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The relationship between characteristics of counter movement assessed
by MCT-jump test and contact time during sprint running

Ryosuke KAJITANI®?, Hirohiko MAEMURA®, Kohei YAMAMOTO?, Jun MIZUSHIMA?,
Mitsugi OGATA®, Kiyonobu KIGOSHI?

Abstract

The aim of this study was to determine relationship between
characteristics of counter movement assessed by Multi contact
time-jump test (MCT-jump test) and contact time in sprint run-
ning and the sprint movement that affects. Thirteen male sprint-
ers performed 60 m maximal sprints and MCT-jump test.

The results are summarized as follows:

1. There were no significant correlation coefficients between
contact time and sprint velocity in sprinting.

2. There were no significant correlation coefficients between
contact time in maximum RDJ; ., and contact time in sprinting,
while significant correlation were found between contact time at
maximum jump height and contact time in sprinting.

3. There were significant correlation coefficients between
contact time in acceleration phase and horizontal support dis-
tance, minimum body center of gravity height, hip joint exten-
sion angle in sprinting.

4. There were significant correlation coefficients between
contact time in maximum velocity phase and horizontal support
distance, hip joint angle at the moment of contact with the
ground, hip joint extension angle, knee joint angle at the mo-
ment of contact with the ground, minimum knee joint angle, and
knee joint extension angle in sprinting.

These results suggest that characteristics of counter move-
ment assessed MCT-jump test and contact time in sprint run-
ning has influential relationship with each other.
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1. ¥&

B BB B 2 MR EEAE H SRR H 1S, 0.2 B
T EWSHRD THEWRH O TREBRNFEENE RSN
LHEHTHS. 2L C, ZORRNZIHET 5 HEE LT,
BENSBKUBE D FH & & B ICHIEICERR B3 D 2 v >

TEBHTHZUNTRROy TP v 7 (RD) &
Zanz(ETED 1993). ZORDJIZFEICT Y B AA v
FIATLEFAL, BkiEs e R ThRUZ U N
PRROY TP % 2 T (RDJpe % FEMMIERES L
THBD, ZNENT—REDOIEETH LI EEIN TN,
Tz, FAEOTANELT, ZOHTOS [EERED v >
THEETHHIIUNT ROy > T R) A< E/RLT
B0, ZOEFHIIBNTHI ¥ > THEE Rl i
M E L THWSNTNWS, LT, Ihs O iE
EEZTY 2 MEDNT +—< 2 ABEEMEE ORE
HRF SN TE /= (Nagahara et al., 2014 ; Kariyama and
Zushi, 2016). L2 L7225, RDJ BLURIIE, i
B2 CE2RVELTDIELEEEHT DD, FiED
B OEFREH /NS < LT, KELERELHEET—
A NEFODHERIMMEEZHELRRWEHTHD (KT -
iR, 1995). T &S, BREAFIN LM SRS
2T > hEZRD] O XD e L OES) TR
THINEENVLETH D BRI N TS R,
2017).

7z, ERETONT —RBiERE 1 2 T 215 E CH
% RDJpiex MAWVOEN B X DI 2 RITIE, FERK
(CM]) DO OEAKER 0505 LOBEE) 2, X
T2 NEOHOERRR 0125 028) &I
LTEWZENEITONS. ZOXS 7 OEMERIA
Lol py BN EE) &, #ied TE W (0.2 LA NU X5 1
77 E®)) (Brooks and Thach, 1981) Tl, 1% il fE H A,
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JIFEHIC BT 2 SR HTHE T2 72 % (Marsden, 1976; >KH ,
1989) ZEHXIFHNSE. ZOXHEMEICKD, XS
J2H—DhL—=27ELT, RDJBXUR]ICHE
SN HOERBHOBE WY v > 20 AND Z &N
HRINDZZIEHHD CGEMEM, 2002). LnrL, =
EBkD 1 DIERRRE, B X ORIEE/RIR 0 W iER T
nJRESPR D < Bk Z & ZIERUZ RD] R RJIZHBIT S
BRI &, AT > NEIZBU DM & ORI %R 2
BEEEMGET U2 RIT A S 72 5730,

—7, Tx 2 THEENB DRI, piE e
BT 2BICHWS NS ZE0H D (KT - &k,
1996 5 KFiEH, 2017). BIAE, E&SBKICBWTEE
T REEAMZFEINT DHIT, Ritzdorf (2009) 13 5H#
@ “reactive strength” ZFFfi L, £ OEROEYIRM O &
BN U CERB DB UM 238N 5 2 L 2REL T
W5, DFD, IR [HEHiEHOBE\WY A 7] THD
n, HEVE [EHEROEREWY 1 7] ThHEMTE->
T, BT LBUEMMNELRS I EERBL TS, L
ML, ZORBIIRNTE, Py > 7RI ERME
ARINTH ST, ATREIRFR O 52 W 2R R T rlRE72BR
DE<BERZ EZEAR L= RD] S RJICHIT 5 EHIIRER
%, EEPOBUINERIROFHN 0 &2 2 &2t
BLTWLZDITTIERWN. FHFH, FHERE D EWEE
IR TrRER R0 < kR Z & #$5/-R L7~ RDJ ® RJ
BV DM, RBENU—Z2HRKICTEZEE2H
FELT, FERMTERLUZEIFTh > T, mlfek
RO & < BERZ & 2 iEShaRE & U 72 BRICEIR L 7= e bRy
MEFEZS, 2T LT RESEDR (2018) 13, P+
> 7B & W TR O KENEIE QR E 5T S 7
ODFRT A RNERELTWS., ZOT AN, HAE
MOEBROERD, BB Z 0.1 ~ 1.0 BRE O C&E#%
AICZB(LZ BT 15 EMn5 20 BIREDOY v > 72170
BEFARNTHD. ZOTFTARNNILD, BABESNFH
X N7z il b D B LR S0 K RDJ e D3 FEHE S 720K
B DM 2 3469 % & & T, B AV E W2 R
THEEDNRKNERD YA Th, KA, EnEibgR
THEEDNRKNERD YA ThZEHWT 252 &EHAFET
HAD.

LL, ZNETITEDIED 2018) 2ifgE L TWwd
MCT-jump test IZ & > CTHHM & 3172 fe K Bk e i e D 12 4l
BT3B & R RDjpeg FF D HEHIBERI & X 7)) > R ED
B & OB RIIBE SN Twian, ZhsoFRzE
MEtd 52 ET, 27U D MERBWTHHD - /NT —
FEHERE I C - S IR OB T 50BN H - 720,
BHRHZE< TH2H4ENH-Z0TEHETHL, 20
BRI HEEZRT I ENTEDREEND 5.

PDEDZ EMS, AFFE TIiE MCT-jump test Z T
M X D BV EMERE & R T O R EI BT D
M, BRUOZIITHEZE T HEEE S OBRZ MGt

THIELEHMEL.

2. A &
(1) x%H

KRB, Kk ESHEIRICHE L 100m £ % 5 &
I 2 B EEiEE 134 Tho/z (BHE1.72 + 0.04m,
R EE 62,8 + 4.2kg, 100m &> — X >N A Mgk
11.16 + 0.328). FEERITHENL B, WFFEO HMB L R
TS Rtk &tk EEmICTTHAICHBAL, 1>
TA—L RO NEGEE BB, RPSEIHIERT
REBE ARG R AR R B2 DHEREF TR
bz,

(2) REREX

EEREIL, UFNORLEATY D hEED Y T T
A~ BERIEDN, 2018) THolz. 2B, HBAIED (2018)
&, ZOTFT A MR AREMN T TWEho7z. 22
T, AL TIE, MOFT X b EXHT 27D Multi
contact time-jump test (A~ [MCT-jump test] &MH§9)
EIERZEELT.

QAT > b

Z 7 > b#EI, Nagahara et al. (2014) 25%12%
TOFTAL— N5 60m DENEEEL L O
L&, MEFITIIEEO 100m ED L — 22 e L TE
HZ EENOETRLE. b, EZRAKICBIZ 2T
U2 hER RAEHICBITHE BXUOHSRE~OA
HEZEFE L 100m FETIid/2< 60m EZH W .

(2 MCT-jump test

MCT-jump test 1%, & ® @ < Bk572 8 O [ BB ERE[H
BHETDHDDTANTH o7 1B, IBAIFH (2018)
13, PBEHURRR 2 S EEERERT & LT B A%, ARFSE TR
R SRR & &9 %, MCT-jump test Tl, 30cm
DB ENSBRURD 2%, UKD L2152 v > JiEH)
Z 1 alH &I R ) & B HIIC B b S B Rhy S Ei
U7z MSRFITH U T, D THEW R T < Bk
ZEERBE#HIEREME OIF [UNTRROy 2%
>7 RDD) EBET) 25, HEHEWEHIER TH
SBRARZ EzEfis 8l 2L TEeiELL Th
Sk BN 2 E T, BEHGHZEHNICA b8 T
Mtk iz, BH#iFEE 018~ 1.08) X
BBLZOOIBHEMNTEIEIYE, 15-20FEED v >~
b7z, 51T, BFIREYRT 2720, M
M DNEFIZEMES T 72, W N OEHIFRIZ BT 2
Pr T HTELRDESHUSI LA OBETHERL TT
DM, RD] DA, TE DR EWEHIKRHE TR < Bk
R EzEERUE. 5B, BRI B OZE % kR
T 570, FEBIIYTRIRETTOYE, MEmM3Ed7



D BEES TOREEZTTITESE L.

B) F—IREBLVT—F
QAT > hE

2T 2 RER, MREOMENSEEEE TN A
Z (CASIO #-#, EX-F1) ZHWT, #3000 a~, #
HEER 1/2000 B> THr U 7=, AWFFE T, 100m FE D
EREZED LEWRICEDE (&81F 5, 2005),
5-15m Hi s & MR R & U, 45-55m A % B K AE )
&Lz ZFD, 10m Hs s KON 50m Hi s &k
EETFFHATEREL, gLz Izt
iz 3> 21— % IZH DA A Frame Dias For
Windows (5« 77f T F#:8) Z2HWT, E 150 O
RTCRY 23 A EEROMMNC Im MR T E L 728 0E
N =7 4 KD 2 RICEREE AT - T2, hmidt e B
BRMEID 5 a<iins, HOGENET 28O 5 a<
BETO1IHA ) Q%) IKE>TiIro k. EHN,S
FAED 72 BARETR D EREII R IE R — 7 & H L ICEEH
U 7214, B il 9 JE i 5 & Wells and Winter (1980)
DHIKIZHEDWTHREL (6.0-10.5Hz), Butterworth
Low-Pass Digital Filter Z W\ Tk L 7=,

(2 MCT-jump test

MCTqump test i&, ¥v hAA v F (XNFIrv 7
TRY, T4 LA THE) ETiThE, S
KON ZE R 2 MIE U7z, MCT-jump test 13, $2HiBERH
EPRPPREOLIPHEMTE LI ESL0, #BRFEBIT
BRE M 1 B OiE; IR R 2 R TE 5L D1,
BRSSPk S OB E R Lz, ZOK, Yodx
75 —%HNTAZ =2 Rz L, BRRERRL
/z.

(4) EHIEB
OATY > FEICBITDAT Y TINT A—F EEEERE
SR ET 7191 7))L Q%) IIBTF5HDEHDK

X R

Me Ltk $H19BHE 15 2021

ERBENEEEE 20 LEDOEANTIAR, 1Y1 )L
CHELUZFMZ 20 L2000z yFEL, M
FOREREEEE L TREHBLZ CHMEIEN, 2003).
F 77, BRI G O R O S B £ T ORI 2
2%5r L, WZeRERE, A OB S BEHE E T ORERH
EB2HENTHI LK THEL.
AT, HAERELOEMITIEZFEL (1996) &K
otk e v, SCEHC B B RO O KES BIHE
Bt (LAUF [CRrBERE] &m8d) #HEHLZ (KD.
IHI, ZFHHICBWTHBRELENRBM < Bo /28
T RREREGE, TR B 2 M O SR E LS
MNORREERELESE TORLREE HRELE FTREL
THEM U 73, ZFESE, SESEELS, BX
ODHRE LR FRIE, RBOZEZOR DI, #
BEOHEZE 100% & U HHLHE TR L.
F7z, NI AES KOk M LN 2K 2 12
RUEEIICERL, AEEZEMNLL 0L Z, B
AEOEOMEITME AT, MERomEDE
DEZZ A BOMIZRI A EEGEERT & E L.
AWK T, INOOMETERICHEDE, INOMAEE
BEHLU .
D) s X ORI R O BB, EBEET, ERIETA
4

2) ZRFHICBU 2 R ET B K OVE BET A O e/ MiE

3) ZEHICB U 2 REETOMEAELL, BREED
FUORBEE OMEAEEMN (REAEEAM, JRfH
AN (A AL

4) EHIBRIFICBT 2R (KisTFEDELERA
TERRG) EBRTERRDR T AR S BB R I BV
DR ERERNRTAEOM (LUT 2K
HEAM] EIET)

72, ARWFZETIIEHIGRIC &Y 2 8EEN 2 Mt
THEDIT, B E 2 S OREEEE ORRE R
L7z,

@ S{FEED

530l

1 ZFFHAIEREDESE



+: & A[EER
— HiIA[EER

-

HI&ABE (A+B)

| = |

1
Heh

O

&
=
&

&k A E

2 ZRHEHAESIUVHSEAEDESR

(2 MCT-jump test

Xy b AA TS BkER ORI (s) S EEHLEE
M (s) kD, BkER m) 2 FoRXITk> THH
L7

BEEERE (m) =1/8 - g - (MFZersi)?

F72, “RDJp (MTFIED, 1993) ZLAFORICE>
THHE L. 23U, TESMRDEWEHIGRE TS OBk
E e BT SR E/RTIEE CTH D, RDJ DGR
Ths.

RDJpaex (m/s) = BEEES (m) / HEMIEERH ()

(5) #rEtnE

FHEEEE OSSO RAEZFEH U2 &3
FEIEAMOBRERF T 572912, Pearson O FE#AH Y
REAEEH LU= E£72, MCT-jump test IZ381) 2 R Bk
B 12 D HE I ] & B R RD e B D HEHUBERE, B L

MCT-jump test {5 T % e KBk#E & & K RDJjpgey I D
kSRR DD S tMEEHNTHEEZBRE L 2.
BB, WTNOFHUHITBNTH, AEEIIGEREK 5%
R CTHE L 7.

3. B =R

AT > ST BT 2 I R K OB K Ry D%
L, TNFN 7.67 £ 0.44m/s K 9.59 + 0.37m/s
Thoiz. Fiz, ZHFFRENZIZEIZE40.131 £ 0.008s 3
K TV0.100 + 0.004s TH D, WZEREMITZNE1 0.095
+ 0.009s B X N0.111 + 0.006s TH > 7/=. 72p, TfF
WIEERE, RICEAELS, FEREOE R HedaE
BN, PRI O e B A £ BT, M R IRy oD S A A
WREAET DR M A AT, BB OO B AT B, B
REDIRBAE AR, WRBIET R/ N A, BT DR A EE
fr, JEHh A AL, BEHRG O E BT A R, BRI O

®1 ATUYMELHITZRUTERDOFHSE BIUEERE

&R EE

RAXEERE

FHECRERE THELRERE

RERE () 7.67E044 9.59+0.37
B B () 0.131%0.008 0.1020.004
i 22 BF (s)  0.090=0.009 0.111%0.006
XIFHAREBE (%) 53.16%3.44 55.78+4.09
RESAEEDLSE (%)  50.30%1.20 53.90=£0.60
BRELETE %) 1.26£0.63 0.47+0.31
MEEAEER (deg)  80.35£4.10 83.62£10.26
n=13
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®2 ATUYMELHITZREHBEDOFSE BIUEERE

hniE RARERE
THEFERE EHERERE
B%RE & (deg)
B iR A 111.65%5.53 140244332
Bttt B E 179.38+5.46 203.24+3.04
fRRAEEA 67.73+5.67 63.00%+4.61
FREA i (deg)
b B B 137.24+6.48 151.38+4.38
ot 3 e By 157.77+5.73 157.51+4.02
w=/NAE 137.2£6.50 137.246.48
RERAEE 24.30%7.20 16.44+4.74
B AE L 3.86%3.40 10.31£3.23
A& (deg)
e diul i 99.49+4.42 108.08+2.56
ot 3 Bt By 129.14+4.74 130.50%6.06
=NAE 82.50%4.72 86.92+2.91
EREAEEMN 46.69+6.04 43.57+7.00
EEAEEM 17.0243.46 21.09%2.90
n=13
JERHEI AR, EREEITRNARE, BEAELM, BRIV (t=5.34 ; p<0.05), MCT-jump test IZ B} % fx KBk =

JEAEEMOFRERIIE LI BLUVE2ITRL.
MCT-jump test 1T 35 1F % e K Bk i &1 By 0D £ 3 Br [ 13
0.50 + 0.24s, F AKBkEEE1Z 0.53 £ 0.07m CTH > /. £z,
B K RDJpaex 13 2.76 + 0.41m/s, D & & D BEHIREEIZ
0.16 = 0.03s, & BB S 1 0.43 + 0.06m TH > 7=.
723, MCT-jump test {2 3BT 5 Fx A Bk HE & R D 122 5 R
1B K RDJpgex FED FEHIFFR & L8 L THEICES

13 5% K RDJjge FE DB HE 7 & FL R U TH BT A Wl
(t=4.72 ; p<0.05) Z/RL7=. T8 5 OFERITEIITR
L7z.

M 3%, ATV NECBTDINEDER L CRAE
R B D SR EEE OB ERLZH D
Th5. WFDOMITIIEBERMBERRIIED s N>
7z.

£ 3 MCT-jump test [CHITZAFIER DFEME, SLUOEBERE

THE+IZERE FHEE
FEHh B RS (s) 0.50%0.24 *
RABES
xABES  (m) 0.53+0.07 *
= ARDJindex (m/s) 2.76+0.41
= ARDJindex  FEHhBFR (s) 0.16%0.03
BES (m) 0.43%+0.05
n=13

* ;B K Bk B v BRF O 43 3 B ] & S KR D Jindtex By O BE B IRF T

BRMESLERARD]indxB O BES LOMICHEEZNRHONT (p<0.05)



(m/s) }JDEEE
8.50
=-0.156
ns. ce
8.00 {n=13 e o
o °
it i
Eiw o8
°
7.00 - e
6.50

BEHh R R

0.080 0.100 0.120 0.140 0.160

(mfs) RAERERBHE
11.0

T=-0455
n.s.

105 qn=13 °
°

100 - o
°®

9.5 4 ® o9 )
o &

9.0 : : :

0.080 0.090 0.100 0.110 0.120 (s)

5 Hh B RS

B3 T2 IEICEITSEDRRECREREEDRFR

F4 RATU Y MEDKRERE, BECEBFEE RDJpnge
B LUBRABE SR DR & ORI R

& ARDJindex RABES

REEE
ERE

B By

RERE
BRRXERERE

BB R

15 B A 15 Hh B RS
0.230 0.107
0.434 0.643*

"""" 0312 0232
0.093 0.793 *
n=13

*AEBGHAEBRAROH LN (p<0.05)

K 41F, ATV 2 N EOIERT B K Ok K R
DFAEEE B X O] & B K RDJ e FFIC BT 2 52
HBE[E] 35 &k OV K KR i B oD s B R & D MH BAAR B 2 7R
L7ZHDTH 5. HK RDJipge FFIZ BT 2 HEHIRER] & 0
WRHOEERE (r=0.230, ns.), BIOEKHEER
HOEERE (r=0.312, ns.) &OBITIIAEE /MBI
RIZFRD 5NN > 2. FK RDJpger FFIZ BV 5 2 HIIKE
f & DN R 1 O HE ] (r=0.434, ns), BRUEK
R E O] r=0.093, n.s.) EDOMICIZAEER
BB RIIED s N (K4). E£/z, mABEE
R D HE MR & I R O EEE  (r=0.107, n.s.),
BRI KEE RHOHFERE (r=0.232, ns) &OD[H
IZI3A B AHBBIRIZERD s o /2. KBk & Rf
D 2 HIRE RS & s 5 1 O B HEIRE R (r=0.643, p<0.05),
B & OV K J5 T D BRI R (r=0.793, p<0.05) &
DORNICIIBEE/RIEOMHBEMEMNED 5Nz (K4).

AT > b EDNERH B & R KIHEFE 7 O 3 ks
&S RFHNERE, BB ARELS, BERELOMTE B
BAEn MR, MEBAEME, ERARIAE, BIOMSRAE
E ORI THEBERBEBIGED SN0, IR TSt
FEHIRERE (r=0.773, p<0.05), K B AR E LA (r=-0.655,
p<0.05), IEEA g A AL (r=0.579, p<0.05) TH->

7= (K5, 6). EBKAHEERM CTIEHFIERE r=0.851,
p<0.05), iR O RBEEME (r=-0.749, p<0.05),
W B & A E 2R (r=0.712, p<0.05), $EHLBEE: O RS
Hif#E (r=-0.586, p<0.05), MEPIHIR/NAE (r=-0.604,
p<0.05), MEBEHIAEZEN (r=0.599, p<0.05) TH->
7= (|5, 7).

4, 2 B

ATV > NER, BERENE RIS Ttk
MBS B2 EVWHIEMEEZEL TR, BEEE &
i & OMICHE B/sHBIRR 20 - iE 3 d %
(#H, 2003; Kunz and Kaufmann, 1981;%/)1[1E7>, 2011).
— T, HPREFEOFE L IV HERE WIEE T
ZDOBEMNED 5NBNT ENHFEIN TS (HLIF
M, 2010). AWFFETIEA TV > bl OBRERE &2
il & OMICA B MHBERERIZED s e (K3), +
LED (2010) DG L7zt REDOFHE L N (AR
& 9.54 £ 0.37Tm/s) EARFHDOMREDFEL NI (&
AT 9.59 £+ 0.37m/s) 13 LERIIE WA TRt 53 Tdd -
2. Lo T, AMRICBNTESNDHRIE, AT
> b AEOEREREE &R & ORI A 7 B %
MR SNV RRE, DEDEE L X)L O KR
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RDJindex B 0 1 1h B RS

B OD 12 3 B

RABES

0.

0.

0.

0.

s) ﬂﬂﬁ%ﬁ
5

1=0.434

ns.
4 1 n=13
3 -
5 [

| (
$¢3°8 °

1 -
0 T T T
0.110 0.120 0.130 0.140 0.150
1

r=0.643

p<0.05
8 1 n=13
6 [ )
4 -
2 1 (

[ ]
0 T T T
0.110 0.120 0.130 0.140 0.150
besulisdin]

RDJindex 0 $ 3 B RS

B OD £ th A S

RRBES

(7l 5 e ST

BW19EE1H 2021

(s) BRREE BT
0.5
r=0.093
n.s.
041 n=13
0.3 4
([
0.2 1
od%d ©
0.1 4
O T T T
0.080 0.090 0.100 0.110 0.120 (s)
1
=0.793
p<0.05
0.8 { n=13 ®
0.6 - { ]
0.4
0.2 A ‘
0 T T T
0.080 0.090 0.100 0.110 0.120 ()
E Hh B

4 RT) 2 NELCHS BIEMERE & RABSROEMRE, & KURK RDnw FOEBFRRE & ORBFR

AR R

BEEHELS

=
EX

SARELRTE

%) IR E
75.0
r=0.773
p<0.05
n=13
650
550 4 @ [
[
o ©
450 - . .
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Determining Variables that will Predict Men’s Shot Put Performance
in the Qualifying Rounds of the Major Championships

Donald Babbitt?

Abstract

This study obtained performance results for the 95 men’s shot
putters who participated in the major championships (Olympic
Games or International Association of Athletic Federations
(IAAF) World Championships) between the years 2015-2017.
Statistical analyses were conducted for ten different variables
(age, technique, seasonal best, personal best, major champion-
ships finals qualified for previously, average of three best compe-
titions, average of five best competitions, average of three worst
competitions, average of best competitions within last 45 days
before the major championship, the average of the first three
throws of the competitions within the last 45 days before the
major championship) in order to determine which the variables
would best predict final round qualifying performance in a major
championship. Eight of the ten variables produced significant
correlations (at p <.01) for both qualifying round performance
and qualifying status. The strongest correlations were found to
be the personal best, t(93)= 6.41, p <.001, for whether an ath-
lete would qualify/not qualify, and the average for the best com-
petition results within the last 45 days before major champion-
ship (r =.745, p <.001) for performance in qualifying. Results
from this study may be useful in guiding coaches, athletes, and
federations in their preparation for future major championships
in men’s shot put.

