, 200m, 400m, 110mH/100mH, 400mH) o {5
B I HAREER 30 ALLAN O iHE & ikt g & U7z (R
FEED, 2020 5 AR, 2014, 2016 5 (LUITIiEA, 2019 5 (h
JC + PNIE, 2020). 2020 4E B & X 2021 4 D E KL ik %
B9 25 HFT, BiEafEL THD, ZERSLEE
HEHT DR D D T2 D TR G SR L 7. T2 3B,
2020 B L2021 FOEXRFLEREA T HHEEE ThHo
TH, WEFEIZEL D THENS OBLENHH S N B EIT
AJRETRIR D TR RICE D 2. T OFER, ST RER
IFIEN 323 %4 (B 154 4, 207 169 44, 100m & 200m
LIZBNT, [H-HENEEL TWAEANH D) T
Hot. 1, BEBIZBT MR A E
(World £ : LN, WHEEET ) BXUHAREN EALEE
Fi# (Japanese #f : LA'F, J#E T 5) OOkt G
BLUPBZERLEHDTHS.

BB F DWNTDNT, FefTIFE Tl Bk ik
il CWBBIEHEE 2 MR EITEZOLNITDONT
SREINTORBNIIZED A 51570, PB EERLE
W PE D LB OHERE 2392 £ T, BIRBIRFEZEY
LI RICERBREEERITTEBEASNS. A
1Z, BF 100m O HARGLERFEFHE TdH 5 LR KK,
291%IT78 % 2021 4E 2 — A ITH A ARGLER &2 BN L 7275,
HARY FL)VICERELZ 2012 4 (20 7%, 10.07 B)
DIB, 2473% 255% 29 CPBZHEFHLTHO, RKIT,
2013 FERE L CHEMNMTON G A, IHWHRKIZ 20T
PBZER L2 LT, PBERERIZERL DK
R X 1, PBICH D < PBIERAERMDOHEB N S
BT A B 7R FESEE A B U FEM DT A sy BEHET
@ PBERRNE LTI ND) 2R D. ZORD,
MEFICEEORBRFHEFINL EENLHE, HBRIC
FFTHEIIEFICTREL< 5. EFRIC, HEOBT
100m fHFELR 30 BEIC1 20 44, HARERIZIZ 1540
WEHEENEGEENTNSE ED. Il &ns,
AW TIE, Wkt G & BRFiHHE 2RV 5 05
BEREATAHZEELE FOME, b2 71 X
INEL B> TLEIHDD, IVEEBICHLET—F %
HETHRNBITATND EEZ SN,

(2) T—DRE

F—% OIUEELL, World Athletics /AR —LX—D
(World Athletics, online) BXUOEND T > F > 7 web
A MTHBWTITo e (B LB~ 2 > Rl ik i 45,



Me ik 20 &% 15 2022

K1 WHBIVIHOMREHS LU PB
100m 200m 400m 110mH/100mH 400mH

W J w J w J w J w J

n 10 15 12 15 14 18 21 10 24 15
BF PB () 9.81 £ 009 10.14 £ 0.07 |19.63 + 0.9 2037 + 0.16 |[4381 =032 4547 = 031 1296 + 0.05  13.50 + 0.14 4739 = 026 4873 £ 0.46
9.58 - 9.86 10.00 - 1021 19.19 - 19.79 2013 - 2057 4318 - 4413 4478 - 4578 12.87 - 13.03 1316 - 13.64 | 4678 - 4775 47.89 - 49.27

n 17 16 17 15 23 15 19 10 21 16
¥ PB () | 1075 £ 009 1145 £ 007 |21.75 + 0.14 2357 + 019 | 4873 + 050 53.13 & 049 |1236 + 0.08 13.16 + 0.12 |5284 + 026 5694 =+ 0.81
1049 - 10.82 1132 - 1156 | 2134 - 2195 2315 - 2377 47.60 - 4929 5175 - 53.70 1221 - 1244 13.00 - 1330 | 5234 - 5321 55.34 - 57.82

