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A study of baton exchange in the 4x100m relay
- For the national women's team of Japan-
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1)Saitama University

2)Tsuru University
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Abstract
The purpose of this study was to analyze baton exchange times in 4x100m relay races run by the
national women's team of Japan, aiming to develop a more efficient baton exchange method. Using VTR
pictures, we calculated baton exchange time, sprinting time, and other variables. The conclusions are as
follows:

1. The women's team baton exchange time did not improve. Poor acceleration of the receiving runner
was only ameliorated by the gain distance, which is an advantage of the down sweep pass technique.

2. When the receiving runner loses speed (inconsistent acceleration), the advantage of the gain distance
is offset. Elegant appearance of technique did not necessarily result in a good baton exchange time.

3. If the baton exchange was accomplished as an approaching pass with the speed of the receiving runner
increasing, baton exchange time was generally good.

4. The receiving runner's acceleration has a critical effect on the baton exchange time. Improving the
receiving runner's acceleration as well as speed for the 100m has become the goal of shortening the
baton exchange time.

5. If the target time for having the receiving runner in the exchange zone is assumed to be 2.26 seconds,
and a gain distance of 1 m can be obtained, achieving 2.15 seconds for the baton exchange time is
possible. It seems that if the receiving runner accelerates strongly, passing will be completed in a
short time, so working to develop and extend smooth acceleration is advantageous.
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HZENMAZD,

1991 4F H RS T BAL 3 » [H (41.94 ~
42.33Fp) DN R 2 A LEFHE 6.38 ~ 6. 46 B (F2
M5 1994) THY ., 2002 ~ 2007 F 1% 6. 64
TholoZ b, U3 rEEITENRONS,
BURCIXENDS D LT — PR O LU E|
T HITIE, NP RT =7 B X5 2ED, R
EHEON AR T A LN EBEII D EEZLN
Do NhrZALIEFEFOREL EAZ3 rEE
FREIC 6.4 BB, FH2 15 ICREL., ThEiE

KT BT DN N RIS A D Z L BB D,
FHEB (2005, 2007) 1ZZVE TOREDEEHX A
Lo 7)) ARFEERE (36.95 ) LEED SN A
A (2.128) mHI— I HF A L4331 R LD
FRIZIUEHLTWD, ZORFAZERT HITIE,
il = D&M E (F3) TEHETH-TH, BED
WS R RAEEZEO L — A TEILLZRWERY
R L DEEZBD D Z LTk EEZOND,
215 T3EFTON M XA D EHiAD I ENH
A, BATLEEFHIILHLAADZ L 43.31 B
DKL HIAEEE X DILD, KIIRLIELD
(HEFRR A NE GRS O 1T 43. 48 B0, IR Z
A3 43.30 B THY |, 43.30 b &) HEERRERIT
R N> 78 2% Dtk & HIMT& 5,

i6i



3. NhUH A LA EDOSM:

B2z inETHE (BHDL 2005) SATWD
NN R AR O, 100m L — ABF (11.5 ~
11.6 BHEiEF) OdER (IE 5 2007, 2008) .
S (&R LT, ZOMERLAED L —RIN
oA LG5 655 CINETTRbEN-ST
L—ZADHETH D, ZOWE (HS 2005) Ti.
P LEFITN 9. Om/ B TOCWGE L e 58 b o
V= ~EAL, T EFEITK I/ BT Y —
VNZAD Y= HRAHE TR 8. b/ B AR LT
2o 3IWTANBPUZA L2 16 ERSEETLVE
BIRL7e, 728 78 b RS ARFO @ EEZE AL, 100m L —
ARFDREEAAESEIL, BIETA O E ZRIE
L7,

NRUEA L2 15 AR EBRT DL, FIFSEERE
O0m&EBZTGE, ZTEH TN Y= AN
MDD 20m A, FELEZFIXZT AL 2mEENZE
21 THEETH LTS, L, KX A
22,238 (2 ELTWBHI D, ZiFE
FVHAMIZ 20m Z 2. 15 CTHEETHZ LIFE LW
EEZBND, FISEREEZ 1 mTEXHA, 19
215 B THRAETDITIZZENEINLD 20m % 2. 26
o, R E 8. 85m/ B CHEET TN LT
0., ZTEBEFBEOETHIAETHLIN, B
FTF =D Xl E a5 & NMEITR
o ELEZHDN R — 0 ANA TOREERE T
9.0m/ ¥ (ZH B 2005) Z L (K2), /N kN
AREDOHEELE HIZEZ A VXFERKETH D Z &
Mo, EOFRMETH LYW E 8.8m/ a7 U T
LTWNDEBEZXOND, T ERITEERER
FE, SHICEVHLOX A IV Thay ha—/LH
kBTt L, ELERTN b — N THEREE
REZHY, EEREL EFS5X a3y be—F
L2 kRN EEZEZOND LD, ZITEE
WAy 7e %95 2 & OFEE, ZEED N
WAETHZENEEICRD, FIGEHLY 1 mICRE
THZELE, N MR ROEFENEEZE D, N o
2T D DAL BRE, S 6z E
FOFFTEMERM A2 L, M E 2 L— X5
LZlizohnbrEtEZLND,

ELUEFN N ETERMREERE TN M
V=AY T EEDIE L A LZHBHARD 2. 36
B (FD »bAEMD 226 ICEESND &
ELEEORET A v 2T EEORET A DR
RITm< 720 GHEREL D), TOMEIFEA B
V=R K VRS D, ZTAEE O R
TR DIEERRMEL 720 GHEMELS 725) .

ZOMEFT N N — LD 3BT DD,
NN URRSFETHAT T RZ TR TH, N by
DOBEERENMEL 72> TUIAN R RRIZE D Z A L

AR OB DRV, ZDX ST, ZITEFLEL
EBEOREREDORZREZ®mLSTHI L, 2FEV, %
FEBOMENZEZOLZENEETHLEEZD
NnNad, B1rF—LDON R RRAFETHANRN R
V= UHPETH o NP URARAN Y —
CREAETCIT DTG A ITE LEE R Z T ERE ORE
B [FFRH R TIC R T 200832 < Az bind
(5 1994) Z&06, ZNETEILN TV
B LEBRENZITEEOREREREICEDE DD TIEAR
<, RFEEP+DRMEEZSTHZ LT, NhoX
A L2EMEE BT RETHA I,

ST EF OBEREN BT A VICtE SN2
BONRNRAFETHROBZIE, K3ITRLIER
FAETHAB NN = AAMNPS T~ 8miZ/ 5
EHEZEIND,

V. #5&m

ARG L DGO NTAERITIROEY Th 5.
1. TFF—2F NN LD & A L
TAHZLIZORNB>TVRWNWARRT—7 THY
F == RANZAOF| T H B FFEEREC L -
T, ZEFORF ez ffi7e LT,

2. ZUFEBANEEEZRDTHES 0 gL 3
52 EDBHBRTWRWEGAIEL, FISEEEC L ST
RN TF— S, BT LBRVWS ¥
A LETRE 2200572,

3. ZUFEBFBOREFHEN EF L TWDHIRRET/N K
VOSRANBIT I TR, ELER EZITES
DORFBENT L . NP —URIET5 T Lz SR
ThoTHLERWNSNNZ A LATHoTZ,

4. NEUEA DNIZTEEOINEIC X DENK
<, BAF—21F100m L—AD K 9 72437
Mz 5 Z EBHKIIL, NR U Z A ALFED
WZELHE T 5 & bbb,

5. ZITEFOIMESY A L0 BIEfEE 2.26 & L,
RS A 1m #5352 & AHRE, b A
L2115 OEBUIFRETH H, ZDHITIE%
FEEDTRRMNEET D ENMETHY,
REf] TR AT &8, AL —X7eilif % 5] &
TEIICWMVHLZ ENRBNWEEZLND,

R 3NTR LI LD TR RSRPEL Z 1 T
&% 4330 BITHEEIZ T 5 &) 9.24m/ B TH
D, Nk Y—r 20m OFTEEERIX 2.16 #C72

i7i



Lo BEINRMUNZEE AL LEFT 2158, &
G645 VIR E L CEDOEMRSEMH LT B
W EHED T, BEX A L1E) AFHE 43.30 B
—6.45 F=36.85 0 &2 EHL (2005, 2007)
NHEHELTWD ZNE TORERES A LOAE
R[] 36.95 FH1T 2008 4F L— 2 DI E L A L DT —
2 (KHG 2009) MMz 2 &, REEESY A L
DEFHRFMIL 36.68 FVIZ72 5 Z & n b, 43.30 B
FEWVEE TR o EB AR T TH D,

) AL

AH— R HAN R Y = A E TICE L= FE
(1#&), Nhry—rHorba— L FETITELE
B (4 48), S hr Yy = HANBRDAN R —
YAHETICELERRH (2, 3E) #FhEiK
O,

SEXH

ANNFHFZ (2005) 7TT7RAV By 7 4 X 100m Y
L—O#s. A7 Y MR 15 4 - 10
FH)INF2 (2008) ALHTTLHGH 4 X 100m V L—4§id A &
VOBV, H TIRE EBEEL 10 @ 58-59
FERTZ2, BRI, IWEE, BILEE, Kk
H(1992) 4 X 100mR /X 2 7S ZADISA F A T =
7 AMRZE. BELEit~ T v 42 1 203 - 206
JUAFA (1997) A AR LR R pE ORI £ 72405
F oI ~400m U L—T T RADED Y ~.
H Pk ik 10« 70-74
IRRBEZSC, IR)IFERES, B sErE, HLEm.
HEA] (2008) 2007 4F % %2 100m, 100m /~— R
LV 110m ~N— R D X B — RAHr .
B FBERAFFeACEE 4 48-55
AR, JRNFERER, AZHIEH, BT@R (2007)
L—HP—FHRIC LD 100m B L 110m ~— KL
DAY — R, b LBEEAFEACEE 3 : 59-64
HTE (2005) A — 3=V RRARLT U H =N
R/XZZDOWT., A7 Y > MIFFE 15 @ 20 - 26
KHUR, BRG—18, EHEEH, A)IIFHZ (2009) H
Al tF v aFLF—h4xX100mY L—52Hr~
2008 FE L — A Z T ~. [ LBHAFSE 76 :
31-38
EAMRIE (2005) 7 > Z— N2 R/RRIZDONT.
A7) v MIFZE 15 : 16-19
Ve NI Z WA B S 1 AZ TR RESR L A2 | IEB] (2008)
Fe Eidl 4 X 100m U L—IZ81F D54 —/3—
¥ RIRR LT U H =N RONADRRED PR,

e EBiEpFAE 72 ¢ 14-21

AMHEIE (2005) 4 X 100m V L—~ A F A H =
7 AWBLEN D~ AU MFFE 15 1 27 - 32

R HIERA, TR BERRR, #8530 AT/, i Brite
FalyLa@ B (2007) 4 X 100m Y L—, 4 X 400m VU
L =22\ T~ HAF— LDk~ . B Lpi
FRRERES 10 21 - 26

MHIE], JR)IFERES, @B, G)IFH2, NI
N, BB R, /NREIE (2005) [EEEZ 7 7
U KBRKRE: 2004 @ 4 X 100m U L—s3 b 23R4y
Hr. bR LEEARSEACE 1 121-123

FZHIER (2007) R EE 2007 XA FXT o —<
VARSI ~BF 4 X 100mR ~. [ LB~ Y
> 111 142-143

MIRRER ., BiEFHRE (1994) HFR—F D 4 X 100m
U L—IZB T R, Rk s
DA+ 57 - 65

RARBER, HEZE, ARRE, Mok E, (B K
(1998) [EHN—FiEFDO N F R ZAFHEICEIT S
IR« EFERS L OYRAERE A 4 X 100m U L—D
L—RAZ A DRI T8 [ gt 33
36 - 46

FILER (2005) BFEONIEND AT T XAV
VE Y TODA400m Y L— A ANE~DEDD .

