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1.1 1XC®IC

b EFi OB CERH TH H00 BIFHHE, BTEMTHLY Y ZHEREN (T
3AM A IR, ML 8ANIBIZ3HEENMT D) TEDH LN Y TN (FRD 28.96
EoT)7) IZ&ITL, TOREERE (LIT, &TEHHD 2B0a 55T 2.
ATV VI, 2K 26-2.7m, E&800g L, HREIE0.025-0.03 m LIN & E
HNTEY (AARR BN, 2016), floofke F&C & B CEMAT e & ik L
bR<, TOEREIRL/NIVEWVIFHEER LTS, 207, RFETAMOA—
— N\ RNIZEBY U —ANAHET, U U —RAINV VIR EORELZ TR 5
L7ctk, 774X —DXITBELETT 5. v OB TEHENE, 1984 FlZ T~ - FR—
VIBTAZ L ST 10480 m FTELED, TOHTEIZLD YU OFE FRBESEANOMD
T U T AT TV D B OB T-OH N B 2 fERICIE T FTREER B 572, ¥ U O T
B AR < L2t 2T 2 BT ) OEOMIEZATTIC 0.04 m B SE 50—/
BOEAS 1986 R TNz, ZOMEICL Y, 00 BIPHHEICIT 8T & FElE T 10%F2
LD Uiz, 2OV — V{7 b, 1996 Iy - B L X =—&F7) 98.48 m DS
FlERAIIE ML, L—AWEROMRFTERCE THSTE TV, —F, HARTIHEDF
FERTFDHL— /M T2 D 1989 HZFEEk L7 87.60 m @ HAGER) HBIAEE T 28 4F
[H], FUOEFICE->TELT, RV RITHHICHT 2R L OZIFHL —FHTH 5.
EAND a2 —F 2 ZBIGCIRT 2 EAHEEICBE LY, HHEE B & ORI L H8#%

BRAZ SR T S BB R EE T L 2 W TCEFOBRKICIY A TH L5513 %

1



<, BitAm Ea ENE LTy 2 =7 b v =T IZE LRS00 LTI 5T
FEDOFREESRIFEANRIU IS WART) b L —= 2 VAL S TUOZRW D A3 BRIR

THD.

1.2 RV RIFHRIZBIT 50 E =

RVETHE, 1) ks s v A7 vy FEeEtERm S, 2) %REEHIOREEE
i E COWiFFmH, 3) AIEEMNALY DY V—AETORTER/ED 3 JRHICHES
1 (Figure 1; Koltai, 1985), $ACHRTCEREICBIT DY U —ANT A= L EfiDHRTZ

HEDORRRIZ OV TR S TE T2,

PR Yy f/

approach phase—>|— preparation phase —>|—— release phase —>)|
RFC FFC JRL

Figure 1. Definition of throwing movement phases for javelin throw.
Approach phase is from the start of the approach run to the rear foot contact
(RFC). Preparation phase is from RFC to the front foot contact (FFC). Release
phase is from FFC to the javelin release (JRL).

1.2.1 VU —RNRFGXA—=F DWW T (E&ETE/FHH)
RN BT HHLNCBIT DA A A D=7 AR, ¥ DOV U —RIZEHT5/3T7 A—% (#]

WP - Beitfg - BB - X A - B Figure 2) 1I22WC, BURASEBRZ V2> R =

2



L—a bR Y U — AT A =2 ZE M UTAeonii h omniEFEoO Y U — 2
T A =R A USRI 72803 %0y (Bartlett et al., 1996; Komi et al., 1985; Mero et

al., 1994; Whiting et al., 1991).

javelin

Trajectory of javelin C.G. C
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a : release angle (deg)
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b : attitude angle (deg)

c : attack angle (deg)

d : release height (m)

Horizontal line
A

Ground

Figure 2. Definitions of the release parameters for javelin throw.

Release angle (a) is defined by the trajectory of center of gravity of javelin and
horizontal line. Attitude angle (b) is defined by the opposite direction of javelin
and horizontal line. Attack angle (c) is obtained from the difference in the release
and attitude angles. Release height (d) is the length from the vertical right hand
positon at JRL to the ground.

YUDOU Y =AY U —R % DZE T2 %2 F1~7- Hubbrd & Alaways (1987) &®

WEeic L5 L, BIAERTY U OWLREE % 20-35 m/s ICEREL, Mz M3 0 E05H-2.5
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N7 D EHEE L, Best & Bartlett (1988) 1%, YT 30.18 m/s KRl 5 &
M AIF28 ETHDHEHEHM LI, DFV, by Ialb—YailloTHNMND
FHZBAZ AITADEERLTND., LOLRBD, EEOBES T, &E RO
)70 S13ZE L THRWED, BT ESRFTIZBIT 53 X 2 L— a AEDRFBROBHL
BTEMY V—ANTGA—=HE LTUEATE 208D LV, —T, EEROiHS (1=
TR Y SRR EREORS) (2T 22 A &~ ol (Morrisetal, 1997) TiE, ¥y
% f1%-8.42+3.53 ETh-o7- L& L, Whitingetal. (1991) 1%, 7 AU h D5k
EBETF 8 L BN LTz 5 ORI D 85 AT ONTHHT Lo fER, Hx AT 1-
2 EThol WAL TWD. SBIT, B L-VLORNRTEZRGE U Ot Lo
(2 H 5 1989) IZBWThH, M MEMNA D5 2 N CTEHZMITTERE LTHITH
NARREMERH D Z EERB LTS, LLEND, ZNHOFFZETIE, Do
FaxtG e LTWDH7e), LVZOBFEARE Liciatikoonsd. LT, 20
DT 3 L OEEAIZHOWTIE, 2 TOMFFETI L% 30 N 40 FEOHIFH TH -7
& L, BT EREE L ORIRMEIZ W CIdfilil S50 CuV ey (Bartlett et al., 1996; Komi

et al., 1985; Morris et al., 1997; Whiting et al., 1991).

