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A study on comparison of the glide shot put techniques focusing on the rotational motion
of the pelvis between female top shot put throwers in Japan and in the world

Yasutada NOGUCHI ®,

Abstract

The purpose of this research was to clarify and compare, by
the biomechanics method and the movement of the pelvic rota-
tion by world-top throwers and by Japanese-top throwers using
glide technique. Moreover it was to consider the rational tech-
nique from the glide phase to the release phase.

When both of the thrower groups were compared, some no-
ticeable differences were found in the start and the release
phase. In the start phase, the trunk of the world-top throwers
was more closed, while the Japanese-top throwers started their
movements with their pelvis more rotated to open toward throw-
ing direction. Moreover, in the middle of the phase, the velocity
of the trunk rotation by world-top throwers was clearly faster
than that of Japanese. The world-level athletes rotated their
trunk rapidly toward the glide phase.

In the release phase, Japanese-top throwers increased the ve-
locity of the trunk rotation rapidly right after their left foot land-
ed, when they started the release phase. On the other hand,
world-top throwers gradually accelerated the velocity of the ro-
tation toward the release, so that their rotation in the end of the
phase was clearly high-velocity.

Hence, the trunk movement of the world-top throwers and
that of Japanese turned out to be different in the start and the re-
lease phases. Japanese technique regarding the shot put needed
to be reconsidered.

F—U— R AR, 54 RRE B EikE

e

P RALIRTIE, HERICETH Y 51 REN TR
EEAD. HNOZKEDFRKTH 205, HHFE T
RLNNVORRICBNWTREZEAEZEZEHL TH5T,
HHRL NI EDOFEHTOZETHE > Ty, ZOIRM
2L, ENOFE 2N EI®TWL 2003
HFEO—DEL T, 7514 RFEEEHNWAIHFL N
DOET EEMNETOHAM 2 i L, X0 RN 2
BMRLTW ZENETFoNn5.

FALRTIC BT 57 71 REIEE, 1920 F£RICR %

Daisuke YAMAMOTO ?

DI —RRFEOA—FTHo=T> VD, Ji%
REHOEHNS [T—7 )V 2 ERICBEIL, RaIT
IR U CRIALSFN S BN D & EITIRKAE— RIGET
&8 L] EEAEIEMN—VIEEEDNTNS
(H AR ik siE, 1988). Z ORI, fustuo ARk
155 12T S RIALDEEN 2 k] O W)k 2 A | X
®2HiEELT, BV X URICh 7z o Tz
MESE2ZEOBEEEHRNTBO, [H—2)IVEH
MHEETEHIANTE 2T CEEZET 5] sITIRIR
ftxh, BROTIA REEECHZ TN TS (E
B, 1988). =L T, ENDY T REFFEICHT D005
TIE, MEES (1960) D T A REMERFOFELERE &1
ILDOHTEE E DI H D E W IEDMHBEIRERICHTEZF L,
754 REWEIZ BV 2N 7t E B O 5 i et &
NTCTE (FEEE, 1969 digy - M, 1989 ; /Kl - FHil,
1999).

UL, 7540 REETIIR TEHMANBRZ I EE
I LRINF—2ILRIBED I LT TIERL,
[ — 2 VB F 05 % TEHIANTE & [T TEEZ Bt
T3] 720, WALZRTFHTITEFEERTEHRAE
JES B AEERITORITNIIR SN, BRZEES &
LEMEICDNTIE, ANS (2006) AL TFRIALIRIT DY
T4 RiEZAVWLHRL N EGEFEAARL NV B
PLETF ORIALEE T T 5 F R O FBEIC DWW T L
L TW5, ZORE, B L NX)VOMTHRZ RS
B2 EEICHIE SR I N, AL )V EARTFIA
BOREED Oy (WJE O R S 4TE Tﬁ&)%
TALDZe & H UBHEICRI A C & B Hifh & iR ) & 15
métmjtm&A7ﬁ~7/2@ﬁt;ﬁﬁmﬂ%#
BEonTnD.

1) HERRZEAR—YEEE Faculty of Sports and Health Science, Fukuoka University

T 814-0180 I U= 4 e i3 ok (X [ 8-19-1

2) RERZAREZEE  Faculty of Budo and Sport Studies, Tenri University

T 632-0071 %3 RIR KBTI FERT 80



—7, ¥eEE (HAR LFiHEER, 1988) Ic&hid,
EHONERTEMTRADITI T EENS BHgA s
—EDNEF &L A I TNRYTH D EINT
W5, RS (1992) 1ICX 3 ERTEETHBEDRE LA
ADMEE DGR T T4 REGEOBEF TRO RSN
MHEBET B EMEL TS, £/, Ohyama Byun et al.
(2008) ®B KD VAV A ERRE 5 D i A 2 $2 VT G
IR L, BT ORKBEIZBT S FEDREfE 2/
R 5 EMEEZLTBO, BRITEHECBT 2EOREGES)
EDVAR DR 2 A A L, 1BRNRETIEICE D
NWTWBZENEFMITFENTNWS., DFED, BEORES)
TEWRE O KA O OEEEEICKERZEE 52 5%
WELTEALN, VI REEOHFm 2 BiEd 7
51, # L NV O THE RIEEIEIC DWW T HRERY
B A TS &2 B F A CRRMEEH S ML T Z
ENMELEFAS.

X5iT, FIFEELT TR, RS 1976) A [T
HEEIXEIEOREZ LD RKELTHLDIEDONS
HO] EIRRTHBO, 7741 REEBETEINE S FIC
BCEHMANEZEFES B2EMEEZE B L THBEINA
e sisnwboEEZI5N5. ZHUCBEL T, O
(2012) 1F, HorLoEEzRESE2EFEE-EL
727 74 REEDGEZE EBMIZITY, BB 2K R
SEDEEN YT T REEDEAM OekE & 5iE N7 +—
ROADM LICHENBHRERDZEEZRBLTNS.

NGO EMNS, T4 REGETHEZFOE L)
1, BAROEEEEIC FEN 2 R%E 2 /FE, BN
T+ —XADARIZEMT 2D EEA NN, #
TEEMEF BT D IEDEFEBIE 2 BRI ITRGEE L 7258
IZEIE R 47259, RN RIEORIEEIEIC DWW TIX
BRI N TV,

T I T, AMETRLTFRAZTOT F4 Rtz
AWt by TR FELHA Ny TEFEMRELT,
FEICE (WK TFEENR) ORESEELKL, 75
1 REGEOHEAfA FICEH#R T 2 68 RE2H82 2 L%
Hry&E L 7=

2. Hi&
2.1 MRE

SRR GRIE, 2005 AR ITBEME S N7z HARE ERiEGET
MERED L TRNBTICBT S EAL6 4 (B 13.98m
~16.69m) & 2007 FITBAME = 7o 5 R L F R T
KR ZDMRT —% KO aGETH > 72 L ih 5
34z, 747, 9147, 11420 64 (W B ; 18.14m ~ 20.54m)
DFH1238F CERY, 7714 R%iE) THd. WHiH
O EREEZ, WEASEE 184 + 6.84cm, (A 101 +
12.67kg, ] BEAY & £ 167 + 3.13cm, {KE 79 + 11.05kg
Th2.

22 T—HINE - NE

AR T O 2, =7 AFB L OAEMAICHRE
L7z2B0TFYHIIETAH N AS (DCR-VX2000, Sony)
ZHWT, w60 J~, #F KR 1/1000 # CTHisz L 7=
Fe, =2 )V OHLEEMAE LT HIA 2m, $£5 1.5m,
FEHFM L5m D9 1T dH S U iR IE S O EE A
DO TnEFrY U TL—arih—) (3 2m, ¥ —
27 [HfE 0.4m) Z N C TR L. AMETIE, &TE
HiZEYEh Yahiox U TEAAMZE X, A G0
B LEE LA TFROMILEREREZHE L. 28, &
HRITBT 57— IR HARE R AT e
DIEHO—BRTH 2. FRFOROILEDEMN S 2l
DR S, J245 O RERT3 K ORALHDMT R U TEME
gt > 252 (Frame-DIAS I , DKH) 2k > TR 60
aOXTT ¥4 XL, 3KLDLT #EE MW T3 RIukE
EEEZREHELEZ NS5 0O3RTHEEMIZ 4:k0
Butterworth &= W\ T, &7 % (Winter, 1990) Tk
U7 e = s (3-7THz) WX 0 |kl 5 —%
EUTHWE. £72, 2005 F 0 AR ESHRTFHERS
BER 2007 FHEFEE FFHGZETFHERRITHBIT H8IE K
D EBPE & FHEME & OFEEREHPI, X #2Y 0.005-
0.006m, Y ##i73 0.005-0.006m, Z #fiiZ 0.007m Td > 7=.

23 PEHEHELEHIER

MALRTICBT 27 T4 AR, HTEHRICE %
FIT72IRRER D, BTEHFANOWERE) & [HfEE1FE 2
TR SR TEHBNFIFER LR TR CEEIME
BHAD. TOT T REIRIZDWT, ARIFKTIIHN
5 (2006) ZZEFICHR TEIEERERFIEICIIALE N
Mid), £ R-off), £ Ron), ZEEH
(L-on) BELIJY—Z (Rel) &5DDMHEREL,
FNTNOR B ZIEIC, 25— NaE, 751 REmH,
BiTRE, ZEHLBEO 4 DOREICT TONE
fro/z. HMIERE, Mid 205 Rel £ TORIKLO A RRHE
B, BomEMES X OEESEEE Uk, EORE A
AR FEERIETFEBSR B0 2) &XiEhe
OiRTAEEL, BERMARSK 180 E, B TEHMIC
EXUIREEZ 0 & Lz, BomEEE L, EoRjE
AE OB Z RS L TRO 2, XY EHICHBIT 5K
KEEIEID OEfig#EZ EfE L (K.

2.4 fHEtinE

AW TIEW B & JBEICBIT 4% TEEET O RERM
ZEHSMTT R0, & 4 R OBIERER 2 Bk b
(0-100%) U, 1%MHITHEZIT> 2. BMEIKIE, HHi
DIZW T HEZ AWV, fERE 5% ANZ D> THREEH
EL.



0
Z

R 20\ %Kq "

Me Ltk B 14BE1E 2016

¥

el

BERAEOES
T mme
\4
X EE
\/

» Rel

Mid

B1 BTCEMERICBIBBIAVDRT A v IEOFv—LAEER

3. BR

BTCELBEBLUOYWEEIIOWTWRE JFHOEY
i 2 bl U7 f55, #CERBRCldB LT 4.48m, Wl
FECld 1.15m/s DENA 5N, WIHEHEHEHITWHNE
BlZEWEZRLTWE (RD. Z0oZ&neb]H
WHRTWHEIIDEWRENN T =< > A& L
TWEZENMHENTH 5.

2 BROK3IE, HTEEEHOEDOETEAES X

UEfERE D2 b Z R L TW A lIHE &b, FFITA S —
MEmEREHLURMIIBWTERENRO SN W

K1 RTEEFELVRANREDLEER

BTERHE(m) WRE (m/s)
WEE 1930 = 1.11 * 12.65 = 0.41 *
TR 14.82 % 0.95 11.50 = 0.50
T wee wWE-IE
* p<0.05

R-on L-on

BB D IEDREFEA L, Mid EH0 5 JRICHART
EWVETHBL TWD ZEnn, JEIZORHRTEALN
ICEZBINZ K DI B OREN SEIHEZBBL Tnd
ZEMRMD. DK, AY—NRETRICBTSED
[EIEEE T, WEN RIS TERICEWEZRL
TWZ &M, WHBIEETE AW ”iﬁb’(ﬂ%@’%%ﬁl)
7IREE X D EMEZBIMA L, R-off IZ MV CABICIEZ
JESBRNS T 71 F%E/\@ﬁbfwé_&#ﬁﬂbb\
ElRoT.