M—=2 7R 17 1 13-20

USA Track&Field (42Kfi B@iodd) fREE. A
Tl VEEATEE, BRRE . B IE R (2004) =2 —
F o 7 ~<==2T ) USA Track&Field
manual HARZEMFE © 100 - 114

MR GERE, /LS ZHEIEB (2007) 514 X
100mR PRPSIZ R DN o2 T—s o B EFE
~ W12 1 154-155

coaching
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STHS LT BEFHETFED

EARH) « ODERFMAIE I DWW T (FD 3)
gg =Y o w2 e =2 op?
1) BEAZ  2) BEARE  3) BEMBEENAYE  4) AAEEHEER

I. [XIL®IZ

HoARRE Bt R B (BT, JAAF % %
FTEEET5H) 1%, 234FF1 (BF624) »biTh
TV NEAEDORERSZICHE LIZETFO, 20
R 2L OFFEIRILONRIZ DWW, REDED
UL —ERSREE (ZINH O RE4 T, H
TR, BEREO & 5 e E/ NP R RS
o TWD) ELTEEHTETND,

INETORE/NFERSHGE T, TOHAAR
BEHESCA Y Ly ZICETHIG LR TRE I D
YRLTHB L, BFTlE, HiLER, KEEE,
EAEE L IR AAETFES, K CIHMEMY A E,
MEHAZES EEHAT, LEDHEET S S L
TW5, 90 [ HAEFHE (2006 4) TlX, FHr
HIGEIX 54T, TONEBE 14, NEE T4
Thh, LFHEGHE TIT T4 T, ﬁ%%ig%
ANEHFBAL TH-oT-, & DITHBEFEL R

k\*%$®ﬁﬁ@tka£@mﬂiﬁmﬁ
BES 4T, RE/INEARSHGEEN S (L1
4 X 100mR U L— A _"—3 44 3408 HT#H)
ThHY., F15ET VT K& (2006) Tix, 56 4
T4 Thol, £122006 KT 7 Tix, H
A100 BEIZ T F 65 44, LA 135 MM ABEL T,
6, EFEOILR AV By 7 TlE, 56 50
THY Lo 27 100m O TH, B+ 20km Bi O
AL —ALNET 6N D, 2D L DT, BIEEHE
LTWHEFOHIZ, /J\%Ewhﬁiﬁ%%@? HE & %6
HLTWAHENPZ AN L HIc/oTE T,

Z 2 CARMETIX, Rk 19 R OF 22 [EIRE )
54 24 AR F T 3k LT, SBiEfEE O
RS 2 k5T U CEIRN, LERIGERE 1% L T
BAEEIEZREREST L, [—BEES 27 A
(BIEHEBR T 0 77 NRE) HE) oD, £ L

TZORESEHEFE IR AARRFHECTEBE LY
FV By VEFITR o TR, %@Lof&%éﬁ
ROETIAKUE, EBENVEIEKEDFHRR TEH2EE
BHZA T 5 EHEZ B E LT,

0. ERAE

. EHRFORZFMICHONT
%24 0E [REKRE] HIGRFOFNLEHETF
(BHHOERE) Z2RHL, MROFLERTL L
TOHR « BT &, HOo0fREHICH HARE |
m&@m/z THEE O— B BRIEEEE (BE
BN U EoEEN) #EMLTLLH 2

%m%wkbf\ﬁﬁmﬂﬁmﬂz546ﬁ(i-
H) ICBiEd o TRERZ T o) TRES N T
PETa=THV Uy I RE) ZEEBLTHL
o ERIFRC, —BfREICET 20HE R b ONC SN
FOERH) - LEIRE ) OWIE 21T > 72,
BFBEELMIT. LTOFBTITRo T, THF
BT HMkRE LTl B aiTo 2 &0 kA~
By Z@PICRD 0D E WD ERK (mb‘%ﬁ;’\*‘
vay) EFfoTWAHE ] ThoHZ &, Fio THK
N7 A b O &A% B AR EFEGEWE ORI
NTEHZ L) FEEFME L (W% 5 2005), LA
LOBEREOFER, ARIO HHES ] ZINEFIL. 6
B A 100m, 4 X 100mR DEREF — 2 44 ). £
MEBE, BV 7 PR =L HOERE L 6 F LT
100m, 80mH, APk, EmBk, Z+Y 7 FAR—LE
DOEREF. 4 X 100mR DEBT— L U4 ) OB
GEF16 £ TH T,

.%* T Tk
BFEONTEIL, 2008410 H 25 A2 TApEA X
T A NO BT AR—=YVERS® X —] |Z

igi



F1  EEVNFAERE R FEHEFEGADIER R R

High Long & -

HFERT 1700m 80mH Relayl Relay2 Relay3 Relay4 Jump  Jump o Average Stdev
5 & (cm) 164.5 159.7 158.9 151.5 157.2 146.6 161.0 161.3 159.9 757 8 5. 50

KB KE ke) 47.8 51.5 47.5 37.4 48.6 31.6 41.9 54.0 54.4 46. 1 7. 71

BMI (kg/m"2) 17.7 20.2 18.8 16.3 19.7 14.7 16.2 20.8 21.3 18.4 231

” REERRZE (%) 17.2 19.9 18.4 13.7 20.7 11.3 15.8 24.3  22.4 18.2 4.16

g; R AEEE (ko) 8.2 10.2 8.7 5.1 10.1 3.6 6.6 13.1 12.2 86 315
11‘5 BRAERFE (kg) 39.6 41.3 38.8 32.3 385 28.0 353 40.9 42.2 37.4 4.71
RUENE (cm) 36.8 37.1 357 33.6 356 333 36.9 36.6 35.7 35.7 1.40

R BRIE (cm) 26.0 25,0 27.4 240 26.1 239 27.0 27.0 26.6 259 1.31

TEE (cm) 82.5 78.8 78.5 78.5 78.9 76.4 84.0 82.0 79.1 79.9 242

BE EEWEIHE (x10° 2.84 2.90 3.08 2.66 3.04 2.42 2.68 3.06 2.91 28 0.22

EQ /4K 37 {35 (R BT FE (cm) 4.0 15.5 16.0 0.0 12.6 1.5 9.5 15.0 15.6 10.0 6.50
b X(\)) 1.18 240 1.39 1.49 1.87 1.06 1.83 1.57 1.69 1.6 0. 40

N =) A& (N) 1.10 1.84 1.56 1.35 1.79 0.94 1.45 1.29 1.48 1.4 0.29
2 HHIL S EFTWN) 2.42 3.82 230 2.60 408 204 254 3.34 276 2.9 0.71
> EE&N) 1.80 2.74 1.54 133 2,12 1.11 1.81 1.81  1.48 1.7 048
A b3 A& (N) 1.20 1.89 1.17  1.37 1.90 0.83 1.19 1.36  1.28 1.4 0.34
ETN) 2.83 4.65 214 2,13 3.67 1.92 2.46 3.40 2.57 2.9 0.89

RGBSR B (msec) 176 154 166 150 202 190 183 182 162 1739 1722

BiENE 2BRG FUERR  (nsec) 140 118 118 128 144 117 144 132 147 1320 12 30
2 5 RIS FFE (msec) 316 272 284 278 346 307 321 313 310 305.9 24.06

BN CMJ (cm) 38. 1 42.8 359 37.9 36.9 340 329 39.2 33.0 367 322
% CMJBE 5 Y 42 L (cm) 34.2 3.4 31,9 30.7 31.9 29.4 28.0 33.6 24.1 317 3 66

N EBEBRUY EEE (om) 32.4 34.2 31.5 25,6 28.1 26.4 26.5 25.7 26.5 285 327

'|7 737 — (watt) 1836 2298 1766 933 1846 1047 1189 1732 1921 16718 7 456 61
/kg 38.4 44.6  37.2 24.9 38.0 33.1 28.4 32.1 35.3 34.7 585

BWT, BREH., KOEOWEZIT/2V, BTOAE
TEHEICB 2, OHEEICET AR S AR D
WHERFIZAT 22 5 7=,

(1) MEHEH

i AR —YVERSEYE X —] TITR o728l
EHB L, JPRERE (R, KE, BUL 2 &), =,
SENLARETE BB RO RE BBk, U —Th o7,
F7o. [JAF B REES ] PTRoToMA - HIEIR.
H&EAENRRA Bk D, EBARRE (BF2), R
TG (E#2). PCT (Psychological Condition
Inventory: L EER) = 7 4 3 Vi 4). POMS
(Profile of Mood States: T H&AEIFIZEIT D
RaDOZEMNZF HEMKE) ZHTHlEZ L
oo FENT AN (ER) 220 TE, BInEFH,n
S EINZbDTH D,

. #ERETE

1. HFRIEEICHONT (F1, £22R)

B i AR =Y ERFEE ¥ —] THIESH
TBEFHERFORER, KOmERL, 2127 LT,
INETOIER, [JMFELEES] N2 OE
BB AFAEACEE (2006 vol.2, 2007 vol.3, 2008
vol.4) THE LR LERFEKIZ, BrET (F
£ 162. Tem £ 5.2, {KHE 51.5kg £ 7.3), K ETF
(& 157.8cm &= 5.5, {KH 46. kg = 7.7) DH K
EREIL 1% KHET, REEYE (BFEF IR
145. 13cm = 7.0, K 38.3kg = 8.0, & & T :
B 147. lem = 6.7, {KH 39.0kg = 7.5) MICAE

ENHBO LI, BTFIEHE T 12em, KHE T 13kg,
A IXHE T llem, KETTkg b REWV, B
b Z O 3FMEEE S R TR A O BMLE (54
FE B 78T 19. 4keg/m 2 + 2.6, & TIE T 18. 4kg/
m2=+23) ICHEEIRONT, 2EE (BT
18. 2kg/m"2, ¥ 18.0kg/m 2, ZHNHIZEEHDH
REHREOTEHENOHEM L) & bRREOMEAE
LTV,

U EORER, AEOEFHRFORREMIL, R
DFENG XY LAEIC EBlS>TWAZ ENTo
oo ZOBEHRTFOERBENRRKENNE ENST, B
FHRFZHNEBER CTh 200X, EEmE:
T, INOLEFERFOLSBLOFBERIBEE
fin7e &AM BRIC R TW S BERZ D D & B bd
O 5 1999) ,

2. BHRISFEM E BRI - 8T —RORIERERIZ
W (E1-22H)

EHISRR (F) X, AT —#o 7y —2
T LA MRV VL TR O A B S R
Ersr Wiz, WEFIECONTIX, 7 ¥ A
HEWCXK LT, HBREIIFRRESBRO LR - TS
L. Bt 5 EOREON, &b BUMHE & EUME A HI
BrL CHEPDO=2DEEZFE LT A8 L, B
3 R —ZROHIEIZIE, DKH RO~ LF Vv v
77 2 & (IFS-31C) Z W THIE LT, JIE 715,
3ED 6 H HWBKATH DU, JIE O KAE
DERSTZRFICHIE L, ZOEATOMEEZHEAEE L
THH LT,