F9fELSD, TER(GH/IME-RAE

online). XfHRFDEHERICHIT S SB ZiRE L 7=

(3) H#FIER

FATITE (RKIED, 20205 #2014,
Ay, 2019 5 17T - g, 2020) =251,
=R
@O PB ERAFE

PB Z Rk L= Ema it L. Finld,
Tl37a<, YU —X > OWifFmE L7z,
@ 18RETHBIV 2RI TORGELED L UOAIM

2B 2RO

BAEOEREERB L ORFEERITHY TS 19
AP K23 A O R maibkE B Lz (RIFF
M, 2020 5 (LHGiEAy, 20195 1ot - INEE, 2020). Fi
FN, MEFEN 8 RBLU2RITRDE—XEFTD
PB &L, UI9PB BX N U23PB & &KL/,

72, HFERICBIZBOMUTORFEEL T (Kt
FEA, 2020 5 HoTiEAy, 2019, 10T - NEE 2020), K
FHEEROFREROM N YT % U19PB 22 5 U23PB @
TN, RFEEEZELIE O RO NI Y % U23PB 7
SPBETCORBOMUEREHBE L ThFh,
U19-U23 17X, U23-PB iR & £ L7,
® PBIEMHEBLUINT +— > MR

INT 4= ADHMEFFHIHICDOWT, £ (2014,
2016) &, PBEREOHE N S EMERRFM 21T > T
W5, FEZAA (1984) 13, BREREENRE L
BIZPBNT, PBEMRKIS%LL LD Z [EKiEE
M) SEFEL TWDBA, 95% % HUEE LMICDNT
BEERIN TV, X512, Hollings et al. (2014) 13,
Hopkins (2005) DEEEL NIV O EHifo&EHICH
F5/INT +—< > A D Smallest worthwhile enhancements
(R RICEE B2 KT T R/hE &, 2019) 2%
Y2, E—I NN T =< P ABHERE L Tz D0
THHMLTBHBD, EiEf - N—RILERTIZIE—2 )
T =X AL TOSXDIE FZHEAELL TS,
ZOEDIZ, by TLN)VEREE - N— RIVEFE DN
T —X 2 AMERHIRICDOWT, 2N E CICERD ST
INTVD EFTEVEEN, Z0kD, EOREDHHEE
AN NENZRIET 572017, EEOFH L N2 &%
ELTHAET 2 2 LIBERENEEZASND, KRIFFET

2016 ; (L7t
LLUFoIEH

RLER 1 B

IZINS ORPUTES, BEITBT DH5H D PB EL
# (SB/ PB X 100) #HML, MHM/REIERTEES X
UHERFDIBRE S L7z, INT =< 2 ADFEED L UHER:
DIFHEE LT, PBEEMRZEK 99%, 98% B KU 97% 12404
T DFERICHID TEEL - FH, REBICEEL 2 Eim
BIOZTNTNZHESEL CW I Z2EHLEZ 20F
N, % PBREFM, % PB TEMRMPB I U% PB Hirr
MM &R U, RIKT A &2 97% & L=, &
(2014, 2016) O HITHB T 5 H 7 100m B L U
400mH B FEDO T —ZITBNT, RNy T X)L EE
H#EOBLREOKEESEIC Lz, HlAE, H2EEE
@ PB BRI D T 99% % L[\ > 722 — X > DERH
20 1%, EMZIC kB> —X 2 DEBMN2THTH 7=
La, 20527 ETOI—X > (8L % PB
FERRER 99 % LA DI &Il L 7. =T EHED
EFRIZDNT, BERFI =X T CHRT2E, ANy T
LAJVTIE, %57 100m AR GRS R E (958 F) @
Usain Bolt X2 #1123 % &, 99% PB (9.67 #) 1%, 1
SRk & fBINL U 72OV U 2SR TFHE D 2009 40 5 A
U2 Ey 7 &EB L2012 £ FTO 44/ (23-26 1%),
98% PB (9.77 #) 1%, 100m T AH S8k L i i sk &
FVUEy ZEBERERL 2008 FEn 50 R
CE w7 BEF (20134) £ TO64M (22-27 5%),
97% PB (9.86 #) 13, [AKEIZ 2008 £/ 5 BIERATED Y
FTFPrvrA0F Y CEY T D216 F£FTD 9 4R
(22-30 %), WTENTINMUT S, £/ HAAFREE
THDE, BT 400mH H ARG SR IRFFE U789 %) @
ZARRIKTIE, 99% PB (4837 #) 13, HFLETHEICH
% 2 DAY IVIESTIRK (2001 205 2005 4) D5
ER] (23-27 %), 98% PB (4884 #0) 1%, K444
THIDTHY > Ew ZITHE U 2000 400 5 5% O
FLETFHE R D 2007 £ ETD 8 4R (22-295%), 97%
(49.32F0) 13, B3 4EE D 1996 £ 5 BHEDAY 2 E
7 RFED 2008 F F T D 13 F# (1830 &%), ITTNZ
NG T 5.