F7z, Rl BRIOZEEHLUFmHICBNTSH, WIS
VBB EIfE AT, BEoRGEEEITBYE TR
WWHANTEWEZRLTWE DFD, WHOBEODf
IR EH L R T ] BTN TN RN K D IR
FFENTHD, UY—2IZmF TR EEE 2 & T
WBHZEDNHLMMNERD T,

ZDEIIZ, A —FRmERELHLRHmEITBNT
WHEIHICARENRD N2 ENE, INb2D

%\?\Xm%’?\ﬁ\ﬁ

Mid R-of f R-on L-on Rel

FE D EE A (deg)

1 ' ' < I 1
020406080020406080020406080020406080100 020406080D20406080020405080020406080100

45

AR FRE (%)

*p>0.05, #R>AK

B2 #HABLCAERD by TEFICETIEOREAEDEL



?\’?\?\ﬁm?\’z\i\

Mid R-off R-on L-on Rel  Mid R-off R-on L-on Rel
800
. — ng . : )
“ ' o
L 600 -—— = 7N
I : L \
o T ; A
~ r X,
400 %
o \
-!B‘Q ',"' w" - ‘\
i 200 . ' -~ LY
@ A N 4 ’r’____--—"" i \\
- P g {
g ':’T:'l --:L";:; ‘J‘. B s sl | - el ’ P T R T T R N | \15
0 3 ',. ‘

: -
020406030020406080020406080020406060100 020406080020405030020406080020406080]00

-200

FRHEAERERT] (%)

*p>0.05, #F>Ax

B3 #HABLCEERD by TEFICHITZEORGEEDEL

DRI BV 2 WE O a1 g 4 B2 & [l fig sl B D fe Kl & 2 D
BRAMEAHB LR R (%) OHBIY A > 712D T
b Lz, £OfER, A5 — MNaHIZBITSED
[l 8 £ 2 OD e KAV W HEDY ] BEICHL R TTH BITE W |
ThO, KOHETEHENIH L TREZHUIRED S 8
EZIToTWD I ENY M ERo7. REHLUFRED
AR EHELS 1 2 27 BRU Rel R DRED [EIE £ FE 12
DWTIE, ENBbWHEIHTAREEZIRDSNT,
REH U R h OO [a g /4 B D Z&AL/N S — > 8 W
LIHOETHDLIEN Do (£2).

K2 RI—FREELEEHLBAICSIIZEORRAEDRKELHIRS A 2

EOREFEEEICDONWTIE, AY— NEHORKMEE
Rel REDMEIZDWT W B ] BRI HERA BITHEWEZ IR
LTWe, £z, REHUBHTIIRERMEOHEY 1 2
CHTIDWTHEBEENRBD SN, WEN ] BEX DB
MTRIELTWSZENHLNER . 2D T EMNDS,
A& — KR Rel RE CIZEDRIEHEE D& S, 22 H
LREFTIRREKRETIERLS, FOHBEY I 70
WHEIJHOKRERENTHDL I EN N> (K3I).

U, BEUY Y —RBDLEE

25— BE T
- BAE . BAE B
BAM(dee)  ymo trrie) BB o iU (%) VA (deg)
WEE 1772 =119 * 19 £+ 22 913 +88 1x+0 1.0+79
T 161.0 = 103 14 =11 805 =257 1+0 02 +102
____________ wisJ®  ns. ns o ms. 7 as
* p<0.05

K3 RY—IREEREHLBEICEITIZEOREGEREDRKAEELRSIAI VY,

BLUWY Y —REFDLEE

A2 — S ZEEHLE®E
= =AIE = =AE
BAME(degs)  ysm 02027 (96) BAMB(dees) 1sm g 035 (06) VY — A (deg/s)
WE 3010 +758 * 76 + 9 4717 + 506 69 + 19 * 3614 + 1100 *
T 164.4 + 44.0 74 + 16 5323 + 1915 25 + 13 128.9 + 754
WEE> JBE n.s WEE > I8t WEE> I8¢
* p<0.05



4. EZR

AT, LTFRABTOT T R¥%ikEz W5 i
Sihy T®EE WH) CHANY 7/EFE (8 O#%T
ZEERICBT B (HRERT 2458 ORIEEEZE
e 2 ZET, T4 RMEHEDHM W LICEMTE %
BRBANR S EE2HBNE L.

F—& 13 W BEAS 2007 4E D5 e bR R THERBOK
2, THEEAY 2005 4F O H AR F iy T MR A &R
HL TWDH, HEREENO Ny TEFICBIT ST —
HENETZZEZMOTHRETH D, AL TIEIAT
NEETHoEmMHEORET—F A L. P, Wit
DO FE e (W R 19.30 + 1.11m, ] # 14.82 + 0.95m)
WIEFEDOFER L NI &L THA SR, 77
1 REEOHAN EICE R ARG SN EHELT—
Y ThdEZEZLND.

I 5T, JTEEER, THRE25 EEEANOHIEIC
Ko THERIZESI D ZENEETHD (HARE
REiEE A, 1988), JEITHFEICHB N T HED RIEEIE
MBHENT + = P AICKRELEHMITABERCTHDZ &
NPEINTVWD (MR, 1992 ; Ohyama Byun et al,
2008).

UL, INETORTHAETRIBETESE}ERITET
DIEDEEIEICHE B L CREREAE R S 5 i 2 9 &
A, B LN OR TR U ZZBREET S Than.

HNS (2006) OWFFEHKER T, #H L X)L O TR
BOEE O oEEE (WE O SN 5 ARETHEE) X
B LEEICHBEE DRI N, BN T+ —< > ZAm =
WERRRARSRE SN TNDA, EOREEEIZ DN
TIEMFEINTB ST, EKBOREME D ORERAFEET
HERE CITERIN TN, DED, A THEE
U =D EIEBEN B L )L ORI TH S i iz iug,
NS (2006) OUIFERERBED, 7 F71 RFERICBY
LHRERESGLIEMEORRIGED TR I EMND, E
BEGICHENEDHAREL TREILTED2HDEEZS
nos.

ZLTC RidL7zT—%2HNWTY T4 RFEOHET
EEEFITBT B D [EIE A 7R S T RIEHRE O 538
ATV, WEETHE LGSR, 2y —MRmEeEil
RN 33 W CERE 7R AHE RAED b 7z,

41 R&Z—KEAICDWNT

25— N T, ] B TE S MICHEZ By
FEOREEDREBTH o720, WHIZEIDERTES
Mz U CHEZ B U7 RBE 0 S BIEDSBIG S 1, AY —
N R A &K D R-off IV TRIKICIEZ Mg S & 58
TEERITWIRMNS T Z4 RFBEABITL T .

WD, HCEHMICK L THEZBELZIRETH S
7ZD1%, Roff ETOMEDREIEEEN]HID BHRIC

Me Ltk B 14BE1E 2016

BWEZRLTVWSZENSBNDEDIT, BEOEE
HEZ2@OLODOE[FTHo-LEZZLND. £,
<A RV (1981) IFEEIOEIMDIZDNWT [fAHHYE
HEERMNM AL —RITHNDBHEOH o &b HAR
ThHd] ERRTNVWB, ZDZENS, WEHNAY—

N R H K D R-off IZAV TR D [mIfEE E & &
DTWEHHBHELT, A¥—~amlEOH TEHET
& D B EEE 2 IRBIR N DR R K <7D 2D ITEB D5
RO Z{T>TWEbDERADIENTES. T5IT,
ZHUIRA Y — NRHHELAED 7 51 R TR 2 a0
TREHENEFTEIND I LK > THRB ORI 2 A A
L, FFEENSDOHOEEEMKRGOIREEEFIH L 72835
B RTEEICH DL EVnos R ELTHER SN
5.

2P, AWZET W BB D E O[] hE 35 B A i KAl
Elo A —NamicBEb28EE L T, #TEh
s 5 [EHoREDHUEIE] R%iFons. i
13, BEEOREMEZ R THAY — Nal THRTE A
ICBBNHNWTETWAZENS 5. EHDOED
HMUBIEICDWTIE, BITisE TR TE A MARIRNIR
Witk iE 2T 25200 HkEL THRFIENTETNDS
(PHJE, 1969 : &% + M0, 1989 ; /Nl - Fil, 1999). D
F 0, A TRAY — b RHRFICEOEEGEE NSO,
HEAESHZILL T2 Ens, TEMOED HLE)
TE] EWSDIXT T4 REWETHRIICIEES) 2T 2
70T, BEhLELEEKRERESESE)
TERBNR ERFEIEHHRENZRLZL TNWDE I ENE
ABN5.

— 7, JEEOETEH M U THENHWRETH -
722 &3, MBEEBITT T REMEZD L-on RFIZEAY
AL OIRFEETIMA TWBD X DIZ, 2EHLBmICH
B FROREEFEENREIITI-ODAEEMERL
TWEHDEEZSNS. LN T, JEHIRITEME
IO RWBEOMAEEERL, BOREHELD b2
TEHMTHROWEES Z PO E LT T REEE
fToTWebDEEZ BN, AY— MNIHIZBIT Dl
DLt G T T4 REIWEOEMI/RFHESDRB TE S
NE LIS 7=,

42 ETEHLBMEICDOWNT

ZEMUFHE T, BoEGEEICS T DRAMHELET
=R5E, AEERZREDSNLRMNO0, JHNWEHZ
PR ERBHEERL TS, LML, BEOREEREIZH
FERREOHIEY A I 27T, JENZEEHLU R
ZBAh9 % L-on B CEBUTIED BIFEEE Z =D T
=05, WEBEIZ & D Rel ITE WER S AT TIRAITED
g E 2 E) Tz, ZOHE, Rel THEO [BIfgkEE
2B L THJHNWEHIDOKREEKEFLTWSLEZ .
WD E DT, JTHIZREH LR OFEWE S S HE



MEETEHAICIRO ME, 2 URmEEY TIEORE
JEHE 2R TETWAaAWL, ZAIHLTWR
3, REHURmBEE CTHEONEREZRS, REiH
LEIHEZTT> TWa. RS (1992) 12X 5 E&TEE
THBOR UABNIHEDREENT T REEOEEHR
THRORELBRNVEHTLEMEL TNWD., I 51T, #
s (1969) 1%, [MEHicx L TRERIRIF—% 5
ABE0IE, &Y, BROhTRAT LI I IVF—0
RELBRTUIRS RN ERRTNS.

DFED, WHIIRILOYHEEZ®ED S7-9DIZ, Rel i
IEWRE R CREDEEENE 2 FIH U THRAICE A 5 H{EkD
IXINF—2RKRELLTWEHBDEBEZ LN, ZO Rel
2B DB EFEERE DE WD, MEEOBRE/NT +—<
DANEBELEZ TS —DOHERIIES> TVNEHDE
A5,

—%, ANS (2006) OWFFETH, LFREMZTDT
T4 REEZAWL R L N EGEFEAARL NIV E
PIETF ORISR E TS D S AL O BRE O thigin &
SR L )V EARTF ARG O E1E 0 omfE ([WE o &
MG AEEBETER) Z2ELOREHUICFHHTE 25
MEENEEEREL TWEIEERBLTNS. LT,
AWFZEIZBNTSH, WHEZ Rel DT W 5 CHE O [l e
FEEFAL TREHLEMERZT>TWAH I ENnS, H
N5 (2006) DIREEDEHE O ORlfL 2 FE4E S E 2 FK
ERADIEMTES.