#2  REVNFAERE BB AESRTFRBEDRES R R
BYEF 100m Relayl Relay2 Relay3 Relay4 SSE %‘_;E Average  Stdev
& (cm) 154.5 158.9 165.5 160.0 166.8 169.7 163.4 762 7 5.2
HE KE e) 48.2 47.5 55.6 42.2 50.0 51.6 65.1 51.5 7.3
BMI (kg/m"2) 20.2 18.8 20.3 16.5 18.0 17.9 24.4 19. 4 2.6
® RREREE (%) 12.8 18.4 15.8 1.2 11.3 10.3 24.6 4.3 58
ﬁg A8 A= (ke) 6.2 8.7 8.8 3.0 5.7 5.3 16.0 7.7 4.2
{E BRAEMAE (kg) 42.0 38.8 46.8 39.2 44.4 46.3  49.1 43. 8 3.9
BIETE (cm) 36.5 35.17 36.6 33.2 39.1 36.2 38.4 36. 5 1.9
FRE  BRIE (cm) 23.7 27.4 26.0 22.6 25.5 25.1 26.3 25.2 1.6
TERE (cm) 76.3 78.5 83.5 83.7 85.6 89.7 84.3 83. 1 4.5
BE FTENBIMMAE (x10° 3. 36 3.08 3.19 2.57 2.63 2.89 3.0 3.0 0.3
R 3L SRR EE (cm) 9.5 16.0 4.5 6.0 1.5 1.5 9.5 52 7.2
A N) 0.83 1.39 2.13 1.29 2.21 1.21  2.80 1.7 0.7
N A A (N) 0.83 1.56 1.77 1.65 2.55 1.23 2.00 1.7 05
2 AL B ETWN) 1.75 2.30 3.97 2.71 3.7 1.51 5.04 3.0 1.3
> EAN) 0.73 1.54 2.15 1.78 2.66 1.60 3.34 2.0 0.8
A i A& (N) 0.92 1.17 1.66 1.38 2.63 1.43 2.71 1.7 0.7
EFTWN) 1.57 2.14 3.43 2. 96 4.26 2.50 7.24 34 1.9
& B sa B (msec) 146 166 145 172 141 190 158 759.6 176
BENE 2HRE HUERR  (nsec) 120 118 125 115 123 111 145 71224 110
£ 5 RIS FEfE (msec) 266 284 270 286 263 301 302 281.8 160
EN CMJ (cm) 56.6 35.9 42.2 47.9 42.2 44.8 38.17 44.0 6.8
% CMJBE.5 Y 72 L (cm) 51.6 31.9 36.8 38.6 34.5 42.4 347 386 6 6
8 EERKU EHBKE (cm) 41.4 31.5 31.4 35.2 32.6 33.9 - 34.3 37
] I8 — (watt) 21732 1594 1909 1754 1806 1894 - 1948.2 400.6
| /kg 56.7 37.2 34.3 41.6 36. 1 36.7 - 40. 4 83

EHOGFERIX, fihE EbicT v —Dfhik -
RIS 2 — DO EERIBE TH 5, BH G
B3, FREDH D — DRI R LT, Hk
DI RN AT L, WERT v 7T 5
En, BE TS D E—o0EERIGIZ L - T
WESNS, 20X LTHIESNT-2T K
I, M =T TRRIGHEAS EE & 5 £ Tl FnRpe
8 — SROORAR — KRB N B — 3O — i Of%
%38 D AT RE Th D (AR 1958)  FRER D
PP OAR I BT DR (BUEBAARIEH) & % Dl
BIZ L - T, oMU L T 28T oI ngEe
TR 2 F CORHE (FIGHERER) L1200 6
N5 UMK 1990), £ 1.2 (TR L= 28 ROGHFRTIE,
B BRARIRER] & A IUHEREE DA 3R T 5

BHROSKHTIL, BT o517 1—
T DIFIN BN KETHEIL LTI NV—T L ENT
Wiz, 2arArF Yy ZICHE LR AREF
BFOLYCRIENX Y 355msec, E> b Y A4 —
VA By Z I U EEEEEE T O 28 KOG
M1d 320msec, & L CTY LAY oy 7 O
BT 9K ORISR 268msec TH 7= (K
1990), ZOA Y vy 7 HGREERHER T & ik L
T, AERIO/NFAEB LEFHEFIX, R%ENrELE
OENTHEMZ R LTz, B/ 7 100m
TN 266msec & U L— A L N—D— N3 263msec
oL, SAEO/NFAERZ 164 OF THENALTH
77

WAZHEFE « T — R A m T EE P/ ST —HED
FERNO B 16 4 ORFRTHB L TAHADL L, F

T 100m E TR LENTZRE I EZ R LT,
INLORERNL, ZOBFRFEZHLITIESHLED
BHOGRFEOBRRE « ST —Z @D, FLEAAROD
o5 IJRVE - Bk - WEMEA BT D72 0I2ITs %
DA RN TERIC, BB EHEOREE O
HE L Ebic, BEAZMALIEANAY— L —=2 7
SOMBEkOSCER R, Kk EORFEHOREHICH
BEAEIC, BEMmAICEY e Z & D B D,

3. BIESAAOREERIZONT (K12
SEE AR OREIIE, Fitracks D7~ v 7 F
7 (RIESAR A 3BT o —F s AT L) &
WCHEHN U 72, BIE BRI, SEALEEA T 10 FOREINE
B, TOFEMEERA Uiz, SINMEBN G, REI
Do TWD RIEDAIRRE &2 EMHANICFHM L, %
DEDATIRAED b T 203 T O SIALRES O R %
BLE, TORIEDOLEFDSFLEIL, BHEFET
SEH 4T%:53%, 2L BT 48%:52% T, T
THOINELAENAONTZ, AROFITEIEEZRL
TWHIEFIL, 16 A 14 4 T81.5% DEIAGTH -
7o FFH D (2005) ¥ 2=7 kv 7TET 604D
AT 50% DERFENAROENEL . LRDENE
VERTFT 23.3% T RN T = A R0 KB
OREE NI HATZ08, Z O 23 EBERTF O R
IR DODITAE B OB MELE EREL WD, =
DFERDG . ZORESMIT B E O IRESOAX
FReA&D K, £ LT - T - BEORRE &
DOREM L BND Z 206, RAEHICZEDRERTFD
X O R ERET 2RO —> D& EHI 2 5 &



B F-100mE T & JE53 AR K
X 1

Bbns,

4. FEI17 A R OREREFIZONT (R34S H)

2T, ERETCHRAR T ol S ORE D
E O ZHFOREREE N LI TIE R, WO THA
T HFRICUEN TE, HHEE B LOWE O
fFlClETXx DX o2, FRNT A b ORIERR
IZOWTHBEEIToTz, SRS BREUE LA
FRET2REEN, ZNE TOEFRTOMRSIKYE
EROHIRICEERT L ENTEDLOTHERLD
272 % EBbihs,

DBriR 17 2 b 3R, BRE 2 U R IRRETE.
AEHEBEON, 20m & % hLT o, 50m &, S BIEBEON,
VT MR AFT DO 8EHA ML Lo TS, &
NHEO8HEBIX, FRTFOFEKTI ATANG 10
A Fa AT ER R TH D, D7D, & 3,
4 OHE - KEOEIX, 10 A FAIZE->72EL V%
DOFENNRSIND,

BA. TFIEFOSHHE OFYHE A FRK 19 4F

BV RS54 X
SR

FEART) - B RE )R AR A Et R CUHFE 74 HP
2009) DRIFHIOKEE OFLETHIRL THD &
BatnThoEH RN SHB T X TUIENTE
D, EEEMEREG R O R p=0. 008 (FiflfEE) TH
BIZENL Tz L sz, EoICfix offiHH
H%E2 B Ll 2EEEEE i LT &, B
% 50m ERERR NI LN TEA TV, BFoD
EEE EAERE R AEIL 7.0 0+ 0.56, LFTIET7.7
=+ 0.35 TEREOB L8 9RE0.76, 11X 9. 2
=+ 0.68 ThHhoT-,

INHORERNG, IFFIEE TIORE I NS
T L ER R E R L, TR T A N TR
SN, Av—FK, RU—Z L THEEEMDOR
IEFET TN ENHBA LT, e e Ef~ L —
BIgoBlAND, PR CBELRE ) 2 i JEIT TR
SHLHIZIE, TNHORENE ML —=v T DL
L7225, SHLICHBAEOBEIXEY EHbHE, #&
BHNINRT AD ENTEIMEY RLEEND, T
FCORFERMELFRIC, SEIOFENS S /7.

#3 LTETOHKEDT A NHIER S

TFEF 100m 80mH FESBk FEMEBE #-nigF JL—1 YL—2 YJL—3 YL —4
& (em) - 159.7 161.0 161.0 1599 147.8 1428 1551 157.3
IKE (kg) - 510 419 520 549 346 281 462 460
127 (kg) - 310 210 280 330 160 160 210 300
E EERBIE (em) - 490 500 470 410 410 330 590 500
THIEBU (cm) - 211 187 215 185 180 135 180 198
RIEHEHU (E) - 60 45 - 45 51 44 59 50
YIME =LA F (m) - 53 18 33 77 14 15 15 18
AR L30FNRS (@) - 26 20 33 23 29 24 31 25
20mYr LY (E) - 65 68 - 67 55 54 63 66
50m3E (7)) - - 820 7.21 756 790 810 750  7.60
100m7E (F1) - - 149 134 15.3 - - - -




x4 FPEFOFKIT A MUER R

BFEF 100m 80mH FEEBk FEMEBE #-nigr JL—1 YL—2 JL—3 JL—4
B £ (cm) 155.4 - - 1700 168.4 1609 160 160.0 1534
K E (k) 48.4 - - 510 650 486 5709 422 388
B A (ke) 45.0 - - 430 350 330 350 310 270
R EE(KRIE (cm) 71.0 - - 500 460 310 510 317 490
IIHHEBKT (cm) 215 - - 210 215 211 208 220 217
REHEBU (@) 64 - - 50 56 23 51 58 60
YN =L %1 (m) 50 - - 30 73 38 41 42 45
ERFEECL30FMRS ([E]) 62 - - 32 30 22 26 31 28
20myrhL7Y (@) 98 - - 72 72 89 g3 121 76
50m3E (7)) 5.95 - - 701 796 180 gog 718 715
100m7E (7)) 12.3 - - - 1418 - 12 135 12.89

AR — R, NT—Z L THEEEDORES & g LT,
FRXFHIC B 4 & b R JEARETIE O BlAR 23RV 2 &
Oy BEEE, NAANY T 5L DIEEOFEKNME
b hr—=27 (AL FrIrRE) ZB
PEAICZ U CREERIIC I Y M BN S 5, 7087
O, ZID OB 72 & CUHET DEmN RS
DD T, FBRFIERCME O REEN 2 & DT
DRAELSTLBRDLIEDRTREINDINLTH D,

5. HWAIRICB T H9tE, PC- F—A, TV T
A, fhoE, FEOWER, BEAREFRFEICOWT (X 2,
Bk SHR)
SERIOEFH BT OEH OIMEOCRRNITE & & b

F2WETH TN, 2MFANTH LRF L b 1 FEH

FTHY, FEFEITXE RTFD 18K, ZTE&FIX

1.3WFHITH o7, AEIIVERE L IZIEFRBETH M

1.9 B, 1T 1. 2R CTH -7z, TR (2005)

D3 H AR 1 RFEILL EOSME ORI S A BE L FR R L

TWVWDR, ZTRNETOBFZRLEFL-HITEA L%

T2 L TWD Z &N ho T,

FHERIGRT CIX, 24EAME B R F T 1 HRE, L+
EFEN2FERTHY, MEITIELZED 1KHT T
HoT=D, ARFIXFFICE FIRFN S 51T 30 /3
LT3043 720, Wi+ 1.4 TH - 7=,
e RN 1 IR 2 R & <EID (30 R CTh o 72,
T LB, BT AOMBERRIX, 2 a0, BloRT
b 2EEMATE Th o 72, MEED B 713 4 FER,
AL 2 R OMEBERFR T o 72, AL, HR
2. 2R &R L, o1 & [RIFREE OBRERE T o 7o,
PC+ 77— LT DN TIE, WEELRRRE T, B2
BFfl. 728 25 DfRE CTh o 7=, BEIREFREIIC DWW
Tix, Bl b 40% O&EFD 6 FEfl 5 8 FFfE T,
6 FN2S 8 BERILL L LRI LTz, L L Z ORER