1.2.2 fiiR Y & BEOBHEORHIZOWT (RTE /i)
RV ET BT, ZOMOB TSR LI L TY Y OFBEIVNE NI &5, (R
DORGEEE 2 Z oA —/ = KPHO Y V—=ZRARETH . D7, BHIMR

D EWEOBEHIFE ) 210 ESEDTZOICBEARRIRTH D, a—F 785 TIE, Z0
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Rtz © B ELARE OB EA BT 5720, R—0Z At CTRIRCE BO R H i A
BT D N L—= 2 TN SN DB NN, B & ED D L TOAERNIREHE »
BN ECRERE OEWEIC OWTORGEIIF & A LRSI TV, 2 b OEWEIZEET 5
A F A B =7 ZRFZETIE (Miller & Munro, 1983), BN U U — A £ TORElE
D EWED R TV U OACES MO EEE DS 60-80 BFEEAEF L TW\WDHZ End, YU
DM Z =D DT OISR D BWEIC X DB RE VW ERE L TWD. £z, »rkr )
AUy 7 OR0 BT RBICHEL L2 B 11 40 TEEWEZ 58 L7 BTt
(Mero et al., 1994) TiE, &TEEEHHIFE - i - Fi & FEREEO R AR HEDZ 1
ZHLE ORI BZRIEOHBEBR R H o 7= L @it LT b, 12T, Morriset al. (1997)
1, ¥V OEEE Z & D OB ESONIEEE ) i b BE AR CEXEETH D LR
L, EOEMNHEOEIMELZ RIE L TND. B L-ULORe 5% T4 3 FHCOHEL,
ZNENOE T ZEWEORHN A Lz L 7= Bartlett et al. (1996) OAFETIE, L0/ 37+
—Y U AEEHLHTOITIE, VU —RIZATTY U 2R IS5 72O BEEIRCE
iz LRI LBHRE D EENKEITHL EHEL TS, LrLeA 5, Liu et al.
(2014) 1%, 32 £4OH BT TR L OWR 0 BEICRBWOCTERBFIC R & 720
WO BN o Te Z EWE L TWA T Enh, 00 BITHEICI T 2k » #ifEAR

EROBEMEIC OWTHE— S ilL, BIED & Z Ao Tu7eu.

1.2.3 TRROBWEDRHEIZOWT  (HEfRRE —#& T & /HmE)

a—F U BT, ¥EREICBIT AT A AT v I L CEROEEOREM (#
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RN ORTEE I E CORZE TH L) Z2ROLND T EBRZVD, ZORHH A
<35 Z EBFHEAIN EICBAL 0N E D O ET U AKIE E AV ETRENTV R,
TEEECBT DB O EREESN B4 2898 T, BEHORIERES L 7 4 —~ A
& DEFEMEIZOWNWT HlE & A EHE SN TE ST, Tauchietal. (2009) OHFFIERE TIE,
— PR BT RFIIRIOBA L L EDN FAEET/ NIV & S, ORI EOHEIFE) S I
B DOHHIRF OB 351 2 ERIEI DAL & BT X PEREL OBIRAFI~T=HA S (2012) O
WFFETIE, 22 OB & B e OREHIRH CRRIEG O R it A BE b B o 72 2 &
EABNCLTWDA, Wi RIS D B0 i s | 2 B3 2 A sl S
TN ENDABOBRFREE L 72> T 5.

—75, RIHOBBERETICE T 2 TIE, T X BEIZRO TR R O
PFFEESI, O FRBIEB @R T o — v U A BB D T DICEHE R R CEEETH
5 EBLEINTNS (Komietal, 1985). Meroetal. (1994) (%, #CTX/BmEcT Hii
I OREBEE DR R RENMEIC X > TREFE ST (R0 stretch-shorting cycle JEENAS, H
B & e & LT SR MED ) & A2 vl Rt & 5 LRl LT % . Whiting et al.
(1991) 1%, BTEEEDOKRE o727 —71F LT X B0 2 HiEo FERa X
JBALZHoT- L L, 2o OEWENR RS ORI ERRZ 5| &4 2§ I aetEd & 5 L H#E52
LTWD. [AkRIZ, R0 BITRFZETe 25 A OEFOR T S EERFH 2k
L 3 HEZ T, #APBAtEE) A 3 YOThINC Hhishiat L72BPAC D (1998) DIFFEIZHN TS,
bNT F = P ADEND T N—T OFRTEEIRDL, RO U TR

HE/NS<TDZETYEDT L—F2/ha< L, Hit< BlEO#EHEHZ I T 2 BB 3k
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HIMBALICH D Z L2s, HNZ I 2 BEBIEI O REWE) KGR ORI T ~DfE 2 LIAlii %
AECTEREEZ TR LTS, ZHLOWEND, @Y7 4+ —< U A &35 1OII38E
fi—% T E Rz 31T 2 AT ORRBIEI A2 K 0 (RO OMENERHEER SN DA, —iS
D BFTRFOUER—I T E R 5 TEBEEER) & 7+ —~ R & DRIRICONT

ZE A EH BN SITNRN.

1.3 AHFEDES

IETIE, AARE Bt om RS LR RESNEE L, O RITIEFAS
& L7z B SHEsi 7 b B A — &L, BRI AR — MAHI ORI
THYMA TS (HARRE LFHEGE, 2017). L LARR D, VW7 +—< 2 A%435
T2 D DET T ECRI AR LS KT) b L—=0 712 OWTIBYED & Z ABIES
ML S TUVRWELRDNGED b s .

TINETORY BRI T 53 A =7 ARFIETIE, —Fie 0 #IPETFO#T
SEWEZ LT, BRx IR L~V OETO R L SR CEEWRIC DWW TGRIATE 720,
AMFZETIE, HANRTFHEER A 2 50— 0 KITBEENLYILE LIV OEF O T
TENEEZRIGRE T D720, HBOIVARIY, WAVEFEZRGRE Uit m Ric&sr
EBEZTNWD. o, —iv BITRFOR TEEEORHEZ /A A A T =7 AP

TEHUR, KO M L—= 7 OHAMELIRE LT Kb LB LNS.