(4) #EtnE

FHEEE OFHEME B X HERERF A (LUF, Standard
Deviation : SD &9 %) ZFH L/, WE & JHEORERM
DEBEREIL, WOV tREZAWE. AW
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OEMCER, B MBI OB O BEEREIXITD
Bho iz #h¥EE Cohen'sd Z2HHHL, 02, 05B &K
0.8 2T, ZN 4 Small GhEE/N), Medium (%)
REd), Large GIREKR) EfiER L 7= (Cohen, 1992 ;
KA - TN, 2008). #EATALEEIZIE SPSS Statistics 26.0
(IBM ##) #H\, AEKEZS% E LT

3. B R

1BEUH21E, WHBXO]HOERHICHED SB
BEUPBEREDOHBZEZRLIZHDTH S (K1 BT,
B 2:22F). fEEEDY SB, BN PB MR A /RL THD,
TOvy "BMENDOT—%, RN ETEOEEERL
TWwa, 2B, WTNOREHEIZBWTD, HHRFITE-S
T SB VR TERBRNWERN D D720, ZFFEMHIZHBITS
TR TH, EHEERTINRL 34
DL ED#iH#E D SB iR TEZFMICERL TW5.
SEEE D HERE I © 2R DB D W TE MR 7R G- 217
&, Bz, MEBXUOHICL > THEEZA5NDHD
@, EROMEEELT, SBBXUPBERKRIL, 10 %
AN S 20 BACKITIT T TR LU, —& B
LB MR F I 2N A s N, WHEE ] R
I 5L, SB T, BLWTHOEHIZBNWTS,
JTHEEI W HHICH LT, 2FMIchiz > TRskd K Ha)
MASNTz. £z, PBEEETIE JHIZWHICHLT,
10 31T BT 2 PB =R AN E WA B+ 100m,
200m, 400mH, %z 7 100m, 400m, 100mH, 400mH i
BWNWTAHASLNT=.

F£2BXUE3IE, WHEBIO]EOD PB E K El
U23PB, U19PB, U19-U23 fifi T8, U23-PB i T%, % PB
FElpB L OHFHMZ RLZBDTHD (2 BF
#£3: 7). 2B, UI9PB BX U U19-U23 TN, —
HOEIZBWT W EBEO T —& B2 7o 7z
2%, 2TOMEIZBWTHEHEN N SR L, B8
O—BhE U7

PB 3 5% 4E #5132, % 1 100m, % ¥ 200m, 400m,
100mH 3 & N 400mH I2HBWT, JEEN W BT L TH
BICE<L, B¥100m B X UL T 400mH 1ZF R EKRT
Hol-. U23PBIE, 2 TORBIZBWT] N W EEIC
U THERIZKELS, 2TOMAIRBOWTHREKRTH >
7=. U23-PB N3, 5B 400mH, %7 400m, 100mH
BEIOA00mHIZBW TN W RBICHEL TARITNS
<, 2 TOFHIZBLWIHRBEKTH> .