REfEI 2 DHESS T 2 LIS E T, SIIBKRIFf X Y ¥
VETETWD LHEIND,

INHDOHENLPC F—Ah, TLE BT 4%
DR OHEINT K 2 Bl iR 15 A 55 00 Y0 g 1) 78 7 &
A, EENVETERF R OFRFIH E WO BLENG, £ L
TIRD B OFAAETECME IR A D DN %D
DI D DT, SNEORER, FhoRIERT . FEERER
PC X2 TV ORI E DORFEBLTIZOW TR, FEF72
TRTLIEMNG D EBbhd, iz, [REHE
(BT D EMFA ) IC XD e, R 24 BRI Rk
FETDERIT N6 FEETH 1L EHZRL, KA
VBT A - DVD % 3 Refj LA ERES2 + & b 1dh
FATRAE WD ERESNTND, KFEES, &
D RVEB)AETEEE (B AT O IR IZ 2
R— Y HEE) & B AN THT < EIRTTED) 1BV %)
FW 728 21T 5 T2 OIC B AE U X LA DOSERRE
EITo T BERH D EEZBND,

(FREFH])
6.0
O%r O 41

5.0

4.0 T

3.0 T

2.0 [ ] T -

1

T

0 0 L I‘ I Il 1 J
%4 v 2 & S
L A LA



6. NERKEEEBARERKICOWNT
(1) REEFIZONT (X3, &2 5H)

IAERGER) (HAF2001) X, AEAEEICBT S
L2 RUHBERIEDO LI RL DT, ZnEHELD
TS ETITHRPEAT D E 0D DO TR
BVEEEEO RLE LORHEE LRI TV,
IRERGF) OREEB X, RO 3 K2 DK S
NCn5, —2BITEERRERE & LT AR5
WL TEEDSEV L TEEED | TREM 2V 228
TOBIXEMIEEE L LT TR D ), TEMT
ARV T D TGNV, RN 7L,
ZTL T2 ENAEMEREEE LT T M LI TE
7o 725 TBR2ME 5], TR Z5I< 1, TR
W IR EDEANGRY, FEEE, 5ERE (54
E<HTEHED - - - 1T EALLERY) THZET
HZHDTHY, BEMENEERERKFA 2L, &
FLWERIREETH D LT b,

X325, BEMICBWT3IHRF-ZFRENICHE
2RO NP oTe, Beo IRERKF) © 3K
FEb 2 7B THY, BIED L Z A, NEEFHFD
LIV HEAEREEE S TWD Z RSN, L
L, Ao BEAIRICB T 8E, PC 7F— A,
V. B 7 A4, fhgR, O], BRI OV T o
FEEENSHILZPC A —L4 TV BEF A%
(ZEOT NS < MEIRIFZNELS 720 . ZORE
SMEARIEHI 2N 2 0 TR WBLRD A% bfe < & ARE
THE, ADEZARERFE LTHEICE AT
Wb OO, AEAIZRATEEIED b R EKTFSE
ToTWbHHLOLEEbNEDT, 5%, BAIELW
AEEEZFIZOT T L LT T LER
HoLEbhD,

(2) EENHRERICHOWT (M4 BM])
MEBEA AERE) (R 1996) 1. H4 B & O i)

6

O%y Ox¥r

NN

Sy (AR HE IR A BRA RIS
X3 B EFETORELT

~OEHSCAGERET 20T, Znb SET
DR SN TS, 1 DHITEEREKE LT NE
BEENIDENLTWD EES ] & T2 TWDIZEE)
EFRIZTED ), 20BN EREE LT THE
TAIUE LT EIRCREITH D E B ) DL s
NDUWEEITHE TRk EES ), 2L T
SOANKERMKE LT I—HIEEHL LS &
FHo TS NDKENR WD | & THEEZ L TnWD & X,
FKENFhE LTI ND] EWHHENLARD, 5B
BECEIZ L TH B WEEAEWITZ EARES @V &
HIBr s,

B4 OEEARE,D, BLMICAEZEITIR LN
F.3RTFE AU EoEAESERL, Bl d
EVEEBHRERA > TS Z LN L, L
L. —WERE, B L B 7B TF OB N AR O RN
BN TN, KRR DB SRR SR S 2R
Lz, — R HE2FI1E, MR L7 V—7 %R
LRod < PP 2 5 < ACGEEBLURIIER DS iRV MBLA) 23 A2
bNAHEEb TS, LFEFICHTHELN
X TREAYID) TEMmAEA 2B T+X0 b
JEAEH TR BB A LB TH D RS
2 R, VEHE S 2005) 23, RIXVRLAUTTE D,
BHTHNETEDLE TR VST FENFTS
L9, LTORE LS B A Bl LT fRE R
HDHILD,

7. DEBWa T 4 va=r A (PCL:
Psychological Conditioning Inventory) Z-D
WT (M5 2H)

PCT 1%, #af% (2000) HAPAF LI-HOT, HHEF
DHEL P L—= ZRHZH B & TRET &0
W2 5Ty 7 3T5b0TH5D, HIEIILLMHEIE
THHNGR->TEY, ZOWEHEBIFLLFDEY
Th D, F1: —MAGIER (RIS RRE Y
MEeRRE) . F2: BANBI I (H DOEANISH T 5

O+ BXx¥F

2a7 (5 A)
S

BEREAR FHERR  RERMR
M4 BBEFHEFOHRER



F1{3).F3: BIE GHiicB T 2B 00542 ak) .
FA: WiReR%n (JEPHO W4 L& OFREERRN I E %
LTWaA0&ExRT), F5: EHEMIZERR (FHEOR
ERS) . F6: BEE R ZE (BRI 2 KMo
WTOREEE) | FT: JE57EE (LB MmO, 2
HIE, 5 EEFEM TITh D, F1 O—ERIIER
D35 F5 OIEFEMIZERE CTOFMEILT A2 7 2% 50
ML EZRT & BN &R S 41523, F6 OBt
RPARZE & FT O ITIAT T A2 713 50 L 0K &
BWIREETH S LIRS D,

BI5220, —WEE, PR L AR, SFEOESS
TIRFOLHMa T 4 a B/ THRDE, LT
BT RALBEPDIRIE T W Z L g AT,
BF®RTPIE, WHETT AP 540850 5% EF-
TEBY, ZOFTHIY L—A U N—D 1AM 75
DEfFRERL TV, ZFEFTH 75 KE2RT
BEN 1AL, Bl Thrb e, kK
A2 T 5% KETHEEN RO, ARl 1%
FIIREGITEETeBR O OME XA R L Z R THF A A D
iz, 51, ETRET 20 TRV ENH
CARBREREZFRLRNP LA EITo TN D g
NHOT, a—F - fREFIIZORFLHICINE
TURICHESGm O LELY 2 L7 5720
b5,

HARBIZIE, 2 E TOME CHRR ZndcE mn
TR EN TS Z &, ZNE TORETH
HORREPHTHDE G LE RN EFRFER S, BE
ERELZL, bLAFETRMLTLEDZ L%
BHDDHOTIERL, RORE E TN Z —fEIC5w
RUE D EVOLRFOKRGEE ThIE T2 ENE
ZHiLb,

EHIC, SEITRTOHFEEFRICBT DHEC
HEF DR Gy DL EM % G5 7291 POMS (Profile
of Mood States, #L, FEid 2003) & HWTHlE
ZL7Tc, POMS 1Z~ > 7 37 (1992) RNamikigs
R T 2 ERMANEEBE LI O TH D, KD

TRa7
80.0
700 T O0-8F —o—%F
60.0 T !
500 |—F +
40.0 = J_
300 % P005 T
20.0 L L
Vs S S X b
RLL I L g
GO @ SHENFCARE S
N oo » 2 \
M5 BLAEFRFOLHMNa LT 4 a=
(PCI)

K1 B 3E - K% (Tension—Anxiety) . ] 9
2 - % BHiA F (Depression-Dejection), [ &V -
WO (Anger-Hostility) ). IE& (Vigor) |, [9% %5
(Fatigue) |. [JE#EL (Confusion) | @ 6 DD R
ETHER SN TWD, (X63H)

EE L WWRE = EIER (V) REE D B DX E
50 X TWAHDOMWEE L, Mo REIX50 L0
BVMEZRLTCZEREE LV EIN TS, 4H
DELEDAAT Z 55 EPRRBVANZ — 2R L
TIEWARWS, JFIICEWEETH L, FIch 1
BRICTERD ANV ST SN A0, ZORER
%, AT O PCT DI IFIEDORE R & [FIER 2GR Td -
oo ZVFEEMICERTFEORIEOR T ZBIE LT
o720, BHEFEOFN, L LEAKHTH
LHENPHELE I N,

TOXITEFDORA A IVEIOFIGEE E LTI,
FREEDNEFIIH LT, MEBEREO EDEETLS
KRul LTWD 00, Hiffo EDJmmTo>ET 0
TWDDM, EDX DRI L TARL LKL T
L00%E L0 EMWT, MEREEZTNZERD
DEFE)] O=—X G U T THET Z & ANETA
HERPhD, ARAR—Y 2T HHFITL > THRR
RSy, BEORERGREE, BEMbEELLED
IWTWDHMR, &b T2 EMENBEIZRSTZD, £
A K-> TEMET TR0 357 O@FHH,
BEELKINDRNVTWVELIHELHDHDT, E %
1T TWARFH LSO B EATERICH 2 —F - {58
FIIR#EE & L BICFH—OLT~DOKI Y b Kb
BLREIZ 72> TV D (FER, PEH S 2005),

NV F&EDH

%24 ] [2EVNFAR EFERHAS) Of%HE
IR Lz TEHERT OFRBME, £, £IEE
B, AZVEIZOWTHNE « 8 URE 21T 72
R, UToZ LWL SNT,

TRa7

o T T Yo—9—
30.0

*p<0.05 1p<0.10

20.0
<7 & o

X6 BLEFZEFEOLHMa T4 a=rs
(POMS)



1. BEMEIZHOWTIE, B+ - BFRTFOHE LK
HIREFHEIVABECENEDOTH T,
2. BHKISFEM LB - XU —% (FTEBK) OBl

EIZBWTIE, 10mEEY L—&FD 1 AN E
NTWe, T o DORFIIEG SRR & b
BLEFOF TR BOVGEEL R LT,

3. BRIEDMAOREREND, BT RPONNILE
BAD LA D RIES AL 47%:53%, L F1EFTIE
48%:52% T, DTN THLINLELAEN RO, £
AN T A R0 ZRD R E i &R LT
Y5

4. FENT A RTIE, BLEFL HIT50 mERE
TIBIEFITEN TV,

5. HEAEEIZBWT, B®EF & bIMEVDRES)
RE IS0 EN TV, TV BT 4 PC s 77—
LDCESLTRHEIN B LR FL I 2RFHTH D,
ISR LRI EERTIE 1 BRI LAIN T - 72,

6. INEKFF] OAaT7ns, BRIIEEANRH
WA E LS TWD EBbnT, NE#AERK
T, BLEFLOEAATEZ LTV,

7. DEMaCT v aiionTL, BHERFEO
T D LEFRKRTH Y | LR TFOR
DREHG I CRIMR L Z T TN Z E I L
776
LD X 51, INVEAEBTRFOKRT), BEANE,