1.4 WFEEDHB



AFZEL, WILFE LV OBTF) SRR 0 HUF R T £ TOMRIA B L~ L DX
D BT EFICBT 5 FROBHE TOEN DR TEEEONT, T r—<v AL DM
RRENA T AT =7 ZABNTHAEL, —iie0 RITEFOFR TEINEOFHEIIZ DWW TH 52
2522 HAYE LT

AMFFETIE, ik L7 BRZEERCT D 72 DI LN FIZR T 4 DOMENE L R E LTz,
WFFERRE 1: UV U — AT A—H (T2 T

RN BTHHLTIE, YV OIRPERER L 72> TY V= AEOZEKIE G L OB %
20T, WCEEBEOHEBSBIEZE IS, £ TARPETIEY V—APHD Y UV —R /T X
— 2 LT XL OBIRIEIC DN TN, e BIFTEFDO U U — AT A—Z DF;
BUZHDOW TR 5.
WTZERRER 2 1 JidiR © B ED R DU T

RV ETHRNL, ABOA— "= FIZE T 23 L 20T b0 (AR
bz EwiinEid, 2016) . AFRETIL, A— 3=V RIZEDBHEV EIfEL N7 4 —< R b
DOBIRHEC DN TN, i 0 TR T ORE ) EEORHBIZ OV TR 5.
WISERREE 3 R EN EORHEIZ OV T

P& T A g D AR OB R I E 2RI 500 RITHHRICRE W TEE L S d.
AR TIE, RROBEL N7 4 —~ 2 2 L OBUREIC OV TR, —iie ) #HET
DIFEHROBEEDFHRIC SOV TRETT 5.
WFSERRRE 4 FIOBIWEDFHEIZ DT

RV P, FTEBE DT THE-BEDNEO LI TR Y, BIEEE 2 )N &K T
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ENT =V RTHITE DB HEE 0D, ANETIL, B R 0% e
S CERimERT (Rt F ToOmEORBIENER) L7 4 —< A & DORIFRIEICS

WTIA, e 0 R F O M OEEBIE OB EDORFHEIZ DUV TR 5.

H2E F Ik

2.1 PREE

PR L, RO BTRT (AL 17 455 TAAF 5 FRiBoR THEERE) B
FOORE 18 FEAART 7 1 i RITOMAR 00 &IT%EF 57 4 Th-o
7o xR & UToithiasiy, 55 11 Btk EBiBaRFERs, o 85 [l H AbE Lo FiE
Kz, 25 69 Al HAFA R EpthcHRTHER S, 55 78 [RIBIVE A e EBi oo THER
DO AFHEZTHY, TNOBHRISIN UIZRTOR ik B Tk & ot oxt
Ll Lz 2F0, ZROOBEAICE-SEBERSML COHEANE, FlR0 B> 7205
oo zextg e Uiz, 70, HIERIZIT DimitdklE 87.17Tm TH Y, HKFIEkI
45256 m Th o7z 728, AWIEICKIT 57 —ZINEICF L T, 2 TCORSHBEESD

TR NSRRI ) T R T o T

2.2 EEhHE
55 78 [MIEAPE AR R BT IO TAERSS, 5 69 (0] H RSB R THER S,

%5 85 [al HARE BBHORFHERZD 3 Bt oWTL, b BB ORI Of LB
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2EDHATHEFEL, EHEEET A A7 (NAC ##, MEMRECAM C.S ; 200 fps)
A LI T EHMOMSE B LR S O TEEWEL RS Lz, ZOR, #REHFED 6 7>
AT (36 /) 12, 3T ARIT S 7-0Day hu—LR A v FbiRE L. £7,
11 [EHHEREE FEHORTHEA~L Y R RETHONTIL, TUXALETE A AT (SONY +h
#, DCR-VX2000 ; 60 fps) # i Lt OBIEE O FBAZ 2 BON A T #3RE L, #&
TEHMOMT I LOE G HHETEEMER D ONTHZEPED 9 23T (54 5 1T 3 ot

JEE A E T D7D ay hr—VRA v NeEE, ZAERE L.

2.3 T—HF
2 BEDONAT THREISNI-G A2 218, YOy MIRE L3 ha—/LiRA v
k365 (64N BXOB4 5 (9 4P &, FIEKENL 24 5L YU OFEL CIF, 7V

v 7T 5), YUORSELRD 3 KA ETy 27 i (Figure 3) % B 7 AENWEMTS 27 L

I

(DKH ##, Frame-DIAS II) %\ T 200 fps 72 5N 60fps TF P& A X L71=. #F
WmDOT 25 A XX (i) 1%, #%EsE oYU D) J—21% 0.032 BETL
L7 (Figure 1). 7 V%A XL > THBILE 2 FMD 2 IUH#EEE%S DLT % (Direct
Linear Transformation Method) % HVT 3 RoTIE AR L7z, ABFFEICIIT 2L
BERIE, M Z[EE L 7oA PR C X MO EZ2 R TE AW, £72Y S EIFEhE Ln =
FHANZ, ZEhOIEFH T E M m- THAICESR Lz, B Sz 3 YOou/EiEE &
36 ;UZRIT HEIERDOEIEIZ I T 5 AR, X#iT9mm, YHIT 9mm, ZHiT

1.6 mm Th-oTz. 54 FUTEIT AEIESROEREIZEHIT 2 EREAY, X#iT 7mm, Y
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T 1.2cm, ZEHTO9mm Thotlz. F7-, FNOEHINT- 3 RITEEAEIL, FEESHT
(Yokoi and McNitty 1990) % F\CEHRLS O Fom W& 52 E L (4.5-20.5 Hz),

ARDNNE—T—2AF R IVT VR A L CEE LT,

1. vertex of head

2. center of head

3. chest; midpoint of straight line connecting
the center of shoulder joints

4. midpoint of straight line connecting

the center of hip joints
5.9. center of shoulder joint
6.10. center of elbow joint
7.11. center of wrist joint
8.12. head of the third metacarpal for right/left hand
13.19. center of hip joint
14.20. center of knee joint
15.21. center of ankle joint
16.22. heel
17.23. ball of the pollex
18.24. toe
25. tip of javelin
26. grip of javelin
27.  tail of javelin

Figure 3. Definition of digitizing points on the body and javelin for kinematics.