99 % PB #| 2 4F # 13, B ¥ 400mH, % F 200m,
400m, 100mH # & N 400mH IZHBWT, JEA W BT
LU THRIKL, 2 TOBHICBWTHRERTH
7z. 99 % PB#& 7ML, B 1 400mH B X V4L 1
400mH IZBWNWT, JHAWRICHL THEIZKLS,
FEHICBWTHIRBRTH 7. 99% PB HERF IR,
ZTF400m IZBWT RN W B L THEEICEL, %

80

HEPTHo .

98% PB REFHIL, HT 200m, 2T 200m, 400m,
100mH B L N 400mH ICB W T A WERICHL TH
EIEL, 2 TCORHICBWLWTHIRERTH>-. 98%
PB #& 7AE#NE, BT 400mH, 227 400m B & OF 400mH
WWBWT JHAWHRICIELTHEEITKLS, &1
400mH B L P2 T 400mH iICB W THHRE K TH - /2.
98% PB #EFFHIRNE, WITNORAICBWTHHEERE
3R s Naho Tz,

97% PB REF ML, HF 200m, 400m BRI LZ T4
FEIZBWT, JENWRHCHLL THEEIKLS, 205
B 100m DA O TORHICB W THREKRTH >
7. 97% PBA#& 7 AL, 2T 400m, 100mH 3 X O
400mHIZBNWT, JHENMWRICHL THERITKL,
100mH B & N 400mH IZB W THRBRTH 7. 97%
PB #EFFHARTIE, WINORHICBW TH AR EITR
LS ANA IS W

4. E =B

AIFFEOHME, BLOEEERE - N— RIVERICBIT S
5B Z O H AR LA sk i D RlerFE O HERIC
DNWTHHTZZET, BRAVED kv T L) BLEE
B N—RIVEEEDO RN L —Z 2 VB a—F > TIC
BIDAIREREDZETHoz. BLEERE - N— R
i H D5 B KO A AR 30 A7 AN OB % 5 i
RIT, FLERFEIEDHERS S PB ERERIC DO W TR L /=,
PUFTIE, RNy L N)Ugihi &l U7z BAR A5
FHEOBBIZOWT, (1) SB BXUPBERRDHEL,
(2) PB kM, (3) Ul9 BL U U23PB &tk DIk,
(4) % PB RS &N T +— < > AR, O
MHEREITS.

(1) SB 8LV PB EREDHTE

7, FEEICHED SB BXLUPBEREBROHEBIT DN
THRHNTS (M1BLUOHE2). EHHEOHBN S 2K
DIEFNC DWW TEMERRF M 2175 &, SBId 10 mfti%
NS 20 AT RIS T TRBICE B L %I, —&
HIEHERF S N, T ORBECNITIE T T 2 H#BZR L.
KA (1994) 13, bv 7L NIVEEE OB A =R
&, OWIAFEERRE (AR—Y « RL—=2 7 OB,
5hw T NIARIET 2 ETOHM), @ RIEEH
M (hy TN DORE, EERESEEOER,
TRV EMERET D HIM), OMKER (hy 7L X)L
DOHEFFR SR TO/IM) I ehnd bR THD,
AWFFEOFERIT, Z OFEHB X CRITHIFE O #EF LA
—F L TWwi (KRHEFEH 2020; #FTIFH, 2014,
2016 ; LUoTiE A, 2019 5 (LT - NEE 2020). WHREE ]
Bzt d 2 &, JHIIWRICHL T, 2F6HiIchiz-o
TSB &L, BICZFITBWTEDMEMMNEE CTH->
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7= F7z, PBEMERIL, 10mMARBEITBNT, TR
WHEHZH U TEWEADSEROEHITHB W TR I N
2. T HIT, 20 A S 30 AT T TORERD
HEFFIZ DWW T, J B W BRICIL LU CRddR 2 MR TE T,
RKEKERFLTLED HDNWIEBLRT 25 E 0L W
MHEROFEEH TAHALNZ. IS OHEINE, fifEH %
K& U O R &R 3L TH 0 (KA
7, 2020 5 AREIEA, 2014, 2016 5 (LoTiEdy, 20195 (1
JC - NI, 2020), HARABHFEOLBIEDORMTH
5EEZXS5NS. —H T, HT400m % 110mH T,
PB #HEDOHERIIMELIC KR EREZZTRD S NENWT &
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TXOHEHETHDRE, HMEHBORHbOAONZI N
5, FLERFEED 5 AT BANE O FH R O R R R
IZDWTIE, FEEEICE DD BARICRETT 28
HBHEZEZLND.