OB 7l O EREN S S iz, A RN THHE

2] BN UEEFETOLEEOIRICE Y A

T2, SBITEANMENOREEZ R L, R F O

BOBBIENLTONIWMEE LI, K&, &

B OB L TR 2 E RS E R D

A, FERE - (KA OREIC Y 72> TV 72 T B

H K DRI AR — YV ER Y v ¥ — DT 2 12

#EHLEFET,

51/ - &3

HiLLZS — B i Ihik (1958) (A & ARk EEEE,
MEE AR RIEREEE, p182-185

g7, BREUEZ . SEPEM (2005) /NEAEDIRT)
ERERGRICOWT, i KFPHE F e
& (BEHETR) 36, p265-271

gz, B, HFEET, =R (2006) 21
B4 E/ AR R AR MRS EH R TFOHIK
[ - DB - BRAERRNBIE OFER., B B
FOTE, B 2%, p74-83

Pz, WMEdE, HEHRI), =FHR (2007) 22
[ A [E/ VA R R AR i (T R L T i T

DEF), DERRRIE & RAERBIINCOWT, B BB
FearseAc2E, 55 3 %, pd7-53

HRZL, /IRTEE, BREEEZ (2007) #FriK 7T A B
L WREOEIGEE, EEGREEL, RNEREF & DB
HPEIZOWT,  FE R FPHE FH el s (3
BB ¥E) 38, pl6l-171

gz, LRBE. FAE (2008) FEANT v 7 b
V==V IR ES ORI A BICE 2 5825
W, FRIARFPEE SRS (BREE T
) 39, pl41-148

iR (1996) BB 2 LEMa YT v 3
= 72T A N O SCHAE B e (—
MAFSE B) WFFER R . pl-48

FARANTE, TERMES (2005) AR—YOLE I, A
BAR—VIREZERRT XA b, BAKREHS
p46-70

[ EFE (2004) BEEEHEBFR T 0 7T AL EEEBE )
Mk, BEEE R 2 77 A (HARREETR) .
pb—14

i Bp e, (R, RS TY (2005) #5521 [EIAED)
FERE EBE SRS ES R [ HES ) i
& TREE], p 56-59

FIPRAERN, AbEAMESE, ARG #F—BEB (1996) EEhA
RE DM & 2 DR K OV 2212 B9~ D AF 5T,
AR =V HEFMGE 16(2) pl45-155

TNEERE— © (1999) /INEAIZI T B EIEREE DR,
b2 BRI EE 12, p14-20

IHREE (1990) A& DR, KIEfEESS,
144

IINREE (2001) T =u INRNT = A B ED
D ARN—VENEORNE, HHREPE,  p24-32,

EARTRD (2005) PRk 16 FED Y = =7 0 LER
By AR — MR, B EBEIEA T 1R,
pl177-183

SCERER A (2005) YRR 16 4EFER ) - TEEhGE SR
HWEE, ph6

SCEEREE (2008) SRR, /RS P, @
TR ORI SR AL O B F e B EH S D YGEIT
DOWT (&), PREFFHESHP, plb
AT (2001) &FRAEDHERE & ZO/ATERS 5
[ZDOWT I EEE T & Rt =
HIR p97-109

BRI, e — (2003) POMS F5l& & +E
B pl5-16

pl42-



M1 BREFREEICEIIHER
EEADBADBILAIZONTEET B0I0. ROLIHBFEETHIEITLELL,
CHHEBEVLET,

COBREE. COBMLNFEALER AL, BALHHIEEBYEL A,

K4 RA

A ERIZITCE. HLEIEHBZEATT M. HTEIFLESITOZDITTTSL.

1. 8BRS 2. 1 EBICIE-2BBRZLANHS
ERIZ3A-4ABNGNALRHD 4I1FEAEBRLG

w

w

S BIIEIBRIABARFTH, ATIFESESICTOZDIFTTSLY,

17EEAS18RFDR 2. 18EEMS19BEDR 3. 1985 M D208 DS
20EEMNS21BF DR 5. 21BFLIE

Q.

o

BAOERBREEDIIITECLTVETN. BTEFLIESICOZDIFTTEL.

MEYPET=L 2. DLEFPERL 3. SOFFETEKL
DLLKRY=N 5 HEYKXKYF=L

N

o

CERMLRITIFEOT, ROFBZLMERFCKBLLET D,

a BEE Bl S b.oAVAV-TLEF—L  BE &
TLE-ETA KE % d. 5k Bl 5o

o

m

[EEBROBE BRLRERREIEEDIBNP>THET M,

—_

AR BLBLY, 2. 1BZ0Vv=0y BEE &

n

MABORECELFROHEE LSNMIEEOHVELETH,
AR B0, 2. 1BZ0Vv=0y Bl &

—_

GREEEHBRLUSN DN BUTIE, BHIZFAZELEFTH. 3DENTTSL.

1 2 3

H VU ZE T HEBIEGATT D, ATEFELIBEFICLKDOTEHEOEDIFTTAL.
1. KEEIMNT ENTEEMS, 2. BOREMNSTITHOLNT-.

3. BEAHIMDS, 4. BEAHBEIIG,

5. PYWLWRR—YBHo=h b, 6. EMNL=DD,

I 1HOERFBERE I AEIERECS LT A

1. 6REFREIRR 2. 6RFRILL L SHEEI R 3. sEFfEILLL



BH2 EFICOLVTHDESHRERESRTERFODRAEER

K4

%
m

OTOXRNEMERIF. SHDEFDEFADENOERDHFIZOVNTHLNTLET,
LTEFESBSICOZEDIFTTEL BARNALGNESICHRENLETS

GEFHRER)

EFCHLTESDBNEEZTTRSL.
ETIFFELBESICOZEFITTTSEL.

F<HT
TFES

BT
[EE2

Ebibed
WE AL

HEVYHT
[FFESELY

FolHT
ITFESGL

LEHREANMBNTNSERNES,

5

4

2

1

2T DEFF EFICTEET,

3BEBEITNIEH S BRMT ORI HBVELBNET,

4DLHELWVEFHTE, EAThIETESLBVET,

5 —#EICEFL LI ESE O TUNDRENWVET

6.REAVDLHELEY, BWELTMET.

ajajojo|or

E NN B B B

WlWwlWw|w|w|w

NININININ

_ == ==

(FERER)

HEOKROHREFEZEATTSL,
STEFESBSICOEDIF TR,

FKH%B

LELE

Ebibed
WE LY

=FIZHD

[FEAEY

TENT=ZH0

2.BEAELY

3EMZESI<

4EMNCD

55065

6.EEMNIFADPYT S

TARSAVELY

8. 05 RN ALY

9. kL2 k<LK

10. 85I IELED

11.BMA ALY

12.HRLY

gajlaojojajajajajajajar|jor|ol

#h#h#h#h#h##g

WlWlWW|W|W|W|W|Ww|w]|w|w

NINININININININININININ

—_ == === === ===




ERAR ) ERTICBT S U

ELHERRELE

() BARLHRER
55 5%, 19-25, 2009

Bulletin of Studies
in Athletics of JAAF

Vol.5,19-25,2009

Vw7 2a—" OFNEIZHONT

— EEEBGR AN E®RT 2RI —

st e —en?
1) Sk 2) BEAE  3) BARELEHGEEESER

I. [XL®IZ

Ry 2u—" 1%, Va=TFI Y
7D AB 7 T AM5@fEH & LT 2000 EE RSN HE
Aani. AEITE & 70cm, BE300 g DX —R V¥
IVI (=3« AR—=2%E) T, &K 3 SOERML)>
7o TRV, LMW (=7 A2 h~—),
7V T HRANATERRES, 4 BLOP 6 78 2 B (R
VxF L U8) TSNS, Yy XY v Ar—
%, ZOX—RTy T OmEEREA O BT, <
DHFOE Yy N TIThbivd., ZOX—RT ¥ 71E00
BT FREERERE LD - X T 700 ED
BB HICBERE L2 b 0T, DAEICBW TR
EEOFE, HEHORETTRIRZDZ ENDE
EICIRE o7z, R ARPKRE ERERFHEREST
OFETCERBIIMMINIBEDORTEN, Va7 4
By ZIIEH LWRTERERE LT, 00 HED
MAL LTSN, KEFBEETSHEZRT
BY, ZOKREFEITE 7 75m87, £¢1- 55m86 & 72>
TW5.

Z =R ¥ TEITOEHMIEIZHOWTHRILS (2001)
I, R0 L X —RY v 7RI OBEMEL i L C,
KRS SAES AR TS, Fhic kb & F—R
TV T ERWEHEIL, HEOBRGITENER0 &
M Clx7e < A THIE L CTIF2EEO B &I
LTnbZ &, MEfHONK NI BE—FRYx 7
T DIFE I PNNENZ &0 D, JHEE~DAFHD/)
SENWZLEEfL TS, — 5T, @Y EEN
FHIZOWTNRVEFENER TR TE WA IE L &
Y ETHZ LT, MESOREENAT L ATREN LI
L CWaD. BiH - FHE (2008) (X4 —HK T ¥ 7D
RATHRHEIZE B LI 2 T > T D, ZRUZ ki
X, Z—ARY ¥ TR KR BERASLAZATHRLV
FEBURICIIRERE B L 22 Enh, X —R

Tx T ERD LITHATREOES D L L TRHLT
HMENRHLELTNWD. £, Z—RVy 7RIS
DFLFEDM E LB EFE->T, BT LHERVEOD
S L= I Y AW i AN o =T A AN AN - 2 B
TWb., Z0kHz, #—RVx THRFIZTORE
PHERFR I B L OBIED 7= b T 2D
REEMOEPO BTSN D —F T, RSB,
HEOEWN LRV BITIXER L nE &0, BEE
OOEL 7 ERER bR I T 5.

Va=mT A Ey 7 ~OIEREHAND 10 £
VMEA NS, ZoOfEH 2B L7 iR EIR A,
KFZAE, HENTRSTVBITHL b LT, Z0
FEHOBRSCERTICHZDHBIIRIEEI LTV
V. ZCABFETIE, 2EERREORCD FICH
LB LTRFBLOEOREELXRICT 7 — Ml
BEEITW, “Vy_XNU v 2an—" OF{RBILIOEE
FICHEA DB EHETLZ L LT

0. A&

1. x5 LB IE
EEERBE (L TR2ERESET D) OFA 19
F (B 60M) KeB X, k204 (561 [H)
REODBF LY BICHG LT-2R TS 11324, &«
FIRALABLIOENENOREE IR L, BEIC X
LT lr— MR T2, T — FOEIRIT
HF-57.6% (1324%764), &+ 55.3% (1324
Hh734) Thol-.