F—7 — K : shot put, Olympics, men, championship,
prediction

Introduction

The shot put is a competitive track and field event that
traces its origins back to “putting the stone” as part of the
Tailteann Games in Ireland, which took place between 1829
BC and 554 BC (Black, 2009). Historically, the event can
originally be described as throwing, or putting, a stone off
the neck for distance. Currently, it is one of the four
throwing events (shot put, discus, javelin, and hammer)
that is regularly contested in the event program in the sport
of athletics. The men’s shot put event is contested by
throwing a 7.26kg steel ball as far as possible while doing so
within the confines of a cement throwing circle which
measures exactly 7feet (2.135m) in diameter. The highest
levels of competition for the sport of shot putting are
considered to be the competitions at the Olympic Games
and the International Association of Athletics Federations
(TAAF) World Championships (Jampol, 2012 ; Mack, 2016).

These are considered the major championships in much the

same way the World Cup is considered the major
championship for the sport of football (soccer). The winner
of these competitions is generally thought to be the best in
the world and will hold the title of Olympic Champion or
World Champion until the next edition of that specific major
championship is contested.

Previous research has yielded many studies that have
examined what performance metrics are associated with
the various aspects of throwing performance in the four
throwing disciplines (shot put, hammer, discus, and javelin).
Perhaps the most common has been the study of the
relationship between throwing performance and weight
lifting exercises (Judge et al., 2010; Judge et al., 2011;
Judge and Bellar, 2012; Pavlovic et al., 2012; Poprawski,
1988; Zaras et al, 2013; Zaras et al. 2014), or specific
strength exercises (Bondarchuk, 2007; Bondarchuk et al.,
1977; Karampatsos et al., 2017; Kyriazis et al., 2009;
Maszczyk et al., 2014; Zaras et al., 2019). Findings from
these studies were able to determine correlations between
personal best performance and various training exercises
for an individual athlete, however, none of these findings
addressed predicting performance in a specified competition
event relative to the performance of other competitors in
the same competition.

Numerous studies have also been conducted on analyzing
throwing performance by focusing their efforts on
describing the biomechanical components of men’s shot put
performance in order to explain a given performance based
on the measurement of variables such as speed of release,
angle of release, and height of release (Ariel et al., 2005;
Ohyama-Byun et al., 2008; Dinsdale et al., 2018; Fenton et
al., 2012; Oh et al., 2011). In addition, comprehensive
biomechanical studies have been conducted on throwing
performance in major championships to assess more
complex biomechanical variables ranging from torque and
hip-shoulder separation readings to implement acceleration
patterns and flight characteristics (Badura, 2010; Bennett
et al., 2018; Dinsdale et al., 2018; Fenton et al., 2012;
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Gutierrez et al., 2002; Isele and Nixdorf, 2010; Morriss et
al., 1997). As mentioned before, the bulk of these studies
have been designed to offer explanations for how a given
performance was achieved, yet, none of these
investigations were devised to predict future performance
and placing relative to another competitor’s performance
who are of similar ability.

Specific to track and field, there have been a number of
studies that have attempted to predict future performance
results specific to the sports individual events by utilizing
data collected from previous competition years and analysis
of performance trends over time. These studies ultimate
aim has been to predict future world record and maximal
human performance (Liu and Schutz, 1988), predict actual
performance results for selected events in past and future
IAAF World Championships (Heazlewood and Walsh, 2015),
and suggest mathematical models that described
performance result change for athletic events between
1960-2014 (Heazlewood and Walsh, 2015). A similar study
focusing on performance prediction by Pilianidis et al.
(2012) used regression analysis to chronicle high prediction
of performance accuracy in the men’s throwing events at
the Mediterranean Games in 2013. With a comparable focus
on throwing performance prediction, Zhang et al. (2011)
used document and mathematical statistics in an attempt to
predict gold medal winning performance in the women’s
shot put in the 2012 Olympic Games, based on gold medal
performances from the previous five Olympic Games
between 1992-2008. As with the case of Pilianidis et al.
(2012), the motivation for the study was to provide
information to guide a planning model for Chinese shot
putters in preparation for the 2012 London Olympics. In
retrospect, this study underestimated the winning
performance by nearly 70 cm, but with a subsequent doping
disqualification for the winner, the gold medal result was
adjusted down to be off by only 33 cm.

The sport of swimming has also been the subject of major
championship performance prognostication based on the
effects of the time between performance peaks as well as
the effects of various factor such as ranking at major events,
stroke, race distance, sex, age, and country (Mujika et al.,
2019), and the relationship between world ranking and
Olympic performance (Trewin et al., 2004). Similarly,
Anderson et al. (2008) attempted to quantify the
relationship between changes in test measures, such as
skinfold analysis, stroke rate, and blood lactate
concentration, and changes in performance at major
competitions for elite swimmers. However, unlike the

studies into track and field performance prediction at the
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major championships, the swimming studies measured the
effects of specific variables to quantify their effects on
major championship performance as a whole. These
swimming studies were able to dig deeper into the basis for
major championship performance to look at the
physiological factors to predict performance rather than
using pure statistical analysis from previous results to
establish predictive trends.

To date, there have been very few studies to actually
examine the performances within the major championships
relative to performance in the qualifying rounds and its
potential impact for predicting performance in the final, or
medal round. In one of the few, Pavlovic and Idrizovic (2014)
conducted a study to determine the difference between
results between male and female javelin finalists at the
London Olympic Games in 2012. The researchers
attempted to see if the performances in the qualifying
rounds were significantly related to results in the final
rounds for both genders. No statistical differences were
found for each gender’s performance from the qualifying
rounds, however, it was observed that, surprisingly, only
33% of the competitors threw better in the final than in
qualifying. In contrast to these findings, Babbitt (2018)
found that performance in the qualifying rounds in the
major championships in men’s hammer throw between
2008-2017 had the highest correlation (» = .6493, p <.01)
with the results produced in the final or medal round.

The purpose of this study was to identify the most
important variables in predicting the ability of male shot
putters to qualify out of the preliminary rounds into the
final round of the last three major championships (IAAF
World Championships, or Olympic Games) in the sport of
track and field. As can be seen from the review of
literature, there has yet to be a study performed on this
level of inquiry as to what factors significantly influence the
ability to advance to final round in shot put’s highest level
of competition relative to other competitors in the same
competition. Given the high stakes nature of the World
Championships and Olympic Games, and the amount of
time and resources put into the development of these
competitors by national federations, it is believed that the
results of this study would be of immense benefit for
coaches, athletes, high performance directors, and other
stakeholders in order to select the best athletes and
develop the best competition and performance strategy for
their ultimate success. It was hypothesized that factors
related to seasonal performance results, previous qualifying
success, age, and technique would be statistically significant

predictors of major championship performance. Given that



the variables all displayed significance, the secondary aim
of this study was to determine the order of significance for
these variables relative to qualifying status, and preliminary

round performance.

Methods

The study obtained performance results from the 95
men’s shot putters who participated in the major
championships (Olympic Games and/or IAAF World
Championships) between the years of 2015-2017. The
performance data was derived from competition results
from both the official IAAF (n.d.) and Tilastopaja (n.d.)
websites. Data for each athlete who competed in the
qualifying rounds of these competitions was recorded for
the following variables:

1. Best mark achieved in qualification for a given major

championship

2. qualification status (whether they qualified for the

major championship final or not)

3. type of shot put technique utilized (rotational or

glide)

4. age

number of times previously qualifying through to a
major championship final round (MCFQ) (major
championships are defined at Olympic Games, IAAF
World Outdoor Championships, and IAAF World
Indoor Championships)

all-time personal best (PB)

seasonal best for that given year (SB)

the average for the three best competition results for
that given year (Xs,,;)

9. the average for the five best competition results for

that given year (Xg,,)

10. the average for the best competition results within
the last 45 days before major championship (Xss)

11. the average for the best competition results for the
first three throws of the competitions within the last
45 days before the major championship (X suss)

12. The average of the three worst competition results
for that given year (Xs,,,s)

The best three-meet average (Xj,,;) was calculated by
dividing the sum of the three best competition results (v,
X4, X3) for a given season by the number of competitions

(three) as shown in the following equation:

Kpest = % (r1 + x5 + x3) )

A similar method was used to calculate the best five-
meet average (X, and worst three-meet average (Xg, o)

with (v;, V., V3) representing the three worst competition
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results for a given season.

XM,=% (e; + x5 + x5 + x4+ x5) 2)

Xaworst = % W1 +52+93) )

The average for the best competition results within the
last 45 days before major championship (Xs4,) for the first
three throws of the competitions within the last 45 days
before the major championship (Xjs4y) Were calculated
using the following equation were X (x;.....x,) represents
the sum of the competition results within the last 45 days

leading up to the major championship:
1

Xyasiays OF Xgsiays = o 2 (Xgeneniky,) 4)

All data having to do with distance in meters was scaled
by dividing the performance results (in meters) by the
automatic qualifying standard for the major championship
from that given season in meters. Table 1 lists the
automatic qualifying standard needed to achieve automatic
entry into the major championship for a given season.
These standards were used to scale the performances,
which would be expressed as a percentage, in order to
establish a base scale to equate results from year to year.
Dependent of the nature of the variables, a calculation of
either Pearson’s correlation coefficient, a Chi-square test,
or independent T-test was applied

Table 1.
The Automatic Qualifying Standard Needed for Entry into
Each Major Championship from 2015-2017,

Major Championship AutomSa tt;%(%l;ghfymg
2015 IAAF World Championships 20.45m
2016 Olympic Games 20.50m
2017 IAAF World Championships 20.50m

for 10 different variables (age, technique, MCQF, PB, SB,
Xivestr Xopest: Xasiaysr Xausiayss Xauorst) 10 T€lation to performance
in the qualifying rounds, and athlete qualifying status for
the final round were performed. A current statistical
software package (IBM SPSS Statistics Version 25.0) was
used to perform the various analyses and statistical

significance was set at p < .05.

Results
The statistical analyses for ten different variables (age,
technique, MCQF, PB, SB, X, Xspest: X454ays, X3/45daysr Xsuworst)
revealed that all variables with the exception of age and
technique produced statistically significant results in

relation to performance of the athletes in the qualifying

13



round and relative to whether the athlete was able to qualify
(by finishing in the top 12 places) for the final round. The
results of these t statistic were reported in Table 2 relative
to whether the athlete was able to qualify (qualifying status)
for the final round, and Table 3 for the Pearson’s correlation
coefficient (7), relative to the athlete’s performance in the
qualifying round (qualifying performance). Results were
listed in descending order in both tables from strongest to
weakest t statistic or correlation. The variable with the
highest impact on whether an athlete would qualify for the
final round was that of the athlete’s all-time personal best
performance t(93)= 6.41, p < .001. There variable with the
highest correlation to performance in the qualifying round
was found to be the average performance in the
competitions within the 45 days (Xys4,,) leading up to the
major championship (» =.745, p <.001).

Table 2.

T-Scores for Selected Variables Related to Men’s Shot Put
Performance in the Qualifying Rounds Relative to Whether they
Qualified for the Final Round in the Major Championships
Between 2015-2017.

Relationship of correlation df | tstatistic | Significance
Qualified vs PB 93 6.41 p <.001
Qualified vs X5, 86 6.17 p <.001
Qualified vs X0 93 5.76 p <.001
Qualified vs Xy 93 5.56 p <.001
Qualified VS Xgussas 84 5.52 p <.001
Qualified vs SB 93 5.20 p <.001
Qualified vs X, 92 4.48 p <.001
Qualified vs MCFQ 93 4.42 p <.001
Qualified vs age 93 -0.03 not sig.

Note: X 5445 the average for the best competition results within
the last 45 days before major championship; PB: all-time per-
sonal best; Xy 54, the average for the best competition results
for the first three throws of the competitions within the last 45
days before the major championship; SB: seasonal best for that
given year; Xz, the average for the three best competition
results for that given year; Xg,: the average for the five best
competition results for that given year; MCFQ: number of times
previously qualifying through to a major championship final
round; X, the average of the three worst competition results
for that given year.

There were also strong correlations found between both
qualifying performance and whether the athlete qualified
for the final round and the variables Xgy,o, Xa45, Xsuorsty PB,
Xapests MCFQ, SB, and X s4,,,. However, despite have the
same variables showing high levels of statistical
significance, the correlating variables did not exhibit the
same descending order pattern in both tables (see Tables 2
and 3).
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Table 3.

Correlation Coefficients Between Selected Variables Relative to
Men’s Shot Put Performance in the Qualifying Rounds in the
Major Championships Between 2015-2017.

Relationship of correlation | 7 R? N | Significance
Performance vs X sz 745 | 555 | 87 p<.01
Performance vs Xg, 698 | 487 | 94 p <.01
Performance vs Xg,., 696 | 484 | 94 p <.01
Performance vs PB .654 | 427 | 94 p <.01

Performance vs SB 644 | 414 | 94 p <.01
Performance vs Xysiss .638 | 407 | 85 p <.01
Performance vs MCFQ 324 | 104 | 94 p <.01
Performance vs Xy 223 | .049 | 93 p <.05
Performance vs age -103| .010 | 94 not sig.

Note: X js40s: the average for the best competition results within
the last 45 days before major championship; PB: all-time per-
sonal best; Xz, the average for the best competition results
for the first three throws of the competitions within the last 45
days before the major championship; SB: seasonal best for that
given year; X3best: the average for the three best competition
results for that given year; Xg,: the average for the five best
competition results for that given year; MCFQ: number of times
previously qualifying through to a major championship final
round; X, the average of the three worst competition results
for that given year.

The bottom two variables (technique and age) did not
display statistical significance in either table. Conversely,
the average of the five best competitions (Xz,y) was weakly
significant (» =.223, p <.05) relative to performance in the
qualifying rounds, while displaying statistical significance
with regard to the athletes qualifying status, t(92) = 4.48,
p <.001. In order to determine if there was a statistical
difference between the rotational or glide technique with
regard to qualifying status or qualifying performance, a
T-test was utilized to determine differences in qualifying
performance based on the technique used, while a Chi-
square analysis was used to determine differences between
qualifying status and the specific shot put technique that
was utilized. In both cases, no significant differences were
found between qualifying performance and technique
t(92)= 1.15, p = .1258, or qualifying status and technique
X2(1, 95)= .47, p = .490.

Discussion

The primary purpose of this study was to identify the
variables of elite male shot put performance that could best
predict the performance of these athletes in the qualifying
rounds at the major championships for the sport of athletics.
In order to do this, performance data for the competition
year leading up to the major championship was collected for
each athlete that qualified and participated in each major
championship held from 2015-2017. Applicable statistical
methods were used for each of the variables under study to

see which ones were the most important in predicting



whether an athlete would qualify for the final round of the
major championship.

Statistical analysis revealed that nearly all of the variables
displayed some level of statistical significance. Eight out of
ten variables in relation to both qualifying round
performance and qualifying status met the threshold for
statistical significance set at p <. 05. The average
competition performance within the forty-five days leading
up to the major championship (Xys4,,) exhibited the highest
correlation of all the variables for performance in qualifying,
r =.745, p <.01, and was the second highest with regard to
qualifying status, t(86)= 6.17, p <.011. According to Cohen
(1988) this Pearson’s correlation coefficient associated with
qualifying performance represented a very high correlation.
This finding suggested that level of competitive fitness an
athlete exhibits going into the major championship may be
the best indicator of potential performance. While it
appeared pretty straightforward that producing strong
competitive performances leading up to an important
competition would lead to similar results in the important
competition, there may have been other added benefits to
strong lead-up performances in addition to just exhibiting a
high level of competitive fitness. Strong lead-up
performances going into major competitions may have
enhanced the competitor’s confidence that they would do
well in competitions of even greater significance. This
development could have built upon the competitors already
strong level of performance. Rosenqvist and Skans (2015)
found that previous success is an important prerequisite
when performing in high-stakes competitions in
professional golfers. These observations may have carried
over to the sports such as shot put whose qualification
format in major competitions is similar in many ways to
that of making the cut in golf. It was also postulated that an
enhanced sense of hope or confidence brought about by
successful performances leading into an important
competition could also explain why qualifying performance
was most highly correlated with athlete performance in the
45 days leading into the major championship (Curry et al.,
1997).

Five other variables exhibited a strong correlation to
qualifying performance with correlation coefficients of » <
.60, however, they did appear in a different descending
order in relation to qualifying status and qualifying
performance (see Tables 2 and 3). Nonetheless, these
performance driven variables (personal best (PB), seasonal
best (SB), average for the three best competition results for
that given year (Xj,), average for the best competition

results for the first three throws of the competitions within
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the last 45 days before the major championship (Xzs4ss),
and average of the three worst competition results for that
given year (Xs,,.)), were all highly significant indicators of
a shot putter’s ability and performance potential. The
specific measure of the shot putters worst three
performances (X,,,) Was considered to be an measure of
how well the athlete would perform under pressure since it
was a representation of what they would do on their worst
day. Qualifying rounds can often devolve into situations
where a competitor is trying to survive to advance to the
final round rather than maximizing their best form
according to University of Southern California Throws
Coach Dan Lange (personal communication, June 3®, 2019).

The one remaining variable that was ranked seventh in
the descending order list in qualifying round performance
was a measure of the competitors experience that counted
the number of times previously qualifying through to a
major championship final round (MCFQ). While this
variable did exhibit a mild correlation (» between .3 and .5)
it was conjectured that it was not a stronger predictor since
older more experienced competitors with a high value for
MCFQ may have also been past their prime and less
prepared physically than their younger competitors, thus
negating some of the positive effects of successful
experience. This can be explained by the inverted-U
character of the age-performance curve for men’s shot
putters which crests at 27.8 years of age according to
Haugen et al (2018) and 27.3 years of according to Babbitt
and Saatara (2014), interacting with the linear nature of the
major championship qualification experience which is
cumulative over time.

The variables of both age and type of shot put technique
(glide and rotational) did not demonstrate statistical
significance. Both techniques have been used successfully
over time at the major championships. While the rotational
technique has been gaining popularity over the past fifteen
years and is now the predominant technique used by men’s
shot putters at the elite level (Babbitt and Byun, 2017), it
does not diminish the effectiveness of the glide technique
which has been equally successful and has won many
championship medals over the years. The average of the
five best competitions (Xg,;) Was the only variable that did
display weak significance (» =.223, p <.05) in relation to
qualifying performance, however, it was found to be
significant relative to qualifying status, t(92)= 4.48,
p <.001. The most likely cause for the low correlation to
qualifying performance was that this specific variable took
into account too many competition results to make a clear

distinction between shot putters performance during the
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competitive season. Given this result, it appears that
averaging on the top or bottom three results for whole
competition year before the major championship was the
more effective way to predict qualifying performance from

in-season results.

Conclusions

In conclusion, this investigation showed that the variables
of average competition performance within the forty-five
days leading up to the major championship (Xs4,,), personal
best (PB), seasonal best (SB), average for the three best
competition results for that given year (Xg,), average for
the best competition results for the first three throws of the
competitions within the last 45 days before the major
championship (Xgs4,), and average of the three worst
competition results for that given year (Xj,,,s) all displayed
a high correlation with regard to predicting performance in
major championship qualifying for men’s shot put.
Furthermore, the variable measuring the number of times
previously qualifying through to a major championship final
round (MCFQ) also displayed a mild correlation. These
majority of these results were in line with the hypothesis
that these variables would be statistically significant in
predicting qualifying performance in the sport of track and
field’s major championships when competing against other
shot putters for a fixed number of qualifying spots. With the
strongest correlation relating to qualifying performance
associated with the competition performance in the 45 days
leading up to the major competition, it appeared the most
crucial preparation and programming decisions needed to
occur in the weeks leading up to the major competition.
The data suggest that this period be given special
consideration by the people responsible for athlete support
to insure that the shot put athletes are able to exhibit top
performance within the timeframe. Given these findings, all
major stakeholders involved in the support and
development of elite men’s shot putters could benefit from
these conclusions so they can make the relative
adjustments to their planning and preparation for future
success at major championships.
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The study of foot posture in Japanese male athletes training for race walk event

Takane SATOY, Keigo OHYAMA BYUN?

Abstract

Foot posture is one of the risk factors for knee and foot injury.
Many athletes in race walking events have injury histories on
their knee and foot which might be caused by problems in foot
posture. However, knowledge of foot posture in athletes train-
ing for race walking events is insufficient to prevent injuries.
Therefore, the purpose of this study is to investigate the foot
posture in athletes training for race walking events and show the
knowledge how to prevent injuries. A total of 45 Japanese male
athletes in race walking events (90 foot) was recruited for the
measurement of navicular height (NH) and foot length (FL).
The history of training and injuries were collected from each
subject. Arch height index (AHI: NH/FL) and NH of left foot
was significantly lower than right one(p<.05). In most of injury
histories, foot injuries occurred on the left foot of each subject.
The usual training site for most of subjects in the present study
was the circuit course in the direction of counterclockwise
where they walk with left foot inside during the curved section.
In conclusion, the work load to the left foot might increase with
these usual training site. This load is likely related to the low
NH and AHI and the frequent injury of the left foot. For implica-
tions, it is suggested that the training of racewalk on the circuit
course should not be continuously in the same counterclockwise
direction with the left foot inside, but also in the opposite direc-
tion to prevent injuries of the left foot.

F-U—F: BEBT —FEE AHRES EHE AR—
ViEE, BETFH

1. ¥&

i EgiEEEH O —-DTh2H4HME LT, 54 13,
k2 Th 5 EHEZ 5N TS (Kummant, 1981).
ERRIZ, L2ZUIZ—=2a bl LX)V EFRLE LU GER
BEIZHBWT, BAEEBREENEET 64 EHIT1EO
HETZERBRZAEL TV I &2 L/ Francis et
al. (1998) 13, ZOZ & EIITICE AR, FAT b
MEBEN DL, BRETHDEVIEHZELWEASS
ELTW%, £DO—J}T, Hanley (2014) 13—ifipits#
EMBRITHEZEITVY, 1124694 (62%) A% 1 4H

1 ERZERBZAEL TWEZ E2HELTNWS, &
DT EMNS, FBELNINNELEEEXL0GENEET
HMENELRDIENBEZLN, LT LbHSNLE
ThdEEFEVWTNRWEEZ SN,

AR—=VEEOHEKEL TIE, FAECHEBEOREERE
DI T E MW7 SRR E DN R T HET 51
TETRD, 791 A FBHNWEFO—DEIND
(Bahr and Krosshaug, 2005 ; Lun et al., 2004). 7 J - A
ChER B BSOSO ET (LA, 2004), #
LR DEFITH DAY T 1 v (FH) Y I1 A b &
IEF ORI TH DY F IV @) 751 A2 b
DOFEENH D Pk - 88H, 2015). FTREOXY T 1 v
D7 ITAARNIFAFIVIT T4 AL NIEEER
FTZENS GHUIED, 1999), AT v 7 54
A IMEZAR=VEEDY X7 77 7 ¥ —DREETT
ST L, M FIVvITIAALNRBIZEBEED
THICHDRNDOFERTH D EEZLENS.

THOZAS 574w 7 54 A ~ELTIE, Q-angle
PR ON - S, BT —FBRERENRENTH
50, PFTHREMY —FERIIBEICEHRAZ T TR,
ERFDENIZE D FTRONENDFEEKRIZL, 7>
ZITBNWTETRICBI 2H5EDV AT Ty 7 & —
D—DEHDES (Nigg et al,, 1993 ; Williams et al.,
2001, Rodrigues et al., 2015).

INETHHEINTE SR E LGEREIC
BB ZEEALE LTI, Francis et al. (1998) D
Tld, BEE N RDLL, 2@ZEHE502 D55 D
21.3%, fEWTREER20.7%, IKER12.7% Th o7z, %7z,
Hanley (2014) O#E TIXFEMAEIGIIRI N TWARN
B, NLAARNY T ZANRSE<, BB, By
TWa., IS OMHFITHB N TS E O GEIT
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WL TEZWEIEZ 5D THED, BHECBW TR ZEL
PTVWHMNTHDIENEAD. TDRD, TOFEE
DIERIIFHOHBITBNTZE LT WEEZRRIC
B &, Bitk 726 D 2 kR TS 2 L R RRRITL,
INT A= AZMEF - M LS EDBANSEBERDOD
Wb EEZLN5.