(2) PBERFEH

KIZ, PBERAEEIC DWW THNT 5 (X2 B X UE3).
W B D PB R FEHIE, WITNOMEA S BTt oS
ERER—E L TWDE Z &S T &7~ (Berthelot et al,
2012 ; Haugen et al., 2018 ; Hollings et al., 2014 ; A&, 1994).
¥z, WHEETHEZETSE, B3 100m O AT
EERBRENRD SN, ZFIF100m 2k < 4 BHIZBW
THEBERENRDLN, WInd JHITWEIZIEL T
PB ERERMMEN S 7= T DFEHRIZ, JADM OFEHL &
25T (2014, 2016) OW|HFIZ—HML TWEHDOD,
LTOREEICBWT] BO PBEREMIMENDIT TIX
75<, BT 400m < 110mH {3 i # O PB £ R A #p 1313
EF%ETH- 7. BrEmEpk, —“BEkdloEmkics
WTH, PBEREMIT, RNy T UEiHEEEH
ARNFHE &L ORICTABEREIRD s NRh > e T &M
WHINTWD (RHIEFED, 2020 5 17T - NEE 2020),
ZDZENSD, FLERFEEN S AERDEOFHEEF R
IZDOWTIE, EHEOHEBOMFANBETHDEEAS
NdHEEBHIT, LTHFIPBWTIZEAABREE OB FE
DR & FEk D B HEEFT B A thd ORI Nz &
A5,

(3) U19 BLTU23PB &LEBFEDEHU

T, U19 BL K U23PB & FERDFLERD HTNIC
DINT, U23PB 2 HDICKETT 5 (F2BXUE?3).
U23PB I, 2@ TORHIZBWTHEERENRD N
WHENTRICW L CHEZICEL> 2 GIRER).
U23PB I3, BBXZEMNEDKRZEMICH TS PBICH
YL, 2TCOEEH - N—RIVERICBWT, KA
CBRICHES by T LRIV LIS OB IR A U T
B, ZLOHEHITBWT W BEORLEITH AR Z B
RZ/KHETHD ZENRIN. —F, U23PBn5S4E
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JEPB £ TOREOMNIE, BF400mH, 2+ 400m,
100mH B & N 400mH IZB W THERENZD 5N, W
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DL OMNL, R Ny T L)L EAA NS FILFE
BETH--. FlzE, U23-PBHRNICBWTHERRAE
RSN HDD, ZORNRENHIEE (0.55)
ZRLUEBT200m ICBNWTH, WHE]JEDPB DY
BHEOZEIK 03B THD, Zhicw LT, U23PB @
7134059 B, U23-PBHUDEIZK0IEHTHD
BA&EY7E PB OZ DK 80% 78 U23 ORFm THELU Tz,
I 5T, WHOT—ZBNDIR NI HRITIZT
HITBEMELTRLUAZUIPB (EAEOEEED
FOERICHIY) 13, WO, BAOAEOESKE Y
TURIIVICHS T 2 kN2 0w—4 T, UI9PB 5
U23PB NDRLEDH UK ENEHAN A SNz, T
5 OERNE, BREEREH 2R & Ui ORI —
HLU TV (RIFFEH, 2020 (LotiEh, 2019 ;5 (LT -
NIBE, 2020). Z Z £ Tik~x7z SB BX U PBERZDHE
#%, PBIERAEBMBIOS 27 HICBIT 28O OD
SNy TNV & U 72 HAR N BB E O R
IZDWT, JADM (HARE FigdiE, 2018) T, W
ML, SEaL ¥ —, SBEoRMEElRE
Ficv a7 HoMEERERL TH O, RIEFN» (2020),
rciEn (2019) BELILTE - NEE (20200 13, 215
a7 MOMBEIIIAT, KEHLIEO —RIB LU
EHMPANBL OO E 58 5H EDODHD N —=
CUBXRA—F LT ETIVOOEEEZIENL T
W5, AFFEORERNS S, EHEEEE - N— RIVERIC
BWT, REEMIZBVWTIOEWL NIV T +—<
DAEMEIELEOOHEMNBR N L -2 T BRT
O—F > T OEBEHEIRBI NS,