2. HEANE

T o — MRBEORFICHT AEMNAIL, OF
TFORMEB IR BoKETEE, @ “UrXVU v
7 2a—" O, @ “VyXUyr2xun—" OfF
Bk, @/ PR OEBRRER, OBIfEI L R



F 1 PR ORISR KO B O i s Rt ek #£ 3 HEEFEORBROAE L FEORBG
FF =¥ BF ZF
196E 20FE  AF [ 195E 20FE A = . =
B&(cm) 1749 1753 1751 | 1594 1619  160.6 1-2% 3% &t 1-2% i B
(SD) 467 520  492| 1703 470 1269 A % | A%| % A# % [AB] %
K E(ke) 72.9 72.3 726| 600 582 592 @esA | 11 |500| 17 | 315] 28 | 12 | 444 16 | 348 28
(SD) 677 840 760| 730 596  6.71
A o=
BSE0FHm)| 6102 5939 6018 4321 4186 4256 %%ﬁ 11 1500 37 1685] 48 | 15 | 556 30 | 652] 45
(S.D) 4216 3068 3738 | 3130 3886 3.553 &t 22 54 76 | 27 46 73
Max(m) 69.93 6510  69.93] 4966 4899  49.66
Min(m) 5395 5232 52.32| 37.24 3200 32.00
n 37 39 76 38 35 73
42.56 m (£ 3.553) Tho7-. £/, HEl#kT
BbH IWVESRITIHE T 69.93 m, T 49.66 m T o
ROYEZSVTHL bDOTh 1. Ei, HEE T

T HEMNEE, O “UryY vy Ar—=" 8
ERCY2a=TF) By 7 TRASATHLLAY
LCE@EFOLE, @ “UyXY vy 2Am—=" 8
Va=TFIVUEyI7HEBELTHDL I EDESR,
@ “VrxRNYvrRn—" O ERFICEZDHE
BIZONWTHS D TH T,

3. T —XuLE
7Vﬁ~%#%%%ht%%%%ﬁi&ﬂ%%
, Rt LTz, HEFEREO U XY v 7 A —DRE
m®%M%%%,ﬁzﬁ A=K x T ERMH L
REROFEIZL > T, R0 EORETRESHKEDOH
BIZERDHDLO0E I PEWMEICT H72012, tK
ExIToT=. 12, =R v 7OFHEICHNT
X0 HBIZ DWW TENZEI b B TRl S 1, &
bANE RN AHB A Lz, £z, AhinE
AMERETHHBICOVWTOIRBRNES DT I

U—IZ T TS L. b, feEHEIC ﬂbf@
i, SRR CHLNEEEEZ DT TV 2y T
%#L ME S 2 L7z,
M. FREEBE
1. ®BFEIZHONWT (F 1)
SEREORBIIR1LOEY THoT-. LV HED

BE O IX B+ 60.18m (£ 3.738), &LF

2. UxRNY v A —0ORfRER &0 O E Lk
D BELR

H2EFED Y ¥ R w7 20 —D KSR DA
HIZE - T, RUBORERLEIZENR DD E DD
BEHRDEDICLREEIT-T- (F2). HERIZY Yy
NRY w72 —OREIHG L2 L 0b 5 ERFIX
BFD36.8%, LT TIE38.4% TH-7=0, 0
BORERERITZT ¥R v 7 2a—OREBRO 72 ik
FLH LT, BhEbITHEREZTIR LN -
7= B+ t(75)= 0.75 ,p>. 10, n. s, ZF t(72)= 0. 32
, p.10,n.s). TDOZEMND, ERTOLY HEORE
gL, FEREOT Yy XY v 7 2Ar—ORBROAEIC
BRI U NNz EnbhoT.

HEERED X — R Y v 7 OfEER L 2FEKSICTHEG L
TFEOBRER SITRLEZ, BT TClE3E4ETE
ERZTHGE LTV DRFEDH B, FERFIY —R
Tx T ORBEN D HEIAIL31.5% ThH o DIk

L, 1 24ATRERSICHGE L TV LIRFOF —
RN v 7T ORERN S HENIETX50.0% ThHho7-. [Alkk
IZ - TIE 3 FEAEMN 34.8% THHT=DITH L, 1-+2
T 44.4% Tho7=. LiL, “hbloxtl x
MEZITo12E 25, BLEBICTHERRY 1¥H 5
CEE xR o (4 °(1)=1.58 , p >.10,n.s).
HEEREZ 2 — R Y ¥ 7 ORRERDS & 2 B F (37O ]
ICREER A I T N TE, RERAKICHLETE S

F£2 H =R ¥ TORBRIZIL D00 BeErtdk DB L Ot BE

B5F zF

195 20FE a5t 196 20 E &a&t
BRERHY BRLL|BRHY BRLEL|BRBRHY BREBLL|RBEHY BRBELL|REBEHY BRBLL|REHY REBLL
BE0skm)| 6199 6028 | 5876 5967 | 60.61 59.94| 4396 4282 | 4167 4200 4273 4246
(S.D) 469 3.77 3.29 2.99 439 3.33 3.27 3.05 4.75 3.22 422 3.12
Max(m) 69.93 67.85| 6422 6510 6993 67.85 49.66 49.11| 4899 4770 4966  49.11
Min(m) 5422 5395 5385 5232 5385 5232 37.38 37.24| 3200 3458| 3200 3458
n 16 21 12 27 28 48 13 25 15 20 28 45
tE 1.23 -0.85 0.75 1.06 -0.23 0.32
pfE 0.23 0.40 0.45 0.29 0.82 0.75




K4 =RV v T ORBROFE (FFRERE -
TR — i)

CEa &7 &t
mpxalrewE m | A] % [ A%] % | A%] %
= | 7 2| 27 3| 41 5| 34
- = 23| 307 | 21| 284 | 44| 295
- | B 1| 13 o| 00 1| 07
E: 2| 27 2| 27 4| 27
s | B | © 00| o oo| o 00
- = 2| 27 3| 41 5| 34
" o) 4| 53 3| 41 7| 47
3 42| 56.0 | 38| 51.4| 80| 53.7
EEE of o 3| i 3| 20

n 76 73 149

K5 F—RYYTORBROAE (P—md)

BF¥ TF &5t
ke R\ AB| % | AB| % | AB| %
A 3| 40 3[ 41 6| 40

£}

" 27| 355| 26| 356 | 53| 356
" A 4| 53 3[ 41 7| 47
F: 42| 55.3| 38| 52.1 80| 53.7
|EE of o 3| 41 3[ 20

n 76 73 149

EmNH DN, et EFOEITH SN TE 2o
7=

3. VxR v/ Au—DORERE Z—RY ¥ T O

H A IR

RS KL OBIED # —R Y ¥ 7 O [k BLiZ o
WTOEMTIE, HEFORBRE [RE~DOHISE],
M COMEM I 2o, ERTIEREN 2Nz
ME oM OoHhOERE Lz, 2LV 5
LDNT-RERAEFK 4, SITRLT. R4ITEMEBE D
SIS, KB ITPFRORZ EMEORBRAE E L DT,
ELOLDORBEMRHIUTTFRFORBRE D5 b D L
LTl RSy R w7 2An—DORKEC

£6 H—ROy TR0 BHTE 5T

BF ZF

A % | A %

FEEIZHEH 8 276 6 222
LLEH 10 345 10 370
ELLELNZEN 4 138 6 222
HEYBRI G T 7 241 3 1141
FoTKHEMN G oT] 0 0 2 74
it 29 100 27 100

HG L= b0 D@RTIIB 284 (34.7%), &
T 264 (35.1%) Tohot-. TR —RY ¥y
T DOREDFEEORBNH Y, EREOHE
WAL TWDRFIIH T34 (4.0%, &K1 34
(4.1%) EIEFITH L, FRRITRRD H 5 038
TEITEA L Wi WEFERS 7274 (35.5%), %«
T 264 (35.6%) ToHolz. TEEFICREROH 5
FOHHAETEH L TWARWERSIH 5222 >
7o, £, B, BREBLCHERHLEZZ ERR0
EFEIXF 424 (55.3%), 1384 (52.1%) T
Bl bEEUEE D, BRIZLDENETED D
otz

4. V¥ RY w7 2 —DHFIMEIZHONT

R 2 — R D v T D REF 7138 O RER A
HHBRFIZK LT, X—RT v 7T OEIMEROZED
HAHIZHOWTEM LT, Z—RY % 7 ORERNRCD
BIZE S THERTH 200 E ) DT HONTORE R %
KOIR LIz, FEFITHER, FRITDLAEDEEX
TRTITIE 7184 (62.1%), L1164 (59.3%)
Tho—FHT, BEVNERRroT, £o7<%)
BB b BZT-RTFIIFT74 (24.1%),
w54 (18.5%), EbobEbnarnwt&ExTz
BENB A 44 (13.8%), LT 64 (22.2%) Th-o
72, WERREZRO LN TND EWVWZ DD, Bt

KT A THoLNE I OB (BEEIZE )

EE =7
BFE-9ORRTYS 6 |(BhE 3
Bl | BF [T CRIFRBILTHRITS B BCEBAN DS R 6
% 20 | —BOBEENG - TA—LEBZD| 10 |JA—LEEAI-PYBRITFERTNG| 4
& 84325 | NEANBEAZDY BLOTHAIL T ARY BT 1
S |[ wE [eyomEoERNTES 3 |MERESLEITNBEC B S 1
g BE | BEOLOERITIEE - A A—SASEN 2 |BEARTLS 1
T BB E~DREKLIET 1
= BOLHBPVOLADRBEADELN |
5| m [EEssES 3 [mFEsiEs-<EnoK 3
% x| ELLMBAATERL 1
Bl m | msAeces 2 (BEADBALGL, MERIGRER
> ma |E8 B0, B85 5 |Barms KanedcE> 4
| s FERF R E ot 1
B zofh MBEABEYH D BHEL 1




K8 F—ART X TOMEPEL- T2 - THE T L OFHHE L FHERZE (5 Rl

Br ZF E7N
i SD. 1y SD. Ty S.D.
DELWEZZ%ES 3.1 1.32 3.3 1.23 3.2 1.27
QELWLWAM (F-F)ICEITS 3.9 1.31 4.2 0.95 41 1.15
QELWEETERITS 3.6 1.30 40 1.09 3.8 1.20
@FtEE<RD 3.0 1.27 35 1.06 33 1.18
ORYTIYDRE—R%#ET S 40 0.93 3.6 0.98 3.8 0.97
@BERAE—RE LT3 3.1 1.08 3.0 1.05 3.1 1.06
DBFEDRE—RZEEMNLTEITA 34 1.15 33 1.1 3.4 1.12
O DEEEKS 3.1 1.30 29 0.92 3.0 1.12
OB DEEFEHS 3.2 1.35 3.0 1.05 3.1 1.20
OHIHEDEBREEL 46 0.72 44 0.91 45 0.82
30 29 59
BIC 2 FIRED SR A RO T AN T2, RO+ PR TOEBIRE (HEE )
AR ThHoTe, RIFA TR oT LS HA BF (n=76 EF (=79
. . _ N INERR FER INERR FER
EHT YIS, RTICRLE. A Tho P P PR P
FHETEZ»->7-01%, [Tr—2&2® 25 [ Bk 36 474| 41 539] 8 105 113
N P . fE 3R 3 39 24 316 16 211 43 56.6
DEE Z2onde] 72 EOREBREIAN, T£-79< yorfn | o 118| o oo| 4 s3| 3 a9
BT D) T, IR0 72 R OREAR NL—R—Jb 2 26 2 26| 14 184] 16 211
_ s o ki 5 66 113 2 26 0 00
ZEERADIEThHoTz. £, PRSI/ BRAR RoFR—L 1 13 0 00 6 79 0 00
?‘Y7O¢:E§'§46§aﬁ%)§}75307ﬁ_.*ji,ﬁ;jf@fcﬁiﬂo ’?:j'% 2 26 1 1.3 0 00 0 00
o _ N . INREURY 0 00 0 00 3 39 4 53
7B ZTHBIZIE, RERKRE, B, HLOM Huh— 113 0 00 0 00 0 00
. B N1 N1 et SZ\RHY 0 00 0 00 1 1.3 0 00
Ekl/?@f\_)ﬂﬁ@@b\fj)%, @1/’50)@11\%?5*@#5 &t 59 776 69 90.8 54 711 67 88.2
HLONRE ol Fo, HEOLTTL T<HERDL
REOEMLH o TEENRRI TS TEMEE 23 21.1%, SL—FR—/ 7 18.4%, HFETIX

I EWIHFKT BEEDR, FRFFIELNDEERE
pRoi.

=R % T OMENED XD 728 TR T2
Z10TEHICB L CERIL, Z0OfERE£SITR LT,
Bl BITHROBA LV ERENS 72D THILE D
BlkZ 5 <) T, BT OFEIREEF O IETIE AR,
ESITICEDITHDLEVNI LD THoTZ. —F,
BOHRA L FBMEP S TZDIZBEFTIE T2 < %
D), T HOREEZE; <) T, KT T
DIEEZFG] ThoTz. ZOFRERITBRFORERIC
EASK D THY, OUICEL T &2 DFEE 4%
BRUTBRFENSE -T2 E BRI SN D.