2.4 J{mE L AEOESR
AHFFECIL, B TEIECET 2 BECHEEICOWT, FIORTRNATIE (VY —=2
(29 RERA) IR LTz,
1) Bh&Si (Approach phase) : BiEf#E2: 5 RFC HATE COBWEREZ =T (Figure
1).
2) RFC (Rear Foot Contact) : ¥ &2 i CHEM U 72 2~ 5050 Z & (Figure 1).

3) "Efk/mm (Preparation phase) : RFC /5 FFC & CoEEREZ~7 (Figure 1).

11



4) FFC (Fore Foot Contact) : Bl &SI (2B L 7=l 2" 50 5D = & (Figure 1).

5) YEENE (Preparation movement) : RFC 725 FFC & CO@BMEREOF TR S
HETEXATHIDOEED Z & AT, FZ FROBIEHESIERZ2 24 TT
IHFL TS (Figure 1).

6) & CZJFm (Release phase) : FFC 7°6 JRL £ COEWERm Z~d (Figure 1).

7) #CTXEE (Throwing movement) : RFC 75 FFC % COBERmOH TR S &
DA ==\ ROBBMED Z & AT TIE, TR JOWR » BifFIC R
LT THO LTS (Figure 1).

8) JRL (Javelin Release) : ¥V %V U —X 9 BB &2 ~d 505D & (Figure 1).

2.5 BIE - HTHIE
251 ¥ UVDY Y —ARFA—FOHEH (FF5HE 1)

YUDY V=T A =5 (PR - BEHf4 - L8 - WRA) 1IZBNT, U OFE
X, 7V T OB H 2 L TR L, BRI Y v T O & KR O
AR, REAMIIY Y ORI L 7Y o RS AT E AR E O, X A1
LB LA DZENDRD T, Fe, BREITY YOV Y —RRHIBIT 245 FOMIHE )
O OFRENL RO (Figure 2). 7038, AR TIIHESTHERA LI AT DT L—2A
L— "SRR o720, Y VDY U —23F 2—Z OFRHICBI L TiE, 200fps Tl 0.03
FORIDOEEIEE, 60fps TiE 0.032 MHOEEZFH L. BERREREEHC WL, BIF

DFEITREAE W TR L.
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D = chos 6 [Vsin@ + /(Vsind)? + 2gh|

, D IIHERIERE, VITY Y OPIRE, 013SA, glFEIINEE, hid&s &z

(Y
(Y
A

LTW5. 7ok, ABEICIWTIIHRSMCEIZE L CRHIIZ A 22D OKRRE T Z e L

TR o 7.

2.5.2 By J O BEEER DB I
AMFFETIE, ot B & Lcix CE BRI D45 BENER 4 3 oThIIZIETT 5720,
LIFoHiEE TR L.
2.5.2.1 FREOBBEESICOWT (BFFERRE 2)
IBAgI M R i & Rl 72T A (Figure 4A), JEBAEIO/MEA T4 & EioD 72
THE (Figure4B), KN - SMEAIIAEA OJE DG ZRE VTSR Y & Eli e D7
(Figure 4B), #K®, ¥7z, JRLEFZIITHBHRY OIS UIT, Vam) ZHNDLD

(27 TOWHEREE & ATH OWHHRE & 07 (FehsEE) 25 L7z (Figure 6A).
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(A) elbow joint angle

i

o

(B) shoulder joint angle

abduction-adduction horizontal abduction-adduction

Figure 4. Definitions of the elbow joint (A) and shoulder joint angles for
abduction-adduction and horizontal abduction-adduction movements (B) at JRL.

2.5.2.2 KEOBEWEICHOWT (BFZeiRE 3)
(REROR » HJEAITFR I EER XY i BB Lk ofy & Y e o723 M
(Figure 5), AR A X IEEER YZ IR LT Rarofa L Y e o723

(Figure 5) %K, F£7z, JRL FHIIIT HREIEDEOWHHE & FoWHHE & 7%
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(FEXHERES; DUF, Ve ZHEH L7z (Figure 6B).

trunk rotation angles
forward-backward rotation

Lateral lean

Figure 5. Definitions of the trunk rotation angles for the release
phase of javelin throw.
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(A) Relative arm velocity to shoulder; Varm

Varm \
/_'—?

————

(B) Relative chest velocity to heel; Vst

VC st

Figure 6. Definitions of the relative arm swing velocity ( Varm) and chest
velocity (Vest) to shoulder (A) and front heel (B) positions, respectively.

2.5.2.3 THDBEWEL BhZEIZOUWT (BFSERRE 4)
TROBSIESICE LT, pils X ORMOBEREE A TR E TROZRTAE

(Figure 7) & LCHRIL, ZOMEETRHOICE > TRIE L., S AREOHE TS
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RE D EEEE ORIy & LR, RFCKE, FFC B, JRL FEOACEEARELHE (L
T, FREOLEE) #HE Lz, 7ok, HREOE, FL (1996) OoHEVE AW -
£7o, MEHRE THLBRENDHIE OB E TOAREEHZANFA K (m) &L, %2
P DS E CICE LR A2 27 > 7HFE (see) & L7z, 7235, FFC 725 JRL

ETOHFEEEDBIRDOKE S0 OEELFH LT (LT, AVgn).

knee joint angles and step movement

rear knee angle front knee angle

RFC FFC

Figure 7. Definitions of the both knee joint angles and step movements for

javelin throw.
Step length means length of the rear foot toe to the front foot heel during RFC to
FFC. Step time is the time between RFC and FFC.

2.6 MatuE

ABFFEDFR LI TIE, W TEEEL LV IR 537 4 —~ R T D4
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B OBIRICOWTET Y & OFERAARR S Z IV THERHUEEZA TV, AE/KEEa=0.05

Kz b THRELHE L.