(4) % PBEREME/NT +—< > AHEIFHAR

BBIZ, % PB 2T UZ/NT 5 —~ > A DHEFFHAR
WOWTHRHNTS (E2BXU%E3). AP TIRLT
9% %2 212 (Hollings et al., 2014 ; #f K, 1984), PB
TR 99%, 98% B K TN97% L X)L D Fedk D HE AR
WZOWTHRHLE [HADPB DL XN)LICK> TEERS
HOD, JFFETIRAT Bolt KB K U KRKOHIRZN
FND% PB EEEMB LUK TERMMN S, 99% PB L
NIVFZFDORFOF v 7 DL X)L OO 3-5
fF, 98% PBIE> =7 OREL X)L TOIEEHHIH D 6-8
H, 97% L NINEBLHRICES FTO T Z 7 2K 8-10
ERRRE, TS T 5 EE5A5N5. £/, Hollings
etal.(2014) 1%, E—27 /)N T —< > A O#EFM %, ©—
TINT =AU TO08B DK FZ2HAELL T
5=, ABFIED 99 % PB HE £ #5113, Hollings et
al. (2014) DE—Z7)NT —< > AR AR & A —3
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L Tz, JADM (HARE Egisiii, 2018) 4k (2014,
2016) DWD [EWEHE L ~N)L ORI 7ED LN
NEETMNIHETREVDHDD, ZN6hn5, AWK T
M=% PB#FFIARIIC K > C, =7 HlicB 58
T F = ADHEREHIFICOWTHRFTE2EEZE256N
5. % PBHERHIRICDOWT, WHE T HA2LKET D E
L 400m D 99% PB HEFFHIIC A B2 EZNHD 517z
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R ADHEFHARICIZE EREIZED s NRho 2. F
72, 21 400m @D 99% PB #EFFHARNG, J B (4.5 = 3.6 1F)
MWH 24 £184) TIHLTHRICEVWENSHER
TH Y, JADM (HARE LpitmiiE, 2018) OE#H &1
B HEERTH o 2. D=, JADM (HAR: L
HE, 2018) BXLUFRE (2014, 2016) WS [HAAN
BHEIIHA N Y T NVEHF I L TELER LA
IV OMERFIIAYE W] S WD AN, ABFFEOEERMN S
BT U REERhno/k. —hHT, FNEFNDO% PB
DOEFEFHMB IO THEERIT, JHIIWHRICILL TRN
R NSEROEE TA LN, FFICLFITBWTZE DN
WBEHETH . i, MEMICHERZEIIRED 5N
WHDD, 1T, Z<OEAICBNVT, JTHNW R
IZH LT, % PB #ERFIFI S R WA 5z (R 3).
NGO EMNS, BIZLTFITBnWTiE, y=7Hics
JARERDFEENNS L, BOE—IRERI NN
ET, R % PB RN R < 72> T 2 Al REM:
MNEZOLND. ZOXIBENVWE—T OFK & HERHHRM
OHAEBRIZDOVWTIE, SBOMHHEETH 5.
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100m %5 7 400mH 72 &, 20 %8 DUKE O 508 Dt
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BB X O HAXB T 100m 200m % 2 0 A
110mH/100mH) ® A 5N/ I 512, AWZETIE, £
HaEHEEOMR Ny TNV giE S Lz AR A
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EFEOFTSH, HEEICL > TR FZE O - Ris 5
AREMEBEZ 5N D720, EROLETFEEDRHIZTDN
THRHTIREND D, INBITDNTIE, S5HBOM
T H 5.