HEATIZE WL, M S & BHITEE TR OE
NWAEL, ENTHEWTIEANEL T ZETHD
OwF T ARNZZXLANEEFIN, BN 21
AL TWD (hOE,, 2009). ZZTOHEETR
REEI D RIPNIZN I FEENEI < Z &k - THIIE N, 55
WIZEBERENS SNEMLTWS (\R1—, 2007).
ULINLEM S, EFICRDARBEEOOEDTH HHBE
B OWEEINTEE > 258101E, s OB E
D, BEGBITHT 2 TRANIEORIGHHE S I &NHE
INTHY (Ferber and Pohl, 2011), Z D EEBEIN &L
BNEE OHEENT T > F—II BT 2 BEGEHEDY X
Ty —D—DELTHISN TS (Rodrigues et al.,
2015). Imhauser etal. (2004) 13EIEHANEERT —F
SHEDMEFFICEIL TH D, BEISCE OB MY —
FORTEBIERITZEEREL, BICFAET—F
DRHLIIEBREHOWEETITORNDESELTY
5. T 51T, Headlee et al. (2008) 13, EHNIEM N
HITBHIEEOTHREIMT —FMET L, BEDER
MREDZEERELTVWD. ZNHDTENS, B
T —FHREITDWTHIS Z & TR ERIET ORI 2
L TWABNTEBRIMEM OIREZEIZET 2 2 ENTE,
SRR BBIENC BV B ED TR DA RS S 1
LEEZLND.

FAICB TS REMEREICET 2 HEIE DL,
Ekstrand et al. (1990) 7%, 50 ~ 70 D 5LR U 7= Bk #:
SHEEABEE 4 A EWRITT T4 A2 MREZITY, 6
HRERE, 1ANMETHH> I Ea2MEHEL TWa.,
L L, ZOMETIIRROERETEREENTES
T, FRICKDEENRKMIN TS DMNEHS M TR
W AT, BIEAECEHIEAREIIRINTHE ST
BARITBIT DR — T EOFEEIIAHAE TS 5.

oz &hs, BEY —FHEFFAITBNTZE
LT WEHSCHRESOBEED YA 77 75 —L7sD
BEHDD, BBRITBITEY —FREOEEIIHSNT
IF7sWn. 2ITC, AWM CIEFEAEE 2 M &I 55H
FIZBIT2 M7 —FTHEEzHET S I LT, ZOMHm
WZDOWTHETL, #RICENnEIND BB IO
DFEITHT 2 FHEEZRET S I E2HME L.

2. A &
2.1 MKRE

WREISAEEZEMEL, FHFICBWTELD
b —Z 2 7 B RGRICIT S TWAENB T3 H T,
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REFE, R ANDEFEH45 %90 RE R e Uk, Bl
ORHEITER IR Uz, BBRFITIIANIFEONAE 2 E
BLUOBEICTARNMTHBIL, EBRBINMOFEEZRHEZ.

22 FT—HIN&E

T—4 QIR 2017 FF 3 A0 SEE 8 BT T
Tz,

1) 7—FER

AIFETIE, BE7Y —TFREOHREELLT, BH7—
FOBS (FHRE®) ICHT22EOFEE KL 72K
APRIED (1989) OFFEEBEELETY—FEE (K1)
Wz,

1) FHEIAE
EEOFHANCIZE G 21T, B EOHKRT >R
=27 %&b LICEMNT 2EGEHEE v, FHEEL
EG RN 7 b Image] 2 W THEEZFAED 270,
HANS BREETCONEBE RO L ZETHONE. £
7, FrUTL—a dEGRIEICEGNOF ) T
L—>a hR=)lEbEilfiolk —H T HREE,
E{G TOE L W=D <)L F > LAREHES 2
TIRENSAHRE THMETOE S ZEBFEILZ. £/,
BE, MMREEBXUTY —FEREDIT, FHUMEIZ/NL
MU RNE A 2B AL .
2) EBEEE

fE15 DWERENL B AT R L, #5RE AN DALIE I

R1 HBREOSABESLVACESLE

Fi9+SD

8 () 21.8+4.3
gk (cm) 172.6+6.2
*E (kg 60.1+4.5
5000mPB (%'#") 21'56"+01'17"
BERE (F) 5.4+4.0

7 —FEE(%)
=fHAB & (cm) + B&R(cm) X100

FHRE Tin

&R

H1 7-FHROBHAE (KAREH», 1989)



ATy —D0mzablE, BIHREZRNIT D720,
FIMS 1ImBENZE AT IOZIVAI AT (EX-
100Pro, Casio £ & Hifi/n S 70cm O ST E L7z
F7/7, 02m MBI CRAZHIIRT > hEnzFv ) T
L—3a ih—)EAY v+ —0 0m (\LEICEEICHEL
z. ZLTC HBEICITEDLETAY v—0 0m (L&
N> THS I LD IHamRE L. gl 3giE oy
MET 2 RIY—=UBEUOF U T — a R —)LHHE
B CHATEDXDITEDOEET M B K O H KR
(1/5-1/1000 #) =G LTI 7=,

3) FHEIEAL

FHANE T N TN TINE 2 EAHE%IC L T o 2.
OFtikE &

PeBrE ONREIESE AR 9 2720, fH)II (2007) @
Leg-Heel-Alignment #I5E /5% 2512, WKENET 1.5
A1 >F @8m) WD Ty 7 &FANTIE, TOIRE
TEHADH 2 BEOFZEA TR XS ITHERE L
7=.

Ok

X 0.6m DE D ETHARDELEA N AT Ol &
VAT E DI D& IiERE L, FEegli~n—
BEIWIREE TR 217072, T ORE, ORI
TZEDBOHNATONEIERBEICRDEDICERZL
7=.

@2 WsEOTOT 4 —)b

FWBRFEOTOT ¢ =)V EHFHET 572D BRI EE
L7z, EREB S REE BCiék hL—=7
W (ARPBRfTHEEESED N —Z 2 FHERE), &
SIZINETHESZFERE L TZELEHEEOZEREE
Utz RIS E D S BHEERREFEL, AL THES
%, BERGEE, FEEICET2EMETo .

2.3 #rEHinE

WEHLENZ, #EHY 7 b o 7 IBM SPSS statistics
24.0 for Mac 2\ THro 7z, T HRE 46 LD ELAT
NTNTORE, MRBERLUVT—FER, 517
= ISR S NI HEREER O N L —Z 2 TR D
#IE H 12D T Shapiro-Wilk @ iF#104 D#E % W TIE
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Btz Lz, RICEEFHEBEAICB T 2 EAZEIC
DNTHFT 272012, WEDH 2 tREEH Wz &
B, AEMIIEHRE X AHTHEL 2.

KIZ, SEMBEER EHERFEBION L —22 T
RMERTINT A—% — L DHBEEIf% %2 Spearman DJIE
PrARBE A% & W TRRET L 72,

3. B R

3.1 FHIEHODIERM

Shapiro-Wilk @ IEHE DIRE DFER, KA il iEEHE
BIERDL TnWd 2 EMNRERSI Nz, —F, BRRE:
HEBEXORL—Z 2 7 RAOFHBIZBWTIE, EHRD
HLTWARWHEANRS > 7=Z &b, HBEREROBATIC
137 2 NT A RN v 7K Tdh % Spearman D JIEALAHES
R¥E AW

32 MEEEHOEAZE

FEEEH T — % OEIE B K OEERAEZE 2 1R
L7z, ®MIEDdH 2 t EDKESR, EE (t=0.990, p=.327)
WWIEELADOHBICBWTHEEDNRD N> H
OO, FHIREE (t=2497, p<0.05) BIUVT —FEHR
(t=2.239, p<0.05) IXLEM[NHEEITKN D 7.

33 BHREELEEBUEELIVMNL—ZVIRiRED
1HBIRA{R

FREREER & BEREEB XN —Z 2 TR &
RINT A= —LDOMHEKREMELRIITRL .
Spearman D IEM BRI =M L 2R, BEIKE
WiEE (r=.327, p<.05) SHRE & (F) 1 ZEWBERICH >
7z, iz, EOMESEE (r=-316, p<.05), HO kT v
JHEBEE (r=-379, p<.05) MEWEEARESE )
EWERIZH o /2. 51T, BEOHEHE (r=-.295,
p<.05), DT v VHEHEE (r=-337, p<.05) A&
WEETY —F@mE (h) FEWEKRICH>7=. —HT,
FHREE () BXUOTY—F&EE () IKIZoks5k
BIfRIZERD S 7o 7=

K2 ARES BR T-FaXIIBIZELRE

AREECm) EBR(em) 7—F5%F(%)
& F3H£SD 42+0.5 25.2+1.2 16.7+1.8
E Fi¥5+SD 41+0.5 25.2+1.2 16.2+2.2
58 p<0.05 n.s. p<0.05
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xR3 EMEELSEFUESIV ML -2 KR EDEERER

gR FE BoOREHRE  ARETERM 805y /REBMEEORN— FREHEE
AREE ) .327* 0.289 -.316* -0.25 -.379* 0.218
ARE = (K) 0.137 0.089 -0.151 -0.022 -0.222 0.07
RE®) .618** .400** -0.086 0.047 -0.118 0.166
RR(E) .665** A55%* -0.133 -0.067 -0.139 0.153
REB7—FaEEH) 0.034 0.101 -.295* -0.275 -.337* 0.148
REBBT7 —FaE(E) -0.161 -0.139 -0.082 0.004 -0.157 0.03

34 WmBERRELTREBLIEGE

(1) BHLLOZGIE, ZGEK

45 i 33 # R RIK & Le M s O GEZ A
LTHD, KT HhoZEnETsNk. 2kzZE
L TR 2 BGiAd, BB TH 164, 5
frDE 211 (263%) THo7z. RiTL<WE SN
ZAGEALIZ B T 4, £ 13 DR 17 (21.3%),
PR, KEREETH 8, 72 8 HEDFT 16 £ (20.0%), 2
BIEiCTH 8 fF, L2 MdaH 10 (125%), FERETAH
51, 3D 8 (10.0%), WMEETH 0 #, /3 #,
R 1D 4 (5.0%), RBAFITH 4, £ 044D
stk (5.0%) Efiniz.

*p<.05, **p<.01

o, BWMLOZGEERL, BN 164 356%) &
BROHZNoTz. RNT, BE13 4 (28.9%), KREH 11
% (24.4%), EBEETI 8 44 (17.8%), FHEER 6 4 (13.3%),
fEE 44 (8.9%), MBEMiI3 4 (6.7%) &tz
(2) BN DN

B DZENERITDONTIE, K4ITEED B
OEFETIE, REMREEGSCEE, IHEERELOZEN G
2, E8HDGFII0thEHEbEL N o, KWT, ED
FOFRRCHEERIZE (G 18, E24) BRES
WU E DI (B3 ) NEBIT3IHEL,O
7.

K4 BEBLAOREAR

M

1SERL ZERE

=) ) EHOAFMW)

B2/ BREEAR0ZE

ISR D RS

FERBa AR BREPT - REROTHOEE

BRoEOZE
Z Dt

2 5 7

w N W o

RERERX/EE - BEXEAIOZE
RORDOBEL - Bz
BURE - WAL & DRSS B

BB
Z Dfth

=
o

NLRBMY YT ZOAEEN - BHIEX

REBDOZE
AREER KERBE S B

EH L EREHDORE

Z oft

o

FERAER HIIS B a4 & DRREE %

Z 0ft

TELRABR/TXLABEOZE

SVRTYV b
FHELD ¢

BIEESRDa Y /S— P A Y MEREE

% Dt

= R o Rk Rk oloRr MR BOoO WN O R R R

3R]

FEH
R LEHIER

|
S
2
=

R BaER K75 LIRBEERI TORE

PO ol © B NIFR W RB|FE P ODN &P O FR NWERERDNOG

BlE WW R = WIN & BRI, DN W OO|E W Ww

olr, ™
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4. £ =B

AR D HIIFAEE 2 FEME T 5HBEE BT 2
BT —FREEZRET S LT, ZTOMEMIZDNTH
FL, BTN E I NLBEETR KR OEEITK
THTHEERIRET AL THH .

Y —FIBREDIREDO OV EDTH BT —FEHERITD
WTHRE LR, EAENRD 5N, ENEEICK
Mol i, BEELIHRBEOLELGEIIDNWTOHHRE
L7z&Z A, HREBICOAENZD 5N, LA E
Ko7z, 7T—FEBIIRREAHREEICE > TR
ENDD, TITOT —F@ROETSHRE®m DA
EBHDTHHEEZLND. BihrERRITEHTY —F
UHE 2 Mt U 72012812, DT 0ICEER% O Bl & x5
KT IS4 AL REHEL, UWET 6 LMNRIERE 140
M Tdh o7z &9 % Ekstrand et al. (1990) DOEAT A
S5NDDAHTHDHN, T TREBZEHIMEIS RE N
TR, R TIE, KD FEMIC B R F R F ORI T —
FIRIZ DWW T 21T o 72/ R, BEMNREEICXD,
T —FREBIIEEGZEZND D END ZENHE MRS
/z.

T HE AR TIRFIC IR 0 S MR O @) & 2 21T 7803 5 250
DET —FH3es IR DT AR EH I B W T E B E %
{85 TPH D (Caravaggi, et al., 2010 ; Kondo et al., 2017),
AWFFED FHR B EE, WEIOHKY —F OB I 1c% i~ 5.
NI Y —F @ ORADER & LT, 7—F 2D
BIER D —D T b 1M i = S SEPNAE T D HE e
TR EM¥EIF 5N 5 (Imhauser et al., 2004 ; Headlee et
al.,, 2008). FD7=, EEEHIOEH R EICL D BEEH
LT —F O EICEL DB L, BHEHD
KN 72 & ORISR ICREADVE L 2 EAHIR
FEETNEEZ25N5. HEEFRIIBWNT, FER
TICERFEIE RN D RIS E 1IE 2 IT< WD,
AFFE TR SN2 T —F ERO KA ZIFH DO E I
SEN - BRICLD2HDTHDEZEZALND.

AL T D T LR EEM T OEEN/NI NI
HEH 5T (Cairns, 1986), AWFFETIEFHAICRNTDH
EREMS T HEEZHD 7 —F O TFNEL 5 lHelE
MHBZENRSI N BAIFEHINCLD, [z
EMOBRN S BEDONBEIC/RESETES>TITHITS
7R TTR S 78 (HARE EFiEGEE, 2019). 20729,
RBEET D Rl - R IC & D EERIGIHIRRE X 41, ERIHT
EREESTOHRBNOFHNBRKELRDEELZLN
5. Fie, EHENCEBEENIEE S TORBEETO T >
LRI E E 1 (Cairns et al., 1986), #EHi%IC
VR —RUICEE LWL DT, BifEE i A mag it
gzl 2 Lt s BEOBE 2l L T2 (Hanley
and Bissas, 2013). ZHUZ XD, HiEBEH D AR E
0, BHEEEMETLL OFEENRBL THDHE
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DIFFAITDIEN D T ENERH SN TS (Hanley and
Bissas, 2013). L/ L, fREETHIREINSG XD ITHE
TIIREIEi 2 BEHATIC NI S &, —ER EEBHNTNS
BN < (M, 2009), BEHiETO LR OBEZ
BT Ca<EHi <725 (Song et al,, 2013). =
TR D, M ERESRINZHET 5/ T bH 5,
BISB S DT —F OISO S B\ Q&M
RERDEZEZLNS.

T VTICETAMETIE N T v 7 & KEEEHE D,
KEstEl 0 ICE- 2 HmE, ML —Z 2 FRiIcENTN b
Iy DIA—F =KL, NEOREEHY —FNIMilD 2
FOBEFTLZZEMMEIN TS (T 1Z 0,
2009 5 EFEA, 2010 5 (LA, 1991). £/, hI v
TOIaA—F—FEIZBWTIE, JI—F—iZx LN
DFEENIMUZ A < toe-out DETEMNERS, — 5 DIl
D BIED T AT 2 1A < neutral f#E[A]ASHRV T & RS
N (BILIEH, 1989), Z D toe-out DIRAETIE, BEE
TREFOEINIIAREL RSB EINTWS (JIIHF, 1988).
ZDZENS, FIY I TORRETIE, I—F—TO
BERREIC R D O —F — Tk U TN AT E S % 2D
BINNFR<S 72D, 7 —F X OWEEMNMETL Ty —F
MEMD, REHAREAT DI ENBEZ SN, Fii
BNWTHI PV THEKRITET v 7 TOMENTHON
5. GETHOBENS, NIy ERINEDITHLSE
BLRZIToNDD, —BNTIIHEREE<REDRE
BHOD, @, SEaTHwWeN2EENad—F—
OHNMENCEE I NS HAIIHELS T ENZNEAS. 20
729, SEOERHTY —FOHREERIKTE, v I T
OFEITRD, BHENOARNLARICHRTI—F—H
HIOERTRELBDZIETHLEZDTIERRWNEE Z
5N 5%.

/e, AU By MR EHEEGETFHERS, BA
Rt bt  E M, T HHERRETIE &S
25km, RE2kmEINTWAEEI—Z2D1FN
2014 Ep 51, & 2km, A lkm ICEEIN (H
AR EFEEOE, 2014) . FHUTHEW, BEOFHHA O I—
AMMAEEI N, HAETIE 0.5km H U <13 1km DEAR I —
ZADHENREREL> TS, FDRD, FEITBNT
HEFEEI-ADNHNEND T ENHD, TOHAEITIZ
L — AR E R 2 NANZELE LSS DR L 217D
ZEMEZN. AT, BEHETIIEETOSRbEHEIN
T EMS, IFEENHEEOHZEZMHAETE LD
FUEHEEEL THEL ZENHERIN2EEDDH D
Ck#, 2019). ZOXSBERI—ATOIIRL DG
T, b v ZlRCHEEEZI—F—NMICHEIL, 2
WCHREEZDEND D720, EEHORNIT—EiHR
F0, 7—FZEFITEDDHEEANL O KRELRERNNN
5EEZEZLND. ZHITDOWTIE, EROHEEEZHEIET
ZEIREDIFORLOMEEBEKREDIES LED, B
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O—ZA TR, FROBHGOHNE & W BB
DRLZRETIT, HEMESCNITHIMZEZEATRH S AR
TELHEOBA—AZHERL DT HIET, a—F—
PRUBI 0D J 50 Kt B 0 [ PR 2= D 9 2 S BEET PR S A B~ D 3t
ElAHEZEHL, 7 —FOENEHIHTL &N
TEsEEZ6NS. HIZ, BEHDOITTIINT A
IZBH 5 BB DR RECRISEH O N L —Z > 7 Z R
MICfFS 2 &H, BINRTY —FXFOMILICEZ TH 2
EEZBNS.

—, BERHIZE > TR S N2 E OB BEE S L U5
DRIy TOMEHEEMREREBIOTY —FTEEL
OMBEERERZE 25, AUTOHRFHNZNS HED
HEHEEBIED b Ty 7 TOMEBEENE<R51F
ERRBEBRVY —F@HRIIE< 25 FEGEED 51
2. ZDZENS, HUOTY —FIIHEHEEBI T NT v
7 TCOMEBEEDHRICE > TR R T 2 iREMENH 5.
ZITEMDY —F TREGNED NN >7I &
&, 7T QR TFAHEEE LT TR BEMEICD X
52 & (M, 2009), I—F—IZHLTHHDED A
HARWEMT D ENEZALND T ENDG, HEHEENK
MoELTHEMIIDODNWTIE Y —F DK FE5I S
TSR DD EZZ LN D.

By —FORTFIZEHOBANZEZ®RD D &I N
(Headlee et al., 2008), EHBDEINITE R~ D Z ~
L A%H=53 2 &/Mm5 (Chanetal, 2014), —#&RAIZ,
Y —F O TNEREEfEE S U TR EREAD X b
L 2Z2ED5EINTHBO (FEARIFH, 2006), EIRH:
R EDRTGEOERN LD EZEZLND. EI,
SEOEMMICE > THONEZERETIE, 17H0-
HEEDS BEMMP 13 ELNWEIG LIRS THED, Z
D5 B 8T EEMRIEA L REHOGETH 2. —F
T, ARIZBVTS BRI IEERE ] T O EFENZ
Fonien, FofEiE2 e, ERITHN, DR
MZdHo7z. ZOZ &R, bTy 7 TOFECHVIEL
EITOMEICBNWTLERENNINCEE S NS SN & E
D22 &ICkD, ERANOAMMPEML, KDY —
FHREELNTRT TS 2 &L > TEREO BN
0, ERE GRRITRIEK) DOEGENLWEANCEN -
LEZOND. £, ERICOHR 3O EINZET
SN ENSD, HRICHRTERANDAMNPKE N
ZEMEAD.

UEDZEMS, by 7 TOMERITVERL 217D
HEICBWTIE, AR —F—oREIcEESN S
MIZE DT 2D TIRARL, EMMICRRAmAES Z
EEMDAND ZET, ERHOY —F ZFICED 5%
BB R R ERNAE R RN DB R AR & 08 L, &
HESR TS EDRBIEFDEES, WITEHTE W Ig8EREA
MOFERMICKDGEETHTHILENTEDHEEASN
5.
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I 51T, BERENOEEIME NRENE DB & D REfR A
WEINTVWDZ EnD5 (Nigg, 1993, 5 Khamis, 2007),
DR E L Tn A ST omEN & FHEAN
JEIFXEBDITH S B TWDH I ENBALND. HiRICH
WTEHE 0L IEZFHHICRBER 2 MRS §, —&
DEVWLN—DEDITHIZH WS Z EHAIENTNDN
(Hanley and Bissas, 2013), Z OFFIZIENED B A FEAIE]
EHIXINIRET, EFHENITE D FRONIENE Z
0, BESIICEENEZZTTWsEEZLNS. N5
D EFDRNST, B ORDEEOGEICHESG L
T EEbND. EE SEESNZZERETE, B
BfEioGEN 21k E/mB LMo, LrLishs, 2
OB E VIR EBIL S & DB G 2R L 7.
Neal et al. (2014) 13, EHEERE D ERAYFHENS Z 21 AR
TREZBERMGEY AV FHEO—EE L THWSNS
NRETHBHELTHD, 5% BHRCTBIT2BEHEOE
EHERIZ DWW TIIMIOER & B 2035 T 57251
NN ETH S,

AHFETIE, BiBHEEEEMET2HEEDO BT —
FREICOWTHRFL, BEY —FOEFEEHoEE
LDOBRERET DRERERTIENTEL., LA
N5, WEORFASH D, AHREENIE ORI & —
T2IEMTERMN STz, BiAOHHANIRIERES
TS EIRFITDIRNONEIRTH D, ABFZE T,
W 2 5% < B D OIT KA DA RIEEEICHIR
L, BEOEMIZBVWTY 714 A2 MORIENTHhINS
BENERE B ST, FORD, FHREEOLEAZED
BPNDEBEEZTTNWDEIEDHETERN. 5%
SHAZMERT BB T O RRE, Y1307 2HAT
M 2RENRD DD, £z, AL TIE B
FOBERNGE LD, ETHETIEY —F &R
ZNED 5N 5 I & (Takabayashi et al., 2020), T > =
ST B EETIRERN & & OZGEIG N B L TR
HZEMNMRINTVNS Z EMS (Francis et al., 2018),
ZEENGE UG EIEB T SRR S RNE N
LURENEN D BH. FDW, SERIILMFEFEENG &
LTI DN THHREERSS.

5. &

ARFTEI, FHEEEMETL2ENB TFHRE 56 4E
MO0 B EMBITET Y —FRmEEREL, TOMEMIT
DWTHET 2 Z & THHICEWHITICH S IERETB &
DREBDHEITHT 2 PRiEZRE T2 I E2HMEL
Tfrbhni.

ZORER, BT —FERIIEEENRD LN, &
INEEIERNMEZR L. RRICEAEITZED SN
Moz, ZITOEIMREEOLELAEIZLDZBD
ThdrEEZEZBNS.

7o, ZHEBERE L E A RBEETEMNZ N



HEEROTRY, Z0O2B0OEEL I EETOEE
Lo TW ZOZ &R, FIyv 7 TOMERITDIR
LT OMEICB W TE D EER IS U TNENCE &
INDHMNCEDFET D Z EMENED, EREHN0E
ML, EO7 —FNAEEXRTEIDETTSZE
TEREH (FICRER) OEENLWEICEN >7ZDT
WBhanwheEEzLND. TO—HT, BEHOEERIL
ETERHBENS>DOD, BHOEHE EITRATEMH
DI NEIGE &l o Tz,

INHDOTENS, EEHOEEICHLTIE, ARl
AR ONBENELTE S N5 HANTE D Kl 5 D Tldrz <,
ERARNC B G AIANES 2 E B0 ANS ZET, B
HADBPE 2B NNNETRNE DITT D I ENTFRhE
ERBEZEZBNS.