FI3E M R
381 VY—RNRFRA—=FZOWT (WFFERRE 1)

FTE AL, 222 B U 7o il T R DR U 7o e € & BRHE & ofFIC
AERIEOFBEBRI RO HiLlz (Figure 8a). F£7-, ERTEHHEL VY OYIEE & D
AL, ST HEER R E VT ET U OFTRED E O & 5 AR IEOFABIBILR (r=0.904,
p <0.001; Figure 8b) 7538 HAV773, T E ML A, LA JUBRSEOZ

2N EDOMICEWTITAE2EMBHRITRD b7z > 7- (Figure 9a,9b,9d). ¥ U DY)
WREE L B, BB, BE & ORI S B BIBIRIIRRD bieho 1223, A A

EFEBECEEEREE ORMITIE, FEETEHEHERRKEWVIZEHZ AT NS NE NI HFERAD
FEBABAFR (r=-0.303, p<0.05; Figure 9c) 2#BH Hive. £ T, ¥ U OFEE % o

OvHE UKV ESniERSY) L, YU OWNEREE & ORFRIER KUSIZ A &b U o7

i

RSy, MAAEY U OEEDRER Y & OBRZ I~ ZORER, ¥ U OYNEEE & e
Ry & ORNC A B2 IEOFEBIEIR2NRD HiL (r=0.746, p < 0.001; Figure 10a),

7o, EEERSY A A L ORIZIIAERADHBIRR GO btz (r=-0.415,p<
0.01; Figure 10b). ¥ U O L AKEHEER S & OICA B 72 IEOFHBERIRDFED H i

(r=0.896, p <0.001; Figure 10c), AKVAHEERKSy &HIZ £ & ORICIIAE LRI
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Do 7= (Figure 10d).

32 T T T T T
——y-9.3132+0.23891x R=0.90486 ***

Initial velocity (m/s)

Potential disntance (m)

Throwing distance (m)

Figure 8. Relationships between throwing and potential distances (a) and
between the throwing distance and initial velocity of javelin (b).
%% b < 0.001
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Attack angle (deg)

Release angle (deg)

50

21

——y=12.35-0.12482x R=-0.30323* 9|
s O o P4
30 ¢ o ° ©
B FEs
o 18t O O
TG gog° @ © o
20 | g 7} d )
o % (ON®)
B 160 0o o 5
10} 8 %o
@ o
= 15| -
0
14| o d
-10 . 1.3 . . .
50 T T m T T T
O 0
O D&
O O
0 O o 40 | @O
O — O o
98, BB 2 Ol ¢ e
X e O -3 O
30| &8 I 3l 3 o
shdle p
Q o
20| 5 20l
g
10| g3 10}
a B b
=
0 0
-10 ‘ ‘ . ‘ . -10 ‘ . . . ‘
40 50 60 70 80 90 40 50 6 70 80 90
Throwing distance (m) Throwing distance (m)

Figure 9. Relationships between the throwing distance and javelin release
parameters.

(a) release angle, (b) attitude angle, (c) attack angle, and (d) release angle,
respectively.

*p<0.05
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Initial javelin velocity (m/s)
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15

Figure 10. Relationships between the vertical javelin velocity and the initial
javelin velocity (a) and attack angle (b) at JRL. Relationships between the
horizontal javelin velocity and the initial javelin velocity (c) and attack angle (d)

at JRL.
**% p <0.00

1, **:p<0.01

3.2 Bk Y & AEOBNEORBIZOWT (WIFEERE 2. 3)

A I/cg-h

(JRL BfOHIREIEEE & FFC RO RELEE & D7) & Vie (JRL FFIZ

BT D OB ERE & R e E ORRAFERE & 07%) & OMICIEIA B 72 1EOFBEEIf%

MR BN (r=0.548, p < 0.001; Figurella) 7%, FFC 7>5 JRL £ COROIREAL



DERNJEMEREE & AVegn & ORINTIE, AEZRFEREERIIEED 5 ri -7 (Figure 11b).

14

1z

__t_li_

<

g 10} 53 o 0

! %% ]

8 o Hq @

T sl & @O o ]

> Q

g s} % ©

. 1

g I R
fr, 9 O © ] Maximum flexion velocity of hip

Vst

cst

V (m/s)

Relative chest velocity of front heel (V,;);
at the moment of JRL

0 'd.5 i '1‘.5 'é ‘2‘.5 'é ‘3‘.5 -4
A%g-h (m/S)

Figure 11. Relationships between the differences of the horizontal velocity
of body’s center of gravity (B.C.G.) from FFC to JRL (4Vz2) and the
relative chest velocity to front heel at JRL (V,,),(a) and between those and
the maximum flexion velocity of left hip (b) during release phase.

% p < 0.001

F 7=, JRL 2B T AIEEORTRAEREILY U OFFEE OBV EFIZ EEVEA 2R~ L (¢
= 0.386, p < 0.01; Figure 12a), {AlEMAEE CTIZY U OFREE & ORICAE 72 A DOFEEIR

ZHFRD BN (r=-0.440, p < 0.01; Figure 12b). JRL 28T 28 ORIEAEL, ¥
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U OYTRENFEWERTIZE XV aTET A2~ L (r=0.489, p < 0.001; Figure 12¢),

RO A E 2 TSI RER, 1L A EOETIEMIE LT, ZoEMRAEILY
U OYREE D@ ERTEE/ NS UVMEA 2R L (¢ =-0.279, p < 0.05; Figure 12d). Z @
{Kapo> JRLIZIIT D JREHiOSMEA LY U OPIEEORmVIETIEE/NE < (= 0521,
p<0.001; Figure 13a), MRAFIMAEILY U OWHREEA Y ETT SN & W 5 275
L7z (r=0.468,p<0.01; Figure 13b). L2>L72d3 5, JHEAEIOAKEN « SMmA 21T
U OYRERE & A BB b o te. 7, T H T T ORIERER O 1458
FE &Y U OYIEEE & ORIZITIAERMEBERRITERD b oTc. Ve & Vam (EZHD
& LTEAFOWHERE) (ITOWTIE, AEZRIEOMHBBNRTED B (r=0.661, p<0.001;
Figure 14), F£72, Vam &Y U OPNEREE & OIS S A EREOHBEBEMRED bz (=

0.714, p < 0.001; Figure 15).
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Trunk movement at JRL

+; forward +; left

——y=50.667-1.3188x R=-0.27982 *
4 L OO o ]
e | 0O @ © o ]
] do 9 %
2 17 o O 5O 1
Eﬂ 00 3 o
{1t O e) ]
(@) Q
O
10l c ] | © © q |
O o0 o
-20 \ \ ‘
15 T T T T T T T T T T T T
——y=17.832-0.70489x R=-0.44055 **
@ O 1T o 1
el
< 51 i L O @ |
E @\%@;@\o o
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*5 0 5 @ > O 0 o
3] (@)
> 5} 4 L o o
~
< O
= -0l 1t ,
& o
< -15| a 1t ) b
-20 L L ! ! ! ! L L L L ! !