5 2 #

AL O B, BLEERE - N— RIVEBICBIT S
RS K OH A AT LSR5 O RSk FE 2 D HERS 2
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HEERHIRNIC DWW TR 5 2 & C, BATEODO kY LR
NVBLIEEEE - N— RIVBREZEO RN L —Z 2 7 BLT
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TLARVEEE WE) EHAR Ny TV EHE#E (D)
e U7z, ERERIE, UTO@EDTHS.
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FHBENSTHo/=. UL, ZHkrs, OAKE
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(2009,2011,2013), $5AH# A (2011,2013,2015),
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2020
EE TETVRICEDLSHFEED ML —
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Kinetic analysis of the function
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1147-55, 2016.
g8 D ABC(DVD). v /N> 54
Ltk =4t , 2013.
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sports9090131. 2021.

Oligomerized polyphenols in lychee
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Nutrition25(3)8-15, 2021.

4X100mYb—: - NT+x— AR LD

HDT T =N RISRERT SR . BE L3R

FESEE 19:65-77, 2021.
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199,2020.

A three-dimensional kinematic analysis
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an inverted pendulum model. Gazzetta

Medica Italiana- Archivio per le Science

Mediche 179(1-2) 29 - 38,2020.
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AWZE 12:57-71, 2020.

A 100-m sprint time is associated with

deep trunk muscle thickness in collegiate
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24 September 2019. 7z &
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AARE LFFEEFES BE 4L

YR— N :

2021 AUV Ey sHEAS (BER) BFRR
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2013 it REEFREEFEAR (ERXS7)
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2012 AU rEy IFRAR(AY Y )ay
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EENTWEOTERNB EICIZD > TINENS ZET
o onE Lz EVEBECITIINL =205 Tz
WHIZDWE, R=ILIZELbBETHSIENS Y I 2T
Rk 4 AR S T & D IRPCEIBNTIE N T 2 EMNTE
JEEUTWET.
AREEE : HONEDTINET. FHiEE L CEEEE
MHEHBHFEBMNLIZNEBRNET.
EFHEE A DEDEELIENFETLEDT, H
EENSE LORBBZBRD E L. INEEDROKN

120

KHlE (HAKRZ)
1HE Gk

YTV RETIIEEBEWIREZ 5720 TT0, sk
WS> TRA|ICHG LGB0 SR THELS T, L
E1REERATZIEDHODELZ. RNE> Tnzrsg
IZIZHEEBE T 2 AN THRE 2 SN TV 400N
FLTC, REBOMEZLANSZTOREEZHICTSZ
EMELBOELRE. BEMU-STRLED ERREES
TRTWT, ZXIZR—IVEkE-> THHITESAAED
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BT T T, EDREBRITE L TR HE 2 HITZL
L7zmi3ddb o Edne

BREE  RELZEDLOZORUEDA A—-TT, Th
MEDLS 2 ZEMHARRENEEN S L C TnE
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FEICRLERL CWE L. RAIFIImMAS A>TWELRE
M, 2FIFZETIMLISm NS ANDELDITBR VRS
8mA—N—THELTEE L= BREFIZH 4 %50
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MG EE EIFTEREDESSZ2 BN > TEDRAA
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U2V ZHiOHIETD A —/N\—FE L0, HikzKE
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EHALE - HAO Ny FIIRR0 R ELS, S
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ZUTIMA T, 5RIIBENEZIANS ASRENZRBR
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(2) BAITHTHIREFHOE S
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