REASI DBETHEICDVWTIISEIRET 52 EMNT
Mo EMNS, GHBISIIT —FEHET TR,
FOMDER & B BEE A 725 S H i % o KB
HitGEICEET DN I ND2HEND D725 D.
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Anterior cruciate ligament injury and its preventive measures during the learning process of hurdle
running in the physical education teacher training curriculum: a case study

Teruya WATAN ABE?, Shinnosuke MATSUO?, Takao MISE?

Abstract

Anterior cruciate ligament (ACL) injuries occur at a high rate
in sports activities which involve unanticipated landings and/or
quick turns, but there has been no report on a specific case or on
preventive measures for ACL injuries that occur during the pro-
cess of learning hurdle running. A 20-year-old female sophomore
student suffered a complete ACL tear during the process of
learning hurdle running. Previously, she had suffered a partial
ACL tear in a soccer game when she was a senior in high school
(17 years old), and received conservative medical treatment and
rehabilitation under medical supervision from an orthopedist
who specialized in sports injuries. Half a year later she returned
to play in a soccer game using an elastic orthosis, and a year af-
ter the injury (in her first year at university) she played a futsal
game without an elastic orthosis. When she became a sopho-
more student she took a number of practical courses and prac-
ticed sports skills without an elastic orthosis. In the “track and
field” course, which she took in the fall semester of 201X, she
mastered the hurdling skill without facing significant learning
obstacles. However, when she tried to run a set of hurdles placed
at 7m intervals, she stopped normal hurdling just before the sec-
ond hurdle, and stepped over this second hurdle, losing her bal-
ance. As a result, she fell down after stepping over this hurdle
and suffered a complete ACL tear of her takeoff leg without mak-
ing any physical contact with the hurdle. This case revealed that
beginners who have suffered a partial ACL tear may suffer criti-
cal sports injuries such as ACL injuries in the process of learn-
ing hurdle running even without making any physical contact
with the hurdle. Although there has been no report on non-con-
tact ACL injuries of hurdle runners, some students in PE. teach-
er training courses may face risks of ACL injury. Thus, preven-
tive measures, such as adopting individually applied hurdle
intervals, should be fully enforced during the learning process of
hurdle running in the PE. teacher training curriculum.
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step-by-step approach, learning
obstacle, non-contact ACL injury,
preventive measures, individually
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The relationship between personal record and field tests results in female javelin throwers

Misa NAKANO?, Keigo OHYAMA-Byun”

Abstract

The purpose of this study was to consider the relationship be-
tween personal record and field tests results in female javelin
throwers and to suggest the reference values in training. Female
Japanese javelin throwers (N=47; range of personal record,
37.99 - 60.08m) completed questionnaires asking about the
strength, power, sprinting, jumping etc. that they used in field
tests and training. The main results were as follows: 1) Seasonal
best record, body height, body weight, snatch, clean, standing
5steps jump, shot put record, bilateral underhand shot throw re-
cord, bilateral overhead back shot throw record, and one-cross-
step javelin throw record had significant correlation with person-
al record. 2) Comparing the group more than 50m or less than
50m, the group with more than 50m had significantly higher val-
ues than the group with less than 50m in personal records, sea-
son-best records, weight, snatch, clean, run-in five-step jump,
shot put records, bilateral underhand shot throw records, bilater-
al overhead back shot throw records, standing javelin records,
and one-cross-step javelin records. 3) In the group more than
50m, seasonal best record and bilateral overhead back shot
throw record had significant correlation with personal record,
and in the group less than 50m, seasonal best record, body
height, 5 steps jump, shot put record, bilateral underhand shot
throw record and one-cross-step javelin throw record had signifi-
cant correlation with personal record. In conclusion, these re-
sults suggest that the values in this study can help female javelin
throwers and coaches in their training decisions.

F—U—F:Bh, BREONT-RE IR @A
Ny OIF, D2 oaRKIT

1. ¥&

T, HAOLZ 00 #FITRERES OB L )L &
BoTWb, 1999 FFI2fTh Nz D OHLHE A FE %,
2009 4EICHELFHAFIET A 60m 2 A 5L THAAL
FTHEETOM Z2EAZDIX1H4DATH D720,
2017 F OHIRE I EGEFAE TR LY &es TV T
DU —ERETRE, B L NIAMELTETNS.
ERKRETOEEERS &, 206 FOMHAILI—ET
HZBOWTER LOBEEFE), 2017 F012N—
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HEB IR T 425> RAI—FNHANTW SRS Kk
WKOWTORLTWS., ZOXIBmEITNA, 20T

1) B KA EH R Faculty of Health and Sport Sciences, University of Tsukuba

T 305-8574 WIKED ITHKEH 1-1-1

35



REETHDH T4 TR RAYTIE, FaFb
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RIFESA R I N TW S (Thalainen, 2018 ; Hommel
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L9101, BEEEEO N —Z VBB TIRMER 2D
T, a2 hO—=)T X IBERICELTbRTWS. O
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Z I T, RO HMNL, L7700 A &R,
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2. B ik
2.1 MRE

MR, RPEEBICHR NDO LT 0 EHiEH 47
#Ellz 3B, AMETEIEEULOFEEKEEZHL T
WEBRFEEZRRET S0, @KREL TR Z.
MRFEDOTOT =)V 2R LITRU. HREDFAERE
IZB1F % PB4 37.99 — 60.08m TH > /=.

®1 MREOIOT7 42—l

FiE FERE RXE &ME EEEHR
HEREH B2 & (m) 47.74 5.55 60.08 37.99 47
O—RXURX R (M) 46.59 5.97 58.33 32.65 45
Fin (%) 20.7 22 31.0 19.0 47
R (5F) 55 24 16.0 3.0 42
&1 B&(cm) 163.0 5.5 174.0 148.0 47
1AE (kg) 62.6 5.4 77.0 53.0 47
548 (cm) 162.6 8.2 185.0 148.0 27
HIAk IN—DRI Tk 112.0 26.7 180.0 70.0 33
fo—=2T RUFTLZR 68.1 158 105.0 40.0 46
EE=| RFUF 48.8 11.6 725 30.0 40
(kg) = 69.3 14.7 95.0 40.0 44
TILA—iN— 312 8.2 50.0 20.0 32
*iEE 30mzE 452 0.13 428 470 11
() 50mzE 7.14 0.42 6.56 8.10 16
100m7E 13.69 0.65 12.52 15.10 21
BhiEfEE v =12 S 2.24 0.17 2.50 1.80 40
(m) TRk 6.55 0.54 7.30 5.30 23
Bk 11.29 0.85 12.50 9.20 36
BE AR B 13.30 123 15.50 11.50 12
mAkiER AR 10.06 1.49 13.40 7.79 33
(m) faf ooy g 11.42 1.28 14.00 8.30 31
WAL 12.22 1.67 16.00 8.50 31
PYHZFIEE LR 32.44 536 43.00 22.00 23
(m) 7 HnREF 37.54 5.07 49.00 30.00 27
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W, WHHREFEDPBIZXD 50m LLERE (BAF [50m+ #F]
&9 %) &50m AKiw#E (AT [50m-#] &95%) D2
BT THEA oMM ZITo /2. 50m+ 3 17 4,
50m- #1230 4 ThH - 7~.

2.4 #rEtnE

FEEL, FEEEEERETRLE 351, &H
HREIDOBRZ RS 5 7-912, Pearson D& ZHH B R 5K
ZEMLZ. AT, 2FOLEICIIRISEDR N t RE
2o/, WTHNOREICBNTD, BRERIT 5% Kk
THE L. 2B, HEZELITREEFENRR> T
=, BIEZEZBPL .

3. B =R

F 2 ICHHEH OMBEFTSE /R L7z, PB & ORICHEE
BB b NEEET, — XN Mok FE
K, ZAFvF, 71—, 30mE, 100m £, 377k
BBk, LI, fatiz o MR, RGNy 7%
W, MBERITFBLOU 7 axB T THo. Fe, K
AR, BRERE, DI NN JfEH, R
FEHIZBWTII TN TOMEICB W THEERI2ED
W TH o720y, EMEBIUBEAEBICBNTIZ
BIEFERN 12405214 THO, BHIEICEEHEK
DIFSDENH SN

o, RIXHEMOLLEKEZERLUE. PB, =X N
Z bREk, KE, 2FvF, vU—, BERER 1
A%, L7 o> MRS, RNy ZERT, SEBERTH
FOT > 7O ZFFITBWT, 50m+ FEAY50m- fEL D
BREICEMEZRL .

AT, SEENIZBWTPB & OMHBEBIRZMRETL /-

&2 JIAB DT

Lk e own omm 070 S¥T aewr o= 7% sme osmk oomk  mmm woes wmes Dnn mak PR BA L sepy 7yR0%
HERHK 0914%%  0.467%* 0517 0218 0.176 0237 05354 0.464%*  -0.050 20762%% 0251 -0452¢ 0232 0351 0398 0711 0.580%%  0.604**  0.678%*  0.486*  0.600%*
S—RURRMESR 0406%*  0.396**  0.151  0.102 0117 0474%% 0403 -0.001 0729% 0162 -0.393 0259 0246 0321 0.605%  0.566**  0.452¢  0.612¢%  0.498*  0.561%*
R 05224 0.609%*  -0.021 0032 0.094 0159 -0.112 0.662¢ 0168 -0.318 0292 0384 0.393* 0401  0380¢  0.556** 0320 0278 0493
HE 0.623** 0320 0138 0357% 0398 0.027 0633 0260 0301 -0.117 0307 0186 0409 0476**  0.411* 0331 0184 0.550%*
1518 0.165 0.218 0.035 0259 0220 -0.451 0598  -0.071 0066 0244 0165 0561 0254 0285 0292 0380 0.714%
N=TRITk 0.356¢  0.507%%  0.598%* 0,199 0795 0197 0261 -0.078  -0.019 0118 0.602 0067  0.555%F  0.454% 0404 0385
AUFTLR 06034 0.595%  0373% 0546 0271 -0478% 0062  0.041 0245 0455 0379% 0303 0299 0126 0412*
AFYF 0851%% 05447 0304 -0480  -0.548%  0.340¢ 0166 0.403*  0.633*  0.395¢  0476*  0468** 0124 0316
o= 05457 0396 -0332  -0.403 0263 0163 0425%  0.613*  0422¢  0.498*  0.504%% 0330 0.420%
FNA—15— 0298 0406 -0.005 0026 0119 0104 0044 0074 0.083  -0.09 0230 -0.143
30miE 0352 0.891* 0291 -0.304  -0.601  -0.677 0751  -0.790  -0.508 0478 -0.855
50miE 0.688**  -0.605*  -0.203 0539  -0.920 0078  -0402  -0.519 0245 0.029
100m7E: 0460 0322 -0586* -0.853  -0.391  -0548  -0.605 0019 0467
STHERE 0532% 0.700%%  0.852%% 0032 0.468* 0307 0.482¢ 0353
SRR 0.838%*  0.936** -0.437 0.397 0.573% 0.469 0.401
IF Bk 0788 0136 0.670%*  0.819%%  0.493*  0.526*
BNERERE -0.232 0.797%%  0.828* 0.451 0.764*
AR 0.169 0254 0426 0.682%*
BATAUNEF 0.800% 0438 0593
LA (v 0.685%%  0.719%*
THET 0.710%*

*:p<0.05, **:p<0.01
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£3 RIEEOHAICHITSE
(LB : 50+ B, TEk:50- )

THiE RERE RAE

BME EEEy TCRRED 5, 5.

1ERER R
EARME BORHm) 53.51 294  60.08 50.13 17 -
44.47 3.69 4977 37.99 30
S—RUARRNRER(m) 5221 392 5833 41.74 17 ** .
43.19 413 48.86  32.65 28 **
K% HE(cm) 164.1 52 1720 157.0 17 s
162.4 56 1740  148.0 30 b -
1K E (ke) 65.9 5.0 770 60.0 17 .
60.7 4.7 700  53.0 30
518 (cm) 164.4 6.7  180.0 155.0 10 s
161.6 9.0 1850  148.0 17 -
YIfc  N—TRITYk 119.5 320 1800  75.0 10 s
r—=24 108.8 241 160.0  70.0 23 -
#H NUFITLR 73.4 170 100.0  40.0 17 s
(kg) 65.1 144 1050  40.0 29 "
RFyF 58.0 11.9 72.5 30.0 14 o
43.8 7.8 65.0 300 26
)= 715 14.7 95.0  45.0 17 -
64.1 12.4 87.5 400 27
TILA—i— 32.0 10.0 500 200 14 s
30.7 6.8 420 200 18 -
FiER 30m7E 4.58 0.14 458 428 4 s
() 455 0.13 4.70 438 7 "
50m E 7.02 0.42 770 6.56 6 s
7.21 0.42 8.10 6.80 10 ’
100m3E 13.48 0.65 1424 12.52 7 s
13.80 0.64 1510 12,61 14 ’
BKIETEE  IIMERk 227 0.20 2.50 1.80 16 s
(m) 223 0.14 245 1.92 24 ’
ST BB 6.74 0.41 720  6.00 9 s
6.42 0.59 730 530 14
SR BBk 11.57 0.78 12,50 1040 11 s
11.17 0.87 1250  9.20 25 * o
BAE R ER Bk 13.90 1.05 1550 1252 7 "
12.46 098 1400 11.50 5
ah % AR 10.78 153 1340  8.00 15 o
= 9.46 118 1111 7.79 18 *
(m) fafzov MR 12.00 121 1400  10.00 12 "
11.05 120 13.00 830 19 *
L WADL 2 dbd 13.25 1.58  16.00 11.00 12 * e
11.57 140 13.50 8.0 19
PYRF  I5RIF 35.79 439 4100 29.10 9 N
b= 30.28 489  43.00 22.00 14
(m) I onREFF 40.81 560  49.00  30.21 9 N
35.90 400 4350  30.00 18 o

*:p<0.05, **:p<0.01
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R, SHBRL fduk oo r hMREFBLUTT S
7B ZEFITBNT, PB & DBICH B /AR R AR
5T

4. £ B

AWFEOBMIL, HARANLTD BHEE 2RI,
HICBE T H5HEB LV hO—)L T A MELTHN
SN TWARNERICET2HEBICOWTY > — i
BEITW, PB LOBEBRERITSE L, I 5ICKEH
KBNWTHhL—Z 2T DBELRLIEMEEZRT LT
»Holz.

AWFFETIE, HAIKEL > THEBEHITIES DENHAS
Nz (ERD. MEEENELH-ZHB &V 2IH
HZERFNIERT LI LFHLNWEEZSNDD, [
BEBDBYEEEBAZEBZERERNGLETHI &
L7

38

41 PBRLELICEEAZaMO—-I)ILTXAMEBREF
7, WHEICET2IHE & PB E0BRZE R THD &,
FEBLIOREITFEH E EOMBEBRRNED sz (&
2). ZHE, HORBOEWHEEZEIZEGEBIOMAE
MRENZEZRLTWS, FENMRKENIEE, DI
ARNL—Z 2T TREREBERAD I EITEND &
EZoN, HERBIUOHIOEMIE>T, ©0ITHL
TEOREBIFINF—ZIBRADZENTEDLLDITR
HZENMWRTESD. £/, U —RRGFOHKHE &Rk
EDOMICHBERMMEBERIIED SN TOWAERNHDD (R
& HEE, 2003 5 HEEIE D, 2006), BENKENW &
IZEOTROANOIMHEHEZRKRESTE, RDITLDOK
ERNEEMASNDAREMENDH D EEZ 5N S.
KL, A ML —Z2FFHE PB EOB%RZER
THDE, AFvFRBIUOIVY—2EPB EOMICEE
7R IEOMBABIREED 5Tz (R 2). /IKIZ AN (1990) 12,
0T OB AR LS EESR A TOMHNFEEL O b
HIGEC DFHER ) & OBIRMIR S, & <ITHMHRET )



EOMHBENEVEREL TS, L, KL THESR
ELEYIA NN THHEOHT, XOFTLX
AT Ty hEWSTEIMERENZEZETEL<RBRNES
ZONDHEH &S E ORICH S S MABEBRIZED 5
Bholz. —k, HEIEN (2007) 130 EEHEE
MEWNT = AERET 57201213, [RERT)
ERETELIENMNETH D] LERHLTNS. 2Ty
FBIUT ) — 3 eb &> TR R 2T
HSEHTHS. INHDTENDG, LR DEREHHEHIC
EO T, RERERNERETHOTIIRS, 2%
SEMECKRERNZRETLZENEETHDHEEZS
ns.

BhiEfEH IC BN TS, TiEBkS KON Ak ClRIE#H
BOEEREBA TV (RD. TOHT, THE:
& PB & ORMICAH E/RIEDHBIBIRMNZED 517z (K 2).
—7, HEED (2007) &, KFROEHEEFIIRTS
BREERESIIC D W TIRET L, ARFFETHWBkEEREH &
PB & OMICH BB RIZAD & N iah > 7z L
LTWwas, LML, ZOMETOMNREITI2 % &AM
L L TR, ERBHL NVORFE & ik L
THRWEHIPAIC H 2 EMTH 7= (PB: 50.86 + 2.32m).
AT TIIIBIA VWL NV OFHH 47 /20 R ELTH
D, TOZENFEITHIELE BRIRDHEREZLENEINTH
bEEZEND. Fiz, FEL (2003) 13, BHEREERITH
T EMHITPBIRAES 2R L, DGR FIIIHENAIC
NTBREERE NN TH B LR N TN D, AHFFEDORER
FZENEZRFTHMETHoLENZ, LDEWVWAE—
RO TONFENERI N DT HEBKORE I NEE T
BB ENRBI N

i H & PB & OBIRICHBNTIE, TXTOHME
& PB & ORMICHE/RIEDOHBIBIRMNZED 5172 (F 2).
Tabb, BB - HBNICEETHD EEbNTNS
AL 7 O > MEFB X TRALN y 78Tz, #@% o
A% ® PB & OBICH BERIEDEBBGRMNED 5D
R Eo/ AL7 0> MREFB X TR Y 7 #%F
13, ZAF v FRrY =2 EFRKICE Ef o TRFEMIZ
NFEZRTD ZENROENDEHTH O, BRI
TEMCIFNF—2EETDHIETHRILL TS, B
EOREIZ R 2 HDD, 2HEM> THRIEZTY,
BTCEMCIRNF—2RET D LENDEER, 0%
FZEIIUDETHHRTERHAEICBLEZIETHS.
DIFFITBNT, TNHSDORENNEETH D Z EHRE
SN FRRIC, 0BT EEIE TR TEDIChE
MABENDHTIRHBELTHD, Y —2AWFicH iz
BAHLTEARZREILTWSRE, BBTELMSDH
5. TALET [BFEhs] 200 HTFICT I 20
TERT 2 nlfetE R I N 5.

LORTHEHICBWNTIE, Y7oz T omEEER
NEEHEBATBD k1D, PB EOMICAERIED

Me Ltk $H19BHE 15 2021

MBEBEBRNED 5N (F2). iARFN (2013) 13,
RDBFIZBI B ERIT EAETHW S 2BERTE
T BRI OBERAED S ik L, H&ITH L R Cldi
BBENENT EZERHLTWS, £z, AEKOLT
A0 TCIBEHRITEPB EOBBRERAL 25 OIFEH
(1990) 13, BT E PB & OMICA ZE L IED MBI
BORDENLE I EEMELTHBD, LFITRNWTIIM
T T —BRENERBEINT =< P AKRT 5H0
EEZONDEEMLTWS, AFERITBWT, LB
FOREEELEERICODT N 1Kz ho b D
@, PB EIEDOHBEIMKRERL TV (R2). RiFKD
ERIIEDED (1990) OFEREZEZFFT2HDTHD,
1999 SEITHMNFH L < /2o /2%b, LOHKTORLEE
FD DD BIRITRT > 7 O 2T ORE MmN
ZENEETHD I EMREINT.

BB, ERHICBWTIIITXRTOHEBIZBWT, BkiE
FEHICBW TN =Bk B L OB EAEBICBNT, [
BEEROEEECH e h o B D). FOHT, 30m
FEPB L 100m £ & PB & DBITHE /5 & ORBIBERAS,
WiEHEkE PB & ORICHEEREDOHBERBRNENE
NBRDHLNE (2. ZhSOEBIZODNWTIE, HE
FREWELT I ETISITHMITHRFL T Z &M
BThrEEZOND. LirL, BEEENDBNHOD
D, ML= 70 —F 2 TOHEFIZBNTIEL, 1D
DIFEEIZIRD 5 D EEENHER I N S.

42 A bA—IVTANMENPSHDZBRAALFRVIE
FRTEE DS

FHEHHOMZMET S &, BEn (1990) ORI
K2l &l U TARNIZEDE S Sl 2 R I & o
7. TOZEZ, B EIITHIR S K UMK ER AL
T RRREMEN DD L ERBLTHD, MEmICRRIC
U7 Z{TO CE TRV EMLET—Y 2R T 52
EMTE, PL—Z TR0 —F 2 TIIHITHIEN
RETH D EEZEZALND. RFFEEDFN (19900 &
Dl & &g T 5 &, FICHENK 2cm, KREDK) kg
TNTNKREL 2o T RHFEE (2018) 1IT& 5
&, BAANLZ T O H EIIIEF 63 45 &k 30 4E
TIEEFENBVEREINTVWS., Thbb, BAAL
TFTOHENMRELB>TVWEDTIEARL, R0HTFE2T
HARNLTFOGENRELBOTNDIENEZLN
5. IO EE, L2 NRIBOGH SO EE R
DIFHO—DITR D EEZEZEND.

Peter (2011) A& L7003 712k % HEME & bhig
LT, AWFEOMERTAL Y O METFTB I ORI Y 7
BT NG Z R U7z (Peter 2878 U 72 B ME LS, 45 —
50m DFFEFICHBNT, fadr o> MEITH 15.23m,
ANy 7T 16.90m). £/, 72T RAd—
F R U7 (Peter, 2011) &bbigd % &, BkigEfEH

39



PRABRITEHICBWTREZRLE (71 >F 2 RA
I—F AR L7, 50m LNV OBEE#FITHB W T, T
MEBkAY 2.40m, 37 =ExBkAY 7.70m, 3L HEZBkAY 12.50m,
sty o> N 271350m, L /N v 7 &0
15.00m). AWFFEDO X RFIZBIT 5 H O RLERMN 47.74 +
556m THoHOI EEBEICANTS, Ins0a—F
ARUZMEEARETRLUZME (XD & T, A
DIEFIMEMETH-7=EEAEND. TDEID, HED
EILEBBDEEZALN, HAABREOR#MEERL T
WaENWZS. mIHZEIFD (2018) 1T HA NS T
BiHEENSITERNER SR & OBBERE L, it
IR 2N EROBEEEIRRL THBD, TOHTER
AV TREINTWDIE & HARNDE TIEEE D2 2
LTWBZEZERMLTWS, RiAZEN (2018) &4
HFRTIIHREL T BEESHIILES BOD, O
TRT 42T RTCRINZEEARNTEDMEDNED Z

WRIEEDEHEMNE Z 515, — KRNI, BEMNRKEWD
EX— B TEAETELHENRESRDLIIENEZADS
N, BRI EENGWEREN LB D T &R
IND. Fz, WEHEABERICBNTREENSHWIET
BEENEL< o720, YU —=ZANX0FIHIZERSZD
THIENBZSN, HrlEkICEND 2 ENTHINS.
—F, UIA MM —Z 7HHICBWTE, FUERE
DIN—=N)V %% LT 586, GEPREVEII BHEFERE
BRELRBRBZIEBESITEASNS. HAANZOTY
ART 4 2T RAEREBEL THENMRVWEEZ SN,
COERKENT Y hO—)L 7 X s OfE BRI
HETTBERNDEDEITHEE A TS I ENHERIN
. ULinLants, HARAFEE TH > THINOEH
FHTh-oTH, POKFIIFUCSGHETITONS. Tab
5, HEAANBEEENIOEVREZHET 201, F
e DT —FEERRE 10 4 B DIRFEN 72N T — R HERE ) &
KO —EEOLRBEND D I ENHERINS.