5. /NREER OTEBNRRER & flH

INFERE, HEERE T OTEBRERIC OV TE R L7 A
RERIITR L. BTN ERTOEERER
IXIFERN RO AT 4% % 5D, kbEhoTz. H
TN D bR BB LT 31.6%I272 523,
BFPERIL 53.9% L IEEIMICZ <, B Cikke REiE
& HPERDISN O AR — ORRBRIZIEF (272002 &
otz ZIUTK LT, /R ik R

e Egte s el Ea o5 X512/ D (56.6%)
D, NLU—R—ILN21.1% T, /INEE, FEme
BTV T A= VBLONRI L PR3 ~4%T
bole. TWAIXFF LI L TERQRAR—Y &fk
BRLTEBY, ZORAR=IVFINNL—R—1L, Y7k
R—Ib, "NRIV Fopl, BEHEI> LONRZND
ENbhoT. A== R 2 —EEILIT o8
EEHLETHHLORHY, TELDIANLOET
%, FTOEEOREBRMACD FITE NS TNDH Z &
DR S NDHRER TH T

6. ZAVE TITRER L7-REIZ oW T

BUE R VR 2R B L 7= 2 & O & 2 ERAL 2
A, RI0OEIBREENELNL. BIED
HEREb b 2ol ) CTlEEDEAM O H T 4
BREZED TS, RNTEWON (] T
L HBEDITI NEVFERTH -T2, LIS
T TEL TR, TRE) RERBIFon. fiIr
HOFLERNE DG, FIZBET 2 HfEO LB &I 5
N5 ZEMBNR, EBRIIIN LD HIEOESEOIE
IMBNZ ERDOMoT-. T2, MFEORERII K



£ 10 BUEROHAEDRICHIE L2 2 & Db DML (FERIE )
B5F ZF EX%
RE $ i i BE $
B e [ s w | mEEC w | G % | BB % [ #BE %
3 24 436 12 286 15 3441 12 324 39 394 24 304
ling 20 364 13 31.0 14 318 5 135 34 343 18 228
B 5 9.1 7 16.7 6 13.6 6 16.2 11 11.1 13 165
23 5 9.1 6 143 1 2.3 10 270 6 6.1 16 203
BE 0 0 1 2.4 6 13.6 4 108 6 6.1 5 6.3
BREAE 0 0 2 48 1 2.3 0 0 1 1.0 2 25
PN 0 0 1 2.4 0 0 0 0 0 0 1 1.3
TERLRME 1 1.8 0 0 1 23 0 0 2 20 0 0
&t 55 100 42 100 44 100 37 100 99 100 79 100
F1l TRy 2 =3 ER L THEORFOE(L (Flik)
FRE] EEE I
BURTISRFER->CAFL B ERDEM B T1-55)
BSOS [BEREICE BEAOHZEERDIFONE) 24 195
£ BB LIS D A A RERE L TABL T ED'B D
ey |EROBEHELN
BIB®) s amisseas—LTbhn, YRTISBELETL 2t |1
oy | RO T DS TR E CHRIT SN0 T A SIRHEL TIZEDEL
|\ =
B BR) | e 185 07— s 50 HMAZHLL 21 | 171
B (BCHERD2) T 260051
B |HICRBEOHERITAETHRFIER TS 7 |57
LohYELFzTA—LNFITDNTLVENEEFEFL LT
®E EFERTOIA—LHERISFE-TLD 2 |16
ZTOM  |REICRREAVEST. BMOICET OEELD
HEOEFENOYRITOBALLTELZ TN,

ZELTEL, X—RIy TORBROEEL DD
DITR SN,

7. V¥ R_RY w7 2n—=RNELELTHLEO0) B
FOEIZHONT
FEFICHLT, [Py v 2m—nELL
THHERIZAFELTL 2BFIZHOWT, LBlAiE bk
L CELAE L TS Z & JIOWTER L (F
11). b Zhrol=0i [0 BICHLLkZ £ > TA
FLTL DAEMENH AT NEFORME] 728 0H)
BT IZBT 20k TEIZHE D 19. 5% 728 Z O &AL
Tz BB T 250 AT £ <, T
F DR 2 FIZOT TNDDO TR BICEBIT LT
W TEAR OB G RRW) R EOFEMRERLE,
(=R ¥ 7NN TR REETHHRIT 5N D
DT, WENLTHLWY] [JHEORSITE S 72T
FZipoTNWD ] R EOBEMNREREN17. 1%
LRIETH -7, BFEIZET e Tl AR
LIBENZ ] [ HE L TAELTL D 2L,
WEEFBRTOIHFEL L TOEANLT% TH-
7~ Fofici, MEBIZEZEITNY BT, Hil
FICE S OITEE LV [THREROFFEFR R FO

BALLELZTVWRY RERHTF LRI, T4 —
R Y TORBROS H2BFLIFE LI L7320
EWV O REIE B LT

8. V¥Rl A —NTa2a=TF I BT
HDHTEDERIZONT

VamT AV Ey OB ELT [Py Y v
JAR—| BNhHHI LIZHTIEIEZEBN T (F
12). THollZrINEV) EEXTIHEFIT 6T 4
(54.5%) T¥HZEW. ZhiZkL [pniEs
DIV 1F94 (7.3%), TELLH LB
MNAT 4 (38.2%) ThHol=. TOHMELELT IH
RICAFEL TR0 oS ITIC2 5 T
DAL L TR TG OBEF 20T
ZonTIZh b R EOBESTOERDOERE H
TR EE N EEEHD 56.9% Th - 7= (5 13).
—FT RENENZD, 0 0OBEANTITEHEL W)
TR N E 9 T2 DI R B 70| 22 KO
HEWMNZ KD~ A T A& 2T 08552 17.9% T
Hote. V7 FR—AFHTIODOTEARND) T8
WD CERLTIELY) W) AEICET 55ER
M 8.1%, TaficbEALTIZLYY) ERMEED



#12

Ca=T AV Uy OfEE L TOESR

14 RVEBRFOFRICAZNE S

B+ (n=64) LZF(n=58) | 2{K(n=122)

A % | AL % | AR %
BEHTHS 28 43.1 24 414 52 426
EBLELNZALY 26 40.0 28 483 54 443
BRI THLN 10 154 6 10.3 16 13.1

I E DB EA~DARD 4.8% Th o7z,

BEF(n=65) | &F(n=58) | &{K(n=123)

A % | ABL % | AL %
HoT=IEFS3H K 35 538 32 552 67 545
EbnEBNZAL 25 385 22 379 47 382
BLNESHA L 5 1.7 4 69 9 173
TRENRHIUTIT-TH LW RE, ZOREIZL

[ 7

M7 8 RS 23. 6%,

X TR HEDEAL LTLW) AR 2B EN S
W< ) E o EE

B

WIE O DRV EEXTEITA oS L, B
ELTHETONRmICIZ~A T AER ORI %
<, RIS EREEEHESBELLEHLZONTVS
T ENHERINT.

9. VY v I 2a—0ORBRNRERLE% DO &
ERFIZH 2 DB HONT
VxR w7 2a— ORI ERE R DEDHD
RN FRTOBFRICADNE I EREB W (F
14). TE2hTH D | LB 2 T-FEF 11524 (42.6%),

E D | [—EMAWE7 2R3 RkTIc<wn] Enae s
ERRERN 14.7T% Th o7 (F15). MaE T
DREBROBENN) 13 8.9%, BE-SITICBIT B Rakix
17.9% & ZOERICH L THEEL b bz, 2o
BRI K TE D> =D A BB % ik
T, 71T [REORRE] #FxD2bDN£<, TR
X, B, BROEW] [X—FRT ¥y 7OHBEBL

g Lotk HbhET15.6% 0N HEIZEL
T~ AT ADERKZ HIF Tz, Z0IENCiT TH

M 22 BT R B OBV | TR THRed TR &

ERCRv] X164 (13.1%), TEbbEbunx
2] E 544 (44.3%) EWVWIORERTH-TZ. Z
ITIEH TEBELEBNZRN] B TEHTHD) K
DH£<, MEL LTOERICHETAHIELV LS

W & o2, TOFEAE LT, HiFICELT
F£13 Va=TAV vy 7OfBELTOER Giik)
okl EEH] %
BRTOPYEF~OBHDF2D
xR BROBALLTIEEN(ER) 70 | 56.9
AR AR EHTIZE LU (FRED FIR)
ESRREDEOHBEMELTLAVIDBALLTRELLELHS
Bt |[E#iELTE . BACEAESAL 22 [17.9
OUIRFOEABRORE B ELTIER TSR AYEL
BUNDPYTERBLTIZLL
i=h
AR Sk LB A DT 10 | 81
o |ERICBBALTELLY s | a9
= EXERICLTERZBLTIZADTHhAIEH>THEN :
ew  |EWOBEATE CRITSAESES
R EPEEEALDERVBECHURNG ., BEEOEMELTTAE
zof  |F-BTREREREN S BRAFRFRIISToTLE
T52ETAFZEHD
#15 FEORBRNOD BHRFOFRICHER ) GLik)
okl EEH] %
e |CUEROBEDTEAEGS (BAELTELY)
Bl (B8 | g s x otz 29 | 236
e |RATANES
|V 7:
H i (BE) CHAR =< 18 | 14.6
ST [BRICELER O =oMTIhs (EKDST) - AMER 22 | 17.9
e L) (400e 500D A PYISEN O DFEAERIRTDT0T o [ 04
= |BaEES, BHENES :
FRER (EV) WERTHEE D&M 11 | 8.9
B |SMMGREOLEN 6 | 4.9
8-y 17 DREACYRICERELEL
ZO  |EREETEEDTAURIEENRE
BRLE-ECERLTVREDEEEHETRETEALS

7o) B S L EEN T R b S A RET
) [RIFORF 2~ AZ—T 20X 7T EH
) IR AN = Rs UiV/LY = A5V d Wy el



V. £&0

AWFZETIE, BEEAIE DLV FHGE IR L,
VXY w7 A —OfRBRPNIBFICE R LB X
WFOEE, HIMEICOWTHES TR, UL
ToXH7eZ Enbirot.

HEERRZ X — R U v 7 ORBRN & 5 BTN ERKIC
Ao TRV FIZH Y filTer— AN <, RN E)
EZE HIZDT T D 72 DI FLl ) B EERE TRl %
T OTIERWD, LW GEBAT-Thhen, K
MIRIZBNTHRZIFIZH — R ¥ 7 ORBRO b 5 i3t
FORERO I WVIRFIZH AT, R0 HOFED EW
LIIE ARV ENbhoTs. FERFICRBROS 5
BFIIF 2D 36.8%, L TIL38.4%T, 7
VIt a=T A Uy TAE LTE®RT
MY FITH Y FA, AR E R L TWD T — A
HHENFAZTZ. L Lo EiEs o8
18, MECTOZ—R V¥ THHARITES, FFEREC
B =RV X T ORERN B HIRT B KL BUE 3
LTCWRWnWZ ERbnotz, ZORHBE LT, 2K
MR 7 — L EFIZOT720, o7 &IFZD,
Bz Bz 720425 Z L ii3ashen, ko
EWDOEIEOBEW SRR S 41, FHIZE L T 62
DEELZRBR LB ERZN L P LIRS
7o, RV EEMBD TOLIT0N 25T 2 #0E 1R
ERLLTWHBES MR S L.