18 20 22 24 26 28 30 32 18 20 22 24 26 28 30 32

Initial javelin velocity (m/s) Initial javelin velocity (m/s)

Figure 12. Relationships between the initial javelin velocity and the trunk
movements at JRL.

a; angular velocity of forward - backward rotation, b; angular velocity of
lateral rotation, ¢; forward - backward rotation of trunk, d; lateral angle of
trunk.

**%:p <0.001, **: p<0.01, *: p<0.05
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180 T T T T T

——y=205.11-2.0193x R=0.46832 **
170 | /'
160
“ob
< 150
3
% 140
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elbow angle
110
180
160
& 140
=
=5
® 120
<
100 |
80 \ s \ O ! . .
18 20 22 24 26 28 30 32 abduction-adduction angle
Initial javelin velocity (m/s) of shoulder

Figure 13. Relationships between the initial javelin velocity and the
abduction-adduction joint angle of shoulder (a) and between that and the
elbow joint angle (b) at JRL.

***Ip <0.001, **: p<0.01

25



Varm

% Vest

22 I I I I
——y=0.31689 + 2.209x R=0.66176 ***
20

18

(m/s)

14 |

arm

v

12 +

Figure 14. Relationship between the relative chest velocity to the
front heel (V) and the relative grip velocity to the right shoulder
(V,,,» at JRL.

*** p <0.001
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=\

32 I I I I I I
Ty = 14867 + 070037x R=07142

Initial javelin velocity (m/s)

18 L L L L L L

8 10 12 14 16 18 20 22

Figure 15. Relationship between the relative grip velocity to right shoulder
(V,,,) and the initial velocity at JRL.
**% p <0.001

3.3 TREDOBMEDRHEIZ OWT (FFFEERRE 4)

Y U OFIEEE & RFC RO KB LEE, FFC RO A LEE S L OV JRL OHAH
DHEOZENENE DFIZEWT, YU OPIEENEHWVIEFIZENTNOSEIZBNTD
FEELHE & &V O FEZRIEOHBEBGR RO bz (ThEh r= 0657, p <

0.001; r=0.737, p < 0.001; r = 0.525, p < 0.001 ; Figure 16).
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Rear foot contact Front foot contact Javelin release

8 T T T T

——y=-0.73041 + 0.14138x R=0.52547 ***

b 1|

2+ a

——y=0.92838+0.19319x R=0.65716 *** i ——y=0.08548 + 0.20672x R=0.73753 ***

Horizontal velocity of B.C.G. (m/s)
i

O L L L L L L L L L L L L
18 20 22 24 26 28 30 3218 20 22 24 26 28 30 3218 20 22 24 26 28 30 32

Initial javelin velocity (m/s)

Figure 16. Relationships between the initial velocity and the horizontal
velocity of B.C.G. at RFC (a), FFC (b), and JRL (c), respectively.
**%p <0.001

F72, FFC BsOFKELRE & N Vegn & ORI, FFC FFO SR LEE D E T
1 E JRL (AT TR SR O IR 32 &\ ) B EZ2AOMHBIBR D Hi

7= (r=-0.435, p <0.01; Figure 17).
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During the release phase

0 I I I I
——y=-0.69339-0.33442x R=0.43575""

A I/Eg-h (m/ S)

3 4 5 6 7 8
Horizontal velocity of B.C.G. (m/s)

Figure 17. Relationship between the horizontal velocity of B.C.G. at FFC
and the difference of the horizontal velocity of B.C.G. from FFC to JRL at
JRL (4V).

**1p<0.01

ZZ7T, RFC/716 FFC £ TDO T A MAT v T aibllZiIiR 2720, ZOART v 7T &t
9 DA NTA K& FFC RO S RELHEE & ORRIS LA T v T & FFC FRFD iR
FOHE & OBURE =, ZOFEER, FFC FEOFAELHEENEVIBRTIZFEZD AT v
TR & WD B E R AOHBIER D bz (r=-0.435,p<0.01; Figure 18a),

AR TA FIREL AEZRIEOMBEBRIGED 572 (r=0.604, p <0.001; Figure 18b).
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During the preparation phase

2.2

T T T T
——y=0.5853 +0.17849x R= 0.8499 e

1.8 |

Step length (m)
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14|
le N|
1.2 - I\ /I
1
0.35
——y=0.31911-0.019442x R=-0.43587 i
o)
03} a
~ o
n
2 025 © 8@0
g S QO O
b °oo Q00
E} 0.2 | 5
3 @ o
ofe)
0.15 |
I N
© 0 | A
o1 ‘ RFC FFC
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Velocity of B.C.G. (m/s)

Figure 18. Relationships between the velocity of B.C.G. and the step time
(a), and between that and the step length (b) during the preparation phase.
***p <0.001, **: p<0.01

ZOTANAT v 7 (WK (2B 2 RIMOBBIEAHEE (R - JEfndE) 13,
FFC B D SR B D EE 7S i NE T E E BRI O S i B ARV M 2R L (e = 0.294, p
< 0.05; Figure 19a), YU OWIEEE & OBURZ I~ & 25, YU OPEED = EFIE

CIERIEI O it A KA > 72 (r=0.401, p<0.01; Figure 19b). £7=, AE7AHEIE
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FRIFTFBD N2 Do T2 b DD, FFEC RED AT Ll 3 =\ R T E SRR IR Lk

fEAAEEE S22 (r=0.262, n.s.; Figure 19¢),

EASES

Y U DY

L ORRTIE, FIE

TIF ERARE IS -7 (r=-0.441, p < 0.001; Figure 19d).