ZZT, INFETHEIN TSR TFHEEZNRE
L7 E Dz idA 5. A BREEH B IO D #ITF
FHIZDWTIE, BPEE &M T ToFEAIES
WTPB &EORMICEBRIECHBEBEBRNED SN (F
2) ZTENS, BLEMODTODEBEHEFITIINS ORE
NEFZDDUEND D ENRBI N —F, BT
EH&HIZBWTIE, PBEATOYIA ML —2 2/
HEOMIZE B EDOHBBEGRNRED 5Tz (RifH
Z21E, 2019) Y, AR ICBVWTIEAF v FBIUOY
U — 2 PSMCEREIZIEOHBEBEGZRZED 5T, BT
EHEEBRELRLIERERLE (R2). £/, EMEEDB
SUBEMEIC DWW TD, 50mE, ViRBkP X U=
Bepkic BT PB & ORICA B/ MBBEGRAED 541
T, BrEHEHLIIRALERERLE (]R2). UL
A MM —Z 2 HEECkEERICERT 5 &, L1
BB MR ERNFEERE S CI3 e <N —F-IHEE ), R

40

FWAE—ROHFTONY —FHEENE20EE L TS
ZEERBLTWEZENEZOGND. BTFHORDIZ
HEN800g, EEMN26—2.Tm THDHDITHL, LT
HAORVITERN 600g, £EN2.2 —23m EBLOP
O THENEIR D Z &M, BPHiEEELTHiE#HEST
W EINDIEHBERNEL D —KHTH D I ENHEERE
N5, WA CRINTNSD HEMBOFIZIE, #Er7HR
TICE > THEONLEBERRT =7 Z2HITRL TN HD
H & % (Ihalainen, 2018). HA AL 0 HHfFIC
BNTH, RO KD IRFIEFE & IR A WA
RBIUEEL NIV THIS 2 &0, BAOEHE M ED
TODHEERAD.

4.3 BISNDRE

b U7z& 512, PB & AEAHABBEFRNED 5NT
WBIHHZR EIETW Z&E, L —Z2 72D
TW ETEHEHETHDHEEZEZLNS. MAT, SHED
EEEEELU TR LT <5201, 50m+ HEB X
N50m-HD2HICH T COREZ2T> 72 (£3).
50m+ ff & 50m- fE& &Lk T 5 &, PB, 22— XXX
NRoEk, KE, 2w F, vU—, BERERL R
B, RALT7 O MR, RNy 78T, B RITBX
VT 27 OZFFITBNT, 50m+ BLEEICEWEZR
~U7M. £72, BERNCPB EOMBRGRZRFNLZE S
%, WEELIC PB & OFERMBEEBRED SN-EHE
33— A2 RZMEEEOATH O, HEBERIED 5N
DIEHMNREIZ > TWz, s &3, Sl Ui
O THRHL NIRRTV E I EERELTNDS,
F/z, LRI EK S TR EERDENEZENEL> TN
HZEbHfERIND. HIAIE, 50m- FED PB A D7z
WIZ50m+ FEEAREENBDOONLBETHDE A F v
For ) =2, THIIRMEEOREM EEHIET I L3E
HTHDEEZLND. —F, 50m+ FEAX 512 PB
ZMEIW 5729121, HIEREE ORICHBERE R
DENFZHEAZBILT DI ENEHTHSS. TOHT
B, RNy ZETIE BES TR (K2) TBVWTH
50m+ # (£3) IZBWTHPB EOMICHERIEDH
RABE R ATRD 51, 50m- #f & DMICHERZNRD 5
N7z (EF3) 7=, 50m+ BN PB M EDOOIT#ET
NETHD ELERIND.

ZOEDIZ, BEEEPLI—FIT, HAOONSRERDE
BEENEDLNIVIBL TWEhEHWTH I ET, £
T EDERNBERZMITTRELRDONENDERIENZED
B ENTEDARENNH . BEIEMLZDTS 2 &
T, TRNTOEZRZEDLEZODICHEBIZNL —Z 2T %
150 TR, RN L —Z2 T &{TDIENT
ELHHREENH D, ZOIES L TARMFEDOHFZEH W
HTEMTEDEEZLNS.

2B, BEZEN Do -BEOFIZIE, JE<fib



NTWEBWHEENEE LI EMBA LGNS, SREMN
TNENUTIR>TWAI ha—)VT A MEZEINT #+—
NOARKEUTHRALRZLZYD, &HEE ORI HEZE
BIHELRBN S ERAMIEORATHD, il
ERRHHAIEDITEDEREET 5L, P LbmEE
FEREIVELMIET D ENGHROBETH 5.

5 2 #

AWFFEDOHINL, L 0EHEEHEITBNT, $SKD
a2 hO=)bTAMELTHNWSNTWSKRIERK
BT 2EEICDWTTY > — MNREZETY, ©0#FT
DOHCREEOEFRERFTAHIE, IHICKHEAIS
WTCKhL—Z 2T DOBEERZEEERTIETH
7o ERFERIFLTO®O THS.

D 0BT OHE R E ORICH & IF OB G
BHLNEEE, —XUANZ Mg, BE, K
H, AT v FBLOI Y- OFRFEERE, VA
Bk, BhEAERk, ftLi ol MRS,
N 7Y, MBERTFBXUOT 70T
Holz. Tz, 30mEBIU100m ESY 1 LITBWN
TiE, HOR&EE OMICE B ADHBIBEGED
SNz 272U, BhERREB LB, 30mE
BELLF100m ESY 1 LAORIZEEEL, 2RIZEEHD
PR TH o Tz

2) 50m+ BEE 50m- FEE CHERERKLEZEZ A,
HERsk, > — XXX Nk, KEH, ZFvFB
K7 ) —> DR FER, Bk ARk, ik
Rl o> MRV, LNy 78, B RTFB X
KT > 7O ZFFITBNT, 50m+ BENAE BT EE
ZmrRU Tz

3) HBHNIZBVWTSLORITOEHCREFEKEH & DM
BERZRS L72E 25, 50m+ BEICRBWTHEETR
FHEAR MR FED 5 NZEAE, > — X XA Mk
BIUTIALN Y 7T OATH o7z, 50m- FETH
WTIE, =X NRZ Nisk, B, THBEB
Fuf%, AT o2 MMEFBX T o 2gTIch
W, HCOREkE DORICE BB FRNED 5N
7z.

INSORERBLUOARFTR TR ML, BEEREL
CaA—FITEST, FL—Z 7 DhMEERET 5 —
BhEb 2 ENBRIEND. £, 58 S65RkE57—
Y DEBNIARAIRTHY, MRHE - FRNPLEEN
5.

HIEE
AWFEDORMICHIZ 0, W EERRF O HlEEERIC
BE RGN EWEEEE LR IR U Cka#EH
L EFET.

Me Ltk $H19BHE 15 2021

3k

Forthomme B., Crielaard J. M., Forthomme L., and Croisier
L. (2007) Field performance of javelin throwers:
Relationship with isokinetic findings. Isokinetics and
Science, 15: 195-202.

IR (2016) #ZEiHicB 50> ho—)L T A b
ENT + =< P ADBRITDONT. BRI
FUEE, 10 : 181-185.

FEwE— - SRR - FARE - TS EIR (2013) N
IR—FEEONT =X Ear  O—=)L T A
~ DBIFHPEIZ DN T— PV RVRICER L T—. R
EEiEgE, 92 ¢ 38-44.

Hommel, H. and Kiihl, L. (1993) Rahmentrainingsplan fiir
das Aufbautraining, Wurf. Meyer & Meyer Verlag:
Aachen, pp.234.

Ihalainen S. (2018) Javelin throwing performance - Field
test results and Biomechanics. https://www.researchgate.
net/publication/329040484 Javelin_throwing
performance - Field test results and Biomechanics,
ZMH 2019 412 A 19 H.

P B - A B - D & (2006) %00 BT O
Gt BB LRl & OBER. B LRSS, 2:
159-161.

IR (2003) PL—Z 704 R0 0 &5
BEDOERITHBL 2 B bFie~ T2 >, R=ZAR—)
XA Ak HEL, 53 (8), pp.225.

Komi P.V. and Mero A. (1985) Biomechanical Analysis
Olympic Javelin Throwers. International Journal of
Biomechanics, 1 : 139-150.

AT 28 - RILREE - Rfd— - B% &5 Q018) B
THBEHITBIT Dk SRS KR EIK & DRI %R
—FLERIIR C o (R W B O —. O —F > 7 #5E,
31 (2) :175-184.

HIF 25 - IUoTHE « IR — - RILREE (2019) 5
TR0 EFHF BT BB OEMERE. AR—Y
INT F—< 2 AWFSE, 11 : 446-458.

ATHH TR < SEJNFISC - B OFIFE - = O RFE (1990) 20
Xwiti® (BT) DD OERIEEE. AR—YVHIEE
W, 3 (D 1 1-7.

HOMEE - ATHES - mOE (1990) D HGEF DR
¥ - KD, BERBEETE, 3 - 32-36

XEBFLEA (2018) ROk M % G B AL http:/www.
mext.go.jp/b_menu/toukei/chousa05/hoken/kekka/k
detail/1411711Lhtm, ZH&H 2019 46 H 23 H.

EHER - GHE E(2003) R ODHRTDONNT+—< X
CEHEDOBER. NAF AN AW, 7 (2) 1 92-
100.

RERSEYY - RILREE - B B (2007) BENZTRD

41



it B O Rtk — & Bk HGE B O R THE ) & AR
ficEBE L CT—. B LB, 71 37-44.

ik B (2015) AR—VEENS DRITE AWV
Fam DRI, KB EHE, 60 (Report &) : 1-18.

Peter L. (2011) Norms for javelin throw. Modern Athlete &
Coach, 49 (3): 41-46.

HAEE = (2007) %0 T OBERE & R L )
95 HAREF OFE. ke - Fif#23E, 5 (supplement)
100-104.

HNE . - EBREIL - kg - BRE S (2009) 22T

ROFOHTEEIEICBITBAAL v THTF LA
by TUN)VET & Ol RS, 5 89-
92

AR A - 85 122 R - (B R - P e — - (R 32 (2013)
R D EFITBT 20 0 EEITHT D BRSO B
NS BTN BT S ERITICB T 2 OE .
RIEERF5H, 233 1 1-9.

FHAMESE (1993) HeAibE EEiEi AT U —X9 T U#
. R=ZAR—=)b<H 4k HE, pp.58-68.

42



[ EH]

pE RS ki E (LB T S HHEREM L

HC&Ss

CERD R

BHORKY, AT Y, mR B Gtk

Relationships between core stability and personal best records in pole vaulters

Shota ENOKI®, Rieko KURAMOCHI*?, Gaku TOKUTAKE®, Momoko SATO

Abstract

The purpose of this study was to clarify the relationships be-
tween trunk stability and personal best record (PB) in 17 male
pole vaulters. We evaluated the trunk stability using modified
Double Leg Lowering Test (mDLLT) and Plank with Arm Lift
Test (PALT). This study investigated the information about the
age, height, weight, years of pole vault experience and PB of
pole vault in the questionnaire. A significant negative correlation
was found between mDLLT and PB (r=-0.595, p<0.05). There
was a significant negative correlation between PALT and PB
when raising their arm on the non-takeoff leg side (r=-0.556,
p<0.05). It was suggested that it contributes to the motion con-
trol of shoulder joints and hip joints by obtaining the stability of
the trunk, enabling higher competitive performance.

F—TU—F: Ealk &% TTM
Double Leg Lowering Test,

Plank with Arm Lift Test
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R R - R - RO 3 BT BV B IR R EL I
T DHEEATT AR (McGill et al, 1999 ; Nesser et
al, 2008 ; Tse et al ; 2005), 3K MHEAL TRMHENL S
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(Sharrock et al, 2011 ; Shields and Heiss, 1997 ;
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WEFEHE & L. AP 2019 SEITAZITE T S A
MR ET HHIEICET DM EAZE B2 DKR (2019-
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P X3 Plank 280 5 Ffllopiz2s LU, XFT %
MWD T B EICE > THRET HElgamichil, &
BAaAERT T B T & TR IR E IR I S i & b
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K1 MREOELRER

! P £SD (/b - &N
i (75%) 22.6+3.5 (18.0 - 28.0)
& (cm) 172.5+ 4.5 (165.0 - 182.0)
K (kg) 66.8+6.7  (54.0 - 80.0)
B () 100+£2.6  (5.8-14.5)
B i@tk (m)  5.0+03 (4.6 - 5.6)

SD : iZERE

PR LS,

2 Plank with Arm Lift Test DHIE
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B2 5k —EHRITED I EMTERN > 5A
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@iHI5E F e

M RETHIBZRAD S BROTEN /< PiE % 1
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FIRRFOBRICND <, BizEZE ELZEO
EEEHEE L. Fllomz2% ET5BoznEh
DOREENEL, BEROBREL iz L TERK
IND SRR L 7.

(2) mDLLT

PERD DLLT 1, MENZIZ BV 2 Bt AL B & OVRES
Hijm il 90 B 2 PIALEAE L, MMBALZ AL D DM
Mz RS 0EETYWo<DEFLTNE, ZOBOME
ERO%E) 2 B2 TWb (Krause et al., 2005). L/22L

PR LSS

T RE

B, FTHEEOHDY A MR AHEDODFEEIIXID IO
BIARBE LD EMTERVWHEENL S Ao/
T DOARYILTIE, BB K OB il 90 & Bl ih
LB E U7 mDLLT 282 L, #9 10 £ T [ BE & J i
BOEETHHZD> <D FATIIIHRLZKS).
SR FME T R F O EHLE DREICF 2 AN, k5
ENSDENKC SN IBo MR TI 1 MESITL
7. PIEEBRICHLOME NS TPHIVETAAAS
(EX-F1, CASIO #:#) ZHW\W TER 60 I~ THjE e
Birofe. T4 MOIRATLZBOPLE KRR (KRizF &K
= CAN N bt o Wyt - O VAN I e N 3 A TRVAZA N
(NTH Image] ver.14.4) ZHWTHHTL, R&EMEL TR
MU SAEORNICERE DY 21Tz, AT
BT, DLLT OREMIEHME (CCpy=0.96 ; 95% CIL,
0.93-0.98) A HE SN TS (Parker etal., 2011).

ISR

3 modified Double Leg Lowering Test DBIE
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2.3 HEtEEMT

SEHENTY) 7 N iZ IBM SPSS Statistics 23.0 & 7=,
BHIE 5 B2 DWW T Shapiro — Wilk #5E 2 F W CIEHME
Ziat U7z, SEEMOMBRRICDOWT, ESMENR
FESN/ZIEH I DWW TIE Pearson DRERABE /24T, 1EH
PEMFER S N/ HEHE I DWW TIE Spearman O JIEAAHBE 75
HERWTHE Lz, BEARESGHRE Y &Lk,

3. B =R

3.1  PALT Ot#&ERBSHEMEDO®KRE

PALT OfE BIEREMEICDWT, B KFEH T 6 4
ERRIHF 217072, 2 ZHOREBNF—HREFITBW
TPALT OHIEZEIT- 7. 24 OREIL, ThETnd S
— 5 DB T - RHEERERICOWTERIL S N REE
THlEEEBL, WEMH»S ICC= (2,3) ZHMHL /-
HEE, F—HNICEOEUERBLZ. 72, Helr
) 7 hiZ IBM SPSS Statistics 23.0 Z i /=. PALT O
HREHEMEZ, 1CCes=0.826 (p<0.01) TH o /=

32 (BREIMETEMEPB EDEE

mDLLT & PALT OHMIEREFRZEE 2 1T/RL 2. mDLLT
& PB & OICHEERADMHBIRRAT R S N 72(r=-0.595,
p<0.05, XK 4). FEFUIEM O Z 2 B L= O PALT
L PB EOMICHEREADHBREBRN RS 1 (r=-0.556,
p<0.05), B5GIHIEI DM % % 1 L 7= @ PALT & PB I
FEEREBHBEBEREIE SN > (p>0.05, 5).
%72, mDLLT &M@ PALT 128 W CH B 7 tHEI B
RIIRSNRNh> 7= (p>0.05).

4. 2 B

EN IS W R ANE R DA N S I = RN S R T N
W2 E M DRI EE DA AME, BR OBk E I
BIF5PBEOME#ENSMNCTH I EEHME L.
A W JE I3, PALT @ k& & M 5 8 % 2 B & L,
ICCyy=0.826 Td > z. 7=, mDLLT & PB, LY
IR DM % 2% | U 7= B PALT & PB & ORIICBVWTH

6 r
55 e ., °
°
5 -N
= ®
é 45 | % X
M
[a B 4 F
35 | p<.05
- r=-.595
3 L L L L 1 1 J

0 10 20 30 40 50 60 70
mDLLT ()

4 mDLLT & PB D4HEIRAR

BERAOHBEBEBNRE SN PBAEWEREEIZE,
REERLE D B Y & U 72 AR WFFE DI AL S Nz

ARWFFEICH W T PALT O #E MIE MM 2 et U 72§
3, ICCp3 =0.826 (p<0.01)Td > 7z. Landis et al. (1997)
1%, ICC D HUE & LT 0.81 PA b 2 BRAR A 75 3 4 1%
ThHHERLTWVWS, FD/=H, PALT IZEHEMENE L,
HRTHDEEZSNSD. PALT 13K 0 [0 E A 1 2
H525E3INDT0HYA AMEEML, RANEREL
7. THVE TITRERERIEIE BT 5t 9 2 el E M i
B L ERFMIITHON TR 5T, AHZENH DA
TH5. SBOWEIIBNT, £ OHRFITBT MR
FANB I OHREH OEREME PALT & B#E 9 2 HEK,
PALT HF OfiiGE /2 & DFER S MENIRD 51 5.

NI SN S T e = R A S e RS N e i
FM T HIEFEE LT PALT 2l U, FERSUIIHIEI O 2
2 ELU7/ZBE® PALT & PB & ORICH Z /& OB R
MR BNz, BEBkO B EE D TR R Rl E
BRI T D REEIRDENDFHEE LT, YR
MMEZ 50N 5. Rebella (2015) &, KEOKREAFRE
R RITEHEDOBISGRAE 21T\, BRI N2 TONEME
ST BEE NS ORISR AE Uz EME LT D, S B

®2 HAEBOST

T H ¥ £ SD 95%ClL I/ BE—PUAL B =PUAL FK
mDLLT () 43.1+13.8 36.0-50.2 4.5 38.3 52.0 59.3
PALT (cm)

S BT A 53.9+13.5 47.0-60.8 25.0 44.0 64.5 76.0
FEEKGIEME  53.4+12.2  47.1-59.7 30.0 41.0 63.0 76.0

SD : fZE R 2=
CI : {5 XH

mDLLT : modified Double Leg Lowering Test

PALT : Plank with Arm Lift Test
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55 °
...
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o [ ]
45 | * ° 8
4 }F
35 f p<.05
r=-.556
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PALT (cm)
FE S LA

5 PALT & PB DO#HBIER

1%, EHOEMEB L OEIEICKDEFRT S I ENHS
MERS>THD, BEBkOBUIRIZIEE MR - [IhEL
TV ZENHERING. TR0, BRI G KD
B9 5 ELICKHERBEHMESDR—IVERED LOFMA
CGEETIIED (AR EEIE DB RPN D, Z DA%
WP T 2 72010 ENENDORERLE EENHETH
EEZ5ND. BURFOKGREEEAMICEL, R—
JVITHR U TREREEOYIESRT S 2 2 & T, RN S XL DE
BB NER=IVIBAD ZENEHITRDEELHN
5.

ABFFEIE mDLLT 2 #%E L, PB L OMICHRBRAD
FHBEBIRMGED S N7z, LTI TIE, RPEET X —
~ & %442 DLLT O#E 217\, BYEITB T 2 FfEn
47.43 [ (Sharrock et al, 2011), 46 £ 3 & (Lanning et
al, 2006) ThHozLWMBESINTND. ZDD, Kif
JEZ BV % mDLLT OFEME (43.1 £ 13.8) &, Jefrit
FRICBIT S DLLT OREM EFFEETH B T EHER S
N7z, FFITAREE B~ O MR A FHT T 2 REE 2 E
PESREE LI 5 EROBHEEEEZ A2 &, BU%ic
REREE R I N2RIc 0y 7 )Ny Z I TR BT
R Ez2 Bl ST 28ENEZ Z 5N 5. Smith et al.
(2008) 1%, YRR OB BT KD U OB fEH]
FNCEENT D EHME L TWb. 20720, KRG~
DHFRE IR T 2RO EMNN D 2 HHHIL, K
WERIC M9 5 BARTC b 5 JE BT IR BAET O B EIC B 1T
BB EHCEEREN L 2T </RETENEAENS.
SEATHRZETCIE, BSULREEHD 5 R — IV KB 5 %
T O T Td % Pole bending phase iIZBWT, JFEH %
FEUEMOIERANT RV F—BBITER Th 5 EHE
INTWS (Frere et al, 2010). & 517, & BE A E Al
AR 2 IGIE R RBRIER, # LA OELHTH 2 EHE
PER (KSR 2REIEHIET, X1 TR X

DHENEIESEHERBAL ST <RI ENEZILN
5. INSO I EXDRRETANOHIRARIIK TS
IRERER 22 e I % 1S3 5 2 & CJF BAET IR B E 0 B E
ENCEBIL, BT 3 —< 2 A ZFED TS algElEn
IR I N7z,

ARHFFEIT B VT PALT O i W B3 5 L 2 A8 &
N, PB &AK@BERZZENE & ORMICAH B HBIBIR A R S
N, WS DOMDRADEET S, RFKIEZ, K¥H4E
P boBFHEEokHEE e dRELTHD, @RAEDT
DFE B L THHFICB T 2RI AHATHS. X
7z, AWM TH 2 2 &0 6 KEBRIE AT
HD. L NINELBBIIONT, BEVWR—IL
EHNWDEDIZR0D, ROSNDMIPEINEL RS,
ZDD, AR OFERIIL NILAE WS EEZ R0
RUITD ZEICKDEEOREEREDEZ NS, O
DORF E LT, PALT I3 IR EREIFE AT WS DK
W EME R T BIEEE S L CIREL T 50y, Z0
2 JE A QL E DRI &2 & A TN D ITREENE 2 5
N5, E£72, mDLLT IZBWTETHEITBIT S KFEE
7 X1 — @ DLLT ORIFEFEREFEETH O, [FFEE
DEFEMNFRETH > = EHER L. UL, AWFKICSH
WTIE mDLLT OMFFGEEIC DOV TIIMRFTINTS
59, FHTHS. 51, EENHEANS 2 —X
S LINIZ PB Z25B8k L T /=43, PB RtEkMs O (R Ek2e
FEMEIRHTH S, LnLians, BEbkiiksd zads
&L TERBE O EMZ 5140 U 72 |13~ A SR D
GHEET, D TOMETH 5. KLtz oOnT,
HOFEEHDAR—VIZBNWTHHEH/N T+ —~< A &H
HLTWDRREENH D, SHOMIRITHNTHREFL T
WS LENH B EEZEZ SN,
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The nature of acceleration in women'’s sprint hurdle approach phase:
The comparing with sprinting acceleration without hurdles

Kiyonobu KIGOSHI?, Misuzu UETA?, Kohei YAMAMOTO?, Keitaro SEKI?, Mistugi OGATA”

Abstract

This study clarifies the nature of acceleration in women’s
sprint hurdles’ approach phase compared with sprinting accelera-
tion without hurdles. Eleven female athletes performed the
60-meter sprint (60mS) and 60-meter hurdles (60mH), recorded
using seven high-speed cameras (300fps) panned to obtain inter-
val time and two-dimensional kinematics parameters. In the 60
mH, the first hurdle time and finishing time was positively cor-
related. The running velocity in the approach phase of the 60
mH was significantly greater than in the first seven steps of the
60mS. The length of each step in the 60mH was significantly
greater than in the 60mS from the first to sixth step. The length
of seventh step and flight time in the 60mH was significantly
smaller than in the 60mS at same step. And the foot strike dis-
tance of 8 contact in 60mH was significantly bigger, and toe off
distance was significantly smaller than in the 60mS at same con-
tact.

These results suggest that the nature of acceleration in wom-
en’s 60mH approach phase lead to major difference in the nature
of acceleration in sprint running. This difference is particularly
evident in running velocity, step length, step frequency and air
time.