IDEIBIEMS, EOMEGEREEITEICEREES
5O TIERL, TOMRY A I TNEETHD, [Rel
IR WRE S| CE R % [AlfiE S & 2 BRI O # 6k 2 31
flid? ECEERIFECRZBDERBTELINEE
Ro7.

2B, [Rel ITEWKis] THEZRES & 2EEDOH;
MIZDNTIE, AR TIIE (EADOKET) DSt Ds5
WETT> TWianwizd, BT —2ITE D07
BIEfEZ TS 283 TERWN. 2EL, AFEORRT
W HOBEOREMEZIIZE ML FE T #ickk
NTETEHBANENBENI DTSN, VU —RIZ
A CHEOREERENmE> TWD. L7zA> T, Rel
IRV R T ZRIES B 28EZBERL TW< 29I
1, REHL R R E TENM R TEAMARMNRNE
DRI ND HikE BT OREER 2L, =
BRAOMGEE L TWSBERHLHDEEZBND.

5 HANY TEFLAER MY TEFOHMN
ICDWNWT
24— bhREEEEH U REORENS, #HR Sy T
EFRIIZX S — Nam &2 EH UBTO Rel I WERERT
JEOREEENEHE > TWZDIZH L, AR Ny TEF
IFREH U O L-on B CRITIEO RIEEE % &
DTV, LEN>T, RIFFROERNSHR Ny T2

FEAANYy TEFREIAY - NamERESHLFHICH
T A IEOEEEME CRRDEE 27> TWbHENWS T &
MHSNER S T2,

INETHIRNTERLDIT, BHENT+r—3 2%
FO TN 2D, TALOYEEZFHD THW Z &Y
HETHO, FREDOHEME WD OIZFALOYEHE & &
DTN ZEITENINDEZRETH 2. R~y TEF
13, HANY TRFICHNTRAY - NamEnrbREHL
RIMIZE S £ CIREOEIEEMEZ RO U, & TEEEF
THEEAPLELELD —HOFENNTETTND T &5,
FALDYIEE & E D 72T UL/ 5 750 Rel ISHEWIRFRLT
e LEEICAbE TEDMEEEZFIH L, fEiLic
BADHEDODIFINF—2RKRELTWELI ENS, i
By TREFOEOEFEEEIEFE/N T +—< > 2 %5
W5 ETHICHE>TWEHDEEA5. — ), HEANY
TETFIIALOYEE & & DT TR 5720 Rel 1238
WIS CHEDRIEHEENRE<PEL THD, EEHL
IEEEHE L, WhWDD [FHIF] ITEWIRETSH >
2 EMS, Rl TRORIMICHEADHERD T RIVF—
ERELTHEDITHBORGEIMIEEZFLICT T1 Rk
HEOHMZHRHN L TWBERH D EEZ 5N,

/2, MEMAETTIE AL RNy TR FEEARN Y
TEFOHERELTT T4 REME#K D L-on KEIZEAH
EEFEMDIRETHATWEZZ ENET 5N 5.
Ohyama Byun et al. (2008) 1%, [{KEED D HIPEES
FERSE O Z T ORICHRL, % FOR&EmICH
% MROBWEEZfERT 2] EHEL T, 20
W5 D, L-on K ITHENLERBES OIREZED & W
S5TEIE, EDLDIBRTTA REEEZTOICLTHEE
Hi U s CHRE oz 2 A A U, BN EH L
EEGH-DICEETH D EHIFIZ, KBGO A
S5HBILNL—Z 2V OEEREZRBTLIHDEF A
2.

6. £LBH

AWFFETIE, TTRIBETOT 51 RiEikz W5 i
By TEFEARN Y TERFOHTEEERICBITS
g (il KT 2458 OREFEZLiKd 5 & T,
754 REGEOEAA LICEBRTE 2GR BAREED
ZEEEHME LU o &3, 2005 FICRBESI N
HARE E#iH R THERE DL TRIZTITE T 5 B 6
# (BRI ERER ; 14.82 £ 0.95m) & 2007 IZ B X
7t pE B ER TR RSB DT —4 K04
Wimalee ThH oz 16 341, 74L, 94L, 114706
# (W B8 19.30 = 1.11m) DFEF 12 #F (G#%
F, oA RiRE) ThHDH. WMEERICBYT A EOEGEMA
5B X OB E D A % bhii U 72 fE IR D D TH
%.

DA — NEHEIZB 2 MEOEEAEDE NN S, #



TEHMIIIHLTHA Y TETFRIIOEZHLC TS
0, HAENY FEFIEIDO0HKTEHMNTK LU THES N
JIRRETH o 7z,

@A F — NREICB T B EOREEEE D#E NN S,
N w TETFIE R-off £ CIZIED EIEEE 2 2T ED
ST 40 REmEICBITL T,

OBEDREIFEAEMN S, WEs HIT Lon B CIXENE
[BIfERL DIRFETH > 7=,

@7 H U R BV % I o [0 5 /4 3 K O a] e
NEREEBLZHEBRY A I 70ENWNS, BARNY 7
EFIT L-on KO XD B WERE TR [EIEN I ST
Wiz,

®Ze & U R Iz BV 2 I O [E15E £ 3 K O A e E
NEREEBLZHEBRY A I 70ENNS, RNy T
BRI XVEBEVWRESTHEOREEENRAMEE LD, 2
DAEF Rel 12 WAL CTHED [BIFEE E 2 #efr L Tz,

INSOFEFRED, 25— Nami&EEHL R o
DA e A 1 & [BIFEEE A E A RD SN, & Tt
Sihy TEFEAARL Y TRFIIRLLETZT> T
D2ENS, HAOEMIMEDEFEEIE 2 tfuia B iES
LTS BEENHLZHDEEZZ SN £z, A
Tid, BEoREAE SFEHEEICERHLTED, BEoE
JEEMEZFAE I HERISERTE TR, 5%, JE
OEFEFEZERL TWL 20DI2E, 25— NREEO [
HMoOED M UEIME] & OBk EHN L FHHEHEET
JEAHE TEHANFANZNK D IR SN D H k2 ik
AL OBIEEH 280 L, B2 2 L T< 2 &0
ez,

Bl

AHEDOTET 2IHD, 2RI TEWERE
EERLUAPRERAOHNME AR EHHB L LT X
kR

BE K

BRI S/ R IR R A S - R ELE (1976)
SREE AR, KIEREEIE © Ha( pp.234-235.

DTSR (1960) i H EIZ &K 2 FaALER VT O 73 HrEgarJe.

Me Ltk B 14BE1E 2016

HEDOFHF10 (5) © pp.277-279

INLHR = - FIERE (1999) faALiZ T OFEEYE F IS
S5EINT +OF—ELR. AR—YHIEFEWIE 12 :
pp-79-86.

HAE - MEERRS (1989) WEMIZXT DT Z1 REEIC
B9 2 RERMFE : FEUTIROD UM DOWT. 3H
WRF AR — Y ERHAMEGE 1 pp.72-78.

k- A I TR (1981) XA R)L - AR—
VRS RIEEEEE L, p.229.

%2 (2012) RFLIRTICBI 2872787 51 REE
DHREZDOHEAMBROBEGHIE AR—YINT +—
< AW 4 ¢ pp.171-191.

Ohyama Byun K, Fujii H, Murakami M, Endo T, Takesako
H, Gomi K, and Tauchi K (2008) A biomechanical analysis
of the men's shot put at the 2007 World Championships
in Athletics. New Studies in Athletics, 23: pp.53-62.

BRI - 54 & - WERER (1968) ko T xRI)b
FHER. HREERFERE LA R — YL 6:
pp.63-68.

PERE R A] (1969) FMA DT EHAINICET 258 © 7
T4 REMEIZDW T, P EEE % E 11 pp.309-
325.

HPNME— - A B - SN = - PRLEE (2006) it
BB AR TS B F RS O F Rk E—1H
RLUNNVEFLHARLNEFEOR—. [ L
e 2 & pp.65-73.

MEERIHZE (1988) WIALRITOBEEREZDIRE. KED
38 (2) © pp.112-118

HREER - PR - R5—0 - W) (1992) st
BOBK T+ —LENT = A~MREGAEDZE
B~ BUNREINAF AN AR REWE:
pp.437-443.

Winter, D. A. (1990) Biomechanics and motor control of
human movement (2nd ed.) John Wiley and Sons. Inc.,
Toronto: pp.65-83.

WETE N HARE FgihE i (1988) [ I Hifife s A —
il DGR R —. KRIEEEFNE © AL, pp.189-204.







IEE403d

BZA0MEICBITANT+—< 2 RAAELICHES
L—RNNY —>2DZEA4t

WCHEE Y 2, i 5tY, EUEA Y, BIEKER?, LMY,
ABERE Y, KILFEEY, =F &°, 2% =#5°

Changes in the race pattern associated with improvement in performance
in the men’s 400-m running race
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Abstract

This study was conducted to investigate the changes in race
pattern associated with improvement in performance in the
men’s 400-m running race. Using several video cameras, 13
male 400-m sprinters (400m time : 46.46+0.55s) were video-
taped at a sampling rate of 59.94Hz from the start to the finish
in official competitions more than 2 times which they mark their
personal best record. The split time of every 50m from the start
was calculated using the Overlay method, which analyzes the
split time by superimposing an image of the 400-m race onto an
image of the hurdles in a 400-m hurdle race. The average run-
ning speed, step frequency, and step length of 8 sections (50m
each) were calculated. Subjects were divided to two types which
the Low deceleration type (n=7) and the High deceleration type
(n=6) according to the deceleration index (the slope of the liner
relationship between running speed and the number of sections
from the peak running speed to the finish). Associated with im-
provement in performance, the running speed from 50m to 200m
was increased significantly (p<0.05) in the Low deceleration
type. On the other hand, in the High deceleration type, the run-
ning speed from 250m to 350m was increased (p<0.05). These
results suggest that the changes in race pattern associated with
improvement in performance in the men’s 400-m running race
are different for different types of race pattern.
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Fig. 1 Changes in running speed during pre race
of all subjccts and cach type.
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Fig. 2 Changes in running speed (A), step
frequency (B) and step length (C) during
pre and postraces of all subjccts.
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Fig. 3 Changes in running speed (A), step
frequency (B) and step length (C) during
pre and postraces of the Low deceleration
type.
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36 | WA ETBEICAELT D L —ANY — > OZELDERANZ D
WTHHTEEZDDEEZEZ SN S.
34 —_— AR TIL, 400m £/ T +—< > A EICES L —
KDH AINE — > DI DM BFRROBE &, L — AT —
DA TR C T S s I DWW TS L=, LA
23 TTIE, 2oL LR EREOMENES 1 THIO MM
B I TEREZED S,
% 2.1
§ 4.1 400mENT =T ARLEICHES L—RNRF—>
w2
19 | DEDIREEEDERM
G R D pre /0 S post ND L DA E FLD &,
17 - post IZBNT, L —ADfH L REDXETHS 0-50m
§F & & ¢ F ¢ & & X3 & O 350-400m X 2 k< &2 TOXMIZBIT 2 E
S ST PSS FD
& S S cpo00s ZE—=RAMEEL (K24), KMZ A1 LTHS Togom
. #: p<0.10 . _ .
Section P B & Tygoom DEHEL T (FED. /T EAE—
Fig. 4 Changes in running speed (A), step ROERIEE A B bidi@o o nianok (&D.
frequency (B) and step length (C) during INEDT R, HORBSEHINEL—AITBNT
re and postraces of the High deceleration
oo " ¢ B, 25— MERONES, 71 =y 2 BHORKEI
BIFBHEAE—R, TS5ICEBL—ZA2KDEAE—-FRD
WERES TIERL, BEEALE—ROKREIBIUVZED
Tablel Segment time, Rate of change of running speed and the deceleration index of the subjects.
Total Low deceleration type High deceleration type
n=13 n=7 n=6
pre post Dif. pre post Dif. pre post Dif.
Tist100m (s) 11.71 = 0.25 11.67 = 0.27 0.04 + 0.17 11.79 £+ 0.26 11.70 + 0.22 0.09 + 0.17 11.61 + 0.19 11.64 + 032 -0.03 + 0.14
T2nd100m (s) 11.00 + 0.21 10.84 + 0.21 0.16 + 023 * 11.10 + 0.22 10.83 + 0.24 0.27 + 0.20 * 10.88 + 0.13 10.86 + 0.17 0.02 + 0.18
T3rd100m (s) 11.66 = 027 1149 + 024 0.17 + 0.14 * 11.55 + 030 1142 + 0.26 0.13 + 0.14 # 11.78 = 0.14 11.57 = 0.19 021 £ 0.12 *
Tath100m (s) 12.68 = 0.42 1246 + 027 022 + 038 # 1246 + 0.20 12.36 + 0.28 0.10 + 0.31 12.94 + 046 12.57 + 0.20 037 + 041
AS2nd100m (%) 6.0 + 1.7 7.1 £ 1.6 -+ 1.7 # 58 + 1.8 74 £ 1.7 16 £ 1.8 # 62 + 1.5 6.7 + 14 05 + 14
AS3rd100m (%) 6.0 = 2.6 60 = 1.9 0.0 + 20 40 + 1.7 55+ 1.8 1.5 £09 * -83 + 1.3 6.6 + 1.8 17 £ 1.6 #
ASath100m (%) -88 + 35 -85 + 3.0 -0.3 + 39 -8.0 + 34 -83 + 35 03 + 38 98 + 34 -8.6 = 2.1 -1.2 + 38
Decerelation index 0.27 = 0.07 0.28 = 0.06 -0.01 + 0.08 022 + 0.04 0.26 + 0.07 -0.04 + 0.07 0.33 + 0.05 0.29 + 0.05 0.04 = 0.07
rValues show mean+standard deviation.
HDif. 1 pre - post