Maximum angular velocity of the rear knee during the preparation phase
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32

ﬁ

Maximum knee extension
angular velocity

N\

Maximum knee flexion
angular velocity

Figure 19. Relationships between the maximum knee flexion angular velocity in the
rear leg during the preparation phase and the velocity of B.C.G. at the moment of FFC
(a), and between that and the initial javelin velocity (b). Relationships between the
maximum knee extension angular velocity in the rear leg during the preparation phase
and the velocity of B.C.G. at FFC (c), and between that and initial javelin velocity (d).
**1p <0.01, *: p <0.05, n.s! not significant

F 72, FFC RRZI51F 2 R BB B & B IR E. Lo
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FLLHE DN SO ERIEHORRETIMRALICH DMz~ L (r = 0.498, p < 0.001;
Figure 20a), ¥ U OFHE & GBI A & OBURZTATAER, ¥ U OYIHED &
VT T SR ORRBIE N MRALIZ H 0 A ERIEOFHBERSRGED b (r=0.630, p <
0.001, Figure 20b). —J7, JRL EfZ3Tid FFC BB (A8 Ul & Rl oo i RA S /4 5
L ORI B/ EBEBIRIERD SR h- 17228 (Figure 20¢), v U OWTHE & JiIOIER
i & ORMREFITRER, ¥ U OWREER @V ETE ERiH ORI MRS 2 HE
7R IEOFRBIBIR NGRS BTz (r=0.471, p < 0.001; Figure 20d) .

Z LT, Ve & FFC 25 JRL £ CORMEMORERIEI ORI E & ORNZITRTEORE
BAEIAMRALIZ & 5 F1F ERIE OB D MOFTT ~OMHERE (Vi) DSEWAE

72 IEOFEBBIER RO H LTz (r=0.359; p < 0.05; figure 21).
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Front knee joint angle during the release phase

180

At the moment of JRL
170 |

160 |

150 | O@

1o ©

Joint angle (deg)

O
G
140 ¢ OCS)@) @) 8 1 3
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&)

\

110

180

170 At the moment of FFC

160

140 +

130 | a 1 T b ] K

——y=94.223 +2.6365x R=0.63074 ***

Joint angle (deg)

——y=120.71+7.4381x R=0.49875 ***
.

3 4 {"') é ‘7 8 18 20 22 24 26 28 30 32

Velocity of B.C.G. (m/s) Initial javelin velocity (m/s)

Figure 20. Relationships between the knee joint angle at FFC and the velocity of B.C.G.
at FFC (a) , between that and the initial javelin velocity (b), and between the knee
angle at JRL and the velocity of B.C.G. at FFC (c), between that and the initial javelin
velocity (d) in the front leg during the release phase.

*F*p <0.001
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——y=3.2881+0.021235x R=0.35991 *
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Figure 21. The relationship between the maximum flexion angle of front
knee joint during the release phase and the relative chest velocity to front
heel at JRL (V,,,.).

*p <0.05

BaE B B

LN BB T D EHRE L U U — AT ERRYITHRT L, 1) Bl 7 n 2 X
Ty T eEUlERmE, 2) %REEMDATEEME COREFRIm, 3) AN b
VDY) —=AETORTE/ED 3 FEITHSND (Figure1). AHFEO HRUIE, =
5 3 JREIZ DUV TRV B L~V OBEFIZI T 5 B CEBIED 3 ot a i@ L
T, N7 —v AL B TEBEORREZ W TRGTL, a—F 2 7 BUGTEN SREEN
HRZELZEE L, AR TR LN TRFIILUTOEY ThHD.

1) RT3 =< A%A LESELDITRBEERY U —ANRT A—2F, ZE5ihin L
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ORI XV B TE RIS S TR H D5 b DD, U U —AETIZY U OHE

ZENTZTEDONDLNTRES. £ LT, KPEEEDH2HTEERE S ED, T

EHRTHAZNEL LTIV —R&2THZ & Thole WHEHRE 1).

2) YV OWEREDEWETE, MBESOBIMMAEZRED RN LB KZE 110 FERRE O

A CHVEE Y 21T TV (W22 9).

3) VDRV B TE R TE, RROEMEE (FFC) (2 &> TaWE RELH

u

2 IR S, IRRERIOMRALZ k- 7o RTR OB L - T, FIRRORT

~OEHSEEN AR L7226 X0 ESALNSEWERETY U A2 Y U —2 LT\ (BF

&
S
(i

2,3).
4)  EOEREODHEL, FEEREEER OX v 7 BRI LT EIOX v 78R Lo
THIR OEME (FFC) £ THREZRREAMESE, A FTA FeR<WLHZ LT

IREAIRORTH ~ORHAER) 217> TV (BF9ERRE 4).

4.1 VY —ANRFGA—Z|[ZOWT (BFFEE 1)

BHAICBWTHERAZEO O TWAY VI, 2K 2.6-2.7m, EE800 gL, Kk
£413 0.025-0.03 m LINEBIESN TS, LERA-T, RV EFBRIZEOMOBET =
MEE LT, ZEPICY U —RSIEED B ZEKHENR OB ZZ TRV, £ 2
T, FERTEIEHE L P C X IEME L OBWRZTToRER, 13 FBREOETF TRk C&
PRAE L R CE B0 AR 72D, TR O 2/3 FREDERFNHiai CE L © 5