F—U—R: RFVITR, ATy THEE, XZIFHRIEE

I. ¥

271 > b= RV EEEN S BT 110m )\N— R)LiE
(LAF, 110mH &B89), 227 100m N— BJ)LE (AT,
100mH &ME9), BRUEITENFHHAICTEEIND
60m N— RJLZE (BLF, 60mH &M83) 13, ZERMEICH*
BEINZN—RIVZEAT, d-IVETOYALLZEHED
BETHD. NS5O RXA ) 2 hN—=RIUZE, Kk&EL3
DORMIZHTEN, RY—T1 7 Tavrns 1R/

HON—RIETORMZY JOo—F KM, 16H”S
BEN—=RILETOEN—RIEZEA > —/NIVIK
B, EN—RIZ2EATHrSdI-IVETOXMET >
A4 CREERER. adb, 7o —FXKHEOHEEL, BT
110mH 3 & 0 60mH T3 13.72m, % 1 100mH $ & O
60mH Tl3 13.00m TdH 0, FIUTET DH51T 750
585 EHVWDZ MM THS. 110mH B LV
100mH O T =)V % 1 L EREEE E OB EREL 72
HERIcEUE, ZNENOT—IVY A L EFKEEHE
CEHEENRBEWN— RIVEOEEEE) &M
EERAOCHBEERNEDSNTRED (BEED,
2009 ; BEHEIE A, 1990), ZhiE, 100m icfhEEN B
A7V > MNEH E RO TH S CREF, 2012). F/=,
AT > MN—=RIVTIE, 77 O—FRKEIZBWTERA
FERED SOXREEBEGL TVWDZENHEINT
W5 (& 2006). ZNHDTEMNS, AT RN—
RIVIZBTF 2N T +—~ > AMEEI2E, A 77U > bEE
B, BICMER I ORENARRTHD ENZD
(Huchlekemkes, 1990 ; #xH %2>, 1994).

LML, INETIELADATY) > MEREHEN—
RIVAERE S & DBIRICD W THET L =1 TH N T
B, F ATUCEIN—RILEHNLELT, T
O—FRED BT EDRAT Y TINT A—F ODELZE MK
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HAWaHiFEo7 70 —-FREICB T2 A7 v TEIE,
2T > NEOIERE (7 FO0—FRKEIZBWTHN
LHEBEFUSHETORM) KBTI 27y TEEL
LT, 2675 6 FHICBWTAHARICRKEWE (R
Ty TENREWN) ZRLTWS, LT, ZHUTHhn
H6T, FEEEEICEINEOMICEREREZZEDLNT
Wi\, 20X, BFATY > IN=RKIVO7 FTo—
FRENCBUT 2O, A7) > MEEIEEL T
HEMMThsE525. —FH, LFOATU 2 EN—R
VB2 T7 TO—FRKED AT v TINT A—5 DAL
EiEt U7y, 24— Mg BRHDUBOB D (B4
i, 2012) OATHD, 7 7/O—FRHOTNTER
RELTHITEDAT Y TINT A=Y OEbZBRFL
FEIE TN TR,

ZT T, AWETIE, BFATU L IN=RILELT
60mH % vy, 60mH IZBF 2 h#HDKEF Z, 60m FE D
IE O & Lt & & L TRETL, BFATU > b
N—=RILOY 7a—FKMIZBT BIEOHEAZE 2T v
TINTA—=IMEHEMITEZEEHNE L.

0. /5 &

1. #ERE

BRI R R BRI B W 100mH #H & L
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167.2 = 4.1cm ; K& : 54.6 = 3.9kg ; > — X > NZA
NRCER:13.89 + 045 8p) & L7z 7aB, 2HBREDT —
AR NFEgkIS, EBREEBLIZS—ZX> D4 ANS
EBEEMLZ 8 ARETOMMTHD, > —X2RX
R REERDHIFAIL, 13.22 05 1510 RO TH - 7=
SHANZSENE > CHFRD ERY, ik, ERITHE S 24tk
WL THokitHziTo gk, ERSNOREZES
. aB, mEOEEN, AU MN—=RILOT S
O—FRMEIZBNWT 87 TO—FZHKHL T/,
AE =T 1 27T 0w 7 OFiEHIE L TN— RILVES I
DEHRIZDONWTIE, 95 ENTERNOZ. I
13, A¥—F 4 2770y 7 ORiERNN—RILEE X
T hELTRRAIHEHRFDEDONZDTH 5.
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12000 ) Z18H9 D, sF3HHZEL, 300fps T/N>=
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A28 2m O EN S T4 Zw a3 ETDL—
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High speed camera (300 fps)
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Figure 1 Definition of contact and step, and camera setting.
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Table 1

Results of finish time and approach time in hurdle and sprint running.

Hurdle running

Sprint runing

Finish time

Approach time

9.31 + 0.53
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Figure 2 Relationships between 60mH time and 100mH time, and 60m time.
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A study on the competence of sport performance among student pole vault athletes

Keita MIKI, Aki AOYAMA?, Kiyohide AOYAMA®

Abstract
This study was conducted to analyze performance achieve-
ment in major competitions among student pole vault athletes.

The purpose of this study is to obtain basic knowledge of peak

appearing in major competitions.

The results were as follows:

*Based on the performance achievement degrees among the
athletes, it became clear that it is necessary to reconsider the
evaluation criteria of sport-form of pole vaulting.

*Based on the performance achievement degrees, we found that
the preparation process for major competitions must be exam-
ined according to athletes’ levels of competence in pole vault-
ing.

*The peak occurrence ration among Level B athletes in the
National Intercollegiate Championship was high. Therefore,
they were able to establish a preparation process, resulting in
attaining peaks in major competitions.
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Bk, ElEBk, BBk 3FEHZEMNREL TS, REEH
Bl S HefE H M CEi B e e 0, B RO ML —
ZITEUFFA - a VBT BHFSE Cldmi
WHETD I ERDENSZENS, BEEREO

L —= T EUATAE =2 3 IOV THRETT DRIC
13, BMHEBICHET S2LENHDLEEZ5ND. LML
BG5S, INETHEBREHE ZNRE LRI
FHONTWRW., Ko TAMZE TIIE SO R
ERBIC, TFEOEEHRHERITBIDHE/N T +—< >
ZDEREESITL, EEHFHERITBOVTHE/N T +—<
CADE—V BRI T A EBHMAEES I LEE2HB
&Ll

2. IRAE
2.1 SixRER
RS Tl B E AR E Rk E S OBt /N T +—~ >
AR TR, S St E 2 EEBk & L.
2.2 NRMRIHEES
R TIE, FEFEFENSMNT 5L < OFHEaD
B, WIRA > HLVEHARAS DAL 2EERERSELT
frEDT 7. ZTOMAIZLITOMED THh 5.
(1) BHXOFERE FFRIEHRETFIERR (X1 > h L)
WKA > V3FiEa BIRICIEHE 1 L X)L O 2858
DENDD, =X HDIZERFENRE L THEHK D

HEZRETDHEETHDENIEHRITBNTE, #
EFEEICE > TEERFHSEMED T 5N, BB,
P H AKX TIEEH AT > L EWD BN SI N
TNWBD, [AREOME DV &5 MEOHIKIZIE
BN ENG, FHIET, FIF /5 HifrbnTn
LR A >N L & RO TR S & Uiz (Fil,
2008, 2009a, 2009b, 2009c, 2011, 2013).
(2) BRZERELFFEEFERS (BRA > AL)
FU YRR, R ERTHERS R EEEA
FHAEZHEE L TWARESEESEET 52, AA
DRFOHERERETZ2HAL AL, [F4] &0
VA TOF v VEF 2 EZRET LD TH D0
BHELEHRALMBEOTSNS (FI - A%, %w@
WK, HARRE LEHGEFHEARS CUF ) HARZERFH) |
ENIZBWTHRDEERFHERTH S FAR, 1994) fk
BEALNTHY, HARMYy 77 AU—hELUTHREL T
WBREFNFEICE O THOREREERFEAE L TrE
DTFENTND EHRTES. Lhl, AKICHBNT
WFEEFREOHE L XIVOMHEICE DN T +—< >
ADERL NI ERHT D720, SHEhL )L owi
ENHBL THHEL TWL EEFRATH D, HIXKA >
L - HEA > H LD 2 DO % AT D454 4
B L7z
2.3 DHEBBOHRBEHAL NI
AFRIZBWTIEFIL (2011, 2013) 2fivy, BiEE
DLV OMEIZK DN T +—< > A RIETHE
RS D720, FrO@mo s L Nz 3 DIcsHE
Lz (Z12H).
(M LRILA
BAEEOHRA > LICBWT 8 ALANICAE L T
52 &, BEEOHERA > HLIZBWT SALLINICAHE
LTWwaZ &, AXREFHEICHEL, iiEofEIZEIR
BLBMLTWEZE, DI DDOEMEEZL TNWDE
EFEREELNIVA E LT
(2 LNILB
BAEBEOHMREA > LICBWT A LANICAE L T
5L, BEEOARA CHLIZBWTSMLINICA
LTWaZE, D200 #%ﬁtbfué%im&%

R1 BRERAVRIVOSEICDNT

XA AL HAA AL AARFE HNREAE(R)
B
" L ~JLA SILINAE SHILINAE =il 80
bl
5 L ~JLB SILINAE SRILINAE 51
~
. L ~JLC SHILIAE FEH Y 157
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2L XNX)VB &L
3) vRJLC

BAEE DMK A > LIZBWT SR LANICAE L T
L&, BEEOARL CHVICHBEL, AEWE Lo
MR ERL TVWD 2 &, D2 D054zl Ty
LepgEEEE L NV C &L

RO L AIVFFITEDNT 2008 FEREH 5 2018 41
L TCORNIR SRS E Lz 2 DOFEFERAICHEL
FEBACFEEEZFICBWT, FEOStEs LEE
2884 (LXNJIVA;804, LANJ)VB;514, LXNILC;
157 #4) w=afidg e k.

2B, TN SEEEREII TR S OB E oK
A >HL, HERA AL OFRREE L.

ARRGE Do HTIT W e BB L gk I3 e i~ P >
(N—=ZR—=)VEL) BLOREE RN A A2 AL RE E i RoE
WNEET 20T MRS b0 EFIH L.
£z, HEORRME L THRITHFE (Kriiger, 1973; F 1L,
2008, 2009a, 2009b, 2009c, 2011, 2013) IZfitvy, Z
ZTOMEFNIFE LA Gidt) OAHATHD, ZDLED
a2T 1 ar CRig i E) &S REOESE (k

—Z 2 TNERE) 13EE LN,

2.4 ShIEE

RIS TR S OFi Lk & b &1T, s (F
- A5, 2009b) DEFRITHENLLTFOEBIID W TS
Hrl7=.

(1) FRERERE

FEFHERTBWTHEEINZHENN T+ —< 22D
L RINZDWTHRET 2720, FERRELERICHT 5 E
B2 2 DO RITB Y B0 EE 2RI X D EEH
L, FUBkERERE L.

ST SRF R RITBT B FE e / FH R X
100 = FoEkERE (%)

(2) E—VHB|E

FESEHARICBIIHEEN T+ = ADE—T DR
RIZDWTHETT 2720, S SEa TOEMRE
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BB LU HORELEOHB OIS 2RIk D EH
L, E=Z7HHELE.

VaRIDSE Vit s =MoL S ST OV R 1
X 100 = E—Z7 I (%)
2.5 #eEtanE
BEFEFHEROBENT + = > ZADFREL )LD
WT, BNV OMEICK 2 HEOFEEMGTT 2
72, BHH S OREEHERRRIT DWW T 2 B 5 HU T G5
e XA AL -HARS 2 hL) XEEHIL L (L
NWA,VNNB,VN%O]%ﬁDE ZHAER G5
HEaEXHEEITL NIV D @bmt id, HHEFER)
RBMEZITY, AETHO Li Bonferroni % T4
HILE 2T 7.

7z, 2D0FEFHHEOFBEFEN T+ - ADE—
THBOREDWTHEEN L NIVOMEICL D ZEDS
WERNT D720, S0 Y— 7 HBEROHEE L
NIVNTOBDOEDMEIZDONVT, *REZANT
fiole. 7B, FHE & ML OH BHITEHRE 5%
D7RKHETHIWT L 7=,

3. B =R

£ 213 2008 FEEN S 2018 4 £ TOEAEFHEAZICH
52 D0FEHE MWR1>HL, HEA L) B
FUHAEFHEOHEZRLZDDTHD, HIKA 2H
L35 H, HAZEFHEN6 A, HAL L9 AIC

DNLHERETH 2. MK A LS HARE
FHE THRESBRBOHEIIBTFOHETII 25 H, &
T30 H, HAEFHENSHAA > AL ETIIHIHE
”%Hfﬁot(ﬂl?m@.%bf$ﬁ%fm,ﬁ
1 OWBO I FEEFHEDCBITBHREN o mE L
NIV E3IDITHEL. FORE, MKX1>hL, BA
EFEME, HARA A VITHEG U RHEE L X)L AL 80
N, WX AL, HAAL A VICHE L SR
JVBIE 51 A, BEH L)L CI 157 ADAEGH 288 AN
VARIIPSE S RapASeYal

K2 FEHZREARE

7 XA 29 A A% F 4 AARA L
2018 5/26(5/24) 6/23(6/23) 9/7(9/6)
2017 5/27(5/25) 6/23(6/24) 9/8(9/10)
2016 5/21(5/19) 6/24(6/25) 9/2(9/4)
2015 5/16(5/14) 6/27(6/26) 9/13(9/11)
2014 5/25(5/16) 6/7(6/6) 9/7(9/5)
2013 5/26(5/18) 6/7(6/8) 9/8(9/6)
2012 5/20(5/12) 6/8(6/9) 9/12(9/9)
2011 5/22(5/14) 6/11(6/10) 9/11(9/9)
2010 5/23(5/15) 6/5(6/4) 9/12(9/10)
2009 5/24(5/16) 6/27(6/25) 9/6(9/4)
2008 5/25(5/17) 6/28(6/25) 9/12(9/14)

H) FLERGE I FoRRE, ( IREFLFOLOTHY,

KA B VICHOWTIERERA I LD AR Z R Lz,
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HXIC H A FHe HAIC
I I

: B :25(+10) H

Vf ZF:30(£8) H ~*
|

9AH

H1:83(+10)H
4 F:83(+9)H \\

N—

BH:108(+5)H

__“

#F:113(+5)H

F4fE(+SD)

1 BnkakERERE

FEINIFEFEF BT 28I L)L 0K A >
b, HEA AL TOREEMREE L TEEER LY
EAERETRLUEZ APROME, ST~V AR
HXA > HLIIBNT96.33 (+328) %, HAALH
LTI 97.15 (£224) % THhol #FHESHLNILBIZ
WX A > HLIZBNT95.97 (£297) %, HAAH
LTI 98.72 (£1.95) % Thol #HESHL NI CIZ
WX A > HLIZBNT96.17 (+4.21) %, HAAH
L 13 95.84(+ 3.08) % Th o /= 2 BRHGESHTEIT>
T s, AR HEERDRD 5/ (F (2,285) = 8.759,
p < 0.001, 7% = 0.058). %R D /KHESFIT B2 RO
MEZT->7ET A, BREREROHRA > LICBn
THEREMEDENED SN (F (2,285 = 2343,
p < 0.001). ZEMKTIE, HHEIL VB, LARIVA,
LNV COEICE N7z (TX_Tp <0.05). HEEHL
NIVERTIE, BEN L ANL BICHE B MR R
Awon (F (1,285 =18.06,p < 0.001), HAL > HL
IR A > AL S L THEREIZTEWZ ENHS M E
72572 (p <0.05).

FAFFEE LNV OMX A > L, BHARAL L
CBWTEMBEE LB L CH O RGLEEZER LA
e, ZOEAETHHE—VHBERERL, 2HBEIR
THMZIT O IR ZRLEZDBDTH D, ZORE, B

FEHLNX)VB & CTHEFEFHAOE— 7 IHRERICH
B (ff =14.184, df =2, p = 0.001) 2D BN
ZOMREERAEERD &, HEILX)BIZHBITSH
AACHVIBHKA > L L THEEICEL, ik
IV CTRHIKA > A VIZHEAL > AL &bzl
THEEICEND =

4. 28
41 BEERRDICEITREHFBERECDONT

AFETIE, BEBPEFEEOSTEAGIIB TS
SBREREN S, INFETODAR—Y T +— LHEEDH
EHEAE R, 1994) ZHW TN 7+ —< > A D%
HEAVWER L.

Fi (201D 3 FAEFEEHEEMRE LB L X)L
EREFHHERICBT DERERROBREICDNT, H
RA HAVIZEMEROF v > EF > 2RET 55T
HBHD, BHETmNE, FEIL N OKWETIT
EAUMH THREN T =< ADE 23 &RIT7]
HEMEDI D D HHATH D LR 2L TRt L7z, Ok
B, KR UTTHIR A > LTl L NIV TRl
BOERRICE L THERED b NT, £ To%4ds
BBENAR—=Y T+ — LSO EREAER L2 &
WS, XA 2 LIEHE L NIVICBERR< H 5 —E

K3 BHRERICHT BN VANV RIDFEEFERE

HiIXIC HAIC

e e B8 — DT YA LRk
O A e
B aoTHY e o0
AL ns.
& T IC<1A <1B*

Mean+SD , %HAEM < .01
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R4 BERERCBIBIHENVANGOE— S HIRFEDOREF

v — 7 g
HiX A > AL HARA v Ah L ¥—rnkL
BB L oL
19 18 48
L ~_UVA 23.75 22.50 60.00
5 -5
8 29 18
L ~_LB 15.69 56.86 35.29
-3.7 3.7
47 33 86
L ~_LC 29.94 21.02 54.78
2.8 2.8
FBE B x?=14.184, df=2, p=0.001
Rl : %

B PR AR

FEE O WRLEER R & R AT RER R Th 5 L HE
LTW5.

AWFFEIC BT D HIK A > h L OREERER R O E IS HHL
T ROV TCHRATHFERIER, AREZEILED s isho 7.
L Uiamis, IXRTOFHREN LNV OBEEEICB T3
FEERER R OMEIIBEMEEHIC BT B AR—Y T+ — L&
BOHERETH 2 7% R TH 7. ZDFRERI,
Pk ClI Mt OBk H ST BBV AR —Y T+ —LD
INETOHERMEZEFET ZHEMNEND DD TIEIR N
mEEZEND. TOHHELT, KfTHE (Fil,
2011) THHINTWD XIS RHEEEYHORBHaR D
HENEZOSNDD, ROHHEILXIVDOENL X)L C
DEFEVT TR, ARAT HLIZBWT 8L AEIZH
VI DN DENL NIV A, B OETFH I
FLEMERRBRMNEDN S 122 EM B, < OETNHHEEY
HOMMAamOEEE 2 /-2 213FxIc<v. LT
kI ki O THE—RE R—)L) 2HW\W5HE
HTho20, BREBEEL TOEKET TIERR—
WERBETHHEMBERIND (S5, 2013). 20
ZENS, MMOBEERE &L TR D mOEEEN
RHENDEEZIEND. ILITHEEKTIE, EEbks
FIARIZ 8 & 2N A OERDEAN 722720, DAz
STHANICH KERFEESITS. Z—207 (2010)
MR TNDE DT, MEYUHOFE T ORFEIILHIEE
T EMN TR E R EE ST DHDT, HBEkRDOAR—
VI 4 —LOHEREIMOEEH X 0K /252 &
MERTES (FHil, 2017). HA (1994) 1T&-> T
EINBEERICBT B AR—Y T 5 — L OH g HUE
1%, Vb - A CEy I RRICHBLEETFOT—%
EHWTERINTWSDN, BEEOKRFHIIN TV
W, o T, SHEOERIIHXA A LIZBTSE2TO
FEBRERS R E N AR —Y 7 4 — LAORRITRB L 7=
EHHMICES ZDDTIRL, BEOAR—Y T +—

LDOHERLEZD D DZEFIRFT 2M0END D I L %R
BLThdEWnz LD,

KRIZAARA > HLITDWT, @i NV B Ot
FERLR O HIX A > 71 L OfE & Hlk LA T & W BT
Hotz. —J, BENLNIVADOHEKA > AHLITBY
HELEER R OMIL, HXA AL OEE L TER
ZEEDHNT, BN T =< ADK RIEA SN
MOTENEHENL NI B XD BEZITENVETH > 7=,
ZDZEWE, BHEHLNILBIRMIK A L Bl
THAA > HLTOHEEN T +—< A& 35125 &
522 EERLTNS. ZOHERFIZDN
THENI LIV BIEHARAS ALV ITATHIK A > AL
HGENSHARAS WL ETORK 4 00HDRIT, XA
CHLUTEURES ZRESE, HMRSHEREZTIIC
+oifTh D (Fil, 2011). ZLT, #SEHL AN
JVAIZB EBRD, HAZEFHICHGRICARL >N
VICHBL TWRETENZ WD (804), K<k
INT = ADFE LTFICZESRhsTmEEZALN
5, ZOZENSHERILNIVB EIZE 2% O
T AMKETH DI ENRBEINT.

BV NI CORARAS 2B LITBY ZiikERR
DEN, OB ILNILOHO & U TR b KN E
Thok. BEBLIOBEREHICH W TE R L NIL
CHYDHEENAART A LITBWTEWVEN
T =R AEFRETERMOEHRZIIONWT, FHI
(2011, 2013) 1ILAF 2 DOERDNH D LWL T 5.

1DHIE, HAEA DAL ENWD BRI HARDZEAR
BEEOF Y D EFEZRETLZHDTHD=D, HIKA
SHLEREE L THINT 572 DI E SN TN D EHER
BORAENEL, LN COBEKREZICESTEDOBM
FEMEGLER A 22T 2 Z L DN D 2 LR TES.
A THIE, AHET DAL ETORK4 »HENWSIEN
HEEAL ALV TR L —Z 2 72175
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DEERDH DM, BN C OBEFIIZOMBEA
A VI T 2720 OB IEREL S & 22T 5720
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REL T2 DOFEFHRMITAR—Y 7 +— L D
R WEEE2D, AR >0 VBRI AR—Y
T —ALMEEL, BHENT =< ADFREL X)L
BRLAEZ EEHETE S,

2 OHOERIL, EEAGITBT2HEHNARN DRE
NH T N5, 5NNV C DREFRF MK A
CHVIZBWTAERBD DD E13WA, ART AL
TORBITBT 2 HEMMAamiIen &kl TaE< iz
0D, HAA HLTOHEEINT +—< > AFENKEET
HolmEHERINS.

42 BIEFEFRRCEFIZE—IHRREEICDONT

vY— 27 BRI ZOHEESICR W TEMRSLEB X
ORISRk 2 R L 28 E 0B & 2R L Tn 5.
ZZTIRE—HBRROMEMN S, SHkSEOEEE
RICBFBE—VEROR DA EZRFT 5.

FEHAAITBWTHC RS LERD K OF Mm%
ERTDIENWETH D ZENL, INFTTOREL I
FIZEo TRENTWS. MATBEEB (1965) O
SRl LFiEEFHERS CUNHRERTH), U Ey
D REBFITHY Uk i, EEXT, Kko by
7 AU — R EHRIT UM TIE, TOEDRELEKE
FERLUZETIIERARD 15 ~25% THho/zEHMEL T
5. ZOEIEEAR— YR ENREEICHES L 2B T
HoTHEDLSGRN (KK, 1994 ;5 ), 2013) Z &
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(&1, 2010).
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5 HICHXA L, OAIRHARA VAL ERDHES
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Modified upsweep pass and strategies to improve performance in the 4 X 100 meter relay

Yusaku SUGIURAY, Kazuhiko SAKUMA?®, Masaaki SUGITA®

Abstract

In the 4 x 100 m relay, tactical modifications and adoption of
strategies that save split seconds can be the difference between
victory and defeat. In this, it is important to employ a scheme
that would allow runners to carry out baton passes that enable
them to sprint at the highest speed possible in the exchange
zone and on their individual sprint legs. In the 4 X 100 m relay,
an important challenge is to transfer the baton without loss of
speed (especially at the time of exchanging the baton) as it re-
duces the exchange zone time. Furthermore, runners need to
acquire management for errors that occur due to baton pass
work. Using the modified upsweep pass, completing the baton
pass in the second half of the exchange zone reduces the ex-
change zone time and smooth acceleration reduces the 100-m
interval time. Extending the checkmark distance ensures
smooth acceleration and a reliable baton passing performance.
Consequently, adopting the modified upsweep pass and imple-
menting strategies achieve significant success at the highest
level in the 4 X 100 m relay.