i

* or # : Significant difference (* : p<0.05, # : p<0.10, respectively) between pre and post.
g P P P Ly P p

T1i+ Deceleration indexis the slope of the liner relationship between running speed and the number of the sections from the peak running speed to the finish.
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5H DN < (van Coppenolle, 1980 ; FEREIEA, 1998 :
FBEZIF A, 2003 ; Saraslanidis et al., 2010), L — Z D Hi
o AR K R O B 2 FiR i L 720913, T4 D15 R
0 L) /b7s X S5 TdH 5 (Hanon and Gajer, 2009 ;
BRIEA, 1997). — AT, iyt (2014) 1%, ENOD
IR VB L NIVIZ S 2 ZRDBRAEDINT +—< 2 A
Gigd) EL—2ANY =2 EDOBHRIZDOWTHRAL, /¥
TA =R ZADENHFHEDORHELT, L—ADH#
REIZBNWTEWERAE— REHRFL TS Z & 250T
TW%, F7, 400m E EETHEEEAFE U 400m /N — R
WETIE, L—AFRICESLLEEAE— REFE (K
W% T @ 2nd 100m 3 & O 3rd 100m fFi1) 1230 THERF
THR=ZAFGH, BN T =X AEERT 5720
WENTHBZENRBINTNS (FREIFEH, 2005).
I 51T, 400m E EFIZEDO S0 BREDOHIRERSY Y >
THEIBNWTEWNT =< > 2252201213, it
FOHBRXENC B W TEERE LB AR T 5 2 &t
B THDZENMESNTNSE (EEIFN, 1971 11
ARIFE D, 2009). 400m FE1L, A% — k55 50-100m 72
ETHREmEAE—RICEREL %, d—-IFEFTEAE—
RSB 1ZEJ S % (Hanon and Gajer, 2009 ; FEEZIE ),
1998), 4t BBy 7% [ 3 B X — X (Positive pacing
strategy) | MVEF Td 57A% (Abbiss and Laursen, 2008) ,
R U 2 TR OFERIT (EIFED, 19715 5 HREF
2, 2005 5 [LUAIE A, 2009 ;5 (LociEy, 2014), =D&
D IRHHAI R —Z DHFTH, L —ZADOHBREIZHBNT
FWEAE—RE2HFITHZEOEEEZREBTLHD
ThHO, REOHERELFFTHHDTH 5.

£z, EAE—RIZ, HAKEOZO DB TH DR
Ty ITHEE, 1 ATy TORETH D ATy TEOHE
HThHdi0, A7y THEBLURT Y TRIZDNWT,
FEAE— RO E XS B TRETT 5 2 &13, #iid
DN - BENARREZMER L, ML —Z 2 T NORE
#1525 L CHERRTHND &5 (FEFHIED, 2007).
ZF ZCAWFZETIE, pre & post IZBITF B AT v THED
FUOZATy TEOHB O Z AT (2B, C).
DFER, AT v TRIZDWTIE, Wil —ZATIEIERZED
B2ERLZHOD, X7y THER EAE—RIER
ZEDVERD 5 N7z 50-350m KEIZHBNT, WInd post
MEEZRTHEANICH D, FFIC 200-350m XHIZHB N T
WWHEEENRD SN, Thbb, HOeENERSN
L =AW, ATy TETRRS ATy THE
WWEERELTHBY, mEmEALE— REEDKEO R
KRz, 283 ahERD 55 4 #iERKICH 72 D 200-300m fF
FIZBWT, A7y THENEGHEZRL TWE.
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400m ENT =< RAERXT Y THEBIOAT v
TEOBMRIZDWTHE L 7ZEFIZETIE, ATy 7k
DREZIQHEIEMEZRELZSH DAL (Hanon and
Gajer, 2009 ; 757k - 164, 1982). —H T, A7 v 7TH
FEIZDWTI, TOHAHMED KEZIZTDONWTIE, /N7 #—
XA LEZNBBERNED 5NN D DD, INT +—
X OADEWHEEHEIL, L—ZAOFRENSERITHITT
DR TNDIRNZ ENRBINTWS (BERIZ N,
2003). X 51T, AHFEITHBNT, pre & post D AT v
THEICH A B EDRD 372 200m 7 5 350m ff
WE, ATy TENEECKFTTSI&ICL>TER
E—RNETITHRETHDL I ENHEINTVWS
(Nummela et al., 1992 ; Hanon and Gajer, 2009) . Z#15
DTEMS, TORMICBITLEAE—-REFDOERLD
JRREI2 D ATy TROK T2, AT v THEEHRFT
52 EICE THEBLIUHMET DI &M, &N
T4 =X ADERIEN DM REMENWER TE D, e,
L—2AHENSBERMICBI2EAE—R, 257y~
BEBXUZTy 7RO, ZNLRIORMNS O
EEEZTTNWDREEND S, 20D, EFAE—R,
27y THEBRUVORT v TRIZDWT, EEEAE—
RVHIIT % 50-100m XH D& Z 100% & U 7= FH6Hil 2
HHLEEZA, Wil —2I2B1 5 8B B OO
FHLILTHBY, MEMMIBRAEEDBLSOXRETRD S
Nigipolz. ZOZEMS, FilgE L TL—XHFDOK
MIZBWTEWERE—RDATy THE, A7y 7TE
EREL, TNo P RUEOHERTLIENEETH
LHEEZLND.

42 L=—RNG—=2DIATICKBINT+—I 2 RH
FIZHES L—RANY = DELIEBDIEE
ZZETIE, WNHERED pre 5 5 post ND LD
i\ 2 /25 2 & T, 400m EDINT +—< > A LI HE
DL =AY — > OB DR G F 2R DIEA & B 5 T
LTC&E/R. —H47C, 400mETIE, L—ARiFOAE—
RME <, AE— RO@ENIRKENED, KL —2Z
BIEDZE— BIMEVWDH DD, A — ROBREAV/NS N
B2 E, LRl —ANY =2 2RI EHENAE LGNS
&, Tibb, L—IANY—=20fEANE (1) Hi
WETH D Z ENTER SN TS (Hart, 1981; BERIED,
2000 ; Scheffer, 2008 ; [LTTIEAY, 2014). ZD T EM5,
INT =< A EIZHED L — 28T — > D2 DA
M, L—=ANRNY =D A TIZ&> TRILD DN %M
T5HZEITKD, HEEELNOEREIRCZa—F >
TREBICET HEMNRMAEGL 2 L TE 5.
ZZTARMIETIE, pre DL —ANY —2 %5 EITHR
FEIATHFL, NTH—< P AMEITED L — 2N
5 — > OZAL DN DT Ll 2 it A 7z
FATHELIRERIIBNTE, L—ZA2RKTOER



E—ROBHICEALL —ANY =2 D 1 T2 L
ZH DML (X, 2009 5 B EEIE A, 2000 ;5 1,
2011). ABFFETIE, TS5 OERMICE5W, pre DL —
ADEXE— NEEIEEOYEE (027 2 &iT, &
AE— REFHO/NS W [BER] &, EHoKREWN [46]
FAR T, WREESE L. B, Ioidh (2014) 13,
AR DR REF LT NFH L NIVIZH B 45-46 FH D FE
HHEDOEAE— RlJEEEEZ 0.31 £ 0.05 TH > 7z &3
HL TS, RIFEORIREDMEIZOR/NE L, T7ab
5, AE— RBEA/NSWEHREIDNH 2D HDD, KO
il S hTTiEh (2014) @ 45-46 BEBEE Ol & O/
13, AEREZRDSNRBRN o= Lo T, KW
DN RENRIEMZ K E BT 2D TIFRLS, Aif
FROFERIT, AE—RBEHOKRE WY 1 TOBHE, /N
NI A TOEREFNFNOREEKBLL TS &%
AB6ND. WY1 T, NT+—<X > ACEERETR
BENRMOTZHDD, L—ANY =T 5 L,
BAANY, L —RARPEOEAE—RIZEWDH OO, %¥
DEAE—=ROKTFIN/NE L, KEHZRPEAE, L—2X
FREOEAE—RIZEVWHDOD, HBEDEALY — RO
ThREVWEWND, WY1 TORME K <KL /- 5EE
WCHED L —ANY—2ERLTWE (KD, 2L T,
W5 A TDOINT =AM EIHED L =285 —>D
2iE, MEWREmERLEZ. Tabb, HEiEs
BHHLZL—RTHNT, BPEE, L —XAPEn s Hh
BB R EAE— RN, @i, L—AHBRhoE
BITBITBEAE— R, ThthEizrlrz (X3,
4). ZoZEF, BETIL LAY DF 1T
WISUTC, =2 ERO P THEBINCS 2 B AT eE S
NDETL—ANY =L, INT +—< > ZAHA|
ELTWLA[fehE2RTHDTH 5.