B CEHAES R e oM ZR L7z (Figure 8a). Piaa#x T EPREEIL, s 7 REUTAMT
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FETRHAI L 72 U OWNREE, #4A LORN S W TR LTV 223, Bl Tl
U7z T i PR C S BREEL D BT L W o RIS, U U — AR oI IR &
DEEEAZ T (1L 1994, AifH 1996) WlREMEZ/R L TWD. £ 2T, AWETITIER
OFETEIREE V) —ANRT A—2 (VU —2gH]) L OBUREHGET Lz, Z£ORR, &£
B CEFEREN R \VEFIE EPE A m MER 2R L (Figure 8b), X A3/ S MEAAS
Wb (Figure 9¢). ZHAUHDRERIL, WIEE DR > T2EFITHZ A 2D LRES
952 LI K V1S CHERTEIREEA N S/ m[ReEm H 5208, Zi E1TRHT,
—IR 0 BSEFLY U — A OHBEE R @ oDl x 2/ & < L TRERERPUR £ D
WO Z S & LQORREEN S D, Fiz, AL CIIsef ¢ X gL Az /A & DR
(A EZ2AOHBRBEARD GN-Z L0 b, MXANY U — AP OZKHT AT DT
MEICE B L, WHEREEZ 2 O A LT KR EE R Gy & ShEEREE RSy &l 2 4 & DR
FRICOWTHIE L7z, ZOREER, U OUNRED EIEFIE EKFE « ShEHE & HITE)
STED, SREHEN VRTINS W R RAOHBIRERICH o7 (Figure
10b). DFED, PV FITEFILEOY U OACEH OB Z, $HE T hOHE
D ZEIZEST, MAADNSNY Y DY V—AZEH L, U U —ZAGHOZ55 T
FAZR L T\ 2B 2 bz (Figure 22).
ZOXDIT, Bk Tt SN CEHEET Y U — AW b 225 & D%
ST D ATREMED @ . A CIER R DB COT— 4 27 7 LTns
728, UV —REOZETIRIIOBEL RN Y Y OWFRERF AT 4 —~ o A&\

AHECE DIREE L E R, YU OYIREE & T EEME L ORSFRICOWTHET L7-.
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attack ang|e (') trajectory of javelin c.g.

horizontal component

attack angle (+)

trajectory of javelin c.g.

horizontal component

Figure 22. The model of the javelin trajectories for difference attack angle
situations.

The minus javelin attack lines can increase the vertical javelin velocity as
compared with the plus javelin attack line condition.

4.2 fBEtRY L RBOEEORHBIZ oW T (BfZERE 2, 3)
AWFZEClY, BRGmERRE & S C X Rl L OBIRAZ AT RER, 2 DET-C 45 k4
TEIAHER e ihia BA U HEEitek L 0 SZ2HED TR RKRE ho72) MEoni-Z &

o, VU —RARICERIEG R E OB e 2 T 2 CE it L v b, v U OFR
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FER B C X FRBECBMR T DEEN R Y UV —ARTA—=F ThDH EEZ LN, Y OPhH
EEEDDHIZIE, BEODOBIZE— = FNbEY ) 2 ) =235 FE TV U OfE
Zrsh B T & DNATREZAENR D B RO OBIED IR L TR Y, TRIAV B L~
LRV BTRFOT —Z N OLLLFORANGL Z LR TE T

YU OYTEEREVETIEE Vam (HE 0L LTATOMREEE 5 Btk 0 E ) 1305
< (Figure15) , JRLIZIT 2/EBFIOSMEAEIT/NE < (Figure 13a) , MBI EIL
JRANE T >7- (Figure 13b) . D VD, WIEEEOEEFIZ LR D @ifE2HE<, Z£0
HOBER Y BEL, 2—F  JBUGOIRE L (TR0, ME TP TRERIC Lo
TIT7ebiv T e, 7 = ADW—EXEEIZ OV CH-7= Tanabe & Ito (2007) OHFFET
b, BREEONIEEENLT 7y MREA RO D TZOICERT 2 L ME L TR, 00 B
FIZHRWTHEBEEI OWHEEEN LY U OYIEE Z @D 5 12 O\ BRI EA T 5 L
g3,

HOBEHR Y BEIC L > TPV IZ@mWEEEZ > CY U —R3hd. Eio, Bl L7-ABE
72 MR O BRI A ORI Lo TEIMLD 720D, (KT D EEA~D R b— X705
BN CThH D L ST D (I, 1995). ABFEICHV TS, JRL RO Vg
(RO A Ful & LT OACEARHEED) 23 mV g FIE Sk 0 O E < (Figure
14), HTERIEIZIT 2 HEELHEDIHOKNE S 2 RmT AVegnHNRE VY (L0 F{K
HOHEORIENRE ) BEFEL Vab&m< 2o 2 Lb (Figurella), FFC 26D
KRB HE DRI U, SERRRORT Rz @D D 2 & 3T E 7o FE & i

R ENEL G TE 2O TIIRVNE B X bV, ZHUTs U TBER 0 EEDMED - 72138
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FiE, ETERAEICBWTHREOHEABIERSE 5 Z LR TET, FERORFEIRD &
ot —HRANIIE, PR FROWHERE 2 & 5 Rl K> TRMICH LT 5 &, Z0R%
XRE UTET A EMEME X [PHEE S E U S, T72bh, AR TI, WEEEOR
VWEFIL FFC FRCHT 2 HRE.OEE 2% C & /i Caliamd = (Figure 17), £
D&, HIEEOHIT~DEmOERREHEI I RANIAI L TNV L 2R LTS, £
LT, —fisen &1 Z D HRERORTFERAE O Y %2 FRE LRSIk
ISR C L VAT L, ATERN CIEENAALSIWESATY U 2 Y U — A LT &

ZEABND.

4.3 TREOBMEDREIZ OV T (BFFEERRE 4)

APETIE, YU OPNEEDOEVVETIEE, @S RE L 2 Al e ORI K-> TR
(2D S, HIERRORTT~OERSEEIZE# L Tz, 22T, ¥ oghEE s RFC
I, FFC KfZ LT JRL RHZI T D HIREOHE & OBIREZ TGS, 2 TORETY
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velocity velocitx‘

Excellent thrower Poor thrower

Figure 23. Schema of the kick movements for excellent & poor javelin
throwers.

The left figure shows the kick movement of excellent thrower. The right
figure shows the kick movement of poor thrower.

The two figures shows the differences of extension movement of the rear
knee joint.
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