F+—7— K : upsweep pass, 4 X 100 m relay,
performance, tactics, strategy
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FZwZ 1 (400m) % 4 DOEHEERXRE (100m) 2
ST, 3EMHDH/N V=2 (20m 2018 FEELD
HARE EgifE )L — )L e Eiz & D, 30m) TEHENN
N ZBEME, 4 NTELEYA LEHBD BN, 4
X100m UL —Tdh5. 4 NTNIZEMETSHZ EMn
5, HATIE 4] &EdIEENTWS, #HRAKS
J>Ew D, L) TiE, 4 AOEHFENN K25
X, EOREEZMNT T R NE” 2D T
5. 4X100m UL —Tl3, EFE~OERERIEES
IZ 3 AT DN b 2N A DOIGRASEEER, NI
HBAEBEZDLP PERIOHDLTF—LITESTIE, N
NN B 4 DB TR 2P 2 M5 2
EHVHRNE FARO CEE /2D,

HARED 100m EEEHICB T SHARE (U >
v/, f5EE L) ToOEEIL 1932 4F08 > EIL R
FUEY 7 TOER BIEEFO 6 M AELDE, E\
fi] < A TE A 720 REEDR N TS P WD O EN
FVU By 7 ®100m BT, BAREETNHROM
FETS EFEUNTI-IVETHEATEZS, EniZ
ELIFYAT 4TI ETHAIN.

LML, 2066 E) ATy 0-FY YT 4
X 100m YU L—kBTIE, 7oHh—0r 2T v IR
BEFENND O 220720, UHA 2RIV NEFE (Ox
<A 77:100m-200m 4 X 100m U L — {HFRELERIEEFE)
EOTMRRETHo =0, WELE TO%SIEHEES
UIL 7D, ARF—LEZFT AV HF—L (FDHK, &K
) OFEZENDL, AYIL (78 60: 7P T Hiicék)
EEES L. TOBRMIE, 5ERBELAZVWETHEHIC
I E N TN S,

WENS 30 L0 BT, [THA GEEED #BFFHAD
RELRF IO ITHRN] P EnS e wi
LEINDBRHEDEFOARRSTIHEZIC D22 &
&, BETERW. i, [EEREZR< T 57201120,
FTUL—2IRET DI &) &nD HARE EFiEEY -
HAEBEED ST, 1987 £ 0 — < HFREFHE &
1988 FEV LA > By 7 04ELRD) 12U L —Hi
ERELEWY.

1987 E O — < HFURTHEMN S 4 £ D 1991 ££12, 4B
3 EMEFEE L RSN HEETHESI N ZORRZEHIC,
OYREOEREREICBT S (AU > NEim] 24
FoP . Tibs, B¥EES GLRAEE M
EiE - MREE PLEER) 2R L BRI TFIEE
W HHERMN S, A TU S MNT 53— A% X
B2 DOEHARED FOFEHEZD R L —Z > FHE
BIEDEBATHS.

ZHCE > T, 100m EEF O~ O EAER T I

66
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HAGLEE 10 7 20 GF | 1B#EF) 1%, 2020 FETD 29
FETINIT BT I NF—LEF) £TILE
faxN/z. 2L THE DAEIZIPEOHCKERZD
DGR FNERGEE (WE 5 - /Nt tiEETF 9
o) T5ETITho £ ZHNITASIOBOS
DEFORT T UETHAVEN, BIE BrEliEi
W BEIEEIL  ORMREZ WA TWD. UL, EBFO R
WD) " AR ST, FEEE R EE DB X S Bk
ROFE” EHNZA 5.

REBRF S OBEERNTVEEL THITLENS T,
HRKEITBIT D HARE 4 X 100m U L —ToO#HED
BELTWS Z&IZ/E5. 4 X 100m Y L—TI%, %
OFFERRTI oM E] HDEWIN b 2 X 2l D 5| 73,
KOBANT = AERET D (HARKETHD)
OO Ta&MtEERD. ONEN, EFE L OREREN
MU L—shgEE (v <A, 7AUHN, AFUZ) @
EFES LKL THTLHELBW P DT, SNk
SOSAR OB, KD BB NTE.

DHBED 4 X 100m U L —IZBT 2N b 2 /S ZARFFED
EANT, 1991410 5. il & HE % B L O Sugiura
et al.®™ 1%, F4EICBAME S Nz AR EHEFRETO 4
X 100m U L — 3% - O 270, [V L — -
INT F—< AN EI2E, FIREZRER O @ W B E TN
N ZZFETIEDOTEDY VF =N\ R)INZDEA
ERETHONENSH S| ZEERBLUE. FDOH% 1998
=T MY S, 4X100m Y L—Ti&, [“/)Nbk>
OBEHE » 2 DI FIETICEND D, KHE
BWTHD| EEZTOEAR RiIEREKRS - ook
ZEREREI—F) P2, TORK (TEFCR) K
HEOWRETY =N\ RNZESi 2, BENEFET DK
FORATY R F—LICHEAL, EZE EF TS
729 (Fig. 1). £L T, EAMPKBLEY >F—N
> RNNZZENADOEERERITBNT, RFEOHZS
THAREF—LD4X100m J L —D/N b > )8 A Ee A -
INT =AM TR ERFEEEZHEZ TN ZEITR
5% L oM, MEWE 2M512H->Ti3,
N—Z27 - iR TOEREKOYELT, #F - 2—-F5
DI EIERBANHT D &2 D P,

1992 FED NV oA > Ew 7 THAREF — A
%, 6L AE B8F 77 HARE) Z2FRALT. ZhiC
DAY P Ey VEMOMEEEEEEKRRT, #ho
BEEAER) "3, REF—LDONF2 ROV T
DNAFANZHINF vl &L= (Fig. 2%, 3
TN > =2 20m) IZBT 5 2mEOEH ON
N2 PEL) OBEY A LESNTT DI E (Fig. 3)
T, OZADDEW«HIERRN S INZA " 2981, N
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Figure 1: Sequence of good modified upsweep pass demonstrated by Juntendo University Sprint Team in 1998
(Japan Inter-University Athletics Championships) photos by getsuriku

80m

Figure 2: Schematic of videotaping the three baton pass points of the 4 x 100m Relay
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Figure 3: Changes in the speed of the incoming runner and the outgoing runner of the exchange zone

EHLE 351, BEOSBEONHRERD 28512,
INENRADOORY A LERNEARET —L « A2 N—
EB Nt F AU Sy 7 TOERITEESY 1 L
W3 ERFE L. OB, AU EY rkESY
AL @87 LIFEFE—-HLE ZTO® H¥EERES
W12 1994 EDT DT RE @I 37 &AL 1B
TH, ZOERTD TOTO A — /8 —FE | CRKE D41 %
T, NRONZRT 7 Zw 7 Otz ZBNICRRL
CHARRIRN R N Z BHEETH UL, REF—LIT
X388 7 HD “HENIR N " BB EERLT.
2001 fE1T75% &, kT HS OrMfbZEEK - EiE
HEGSE ST )% e (Rl SEE G D
W7 =N\ RXZOEBEICERL, TOHEME
HAREKEF—LICRA - BATS 7027 b ERETT
20, BEZRE AT 2001 £ 5 B, FEkilake b, 21—
IN—FEE, KBRZZ>TIVRERET, NhoJ—=2D
ETOMBY A LN — 28T A L - EAY A
LEFEHL, EEWLRRESR— 2270 20
BN 5,4 X 100m Y L— 8RO 7 — RNy 7 (B
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HRES-WERER) 74—L0 74—y MEIh
7= (Table 1). 2004 D7 F3%A 1 > Ew 7 TlE, F#
ZESDPEADORRTOREFT —L DN 2N AICET
DO EITY, NN ADORY A ADETIUE, 38
19Dy A LMAREIC RS EBE L 2P, R, BA
REF—LIT8H 49 TAMAEERT. FF - 1L
FERTOY I M, ERELTHENS Z &R
DTH 5.
TO®ONREF—LOEFLI—F (AEHMN R
XIERE— - BUEHEEERE TITER) ORI
A EREREAES BHEAE M) KX28HEBX
VREHFR—FEDITLST, NSO -
MRDEAER SN TV 2, ZORREE, FU > EY
7 (TTF AR, LR EBAYIL, UFTFIOr RO
FRAF)IL) R 2001 4F LAKE D i FUE FHE DU R AR 1T 405
WWHNTWS. 2016 EFU ATy 3104 > EY Y
DOBEF4X100m UL —"T, HENEAY ) 2EEL
BRIZiE, U. RV M&EFE (v~ A7) DNidHERAT, [H
KIZF— AT =T, TOREE, #5 % JTERD,



Table 1: 2004 Grand Prix series in Osaka. (2004.5.4)
Men 4 X 100 m relay result of analysis

"O04KBRA  (38835. 13E : BRI, 27 : K. 3E: FF. 4E : X
"04 XBRB (398007. 15E: 1T, 25 : B, 3 : BHE, 4E: BR)
"01/ 8B (39#09. 13 : £iI. 25 : ®#M. 3E : BX, 4 : )
"02@Ep (40813, 15E : 1T, 23 : BF. 3F : . 4F - K8
"02R=—s3— (39F07. 17 : B, 27 : K. 3E: BE. 45 8RN
J—=oAO, HODZ A L

"04KERA| 04 KRRB[ 022 —/<—| "02F5ES | ' O1FGER |
1-2F AQO 9.50 9.57 9.65 9.87 97
-2 H0O 11. 40 11.52 11.63 11.82 11. 66
2—3%F A0 18. 65 19.05 18.91 19.54 18. 84
2—3FE o 20.60] 21.02 20.92 21.62 20. 76
3—4FE AD 28.10| 28.50( 28.64| 29.31 28.29
3—47E HO 30.02 30.48] 30.70f 31.42 30. 41
J4=yab{h 38.35 39.07 39.07 40.13 39.09
(84 : #)

J—> (20m) FBELAL
' 04KBRA|' 04K RRB| 022 —s¢—| ' 027TED | ' O1FTER |

1-23& 1.90 1.95 1.98 1.95 1.95
2—37E 1.95 1.97 2.01 2.08 1.92
3—4iE 1.92 1.98 206 2.1 212
INEBAL 5. 77 5.90 6. 05 6.13 5.99
RIEZ A L 32. 58 33.17 33.02|  34.00 33. 10

(844 - B)
BAZA L

' 04KBRA|' 04 ABRB| 022 —s¢—| * 0275ER | ' 0175 &R
90m 1& 9.50 9.57 9. 65 9.87 9.71
30+80m 27 7.25 7.53 7.28 7.72 7.18
30+80m 3iE 7.50 7.48 7.73 7.69 7.53
30+90m 47E 8.33 8.59 8.37 8.71 8. 68
(hniEPE A+ A E R AE) (84 : B)

EDINEINA (FHF =N R) WO HHEES L
V. bNbNEDIEDEZNITELSIAD ONE2ISA) HH
HELTWT F—LA—FEFEHELTWL | EAARTF—
LEMELUE BHHMA > 51,2016 4£8 H 20 H).

VAT vrAM0F4 > Ey VTRAY IV EES LT
HAREZT —LO5BDOHIEIR, 2020 AU > EY

Me Ltk $H19BHE 15 2021

7 (2021 FEBHMETE) TOE@AY I ERoTz. S5
DIETE « DIRFEREH DAL E, IN b IS ZHKEE DOHER: -
m NS AU, HAREZ T4 X 100mJ L —TOD
[t —R—IVIZHDH] 1F, o U TRAEER HIE
ThWwiEs5

3. 7rF =Ny RNNZRDEf

1) A=N=N\YRNRRETZ T =NV RIRR
NN, F—=N=N\DRETHF =N\ RIZK
BTED I, R, F—N—N\> RN ZAIEDEH
SOMBET, 7 >F =N\ EXZIEEDH% I DILE T,
TNTIUNN > DOZFEL 21T, T 2H =N\ RN
TA—/N—=N\ RN EHB LT, /N 2N AT ERE R
(ZUEHOZUFEIAGOENZEBLZEENS,
INR2ZZIFTEDETICELZRRE) NEWEWnwbnT
T/ UL, FBICH)S R OFTERFICIZZED D 5
NTHWARN?, @EHD, IEIEAER @0
DM G 2EBEDO/N N 2N, w20 EE
WHINZDTTIRBANWI EZ2EHL TBIRETHA
5 W FRRITBWT, NV =2 TR ELES
OFEAEEENFEML, NABENET S « AN
INEOZFELNMTONS ZEEFH LWL, AU EY
7o RFHEORYETIE, METHZ P
CHRARAY7ZN R DN Z R, NBCIEL 2T EEN
BTN TELROEWVEERE TN 2ZITET I &I
59 (Fig.4). 4 X 100m U L —TIZ, AT/ k>
DEEZHKESTIIBHIELI0NHEERD. iTE
B B X U8 Sugiura et al.® 13, 1991 4F {it FfE L 55
REBT4X100m Y L—IZBNT, F—/N—=N2 RS
ZZERANWTHRFRETEBLZTY AU hF—LE, &
NTTAVRITEZNT =N\ R)IXZAZHNWT 241
Lo =TT AF— 14 (1990 4£1T R0 sk ) @
MR - BWESTZITV, T o =N\ RINZOBEMEE
CEEY N Ol

A good exchange Too close in a bad exchange Too far in a bad exchange
o D — -
[ — e >| |® > |® L
Exchange @
Exchange Exchange
IAcceleration Entry Exchange Elxit ‘Acceleration Entry Exchange E‘xit ‘Acceleration Entry Exchange Elxit
[ Zone ' ‘ ‘ ‘ zone '

@ Incoming runner O Outgoing runner

Figure 4: Speed pattern of runners in a good and bad exchange
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UL, SO5RBIRMICERER S TWDEN RN
AL, FA=N=NRTH5B. T—/"N=N\2RENANY
DH =N RNRAXOHFENDIHERE W< Ohd
é 21),25)‘

- NBFELEHT FECHESIiZ2HWSIET,

K O/NSREHEEICE > TN 22T EEDT
DUOBIZHLUIAD (EY) ZEMNTES

N ELEFDT, ZUEFOFOUVLEHELS
TWVDT, NhZEELPTN
NFELEHREZTESONEEHRENSENDT,
AN 2R/ L TRET 2T, E<k3

SWHEANIE INSOFHOWHNT > F =N R
INADETERS. AT, [HENSZL DI—F NG
L TWET ¥ =N\ RINZADERKOERN,

NP OZITEEL ELUEEOESIN DR ER

HEEDD, NAZBROERT &I ONRo Y —
CH2-3KMT) BEAR—ANPRLITHLS Ix

D OB EICROE LK EICR S (Figh). /N
FoOBEVDELIR, NE2EFEETERIZHRDA
50 FEAEETONNORBOEALD, HE
HEOK T3S ITI LI
T H =N RNZAOENE, NRELEEBXY
ZIEFZTNTNICERINS. bhbiud, Zhso
T ERRT 572012, HimEEBOMmmN» S 7 >4 —
N BENRACUEEZERTER.
2) NbYOZRIFEL
INEELEEZE, NRONRERICZTEEOTO
MLz L 7=, FHOEREEICL-S T (Fg. 6),
ZUIFEFOTFOOSICHEOTFOUOS E2EHbES LI
LT Nh22ET (Fig 7). Zhs08EDH
BIZEo>T, 72 —=NCRICED N NAT—2
IFHESEIZRD, EENMOROEBEL (BR) bl

2.
3) FlfSiEHt

Figure 5: Traditional upsweep pass

The grasp space of outgoing runner is reduced in
subsequent pass.

The palm of the incoming runner’s is facing down
when passing the baton.

Figure 7: Modified upsweep pass #2

The ingoing runner coordinate his or her own palm
with that of outgoing runner.

The palm of the incoming runner is facing up when
passing the baton.
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Figure 6: Modified upsweep pass #1

The incoming runner, after confirming the position
of the palm of the outgoing runner’s, passes the
baton though volar flexion, or palmar flexion, of
the wrist.
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Figure 8: Modified upsweep pass #3

Maintain distance from the hip.



IN B 2R HT H AR O BIEE S 00, A
fi5 2 I BEL &5 O AR B BRI Ko TR D K 0 B IC 2 L
GIET, W oFIEEHEERTES (Fig. 8). L
N URSIEE, ZRIFEEETIIRW PP, FEDL
U2 Ey 7 RMIEFHEORBITENT, F—/N—N\>
RNXZZHNTNWDE Dy RANRT AU NF—Lb, |
SIEFETEBEIMMAETE TV, BB, Ty v—
DN BRI TH —IN—=)\ > BINZIZ & B RIS FEEES 7
RNYF—22hbZEd, BLWD., EEEED
B LU Sugiura et al.®? 13, F—/N—/\ > B)XZIC K B 7]
BB EHRTDE0S, 7O =N ENRADXOERE
W ZEETHEIDNEEL NI EE2RBEL TS,

REFEDEIEHET (SKRAEETE—N—=N\2ER)NA
) 2RI, KRLEY =N\ RINZAZEA
L, NEXZADBHAEIZDWTHERLEZEZ S, 80%
DEDOEFENGBLETY > =N\ R)INZAZZERL
72 OB, WELET 2 F =N\ RINAEA—
IN=N\> RNZA &L T, BEMENRE < finksn
720, NE2ZEELSPTWIETHo7=. ZOHAIL,
NEELEENZTFEEDOTFOVS (=7 ) %
FHRELPLTNWIELD D, EEBENRNIC<WI &%
BIRLZZE2EKRT 5.

WEINET F =N\ RINAE, HR7WiE D B
ERIT, BREREORTEMA, WESINEDZT
EUMNAEETH D, UL — - NT +—< > Af EICER)
ICHRET HE VWA D (Fig. 9). BLEY > —N2R
INANZIE, ARIZSERMBRY =570,

Figure 9: The upsweep passing technique and
the downsweep passing technique (the
upsweep allows natural running motion
while the downsweep involves an
unnatural running motion)
photo by New Studies in Athletics
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4. 4 X 100m Y L —DELER

D FrvIR—ODERENMZITEEDRAA—
RILINER

N ZTFEEDF Ly I =T DEIDEND, N
DB EREI T T HEBITDOVWTHS MU
72130720y, Mach 120, N b 2213 EE O ik 5% %
intensive & smooth {Z[X 43> L CTW %. smooth 7% il 5
ETIE, ZUEENHIE LA SHRAICHEE Z2&ED TN
{7=®, NN EZITH S £ TORICIER S T %)L F—
ZHELRENIENDS, 100m X2 RS THEET
LZENTESD, ISITEAMPIE, NhoZTEH
D2FBEDAY — MEICDVTHRH L TS, ZDkEE,
Z0—Z%— bk (smooth) 7ZfElE, 71 w7 A —
I (intensive) 72fIE &R LT, AR EHEZ <
L, #HEBREZ/KLTSHIET, 100m XEY 1 L%
FfE (p<0.01 EIEHEOZ% @ JE# Om; 0.10 #, — 1.0m ~
—3.0m; 015%) SEHELTWD., 5T, Fovr
- VHBEEOHEEEICONTHF LKL TY
% BB s F Ty 7 < — 7 OFEEEE, 25 ~ 30
REMRETHO, NMELEZEOF v I — @il
REDBAEREE, 1om/BEBALHEETHZ Y. Lz
Mo>T, Nb2ZJEFL ELEEOFzvIR—Y
DBIBRFIZ, - 25— RDYA I TR (%
AMNTHZEFEHLL, N ELEENF Ly I —
D% EETS50ER OZITEZEON®E - 25— D
Rt (R 13, EARNZER RSN ZOFERET,
INENZADI A GEEolz - ML) Z2FFRT 3
ERIZHD (Fig. 10).

ZDIREVBLTHEDITNE, FvIR—V%
0 EEREESLB~WZECEETLERND,
INEZTFEFTELEENF v IR—0% “@iEL
2l EEMRLTHhS " A =L, BRAZIZIMEL TW
<P ZHIC&-> T, “HEWZ "IN K2 INZAHEFEIC
2%, ZO“WED #HRELTHS) "L, LETL Y
S —TNIZFEZEDAY =D A I U TDEL
o0, B<ko/z0d5ZEE2MH L, INF2IVA
DOWEEEZED D Z EICDRA5® (Fig. 10). /N b >
ZUEHFT, IEL 100m R ZHRET S, Fryr<—
7% 35~40 BREICTBIET, NboZIFEZEOHRE
HOAL—=XBEN e E /20, KB ONh>—2
BEROEE) OXDFENWY A AZHFETEOTHE P

2) NV —VBERMBICEITZ/N N NRRAETAE

INRRXZADETHEE, [N OEEEEEST
ICBEIT 2 9P| LS BEICH L THELR IR Z S
A5, s8R S, NRVJ—=IZBIFAHNREL %
EH OEREHREL, NN ADOETIRE @i - %
) TREBREEERIITNSTHS.

ZOMB IR, 1991 4EHREE EERERE AP F 4
X 100m J L—kBETT AU HET S AF—LD/)N K
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Smooth acceleration method (4-6)

A long check-mark (35-40 foot-length)
allows smooth start.

It ensures certain start of outgoing
runner.

Intensive acceleration method (1-3)

A short check-mark (25-30 foot-length)
demands intensive start.

It may trigger uncertain start of
outgoing runner.

Figure 10: Two acceleration methods
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TE, INRNZABN S = CRTEXET, A7 T
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Figure 12: Too close in a bad exchange with modified upsweep pass and downsweep pass

Upsweep pass is able to minimize the risk of incomplete pass.
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Figure 13: Concept for high performance on 4 x 100 m relay
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LT3, &IDiFHEIRNTNS.

HA DR Lt i %4 U T Safe Sport D FEIAD
=%y TaFEHEL TWEEERZN.
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[$—/—hLoFr—]

AIBICH T HELFEREFESHKONA AT A D=V XICET S
Xkl E 21—

FER (Rt R A EEFRD

Z]
BERIET (PR REERE TR, PRURSE 2R — Y RHE)

. #%

e EFiioEHO 1 D Th LMk, B (K=
D LIS THAD I EDTEDLE S 250 Btk
HEHTHS. 2020 4 12 ABE, BrEmpkoitRadek
132 A7 = —F > ® Armand Duplantis ;& F 2337 L /=
6.18m, HAFOERILIREF KHIET AL L /= 5.83m Th
% (AARE FsiditE, 2020 : World Athletics, 2020).
F7o, LT HEBkOMILRLEIL DT 7 @ Yelena Isinbaeva
BB L2 5.06m, HALENIRR TR EETF
SELU T2 440m TH B, TEDKRIBIC BT D5 B
FOEBEAREDOMEE RS &, 2013 FEHE 5 EicB 0N
TINABERETA5.75m T 6 (LIC AE, 2016 £ 45
D R A ORI W TEE K HE T Y 5.50m T 741
WAET SR E, EBRRICBWTHREZEL T1a.
¥/, HARE LEHEEEISH RSk E R HinD A Y
W —4y MZTHEELTHBD, HRNY 7L X)LITBUT
HIGHEN I N TWS (HARE B, 2019).

AT BT 2 @Bk BI T 20781, R—I)V OME®
ERETNICBI T 2RI ERk 4 IR RITB VW TIThN T
B, ZOHFTENT 3= A EDOBEHEIZDNWT/NA
FANZ AW EICEDRANE<HEIN TN S,
INSDOMZEIZ L B EE, M —Z 2 VHBIZBITS
REICHWeNTHD, BEEAmMEo—&m>Tns
ZEMEZS5ND. Frere et al. (2010) 13, #F/bew X%
NREELUTHEERDO/NT +—< > A2 FE T EITFF
FATA, FEIXTATA, ITXRIF—0OBENEL
Ea—LTWa., LNLERNS, AFIZBWTHRKEN
TRk OB RN T =< AT I I NE T
WLE2—3NTHEET, AFICBT2HEEBKICET 2
WEDERZ2EIT D 2 E TERDMIEDRIBICEHGT
52 Enfifians.

Ko TARLE 2—1F, AFICHBIT HEEBICEET 51N
AT AIZ7 ZABTEZ L Ea—L, TET > XD,
YEEEG SCTHRN SN FER E O, B X OWFEDBR
EHRETHIEEZHME L. AL Ea—ITXD, Bk
BT 2 HEBRICR T 2R BIBICBIT 2N T +—<
AWM BTk gD B &S,

2. 5 &

Wk FER 1213 CiNii Articles 3 & O PubMed Z 1 L,
HAGEP L OEEm L ENRE Uiz, [BaEpk] £213
[pole vault] WS F—TU— RIZTHMZEETHZET A,
320 HEDSCER D ZE M L7z, 320205 B EET DL,
PR, FREE, ME, EEELE, HEERSLOBR, N
AT AN AU DOIHE, HEADHREL TEEN
TWRWIHFEZBRIN L, SN AFIRETH o 72
BRZEERA L7z, 2020412 A 20 HICRE OB EIT> 72
F/z, MBI DICBWTHRH SN Rho 7203, &H
SN L DBE LRI HE T D 2 A D2 B Sk
ELCEML .