HEEFED (2002) 13, L—ANY =25 B8 T 4 —
T AMEOHIEE LT, ExOEFORME, BRK
2, RELEAE—RMAKTFTHXMEREEEL
FORBICMOMAD Z EICE> TL—ANY — 2 2R
LU T < EHHWR g E, K0EWT7r—< AL
NIWVIZHDHHEORFMEEREEL TR L —Z 2 JITH
DO PR RN HIEZ BT TND. RIFZED pre i 5
post NDZELIL, £ < OFHEFE THAL 1 4FEFEE O Lz
EHEOZLTH D, HEEFD (2002) 2HERHL TWS
B AIRIZ L B LV =AY — > OBLDHE
mERLUEZ. — T AFEED (2002) OFEMICHEAR
FOEMIAR N —Z 2 ZI2E o TN T =< 2 ANK
LM ET BT, AEOMRKBR LIRS L — AN
& —> Ok, BRI, BEPEIc L > TREIN
TWBINT 5 —< 2 ADE W 400m EFFERHZE DL — AN
% — > @ ¥ # (Hanon and Gajer 2009 ; [l 7¢ & 7»,
2014), T72bbB, L—ZADFEN S FBRICE W THEE
WKEWEAE—RERHET LD — 28y — it

Me Ltk B 14BE1E 2016

DL EIBBENEL BHREMEDEZ 5ND. T, A
MR ERBFEN DL, AE=RBROR/NEND 2
DDIATOHTOWEETH /2720, SHBITHRERK
ZHOL, ARV —ANY =2 2RTHEEEDN
T 4= AN EITES B LEHONTTHIE, S5
XN 5 EFHE O - KRS L —= >
TNEEZBEEMT TRHT 22 ET, AR TRIN
NI 4= AMEOEMESEICLENL—Z2 2T
BEOROA—F > T OEMEIC DV THEET 2 HENH S
=59,

43 N7+—TVRAALICHES L—RANF—2DE1E
ERBEBOR—RABRRICDOVWTOEHDZE(LICE
ERCE L]

AHFFLTIE, 400m E D HCEmLekE HH L2
< DEHEFICHBLTECS L —ANY =2 DOZLD
B#MERTZET, NT7r—< 2 AMEEZRELE
L—Z RN a—F > 7 OhEERT Z &2
ATERE. LLENS, NT4x—< AN ET 5iH
BToOBEE - 3—FOBERPL ML —Z 2 FTARIZDN
TIRHELTHEST, PL—Z FTHNBEEN T+ —<
A DL DK ISEAR AT S TN T EMABFZE DR R
ThHO, SHEORERFETHD. £ TIITIE 1
ANDHEEZEDRE 4 ERTONRNT +—< O ABLUIL —
AN — > DELE, TORBORMEEDEHROELS ~
L—=7art 7 N0z DWW THEFIMIHEN L,
SHBOMEDHIMEZ RS THZW., M513, ME#H]
DEFEDFEENREREZER L 2L — 2B 5 &
AE—ROENZERLIEZHDTH D, £/2EK213, &F
FE D 400m 3 X X 200m DEE N FE LB LI — X
NG — BT B OEMEIEEERLEZHDTH
5. MHHFTIE, @RS 200m B L O 400m 12 H
DFLATNZD, K% 2 FER £ T E RGO R E R iR
EHEHTETITW . R¥ 2 FERE O A BN e el ik 2 12
L7 =228 B L =AY =213, L—RRED
EAE—RNEL, BEDODAE— REFOKE LRI
72 TR OL—2F—=2Tho, RNEEJEHED
BN S, AT, BRCNY 7 AR L —hMZBNTEH
WEAE—RZ2EHATZZLEEZ2EMLUTHRODHATH
o, ETAM, MEETE, KFE2EMNDS 3ENDUEE
HO KL —Z > ZI2BWTERL /= 200m 258 W KR T
2EIEZ A =NV L —Z2712BNWT, 1HHEH®D
200m Z /R LD WA Y A L THOMATEEZ A,
400m E S A L EDOBEIERH T TS 2[5O 200m
DEFIY A LNBEEFICREN DI EZ2Eo>NTFICLT
CK#ED, 201D, #P—X 2Tl L—REPREOTE
RS HEZIZ, FAE—ROBEHZNHT S 2%
BL, L—ANY—>DhEZASTZ. TORR, KF
SERBIU4FRFICIIHCRELEREZETHL, Z0&
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ZEOL—2ANY =213, L—ZAFPEOEZAE — RN
FEREBRBIIRLSNZNDHDOD, L—ABFEDER
E—RPNEED, EAE— ROBEN/NE</2>THO,
HNRFINERLZEBODOENELC T (X5,
#£2). INsOEMIL, ARFRTRINLATEE O
BEEOHEMELLS —HTE2HDOTHDHEEAD. Fr,
400m /N T+ — < 2 ANE BT BITEY, 200m £ D
EBEFELIHEINTRY, ZOLDITHFAE—R
NYEINZZET, MR D ST EBINES T
ZHIHLZICHED 5T, L —ARRERMER EFRBRED
AE—RTELIENTE, L—ABFDEAE—-FRD
KTEPHHTEZDDLHRTES. — /T, FANK
BEI RN N & 53 5 720 OMESII T > T
WDT, AE— REARNFOMOERNYEEI N TN
FZIMENT DV TS M TR, SRBIZI DX D 7N
T4+ —< A, AE—RPFAT & W R EBRE B
KL =2 —> D& E, ZORDONL—Z2 0%

10
—O— Ist year
=0 2nd year
9 | = = 3rd year

Running speed (my/s.)
o0

6 1 1 L 1 L 1 1
5—5‘& & & & & & & &
¢ S PSS SIS
I N I

Sections

Fig. 5 Changes in running speed subjccts J.

Table2 Segment time, Rate of change of running
speed and the deceleration index of

subject J.
Ist year 2nd year 3rd year 4th year
400mSB 48.36 48.20 46.98 46.64
200mSB 21.64 21.59 21.12 21.02
Tist100m 12.00 11.67 11.67 11.66
T2nd100m 10.99 10.78 10.86 10.72
T3rd100m 12.07 11.92 11.86 11.73
T4th100m 13.30 13.82 12.59 12.53
/1S2nd100m -8.42 -7.64 -6.87 -8.09
AS3rd100m 9.89 10.57 9.13 9.48
AS4th100m 10.16 15.95 6.23 6.85
Decerelation index 0.36 0.44 0.30 0.31

¥SB. : Searsonal best record

" Deceleration indexis the slope of'the liner relationship between running speed
and the number of the sections from the peak running speed to the finish.
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B - I-FORBNRPEFRIC OV TOLZHOEHZE
MI5IET, PL—o2IBROa—F 2V EZERMN
HICHGREER T 2 2 &N TH B,

5. EH
AWFFEOBRNL, BT 400m ED/ST +—< > ARk

IHED L —RANE — 2 DZABIT DWW THIEBTHY I BiE L

INT A=< A\ EEBELEEHNRI—F 2 JICE

THHREEDZETHo . FDHIZ, B+ 400m

EFEHE 134208, Bk EER Lzl —

Z (post) IZBWTFBL —ANY—2%, FNLUROBEC

REEEITENISGEWGREERZZER LZL — X (pre) 1T

BB AN =&kl L= 51T, pre iZHBT

HEAE— REEEEEEZD &I, AE—REFO/NAIN

(i) &, ZE—RETOREW [fEH] 128

FERSEL, 1 TN L —ZINY — > DZEL O

B2 B DM DN T HME 2k A7z,
FERERIILLTFTOEBD TH 5.

1) WREFERIKTIE, pre 75 post ITHRWT, 400m ES
A LD 47.04 + 0.72 b0 5 46.46 + 0.55 B izra B L
T/,

2) AN, BEOEAE— REEA/NS <, 580,
HFOERE— RBENAKEWEANH D, ¥
DRz KL 72 BHE TR 5 L — AN — 2 &R
L7z

3) MREZFEAROEMTIE, EAE—RIE, 50-350m [X
MIZHBWT post NFEEERL7Z—HT, EAE—R
WERIEFE I LN R o naho /=, £/, AT v
THEFENE, 200-350m X 12 3BT post 2VH E T #
lzaRLU7.

4) A THIOHEETIE, #EEE L —XRiE» S5
BICBT B EAE— B, firEiid, L— A#EHn
S5BPITBIITDEAE— RN, THLH post IZHBWN
TEfEZERLZ.

INHOZEMS, BFA0mETBNWT, 47TBE
AN 5 46 BB A GLEAA L3 B RIc4 U 2
Wizl —2ANNY—> D2 & LT, 100-300m fFif D &
A E— RBXU200-300m D R T v THEE DA LA
HEUCBZEMNRSINZ. F2, L—ANRNY—2DHAL T
LT, N7+ —< XM EOBITA U 228 i3
IR, 1 IO L — A 2RO THMICS
LRENREINDIETL —ANY =N, /8
T A= ADNMLET DI ENRINT.
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The influence of the trunk twist on the initial velocity of discus in the discus throw
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Abstract

The purpose of this study was to investigate the influence of
the trunk twist on performance in the discus throw. The maxi-
mal throwing motion of eight elite male athletes (best record of
the present season: 49.47+2.46m) were analyzed using a three
dimensional motion analysis system and the electrical activity
(EMG) of M. obliquus abdominis externus (OAE) was measured.
There was a significant positive correlation between best record
and release velocity (r=0.895, p<0.01). The transition of angu-
lar momentum about vertical axis from lower body to upper body
were shown along with the trunk twist. The trunk twist angle
and OAE length were increased in the transition phase because
of the overriding hip rotation relative to the shoulder rotation
and decreased in the delivery phase with the relative increase of
shoulder rotation. There was a significant positive correlation
between release velocity and average twist angular velocity dur-
ing transition phase (r=0.734, p<0.05), delivery phase (r=0.729,
p<0.05). There was a significant positive correlation between
average twist angular velocity during delivery phase and muscle
activity of OAE (r=0.763,p<0.05). In addition, muscle activity
and the length change of OAE indicates the utilization of stretch-
shortening cycle (SSC). These results suggested that the trunk
twist of discus throw induces the SSC on OAE. It subsequently
increases the twist angular velocity, finally raising release veloc-

ity.

F—U— R ZIRTEMER, SMEMER, SSC

I. % §

MR T I BT 2R EEL, MEIRIT T 5 K87

EDZEGITFEMER, TIN50 Mk owIE
THhHHEE HHA BESICI>TRESIND
(Hubbard, 2007; Bartlett, 1992). Z# 5 DRNTHaH
PRREEE I B S ERIIWEE TH 5. (Hay, 1985; Hay
and Yu, 1995).

RKERBYEEZE/TLEDICHOWENTNS DN
F—EETHD MY —IMEDRE DT ERT.

Hay (1985) 3% —>@{EE W WAy > T4 > T
DLy — D EETOREZ B U=/ER, ¥ — 8
EZH W5 Z T KRERMBYEEN S SN EH
HLTWB., £z, F—BEPICmRbABOEENE
iU 7= &3 Preparation MW & /B TH O, Kk
Delivery Gl COEEHE MM R E N ENHS NI
725 TW% (Schluter and Nixdorf, 1984; Steapanek, 1986;
Steanek and Susanka, 1986).

Delivery J&j i 12 B39 % £ 47 W 9€ T1d, Schluter and
Nixdorf (1984) I, Delivery JaTiH @ [ D# 2L GE
M, MR ORRR ], AEoEEo RS &= &
DEOICLUTESTLININEETHD EMEL TS,
% 7z, Lindsay (1991) {3 Transition /& [fi 7» % Delivery
RN B W TE G & EER O T Z > T s
ZEEHEL, MBICHTLZ2Z2DOXDBRERDIEITIC
Lo THOBERFZAENNITHTESL THA D LRE
LTW5%., I51Z, Susankaetal. (1988) 13 Delivery J&
HHICABEOINEERZ E< T572012, EFRMWEX
FRRmEZED, MBETELRITRANEKT Z e fLE
LTWa., ZOKLEES DI, A&RTOHE, &
EWNHEREDBEHITH L TXOEELL TNE I &
MEETHO, WERTHOHES I RERESHIED
IHEZNREICT 27259 LR T WS, RS R &
FREOHRRMICAEL TBO, AR OREEES, 0
BRI D B RGO FiTE B 2V E) i DR HEIE 15
BLTWEIENTRING. ZOMICTDONT, HN
(2009) 13, AKEROREREED, HBITBTFLXOKRE
BRIFNF—HEORHEERDIETH DI EEREL
TWna.
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Fig. 1 Motion phase of the discus throw

Y-Z

ZMD—/} T, Leighetal. (2008) 1%, 5T FH8&ETH
BECBEL T, HEEREEEEEOMETNEE L Wl
& — 2 ORIEERMTE L TDOHART, Delivery K COE
FEHICONWTIERL TWARL., 2ol &ns,
Delivery J&THIZ BV % JH DIEHRIZ 59 % IE D B D Je1T
MEDLDITHBRHTDONT +—< > A>T
DN, FZFDANZALINEDIDBHDTHZDN
IDNWTIE, PRI EN TS EldnaRkn. 2o
KORBEENS, RERBIED MBI OB 5 % i O @)
HEE EHITHISNITT BT &, L ORI
OEERMN 2D L CHRBBETH D EHEZ6N5.

T TAERTIE, ZKIGEMERHEIS 2T L2 W
ﬁ%%ﬁ&ﬁﬁﬁ@ﬁﬁ;i&l)ﬂ%&ﬁtﬁwé
Transition, Delivery BT 31T 2 (K D IR B {E & =

OERICHLMHIEHOHMEHSNCTTEH L. 2) [

AT B B REEED X WG B & PR O ) &
DR EHSMNCT 2 EE2HIE L.

0. A &

1. HERE
BWERFIIZEN by TN OgiE 8 4 (Gl 23.0
+ 4.15%, H¥E 1835 + 5.8cm, {AHE 94.8 + 9.4kg, 4FEJE
W an ik 49.47 £ 2.46m, 8 A 5 AMFEFEHAT > F
10D W BRBEENER T CTHo 2.
TRTOHBEICFRNTAHLDO BE, FHikB I UER
CEBRIBRMERE R TICHAL, XFICKDER
BT B RE 257

2. REREH

PeBRE IS, BINAY — 2 )V SBh# v AT,
PR FRRICY — > BifEE AW TRAS TR Z1Tb
Bz, MBEEEIZ3ENS 5EE L, BRI a7
IWEEZRER L7z, BRI DS B, FIEED R H M Wik
Bzt & U TEE Lz,

3. PIREBBSLUNRAE

1) BhEFHA

20

B EE RN =R EF R S X 7 4 (VICON612:
Oxford Metrics £H8) Z W /=, #8561 > THI
SaEYHl, fHheXE hEbkhEZEET2HFRE
RE LR 2R E L, BT > J PR 250Hz 12
TEHARSEAL OB R 2572 (K2). BEFHHIN S
55 172 3 RITEREMENE, W AP S (20Hz) 12T,
Butterworth digital filter (Winter, 1990) % fH Ly CTXEB1L
UZe. B LU L@ Eein o, B (1996) @ B K3
S IBME R E R W TCE O E R, R, fiEES R,
fEEEAEMNUZ. 517, REBEMEEZRT/INT A—
ZELT, MiHE, ﬁﬁﬁ%‘é’%rﬁné\f\ﬁ (NI Z e W S AT]
HREL (K3), H, B BLXUOREOME, MHE
EEHLEZ. HOAEIIOWTE, ERZRIAICLT
i) 2 5 A TN Y — 7 )V DRIt G m & —E U 7= ALiE 2
EARELT, ks R TKKFED OEEAE & Lk,
R-on FFIZDWTIE, FORERNDIEL, WEZH AL
WS — 27 )V OREIE S A EATITE S K TICE S T
WEIEIZIR > T, JHORERAEZE DETRL 2.

2) TEEIE

ARFFETIE, REREEICB VW TRER ML Y 2 RIET
% (KARESM, 2009) SHEROEREICRICERL
7z.

e OiRlE, figE, EABEBIUBHEOEES S
RIZWEEED R 2 K TE 5 X 5, HAME R S,
S £ LR B E TOEB O 2/ ERTR & e
U, FIENIAIRE O 2 ® S ITHBE L 72

RERIRICBAD 2 W OIS B 2 Bl53 T 572012, S ER
HIZDONWT, ¥— > BEROMHILEE u%VW?TV
A—% AT 1 WEB5000 (HAYEEE) 12X 0D XME
FBABF BRI TEMB U 2. R BB IXE N OE R
4mm, BREIEE 1.5cm & U, Mg Lo mig i
WOETIZIMD KO ICEMZRE L 2. motion artifact

DT HR/NTT 5700, BIROME & —FREEL 7.
BHINZHIGEEMESIE, Y2 7Y > TREEK
1KHz T AD &#t%, )N—yV )L a2 Ea1—% (Apple,
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Camera Circle 1 Rhand 11 Rheel 21 top of head
i : : 2 Ruwrist 12 R.ankle 22 ear
3 R.elbow 13 Rknee 23 upper end
4 Rshoulder 14 R.trochanter major of sternum
5 Lhand 15 Ltoe 24 Rlower end
6 Lwrist 16 L.ball of rib cag
7 Lelbow 17 Lheel 25 Rlower end
8 Lshoulder 18 Lankle of rib cag
9 Rtoe 19 Lknee 26 navel
10 R.ball 20 L.trochanter major 27 ASIC
28 discus

Fig. 2 Experiment set up and points of digitzing

Right hip

Hip angle Shoulder angle

° X
Twist angle

Fig. 3 The definition of hip, shoulder and twist angle
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Macintosh G3) IZHUDIAATZ, #ERENIARE L=, )
TEFHE & DRI Z I 572017, EEFHEIBIEIF OB
EHZHIEEEM & FRFICID AR, BHIEBIEMIIK
JAWE /A R k5 % JETE %X 10Hz @ Butterworth %45
PHNVO—=RAT 4 )L THIHL, FEESMSELLIE
L7z, /A4 XBREBDOESZ 2 ERE, N EIEK
156Hz OO —)NA 7 1 )V Z [T CaERERE. REB»
5 WG & 15 5 —H O HIE B EAE S OQUHEETEIC D W
T, —~HlEKRLE (K4).

1 B D E R B KRB I (MVC) R D i 6 )
BALE S SITHIETEZE B L 2. SHERB O MVC
5 E LT, HEREZMEAMLICT, KB RE
EEEL, W& EEELIRET, 270K%GEE&

L-off R-on

EEfEZ FRIZfTOE . ZORE, WBRE IEHmIEE o
WRZEEKIC T« — RNy 7L, mRIHENESNS K
SRE L.
4. #Etanig

FHEHEEOMEIL, FEEERETRU 2. FE
ek E U U —2ZNT A—%, MBREEHE &R0 F
KT 47 AWERE, PEHEOBRIIONTIE, EY
VDR EHWTHEI L. F7=, Transition /&
M & Delivery J&j i C D MAidE &, SMERAI OEEIED
ZORER, EDH 2 tREE AWz WInbfakk
BEXLTCHEEEDHD CHEL .

L-on Release
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Fig. 4 An example of EMG processing
A: raw EMG from M. obliquusabdominisexternus
B: high pass (10Hz) filtered EMG
C: subtracted low frequency component

D: full wave rectified B signal

E: linear envelope: low pass (15Hz) filtered D signal
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m # 2

MDY ) —Z)NT A =5 13, HIHE 20.45 + 2.13m/s,
et f 34.61 + 4.46deg, St 1.30 £ 0.17m Th o 7.
AFIIENTOEEFHI D20, sl Bi#ER v b
M COHRE IR 7= T DD EBR OB D D
FREE & U CEWIERE 2 W, EEREECE &P E
EOMICHEEREDHBEREBRNED 5Nk (r=0.895,
p<0.0) (D).

% 21T Transition, Delivery RHIC BT 5JH, T, BX
MRIEDF R T 4 V AZR LIz, AEIZDONVWT, O
AL R-on FFICEDEZRL, TNLBRIZIEDMZ R
L. BOAEIIHICIEDEZRLEZ. RIEOAEIR
R-on, L-oniZ&DME, U U —XRHIEDEZRL .
SEHAEENY, JH, & BT Transition, Delivery & 1<
BWTIEDEZRL 2. 2O M3 1S Transition
R TR O, %R CIXIEDE % /R L 7=, Transition
R TIEJE & D DO AHENRE L, REDEY
fHREIIAEDOEZE /R L7z Delivery R CIXEXI O HFE
DR ENRKE L, RIEROEEAEEITIEDEZR
L7z, ANAFEBIIRENPELD b RERMEEZRLEZ. H
s (FE) ORKEERESRE () OmKEREH
HEAED S, U — 2RI WELICBWTHEE LT
Wz,

5 {Z Preparation J& T 7 5 Delivery Fjifi £ TO 4 5,
¥y, BIXUOTNEGFOELEESMERED D OMAE
g, BXOMEOHESBEOLOMBFIZRLUZ. &
5 O A IEF) &3 Preparation J5 2 S #EIL, Airborn &

Tablel Correlation cofficiwnt between season
best record and release parameter

season best record

release velocity 0.895 =k x
release hight 0.520
release angle -0.220

%% 1 p<0.01

Table2 Kinematic parameters of shoulder, hip and

trunk twist
R-on L-on Release
Shoulder -7.1+24.4 102.9+14.6 287.6%+15.6
Angle (deg) Hip 24.0£22.3 159.1+16.0 280.3+£12.5
Twist -31.2+9.4 -59.6+£17.7 7.3+9.3
Transition Delivery
Average angular Shoulder 577.6+35.6 920.8+85.8
velocity (deg/s) Hip 705.4%55.9 603.9£64.5
Twist -127.5+82.5 233.9%86.4

) Shoulder  1237.6+119.6 (-0.090%0.021)
Maximum angular g, 959.0+117.8  (-0.303%0.132)
velocity (deg/s) Twist () -434.4+141.3 (-0.374%0.025)

Twist ) 521.0+96.6  (-0.105%0.033)

The inside of parenthesis indicates appearance time point relative to the release (s)
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80 = = Wholebody! . Tt

60 === Upper body

40

Angular momentum  (kgm?s)

20

-1.33 -0.89 -0.44 0.00

300  mmmmmmmmmmmmmmmmm—mmm e S ——

200

100

Linear momentum  (kgm/s)

-1.33 -0.89 -0.44 0.00

Fig. 5 A typical example of angular momentum
(upper) and linear momentum (lower) about
the whole body

HLAIIHERE S Nz, B FoAEEHRE TGO AE
FhEld, 844 6 £ DHERF 1231y T Transition &5 T
THEEEMNS FEHEMARESIDANEDDL Z &N
RENTZ. FNLAD 2 BB W TIE R-on ER & R-on
FRIZANED O D 517,

% 3 1T Transition J& 1@ & Delivery JRIH IZ BV % Ef g
AEH RO EZR U2, 2 AEHRITHT D LY H
OAEFROEGL, WRmHONEEEOENS, YE
14 38 B & 13 Delivery H i O HF B EICKREMN > /=
(p<0.01). WHEDOEFHRIZTXTOHBHFITDONT
Preparation J&j 7 5 #1 L, Preparation J& i LAEEIE & W
ETHEFF SN, U U —XERNCEBITED U 7.