3. BWRBLUER

3.1 A
MHMRBSHITEL L2 32005, AINAZX
HRIX 37 Th - 2. BASINZ3THRIL, 1998 2 5
2020 FIZHEEXRSINZHDTH D, 36 A HAGE, 114
NPFETHEINZHDTH o/ BAINZHD D
HIREMIIT 8 Th > e (B LsEirst, 54 1K
BEVIL, 400 RERERE w20 R Rtk
Rk, 21F BE RBEMIAACE, 24 NT A AT
7 AMGE, 14 ART7 ALV T4 v 7 NL—Z 2 T%¥a
#%, 1 4 ; International Journal of Sport and Health
Science, 1f). 7z, WFLERILUILHS 7 & DOSTHR
W19t CTH o/ (B RFEFseie B, 14 #F 5 R Rai
W, 3 B R ERE 16 AR—UNT +—
AR 1HR).

3.2 RERENMERID DR

INA F AN =7 ARBIFEIC BV B E BRI s LT
WHENTNDEA XY NDEFREER 1T, EBEOBEELD
SHEZER IR U7z, BRST21T> TN A AT
— AMWIZE (F2BXU3) 1, 37304 THD,
L —H =l S E E W B EEE T 270 72
M7 (F4 13, 37 7THTHo .

WL HT 21T D TWZNA F AR =7 ZWRRFE, 30
T 27 PR ORFFE AN U J5) T LARE D 3 T I H &8 T o+ —
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T A

TD ITO

=1

5

|||| i
mpB | Ps | PR
PP t-C.G. HL

1 EBEPORREE

RASNEXBTHOSNEESHICB T 28IV FOEE

= O —
TR A HEEDEFR S AT
TD  Touch Down SO AN U 7
PP Pole Plant =V &R v 7 AITZE 5 IA A T2 .
o ' Frére et al, 2010
TO Take Off BT Sl b L 7
MPB Maximm Pole Bending N— B R MBI K & 72 o T R
t-C.G. top hand - Center of Gravity D F & B (K .00 FEEES 5 O B il &, 2005
PS  Pole Straight R— R BR0%IC i BT < 72 > 72 W[ Frére et al, 2010
HL Hand Leave A= V5 T OFD BT W fililiy &, 2005
PR Pole Release A=V B DT3B 7= .
. e ‘ Frére et al, 2010
HP _Peak Height of CGv S SA HL B LT W
s - \ = N — 4 s EE
xR2 BFEFEMNRICHEIMETOAERNICEITE2HRE—E
£ RS pres ) S 7 T SYBFIRIH TG S 2
N KA FibmphgT (=5)  Hfk:3%5E/Sv =2 7/DLT .
1998 e ey (n=4) H—L + 3%EDLT 4 60 TO - PR R VE T % 2.4 - 6.6 Hz i
. KPS THEmPGE T - Bk 3% E/ Ny = ZDLT R . e
2000 i f+f£m)<;ié 4 (n=9) A s 3REDLT 4 60 TO - PS FE DT E I 4 2.4 - 6.6 Hz e
002 Ak RFEBTHARSEERE @) L 1 v :v‘ez Ly BEom7s 525m AL 2
2003 ki KPR THRE R T (n=2) 3%EDLT 2 60 ™D - PR Aol L i
2005 i KO AR T @=2) WA=y ! ) ™ (RSB 2+ 10 e B
2005 il KEFEBTHEPERT (n=9) 3YEDLT 4 60 e L 3IEBEEEE I
2005 4 2034 HASETHE LIGET (13) 3%5EDLT 2 250 9 10 Hz stie
2005 g WIS e 2eEpLT ! 6 wonEHOm - PSE 15T~ ORI e v B
. [E S O— e B 7t (n=10) — o P _ Xififi : 4.2 - 8.4 Hz
2005 ®mH Pyt (=) 2% FEDLT 1 60 B2 DR - PS#ISa~ FOEEWR B e 4’ samy iz
006 gim WD HREEEE ey 2EDLT ®REL  mEAL B BH O PSizIs= B e 12 e
) A D — e Bt _ . -
2007 @K [y (n=44) 2RIEDLT 1 60 TO - PS el L Bt
[EP9sh O — i 5B it Xifil : 4.2 - 8.4 Hz
2007 g PETa e (n=44) 2005EDLT I 60 B sy7eR RO gy 2SN s
e 42-86Hy
. BRI R AR RS (=) ”
2008 B S B T @=5) ARERBT 1 60 G OB = TO 6 Hz Bt
200 ik KA 9 TR @=9) L ! 6 WS - MRS sHz o
e _ By : 2% i8> = /' DLT Wk e 1 BhERk = BhERET -
e Rl ) 590 : 3YSEDLT B9 2 o B - BT ot EEES
003 il HAR R (@=1) A L 6 Bt e L e
. R B (@=11) . . - .
2013 s | B HIOB (=1 L 3 300 I8 - AL B el L W%
013 Ak . j]‘r‘& jj2§§ (n=12) ARREHRE i ) B9 E PR SN 2 - 6 He 23
. § » = ) IR GiERS—% o N
006w b o 7 B T (@=3) 205EDLT 1 120 it - il ST R 3.6 - 6.0 He sria
w0 KR TRT =) 245EDLT | ™ SRt oHz W
0 7 RSS2 (%) L s 250 0 - PS ST 15 - 20 He w5
00 4 HARA BB (-8) e L Ve 250 PP - Hp SRR R 15 - 20 He T
2020  Kageyuki R A B2 (%) WL R 250 0 - PS ST 15 - 20 He e
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o}

FOREHEE P13 (%) SRR

NAZ YTy T

3T X RE ARSI S R/ TE

B JiE e (Hz)
1998 [P [EN LA Remmpkie (n=2)  3%JEDLT 2 60 Aike L 6Hz iz
- EN ik THERIRT  (03) - 2T TR e »
2005 E e (n2) 2PUEDLT 1 60 BV 1 i il L it
2005 PODPEE = (@=1) 3%FEDLT 3 B AL i L Fiti
2006 #E M%]Zﬁi‘f;;ﬁ&g (=12) 2%IEDLT 1 60 mu;ffftm L oPS#Sa~  REENEK 24-54Hz TS
w6 A R ;’;{;Zg; B (Z:;)) 3IEDLT ﬁf g;g 2 60 BEO) B - %‘*ﬁ;jugf AR 2.22 - 6.96 Hz St
. . - - e Bk P o e X 4.3 - 6.9 Hz BEie
2018 KA AR (n=1)  2%EDLT 1 60 Smeyy - MPESIY RBEERE (ul50r oot o
o R |y P LNLLTRE (0=1) _ B ik S—% o X 3.72-6.96 Hz N
2 D A A KT ) I ! 5 savil iz OSEEEE v 0w erme FHES
£4 VLYV -RAEXEITEELZRAVEMERESNET > EPHHmNY—E
FEIEEE S (n%%) I E R AE
[EPAh—3 S T Hem bk (n=2) B B ERE. KIRGP, HARFHE, R — ~—FEL
2005 /N N e Laveg T N
EWN L TR ke (n=3) TF  RFERE, BAETHE
2006 /11 EN S i m ke (n=3) Laveg Br o EhER, B AR T
E N LR ki (n=3) I HARRFHE, A—/S—E L
2007 /1L EN 5 TR bk (n=7) Teriee 531+ 20064 ] [E] B
[ N — i 2 - v kge (n=7) #ZF- 2 20064E % H Rt
Laveg

2010 bk EN R v S LV HREBRGRTE S (0=5)

NAAE— R AT2H

THKILGP, BEERC

201402018 FHE A% T (n=9) 2014U20H F5®= FHe
2014 /bl U20H A% F Gz L) Laveg 100Hz 2007-20141HE E U014 A A 2 =7 « 22— XBTHE
2018U20 {18 FHE HN% T (n=10) 2018U20H 55 F
2018 /NI 2014U201H FU T TR T (n=9) Laveg 100Hz 2014U20H 558 i
U20 H A& T (et L) /N BH201412 00 2 T2015E LUK TR ZE B2 OIRE) THIE L7283 &
2019 B FAE AT (n=8) 20191 3 T4
20191 SR FHE A AT n=3
2019 /Nl 2015 H R B (§E(§Ji7‘£)b) LDM301C 100Hz 20145 i Tt 4
2014/2018U201H L FHE  (GEHiZ2 L) 2014/2018U20 1 L i F 2

XROAEOEEEZRFL TR, BERmICOW TR
L7WERIE 3 O ATH 7=, £z, BAUEFEEEZNS
E U3 23 1, it B 2 5 & Uzistid 6 1
MFEZERRELZHRIILIHETHD, LFHEHEENR
ELTMROEIGENDlaino7z. X512, 30 15 1
PFRREEICHBWT, U EIFHRICBWT, 1427
HIZBWTHGEDINEZIT> Tz, IEES NGO
YT TR DWT, 30 21 #4:77 60Hz, 8
EAY100Hz DL ETH O, 1R EN o7z, 7
> 7 REI B 100Hz DA _E ORFZEIE, 2013 4E LLRRIC AT
ONIHEN6HEEIFEAETH- -

B E T2 37 thDRFZEIC B W TR 7 a T 237 &
NN T 4= A EBET BFERITDNT, FRIHE
ANCTFREICEED . 61T, FHEEITBWTHEGETH
EINRAMRICBIDHAEEGHOETERL -

(D BhE (M1-©)

BIFEREICBITENT 3 —~< > A EEHENH D HERKIC
DT, H S (2012) &EARBES (2002) ASBERDHTIC
BNWTHHNZT> T\,

HA 5 (2012) 13, DNROENEEBEHHSICHE L
EHTEEIGET 10 AEuRic, BERmICHBITS R
NI ROFRERICERL, BommiskD LR &
TRBIC BB ATy INNY — > Ol & L -8R

FIDOFBBAR 2 AT L T 5. il 0B D BEifr
& D135 D = (Standard Deviation of Toe-Box distance:
SDTB) DO AfE (SDTB,,,) HHHAITBWT, ik
TACEE YD 1 2RF000 5 5 4300« 15 8.25m) A% LA HE (B
) 5 Axi0 5 14 2340 49 23.45m) IZHARTH BITH
PNTEN S = EME L TW5D, £/=, SDTB,,, HHEM”
SHEEY) 2 BATETOREA N T 1 R (SDTB,, Hi
H#%OBZE AT RIZBIT S SDTB OAE{LDE|E DFI)
IZHBNT, Gk EAEE 67% 2To TVW5DITH LT,
TERIL 81X EABICIKWETH > 7= EMEL T 5.
DED, &R FIET B E LT, BIEOKEIC
BT 2BUMLEDOHRBORENE NI EEZRL TS,
T 51T, SDTB,, HE A EHEREiLik (r=-0.78),
BUHE (r=-0.72), BYI2BAIETCORBEA NI R
FAREAR (r=-0.85) & ORMICHEEREADOHBREZRNED
S5NJz. TOMIT, BUREIZH W T, iiek FALEE (7.42
+ 0.18 m/sec) 7% BAZEE (7.9 = 0.17 m/sec) IZHENTH
HIThE <, HOEMSLE S ORICHEERIEDHHBER %
(r=0.80) MEH SN, 2D E LT, SDTB,
MHI L 721&E T3 7 )V — 7 (Early Adjuster[ #Y) 10
# LT ], n=3; Medium Adjuster [ ¥ ¥) 5~9 # #fi ],
n=3; Adjacent Adjuster [#1) 4 FFiLAE], n=4) IZ#H
B XU ETY, BYEE B W T Early Adjuster
(7.98 + 0.23) 7% Adjacent Adjuster (7.44 + 0.16) Tkt
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NTHEICEN D EMEL .

AKHS (2002) 1%, KRFEAERRSHEE 74282,
NZ w7128 5 30m OBEZE W, R E
DAL EHELBL DAL & DRERZE DL OZM:THRETL
TW5. BERIAREOR— )V AEICDOWTIE, HiE
ER=IVDTR T A 45 EOREL (45 Bl &SiFiEK
SEORED OKERlED) @ 2 &, BhEICB T 23 EAR
IZDWTIE, BIERH AN S 156m fHEIC B W THRAK
HEZHHI S TEZOEFMHEFT 2L DT RL il
(BNERE) & 25m FHE (o ABEERTTDOE
R KBWTRKEEZMH I T LD TR 2
CE¥ERE) o2&tk cEhsnitbt/z. kR
BB DR — IR A E I DWW TH R L =REE BN T,
B ER A A K 0 15m 22 5 25m DB EZ YO K O
RV A E DL BIT D WT 45 Bk B K ik i
CHRTHBCEN S E2ME LTS, BiERE
I DWTHR L ZREEICBWT, 2N ry
IR 1T F T 25m M s O R — VR FR A E A BT
mmo il &, BRUSEENE 2T R
T10m 75 256m ORBICBIT 2 EELLEB I TR—
IR AEOE(LENEBICEN S 22 E2RE L T
5.

5T, b= HEHEEE (Laveg £ 7213
LDM301C) ZHWEBEIZBIT 2 A E— Rafiziro
e & 4 1TR L7z /MUS (2014520185 2019) 13,
MR 2 Z T HBBFETFBLVCAABFY 227 by
TEFERRIIONET>TNS, R 227 EFS
FUOHAEFICTBT 2ERME A E— R &R & D
WERBBREOCHBEBEBRNED 57 (r=0.55-0.73).
¥/, A2 7EFLHARFRZMEL, BiERS
AE—=RIZBWTHETHEREREZ RN 720, B
KBWTHA D 2 Z 7 RPN AART LN THRICE
Mo, TDRYH, HAEFIIMAD 2 27 EF Ll
LTOHTnshEREEZEBEL THWLIDIZHN1D5
T, BURELBEOEMARICELD, HROENWIRIL
F-—EMMNTETHLT, RS2 ES TS TRV
HEMED D B &R INT NS,

EMZ B 2B EICET 228 TlE, R—IVEHREL
TEET S ZEICKOmIRO AHIR SN, WHOEREL
D%H 085 1.2m/s (7.5 005 11% ; Frere et al., 2010)
F 7213 0.5m/s (4.5% ; Linthorne, 1994 ; 2000) @ 7K 53
ENEALTnD &, KEREDHMTENZA T
RANEADd % Z & (Frere et al., 2009) 738 5 iZ72 >
Th. F£/, @EOHRELHKTDHILET, R—)L&F
DIENEEDS F) BIUHEE (V) OEEHITH
BOHEE525ZLERLTNS (Frereetal., 2017).
IS5, BEEEEZU T LEN—DOES EOMIZHME
(r=0.69 ; Adamczewski and Perlt, 1997) & 20t (r=0.77;
Frére et al., 2010) O EBBHITBWVWTH A E/LIEDHRY
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BIRMNME SN TH D, AFITBIT 28 (=055 -
0.80 ; HAf S, 20125 /U5, 2014 ;2018 5 2019) & A
BEOHEMERICH D EHEZ5NS. ZOMIZ, EFOD
ERARELESEEEE 1m/s © EFIZD EEHMIC0.54m
BimL, ZoEm3EvE (R—-IILZ2#E2 LOFO&ES)
LREMUEBEICLZE I OMINICE > TERIND T
EMBHSME/R S TWS (Linthorne et al,, 2012). L »
Lians, UERmICBIT 2T, &sticd
TAHHREE DN ENSIERP—IEATRETH S
MIARHTH S, D0, EEOBEEERICHBIT 2
RS AJEL R R — )V EEICBI T 2 B2 B IFSE RSB TSR O
ERNROEND.

2 mARHELE (K1-©)

BHERMEPICEEEORELIRANERDESI TH DR
RELEESER EDOEEOBREFITON TS, 2D
# (r=061-096), hZ0@EmE BOEERKELE
D7, r=0.98), BiEEE (r=0.76), BUHE (r=0.72),
FOKEEE (=061 - 0.97), mAHEEE (r=0.84 -
091, HR—IVERKEHER (r=054-0.86), H—)L5E
I %)VF— (r=0.78, 0.94), Maximum Pole Bending (MPB)
BEDR =LK S (6=0.72), BK Apy BV HEHR—
VLR DRKZE, r=0.87), B (R—IL D5 & R —
V- B EREROE O r=093) O 11HEHIC
BWT, BRELEEDEICEERIEOMHBBRIGED
507z EMIS, 201852020 ;5 =75, 2020a 5 2020b ;
Kageyuki et al., 2020 ; &#a 5, 1998 ; il 5, 2007a ;
2007b). F7z, BkEMAERAELEEOMICEERAD
MBI R (r=-0.66--0.77) ME D LN (HH S,
2018 ; FH 5, 2007a; 2007h). A E L E & OB %R
BNRbENOTERISEEOES (r=0.98) ThHho7x
(EWIS, 2018).

INS QERITINA THEFERITBNWTIE, FAHEL
#h & Peak Height (HP) KBV 2 5 DA J12#H)
IXFNF—ELOMICEZRREDOMBEMEGE (HMHE
r=0.88 ; LM%, r=0.86) A'#HE 41 TW D (Schade et
al., 2004). F7z, AIFITBT2HMETIXZ15.7 005 27.6
FEICBT DA SR ARELE S OMICHEBERA DB
BmamEInTna2 (HES, 2007a; 2007b),
ODXLMITBNTIIBENRBEEREINTN D
(Linthorne, 2000). ZD XD IZHH/INT +—< > A L
<EHT 2 EEA 5N RAELEHICET 2REFNIL<
BRINTVDN, EOERNPRRNELEHICH ZEE L
ATCVWDLIMNEIRHATH S, TDRED, SHEOIFIETII,
INSOEFNOER E XD L < OFHF & RITLER
T2 TD 2 & TN T +—< > ANTHT DK ER D
BIEEBRETL20END 5.



3) BRI B T 2RO

MBI DR DREICHB W T, Touch Down
(TD) B XU Take Off (TO) EFIC BT D EO /K E
(r=0.75 - 0.98), BRI IZ BV D EL/K P38 B e 2R
(r=0.58 - 0.83), H—IVEKBHHE (=054, 0.62) &
OHMICHEEREDOHBEEBNRD 5Nz (HEE S5,
2008 ; B S, 2005 ;2006 ; HH 5, 2006). £z, Bk
A RSB a0 oMIcEEREDH
BEREfR (r=-0.75--0.80) 25Nz (BEHS, 2005 ;
2006 ; HIE S, 2006). BHERICBIT 2B ORERED
BRI B B @& o 72 B KIE TO K D HE.O /KR
(r=0.98) THh-7z (FEES, 2008).

INSOHENT, BRAELEEOMICH BB G
MDD ENBREIFEFAETH D, EBEOHHERITH
FHAEOMNE, BIDON T+ —X O AERETES
CERFHENETORT NI EREDREND S,
RHEZRINTE 20T R =L DR, N—DHfTE,
ERL 78 & DF R R BRI NNAE L, I T & 2 el Bl
R 5. EROFHEOMBICH 5Bk S IR
IR DD ZENEN ORI R E L, BGIEED S
BRINT DNEND B,

@) HhEOES (M1-0)

PEEBkDINT =< > RITBNWT, itk b RKHE
NERB20E, BOEEEEOEITHS (LM,
1989). k& D X & BT 5 KT D W TR 5 (2005)
N2 T> T, hED@ES EABRIEDOHBEREGR
MR 6N EEKIE, TO K O &K 5 LK 3 &
(r=0.87), BhEME (TD E Al D & A F.0 K FHE &,
r=0.86), TO, t-C.G, Pole Straight (PS), Hand Leave (HL),
Pole Release (PR) KiB & U KEFIC BT 5 BAHE O FE
EHE r=0.70 - 0.95), t-C.G BL U HP KR iT BT B R —
JVHBEHEE (r=0.77, 0.86), MPB » 5 PS [ &£ TO
YR—IEEE =074 O1IEEHTHo . HE
DE S & OHBERED RS & > 7= ERIZ HL FED Bk
FOREEHE =095 Tho/z.

Frere et al. (2012) (3R i K & BRHTI2 L 0,
PS5 HPFIZB W TEAIN B O W (e
LEIME) DRRELEICKREREEEZG AW &2
HLTWD, 207D, hEOEIITIIkEOEEZIT
5 PSS HP FFIZHBIF 5 EETIZ/ARL, SV EARELD
HEHBEZEDLODOERNELET D2LEND D EE X
5015, ®HiT5H (2020a) 1&, RN—)LHERE (MPB -
PSIf) 1TH T HMEEEA(LE S R—)VBihEE (TO
- MPB Ff) 2B 2Kt 7 A > ML (¢=0.78),
A4 2T R BT 2B RN OB AEN (r=-
0.72) &L OMICHEBMHBEREGN® 2 Z L a2WEL T
5. ZTORED, BUETO & TREENHE L 2RI,
JREBEER SR O RMENEZ B NVEE T TS 28T, &

Me Ltk $H19BHE 15 2021

PEHECRRE LG, hEOHI 2B ETLIEERD
ns.

(5) N—IVERIBEHIZR

R—IVRARBHRIIOWT, TRINF-—EHE
(r=0.46), RN—=)LFET R F— ¢=0.86), H{KE.L
RS L (R — VA R Jy T O S35 B (R O B0 T S /
R— )V O B R ELShEEE, r=0.92), TD
REQE.LOKEHE (r=0.83), BY)HmHICHB T 5 ELOK
SR ERER (1=0.49), Avy (TO 205 MPB KB}
5 HERELOEETHRNDOHEELE/IE r=0.88),
AT -EBOAE GTRENSELE TORG EATREN
5 KA LEREROIRT A, r=0.75), MPB Okt
E (W B s A RIEFETORS EE ERnos R
AUEMERORT A, r=0.86), TDRHOLHTE-HF
AE HBRENS AR R CORD EATENG FALE
BREMRE DT, r=0.73) ®9THHEDORICHERIE
OHEBERNED 5N (HFWS, 2018 =171 5,
2020b ; EH 5, 2006 ; 2007a ; 2007b ; & JHE 5, 2006).
F7o, Bk (r=-0.62 --0.84), AZ, (TO /725 MPB K
B2 7Yy TOMEHMANDEN, r=-0.83), A
0 (L7 Yy FERDT Yy T afESg 0B EETT
5T & SRTE G M OS2 B B BhEE T A M Ol & 723
f4, r=-0.70) , MPB IO fili - fi KEi+AE (GF%k
MS AR £ TOMD EAED S5 A RBETE TORD DR
T, r=-0.90) ®4THHEER—IVERKIEBHEREOMIC
BRBAOHBEBEBIRED 5Nz (FWS, 2018 ; 1T
5, 2020b; E A 5, 2006 ; 2007a; 2007b ; & H 5,
2006). H—)VEKIBEER & OMBREI RS &N o 7=
BT B ARELREEET ¢=092) TH-7 FEHS
2006).

R—=IVERKNBHEL, RAKELESEZEHRERICBT
Lo E OMICEBRLEDOMHBEREE (r=0.54 -
0.86) 2NRHINTHO (FHIS, 20185 RITH, 2020b ;
HH 5, 2005 ;2006 ; 2007b), ZOFERIE, KELHR—
NWEMITZ ZETEDEWED EITBT 5Pk % nTEEIC
LTWaHZEEHELTWSEEZLNDS. E/7,
Kageyuki et al. (2020) 13, BERIZBNWT, R—I)L Ol
MO AT LD ER IRV EEHELSTHIE
TINSLK2BERXRTHBD, WHEMZERIIHEI LD
EZ5N5. LrLAans, R—=IlWKRE<HNDTE
LHEFNTUED RN H 2720, RO EEHKITHR—
NS %2 EIF ThhRFUIR S0, 2070, h—
VR KIBHZRI I B E O #PHAEEL, N T+ —<
A EOBEIEY UFMOBERIZH B alGEMENE 2 5
N5, LkNo THRESED &, BUEEREDOR—)V
ISR ICBE D & 2 B 25 8 U 7B IR EE D A B
Td 5. FJ-, Kageyukietal (2020) 1%, "—I)LDFX
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