6 IZ Transition, Delivery J&j 2 BT 2 7 ERHG EZ
b, BRUSERBGOBHIGEI O MAF 2R L 2. T
D PR 12 3 W T Transition JH CHMERNTHE ML,
Delivery & CiA L Tz, E/z, SAERME O 515 E)

Table3 Comparison of the angular momentum of
transition and delivery phase

Angular momentum

(kgm?¥/s) Transition Delivery
Whole body 48.01+9.70 45.17£6.06 n.s.
Upper body 26.43£6.71 32.94+4.98 o
Lower body 21.28+4.29 11.59+2.60 w
** 1 p<0.01
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‘x Transition ?i Delivery z_“
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nnbijqo Iy Jo yySuer
(OAN%) DINE

pqe s

191X SIUIWIO]

(101505 Snu
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Fig. 6 Typical example of muscle length change
and EMG M.obliquus abdominis externus

IZDOWTIE, & COHBRTEIT B\ Tl fy i CRfe Y 783E
Ep Sy gl

R AITHBYEE CARBOF R T 1 7 AINTA—=F
EOMOMBEREZRL 2. AE T, Lon OO

Table4 Correlation coefficient between discus
velocity and trunk kinematics

Release velocity

R-on Shoulder 0.001
Hip 0.208
Angle Twist -0.485
L-on Shoulder -0.348
Hip -0.783 %
Twist 0.446
Release Shoulder  0.089
Hip -0.417
Twist 0.711 %

Average angular  Transition Shoulder 0.589

velocity Hip -0.709 *
Twist 0.734 %

Delivery Shoulder 0.225

Hip 0.409
Twist 0.729 *

) Shoulder  0.065
Maximum angular Hip -0.418

velocity Twist (-) 0.367
Twist (+)  -0.250

* 1 p<0.05

A S OMICHEBERADHBEBMZRIEED 5N, U1 —X
R OISR E & ORIC, ARERIECHBEBERNEED 5
7=, SEHEM5#EE T, Transition & IS BT B Dy
fEE & ORI, AELAOHBEBEFRNRD 5N, Rk
D M & ORICHE B/ IEOMEIBEBRNRD 501
7=. F7z, Delivery BHIICHB T g E ORI, AER
IEOMHBARRMRD sz, MBREEEHE, B iR
TNTNDOmAAEE & ORITIE, AESHBEBERIZEE
bORSY ANAN IS W

E£51TH, B BIUREONEAHE & SMER O
GBI DO FIBE (2% 2 R L 7=. Delivery R HIiZHB W T,
SE R A R R & A E RN O SEE TG B & ORI B
IEDOHBIR RN D 5 Nz,

SMERH R DZIE & (LT ALRF 38.39 + 2.81cm, K
ARG 42.91 & 3.87cm, f R JEMEIRF 37.05 &+ 3.68cm Td >
7. e NHARRE OSBRI I FR LS A7 I LB I
RK&EL (p<0.0D, RRKEMHEFZIAERICI/NIDS L
(p<0.05). ZFHE & O HidiE ®1d, Transition J& 1A 81.14
=+ 45.43% MVC, Delivery J&j 107.59 + 45.06% MVC C
Horz. REMOHIEEICAERZITEDSNT, SER
SR RRRYICIE B L Tz,

\E =

KRIFFRICBT DEERE LR E ) U —ZINTA—=F D
BERICDWT, HBIEE & ORI A B2 E OB %
MBDENZ KD, ZO0ZENS, KFFKITBITS
RERIFICBIT DN T +—< > 203, EEOHH T EXF
L TWeEEZ NS, SETF9 (Hay, 1985; Hay and
Yu, 1995) 1ZHBWTIE, #IEHE & AEEE#E S ORI HHBIRE
BRBHBZENRINTND I ENS, AU TIIRE
PIREZENT +—< > ADIEE L, SEE/NT A—%
& PRI & OB R E MR L7z,

Ty eaEsE s TEEAEHEOMHE

AR TIIERANC, ¥ — 2 BEICBW TIRIREIEICE
HPENWEEZ S5NDMERTED D O Ai#EShEDOZLIC
DWTHE L. £9, ¥—BEDRTY, HIZ Entry
FRHIZBNT, FEE0MEHENRKE<EML T

Table5 Correlation coefficient between trunk kinematics and EMG activity

mEMG of OAE
Transition Delivery

Transition Shoulder 0.086 0.166
Avergge angular Hip -0.084 0.165
velocity Twist 0.093 -0.039
Delivery Shoulder 0.523 0.636
Hip 0.200 0.208

Twist 0.434 0.763 *

* 1 p<0.05

OAE : Obliquus abdominis externus
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(5. 23, AHOIRVIAAEEEFLET D TH
FOEREEICL > TEOHINZH D EEZZ 51,
& —EPE CTRELAETSEZEG L TNWD S0 D ik
(Dapena, 1993; =4, 2000) Z%FHT5HDTHo /=
Transition J& M 12 3315 2 [ D S35 #f 358 BE & AR ) 0k
& ORMICHBIRADOHBIBIRMEED SN2y, FefTitse
IZBWTH, U —ZAHE & Transition J& & AR D I,
B OfEE & OMICENENARBRADOHBIBHRNZED
5N ENHE I TW D (Shluter and Nixdorf,
1984) . FED AR AN THROEEHE I Z 5
TWeZEMS, PEEETEHOMEHEOLD &0
IZEHT % &, Transition /i & Hig U C Delivery J&j i
TiE, FHEHoMETHEEDICES T, REHOMAES
BN L TW/=. Dapena (1993) I, %80 FE &t 2 o
EDOTHMEFHEDIFTEALETY — VI TESN,
& — %O EREMEIFOAETEE LI NRET D
ZETHHEREL TS, AN TEHEINZ T Y
O AEE RIS B oAET EE A, EaEE
DOWPITEBRS HEEE DKL, FEETESHE
AETED LEHANDREERBTHHDTHS.

ABRYIEE L EBRDFRIT 4 V RANT A =5 DB%

Transition, Delivery I B WT, (K DIZIREIED
MARYIHEIC G A D EBEASNITT 572012, &Y
HECE, B BIUREOME, MAHEEORRER
L7z,

9, MBVEECRE, B BIOREOAEOBEK
BHDE, RBIEOAEIZTONT, HBYEEED Y —X
R DIRER M & ORICE B E OB R Sz
(FE4. DD, EREEZEVKSEGVNRREVIZE
MEBEENRKENo72EWE D, U —AFORIRD
I DN T Lindsay (1991) X EN D #4141
LR IZBWT, ENEZBNELUZIRE, Tkhbb5
REAENDIEORETOHR T2 EL <B0HEREL T
W5, AFEO R, COWELIIRBLEZHDTH 5.
AL DY E L 75> 7= HR NGB E L, WKkOBH |
OEWHEAICE > TEELWHENEII®RZD, KD
AR DRI 2 MFA T 2 2 & TR o ERHPH 2 4l S Het
ERAWTWZ EHERINS.

¥ 7z, Transition & [ & Delivery J&) 1 @ 33 £2 iz A 2R
FE &M RERE & ORIC, TNTNAERIEDMHBERR
MRS 5Nz (F4). Delivery HHEIZDWTIE, EiiR
RAEEDOENEZRLEZENSD, RORELOHE
MRZTL, BEEMEENET D EHRERDGS.
UL, SEEERER A3 E YA O f 2 7R U 7z Transition /&)
MIZDWTH, FIEEEORICA B IEDMHBERRGE
OONLZEIFFERIRELATHS. UL T,
HIEEDORmWHEEL, EBOHOME Ik > TERERD
RIS SN TS DI FEREAEEIN /NS <
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Ro Tz EHERINS.

H, E BITREOMELRIMITDONT, BEEDR
AENS, L-oniCESFETHEDIIFE D N)E X0 & Elx
|mNZ N, U —ZAEFTIZB N TEOEI R BE BRI
kL Tz, Burdenetal. (1998) 1%, N7 A1 >
TIZBNWT, BRY T2 AT 1 > 7 KN Az Uihsd T
b, BIINY T X1 T HANEERET S E0WD, H&
JE O 3% 5 18] D [\ 8512 & > THRE B #E1C SSC (Stretch-
shortening Cycle: SSC) MAELU Tz EHEL TW .
ZHUT U TAZEIC B W TS, Transition J7 1 123 W
TJE LIEZFARANERL TW5H00, HXDBED
SEEABENKREL, TR TIEHEITE OIS A3
MRELBo>TWE (2. ZOZEMS, MEERYT
IZHBWTIIIE ETEA TR D EERRAY S, DR
T AMMATNICK > THRBHEIZSSCEZ4EL TS
AIREPEDVRIB S N7z,

FBROIRE EHERBIOMIR—ERY 1 2 ILEFDHR
THENS PEHANOMEHRDOEDOT I, ¥
FEFEEEBIARHHENEDOISICEb> Thadn
IZIERICHEBREN. AR T, KBOREREMEEZTTS
EFHHE L CHHUERICEB L, 2oMEEEHER
BHOHIEEZFHHT 2 2 &2k > T, BRI OBHIEEHE
RICOWTOMIEZTITo /2. TORE, MERBEZ
Transition /&1 CH{ANL, Delivery & Cili/b L T/,
7z, T OMIFSERG TR I B N A 5. Z
D Z &3, Transition J&jHE A S Delivery /I 20 THE
JERHIZ B W TR — &1 7 )L (SSC) MAL Tn
HZEEHBICETHOTHD (X6). MHHREICD
W, Transition, Delivery J& i [8] T/ E &1 OIE B & 12
AEAZRSNT, MWHEZ2iM U TREMICIER L T
22 EMRENTZ. £z, Delivery R IC BT 5
Hn R B & AMIE R O SEX G Eh & ORMICE RIS IEDE
BRI N (B, 2ol &id, Bfr, #
RETIE, TNETOAEBHEMA T, SNERHOMEM
EERELUEMBHRIRVRLVEIEICEL ST, AR
AR, HDHWITERT 2R EREL TN 5.
IN6OZENS, H, BEEOMHETINSEL S
R RIRENED R I B A 52 5 2 &, RIREEIC
AVER OIR B BT 5 &, FLT, SEREIC
SSCHAEL, JIFICF N TV EhREINE. Lo
T, MBRIFIZH W T Transition, Delivery Ry 2 B
HHMERITIZ BT D SSC ORI, 4% D Y)HE Dlh
LIS L TWA I ENHENER S 2.

o)

INET, ¥ — 2 EiIER SN2 5O AETEN,
RN ABICEESI NS ZEZAsN TN EZH00,
ERICTFEH E FPEGOMOAEFHEDOLD LD, £
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DOEFITHDHBOIHEICONTIEFHITRIE SN TR
Mmoo Tz, RFFEICE > TEONALTERARIILUTOES
DTHhH2.

= EMEICE o TS TAER SN SHERHE D O
AEHEIT, Delivery BHICHNT LA REIN
TWiz,

- FBRTICBWTCIIE S EBNFE A MO RN S, 3
D EFRNEATT DA TIUC X o TERE IR MR —
g 7)1 (SSC) ZEU TWBaJRetENRIES 1
7z

CTREENS EEANOMAETROEEICED - T, St
& #Hi51E Transition J& 22 5 Delivery J& I /0T TEF
FRICTEB L7285 SSC 2R L, FEMINRIZDREL
FEICEET 5 Z EARBINT-.

- Transition J& i 35 & O Delivery J& [ 12 BT % SEH R
foE & AR REE & DR, Delivery R IZHBIT 2
W DI AR E & SMERA O G EIE & ORMICE N
TNHEEBRIEDOMHEARMEGRIED 517z
DEDZ &S, MBETICH W TIT Transition,

Delivery I BT 25 ERMTIZ BT 5 SSC DFIH Y,
A OWEE D EIZBEE L TWA T ENH SN ETLS
7z.
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The relationship between maximal sprint velocity and run-up velocity and long jump record
in long jumpers

Akihito KUMANO®, Hayato OHNUMA?P, Yuichi HIRANO?

Abstract
The purpose of this study was to compare maximal sprint ve-

locity (MSV) with maximal run-up velocity (MRV), and to deter-
mine the room for improvement on run-up velocity. A secondary
purpose was to clarify the relationships between MSV, variables
of run-up velocity and long jump record (LJR). The subjects
were eleven male student long jumpers. Run-up velocity was
measured at an official athletic competition. After measuring all
trials, the best record jump was selected for analysis. Sprint ve-
locity was measured under the experimental condition. After
completing their own warm-up, all participants performed one
maximal 100m sprint from standing start style. Participants
were directed to run as fast as possible. Athlete’s velocity data
were collected at 100Hz with a laser velocity measurement de-
vice. The results were summarized as follows :

1. MRV (9.66+0.28m/s) was significantly lower than MSV
(10.02+0.36m/s) (p<0.01). The ratio of MRV to MSV was
96.4+1.9%.

2. There were significant correlation between LJR and takeoff
line velocity (TLV) (r=0.789, p<0.01), LJR and MRV
(r=0.902, p<0.01), LJR and MSV (r=0.784, p<0.01), TLV and
MRV (r=0.891, p<0.01), TLV and MSV (r=0.862, p<0.01),
MRV and MSV (r=0.846, p<0.01), distance from takeoff board
at MRV and changing rate of run-up velocity (r=0.764,
p<0.01) and changing rate of run-up velocity and distance
from start at MSV (r=0.651, p<0.05).

3. There were no significant partial correlation between LJR and
TLV (using MRV as a control variable), TLV and LJR (using
MSV as a control variable).

Consequently, it was clarify that MRV was significantly lower
than MSV, and there was the room of improvement on run-up
velocity by utilizing the current sprint ability. Moreover, it was
revealed that MRV affected the relationship between TLV and
LJR, and MSV affected the relationship between MRV and TLV.
After all, it was indicated that improvement of sprint ability
might affect improvement of MRV, TLV and LJR.

From these result, it was suggested that there were two way
to improve LJR: (1) utilizing the current sprint ability on run-up,
(2) improving the sprint ability.
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Table 1 Variables of long jump and sprint
n=11
Variables Mean SD
Long jump record (m) 6.68 0.38
TLV (m/s) 9.31 0.26
MRV (m/s) 9.66 0.28
Distance from takeoff board at MRV (m) -6.2 3.7
Changing rate of run—up velocity (%) -35 1.3
MSV (m/s) 10.02 0.36
Distance from start at MSV (m) 49.0 9.2
%MSV (%) 96.4 1.9

TLV: Takeoff line velocity

MRV : Maximal run—up velocity

MSV : Maximal sprint velocity

%MSV :the percentage of MRV to MSV

Table 2 Correlation coefficients and partial correlation coefficients ( pr ) between variables

n=11

Long jump

Distance at

Distance at

record TLV MRV MRV Changing rate MSV MSV %MSV
Long jump 0.789 % x N
record (or - ~0077) 0.902 * * 0.357 0312 0.784 % * 0.023 0.105
LV 0891« 0049 0.153 0862 * 0540 -0.264
(pr : 0.598) ’ ’ ’ ’ ’
MRV - -0.304 -0.313 0.846 * * 0.218 -0.069
Distance at
MRV - 0.764 % * 0.052 0.500 -0.560
Changing rate — -0.038 0.651 * -0.405
MSV - 0.317 -0.590
Distance at
MSV - -0.251
%MSV -

Partial correlation between long jump record and TLV, using MRV as a control variabe
Partial correlation between TLV and MRV, using MSV as a control variabe

TLV: Takeoff line velocity
MRV : Maximal run—up velocity

Distance at MRV: Distance from takeoff board at MRV
Changing rate : Changing rate of run—up velocity

MSV: Maximal sprint velocity

Distance at MSV: Distance from start at MSV
%MSV :the percentage of MRV to MSV

* p<0.05, ** p<0.01
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The difference of running velocity, step frequency and length in 100m sprint running in straight
and curved path

Hayato OHNUMA®, Masanobu TACHI?, Akihito KUMANO?”, Yuichi HIRANO®

Abstract

The purpose of this study was to clarify the difference of run-
ning velocity, step frequency and step length on straight and
curved path. Subjects were 8 male sprinters (age 21.6+1.9years,
height 1.70+0.05m, weight 60.7+3.6kg, personal best for 100m
11.74%0.65sec). The subjects performed 100m sprint running
with maximal effort in the 1st lane on the straight and curved
path of an outdoor track. Trials were recorded with high-speed
video cameras. Running velocity, step frequency and step length
were analyzed to be compared between straight and curved path.
The total time for 100m was longer on curved path than on
straight path. Maximum running velocity and %decrease of run-
ning velocity were significantly lower on curved path than
straight path, but the point of maximal running velocity was not
significantly different between both paths. The average running
velocity was significantly lower on curved path than straight
path for every section except for the 0-10m section. The step
frequency of the left leg after the 10-20m section was signifi-
cantly lower on curved path than straight path. Also, the contact
time of the left leg and step length of the right leg after the 10-
20m section was significantly longer and lower on curved path
than straight path, respectively. These results demonstrated
that differences of running velocity, step frequency and step
length exists in 100m sprint running on straight and curved path.
Furthermore, the factor affecting the decrease of the running
velocity in curved path were suggested to be the step frequency
and contact time of the left leg and the step length of the right
leg.
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HBEIRA A 72T 2 W TWS B Th66.67%, LT T
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DIFICIT RV 28 EICH T 551 S TH DY TV +
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mofz. Uit THABOETFD, Bt bEY Dk
WA AZE N TND EF A 5. ATl
TOANEFENGE LD, BiEakilhaseg%
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— 4T, HAEWNTRZFESPGRTD, B0 R
BiRAAEERTT> TWBDIE, FIFEEESA5. It
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52EmE (BE2ZH), R, HEDOLTEFITIZ
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Table 2 : Arm Action in take-off for Men &
Women High Jump on 15th |AAF World
Championships (Beijing)

High Jump Men

POSITION | ATHLETE | COUNTRY | MARK Arm
(cm) Action X
1 DROUIN CAN 234 D+S
2 BONDARENKO UKR 233 D
2 ZHANG CHN 233 D
4 BARSHIM QAT 233 D
5 TSYPLAKOV RUS 229 D
6 THOMAS BAH 229 D+S
7 BABA CZE 229 D
8 TAMBERI ITA 225 S
8 KYNARD USA 225 D
Type Arm Action (%) X
D 66.67
D+S 22.22
S .11
High Jump Women
POSITION | ATHLETE | COUNTRY [MARK (cm)| , Arm
Action X
1 KUCHINA RUS 201 D
2 VLASIC CRO 201 D
3 CHICHEROVA RUS 201 D
4 LICWINKO POL 199 D
5 BEITIA ESP 199 S
6 JUNGFLEISCH GER 199 D
7 SCHEPER LCA 192 D
8 PATTERSON AUS 192 S
Type Arm Action (%) X
D 75.00
S 25.00
Arm Action X ; R : Running Arm. S : Single Arm. D : Double
Arm
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Table 3 : Arm Action in take-off for Men & Women Triple Jump on 15th IAAF World

Championships (Beijing)

Triple Jump Men Arm Action X

POSITION ATHLETE COUNTRY MARK(cm) Hop Step Jump
1 TAYLOR USA 1821 D D D
2 PICHARDO CUB 1773 D D D
2 EVORA POR 1752 R D D
4 CRADDOCK USA 1737 D D D
5 ADAMS RUS 1728 R D D
6 OPREA ROU 1706 R R R
7 SOROKIN RUS 1699 R R+D D
8 OKE NGR 1681 R R+D D

Arm Action (%) X

Hop Step Jump

D 37.50 62.50 87.50

R 62.50 12.50 12.50

R+D 0.00 25.00 0.00

Triple Jump Women Arm Action X

POSITION ATHLETE COUNTRY MARK(cm) Hop Step Jump
1 IBARGUEN COL 1490 R R R
2 MINENKO ISR 1478 R R R
3 RYPAKOVA KAZ 1477 R R R
4 PETROVA BUL 1466 R R R
5 WILLIAMS JAM 1445 R R R
6 SALADUKHA UKR 1441 R R R
7 KONEVA RUS 1437 R R R
8 GIERISCH GER 1425 R R R

Arm Action (%) X
Ho p Step Jump
| R 100.0 100.0 100.0

Arm Action 3 ; R : Running Arm. D : Double Arm
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Recovery of Bone Mineral Density

Recovery of Menstrual Status

Recovery of Energy Status

PROCESS: Days or Weeks

OUTCOMES: /) Estrogen exerts an anti-
resorptive effect on bone

/" Energy status will stimulate
anabolic hormones (IGF-1) and
bone formation

1 Energy status will reverse
energy conservation
adaptations

2014 Female Athlete Triad Coalition Consensus

Statement on Treatment and Return to Play of the

Female Athlete Triad

BRIV, RFELEBHEIMEROTRERVZF Vv IL
THoWnRIWn, TN SRERNZEY 720 (T Kg,
BAEPNZ N DDNWDE TICHERE, INEERLBRI
W, ZNESFSRBRTIUIF—LNDOIGENT Y REEET
HoT, F—LDMEHRFMIZAZIEL T NS KE
IMAR—=Y R —EREFORTEbDINTVNS., F—
LADEREDLI—F OEIAZROBA T, BEF O ZET
HENDETANEHINDEEDEHTESL, X
K=Y RV 5 —DHERNPENWELZEND ZEHF A 5.
HDHNIFFIIERTH DT AU HBDT, AR—=Y K>
H—ININTETENE LK EWVD XS RHETRR O
BE, WAAREMNEZSNSD, HAELZWSELN
EIEBEZSHTRD 5.

ST, TAUADAR—YEFRIBEHEEICHL T
BEEPCTEIIDNT, BAKOY XY — MIBWTIZ
THTHVWNRIEYRED M) ZEEZTND. HEY)
BEDAN O 2 Dia< &6 1 FEEEmBL, TN THE
FEZAELD I BEHITE, LiOBNRND TR
THELEIMENDEDITENNTHO, REOEHIEHE
WEBEERICHEL IGE1 EnWS > 7L EHHIT 2D
THO, YLz 53T A MOy > -EITH D
EEMNTNVWD, EXT RT3 — LN DIXHH
FRIEICHON2MHFNT, EH FREEEeTEanT
W5, Zhd, O<OIHIRREEE A DEWIPEICHE
IDIRERTHLZNBEEICEL, LanTWT, HFE
0 ERYIBGEICEmA 7 2 S13EAN TR,

6. BARDRFHREMEZRICONT

RIFBEEFZ2<SARTELPT, HHBEENT
ECEDITZDOHEW > TETLE> TWEHEFITND
Tidm<, DLAHFE - BREVIARENTEZLHNRE

80

PROCESS: Months

OUTCOMES:

1 Reproductive hormones

PROCESS: Years

OUTCOMES:

T Estrogen continues to
inhibit bone resorption

T Energy status will
stimulate anabolic
hormones (IGF-1) and
bone formation
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Changes in Women's Bone Mass with Age

Bone mass (grams of calcium)
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60 80 100

Age (in years)
Speroff & Fritz: Clinical Gynecologic Endocrinology and Infertility
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Alysia Montano was all smiles
as she competed in the 800
meters at the USATF Outdoor
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pregnant with her daughter,
Linnea.
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