FODKREA DR CEFER ICHY e Z &0, 2
FTRo-fiEST- 7+ — AL THE—RT ¥ 7 Tlaf
HEEA AT LW RRNG, ¥ —AT ¥y 7D
TREROD & 2 RFITFOEEN LW &b, K
WIRIZIB T DI BEEDOZ WAL T TZDH
ISR Z <, RBOFEICID2ETR O
Motz Eiz, NEETOEERE TS 7Tk
BERNRKFTHoT2N, LTI ANL—FR—1, N
RV R ERNEhotz. ZOZ NG, +X4
DZANPLD T2 BIfEEZEDTE % £ 315
D, ERREILIRESC D BRIZH D f A, A Reek A iR o
EMTEDL—DODHERTHD Z ENRBIINT.

BEE~OEMTIEY YR v 7 A0 —% HEMN
IZZT D TV DHFEE PN TH D DIZx L
BEZHABICTERWVEEZE L Z N B Dbho
72, ZOZENLE—RY Yy TEITIE, BVWHEEK
FEIREImOWMmAERFFOLZITIEHLNATWND EE
2o, BESITORFORME L CUIER ®
LN, R0 LRSI BETFONDEXY—RY ¥ 71X
EFEITBTF NN, ¥—RV ¥ T E EFETS
NTHERY % EFRLS BT 6N DIT TiEARy) &n

IFREHE DL OB, BROEN DG L HEE-
B, PERICE LWEERIRE S L Twn
PN R ERESE LT N, F, M
DREZ~DBEANEHLET HELITDHET, oL
IFEIVEEL TEX TV AIRERE WD Z Enbho
7

LED LS 7o RalE 2, SHBIFIPFERTH —
R ¥ I TN IE LWEEZ RS L, #&
T ECHESTLEEIC L AEELZ & LB,
A =R X TETHOE00 EICBITT 572D 0EE
MDUETHDHEEZBND.

ARWFFEIT B ARRE EgifoE i RERS T4 —&R
VX TRFICHET ORI 0= M IZdo
TITONTZbDTH 5.

V. &3

By L3 B - 55 FH— 25 - A A L - BRI IR G (2001) @ & —
RO ¥ 7EITF L0V BICBT 2 REED k. [
wEEAEZE, 46 : 16-24.

BT IEX - FHAHZET (2008) : P RNV w7 ZAm—
BT DX =AY v 7 ORGSRk
FAF TR, AR — Y IS, 21 @ 139-145.

KHE=ER - FLEER - BHERTE (2002) @ 00 & O
HETFELE L TOX =AYy 78TO, b
SR, 50 @ 13-20



ELHERRELE

() BARLHRER
55 5%, 26-31, 2009

Bulletin of Studies
in Athletics of JAAF

Vol.5,26-31,2009

EE/NFEA T AT B = L—HHERES OFHER 2T 5
INFRAE R S DT A
— 2008 FEDKREZ HILMT —

T
1) Bk

I . IREM

B it RS DOFHOEE Db 0 ARG D85
ELTE, BEHAl Ov—) b & LT, Btk
HEZEHEC B 2 B OBACOHME, Hitalih
BAORNG, BiESCa—F~oxtin, € LK
(7 VESOHBEHREE L) ~OXMISENEETH D
Vb Tnb,

&0 D INFAEFAE D I T BEHGEE O 2
FE - SEEICBAT AMZE S LTk, BTER - (i -
B (2007, 2008) DN H T LD, Ll I
HOBIEIX, MRINNFAETH DN, MRS
BIFD N7 v 7l 7 0 — v R OBEEE |2
BA 20 R B - UOGEREIZARA » RBENL TV,

AFZED BIGX, NFEEERE LI n A v
MU=V L —02FE LW ES LRI 2709
W2, FRICE R ST OEE ICET AR E T
r— NRAEEZ I L, W - OB AT D
ZEih B,

ARIFFROMR & L TiX, AR — Y REFEHE AR
TV &, BERES VAL OFEIER IR0 D i
A A — e RITx LCMNEE (BEE) 2
EORERE L TWDED, EARhHETH D07
ExEFFMT 5, Wb DR R E (Customer
Satisfaction) WETH 5,

0. RAE

1. SAAENE

T — MRAEEOARFIZ OV TIEIEY & HE
&, fEd, AR, BIEOEE . INEAICKHT A%
HIEDORIEZME & T 5 5 oDfEE E Li-, # LT,
R EICBET 2B, LTO20HE & L, 1)

ik
2) HERT

=2 e
3) HEAMEREA:

INERARBRE CONHE S, 2) [EEOHE. 3) B
OREFE (NE - & - BFRERHZRE), 49 BEETOM
WNEAE L O, 5) BERGA~OBEI A 6)
BHSGOFENRE (RERERWE), 7)) By
DAL FHRENWE), 8) BHASHEOMYE X
B (KERTV 2 —X72 ) 9) BHEHICBT K
(AR MR MVE) OF—E R, 10) Ur—I 7
Ty 7O (EX), 1) 4=y T7 v 7
BT HIREOXIG, 12) FEFICBIT 2%RE D%}
J513) AX— | (FFHkHIR) ICB T DEREORNG,
14) Z7azxHy b —a—2 BT 5%E D%,
15) AHZ— FENMRBERO LN (TF oA
Eie), 16) BEEEFESBEL— VT 518
e ghE, 17) BEACB s~ —F v b
DIE-BIE . 18) HAXSCHARNOBRECRM (B
X) - iEE, 19) £ZEXOSLD FOEE, 20)
F723 I (i 72 &),

BB, AEEBICOWTIE, EEEEZIT LD, E
B (BAE MR L), B b okE
EEEDBETREZRDDICRETRETHLH EE X
SNDN, —EROHEBIZOWTIE, /INEAE GBiEE)
DERZRDDT-0OIZ, HRTERA L,

Tt B OB M H K3 5 RIS 5 BeRE R E &
L. BRBICIE, T5 AT, 4 50000, 3 A
509, 2 KRN, 1A A & LTz,

YN
e

2. FHAEFE - [BICIRI - A REEARL
REZaAXA Ty M) —U L—HHERZIE, 2008
FE3H2H () ~23HH (H)o2HM (12 H)
O HBETIThhz, BEaomEIX, KiF# A &b
FTATNEIOAB L N = L—ThoTz, TV
r— MRAEEL, B - RREFSECEMA L, KRS
Tk, M) BARR EBEEEEERICEHXL T



K1 RO

1) M5 © Br 136( 49.8) @ #1 137( 50.2)
2) FAE O 544 63(23.1) @ 644 207( 75.8) @ M 3( 1.1)
3) HEmE O #IHT 241( 88.3) @ 2[A  22( 8.1) @ MR 10( 3.6)
4) HEEH O KgZ2AL NI4T 69(25.3) @ Z7axBhrh)—UL— 202( 74.0)
(O 2 0.7)
5 ZINOEhE - B
O ELZEBFETENS 72( 26.4) @ AN B =W ND 3( 1.1)
@ MRS OfersEtED =D 7( 2.6) @ HORZBEOBNAE LIzvwanb 77(28.2)

® KA E OREFOT=D  24( 8.8)
@ fEmZ 14( 5.1)

® F—LEBECAEEHE LT 76(27.8)

) AR (&fk n=273) , RO F (N, %)

%2 PERIOTH

1. B+ 2. &1 EEREEN A
TH 5| n=136 n=137 n=273 R M
AV SD AV SD AV SD g
2) EEOERE 4.50 0.90  4.38 0.98  4.44 0.94
10) UA—32 77 v 7O (EX) 4.08 1.07 4.14 1.01 4.11 1.04
5) B EGA~OBEI N A 4.10 0.93 3.98 0.99  4.04 0.96
3) HEORF (NE - & - BFEHA L) 4.16 1.01 3.81 1.08 3.98 1.06 3k
16) JBFEEFECHE TN — VT 2158 - Bl E 3.86 1.08 3.87 0.94  3.87 1.01
15) AHX— FERRHEREEO L (TF o 28T 3.94 1.12 3.78 1.15 3.86 1.13
14) 7aAxAH> FU— - a—R BT 252%8 DG 3.91 1.05 3.78 1.08 3.85 1.06
19) RO @R 3.92 1.15 3.73 1.10 3.82 1.12
17) BRI~ —=F vy hORE - S 3.83 1.08 3.79 0.94  3.81 1.01
13) AZ— b~ (kiR 1B 28 0%k 3.75 1.20 3.77 1.07 3.76 1.14
1) Ua—3 277 v 7B BB O%G 3.69 1.15 3.67 1.07 3.68 1.11
12) BEFTIZE T 2% 8 OxfIG 3.63 1.12 3.56 1.09 3.60 1.11
4) fFETOMIB/NEE & O 3.71 1.16 3.39 1.18 3.55 1.18
9) BESGICBIT LK (Xy bR MLVE) OoF—E A 3,66 1.20 3.45 1.15 3.55 1.18
6) MG ORNRKE (KERETNNE) 3.69 1.03 3.37 1.06 3.53 1.06
8) WL OMWE XY, (KBS 22— X7 L) 3.55 1.12 3.44 1.11 3.50 1.12
18) BSASHSXOBRECRERN (BX) - #E 3.58 1.26  3.43 1.25 3.50 1.26
) BESGO M L (s E) 3.48 1.19 3.08 1.19 3.28 1.20 sk sk
D /INERIKERE TONHES 3.29 1.13 3.18 1.02 3.23 1.08
20) A EIEEM 4.13 1.06  3.97 0.95 4.05 1.01
) BEAE (n=273),  AVIEHME SDEEUE(RZE, sk :p<0.05 %k %k :p<0.01
) HHDNAFIER, 2EOFEEMEO T BARW T~ T,
HoTHE L7z, 400 A (50 F—2L) O/NFEASN ThHoT.
F (TE) OFhnb, 40 F—2 (319 A) DOEIEN
BFoil, RPFETIE, WREEDOIHAE L LT, 20 3. T — X LB

HE (k) 2E9 BF7=n, #Fnosofhc1HEHE
THEEIENDH o 72 46 FERIZHOWTITHIER LT,
e~ T, AL THW =B IIMEAEL 273 (85.6%)

R E L EEORD S, AIBESEO TR E I
DONTIEE (2004) DA HIEIZFE SN T To 7=,
FPREMER OOV TE. O TR & TR



3 BIEOEEICRET AR - R
T e E DX 5y
LAV 2. 35E 3. BV MNEARER R ER Br  EE

HH % % %  MNAREC fRAEME WAl FREE 4% e Ei=Ee
18) 22.3 249 52,7  0.3411  60.39 44.35  11.83 16.47  0.817  9.67
19) 10.6  27.5  61.9  0.4027  69.98 52.21  20.10  51.31  0.430  8.64
17) 7.7 31.1  61.2  0.3832  66.95 51.61 17.03  50.42  0.440  7.49
12) 14.3  33.3 524  0.3013  54.19 44. 10 7.24 9.62  0.893  6.47
8) 15.8  34.1 50.2  0.2822  5l.21 42.22 7.87  36.17  0.598  4.71
6) 12.1  41.8  46.2  0.2546  46.92 38. 81 11.61  60.38  0.329  3.82
16) 7.7 28.9  63.4  0.3427  60.64 53.49  11.20  63.15  0.298  3.34
7) 25.6  30.8  43.6  0.2256  42.40 36.59  15.41  74.54  0.172  2.65
9) 13.2  38.8  48.0  0.2426  45.05 40.34  10.85  72.13  0.199  2.16
15) 13.9  18.7  67.4  0.3276  58.29 56.90  10.79  84.77  0.058  0.63
13) 13.9  23.4  62.6  0.2918  52.71 52. 80 3.90  90.93 -0.010 -0.04
1 24.2  35.2  40.7  0.1690  33.58 34.11  22.85  90.94 -0.010 —0.23
14) 8.4 27.1 645  0.2961  53.38 54. 42 5.56  97.59  —0.084  —0.47
11) 13.2  27.8  59.0  0.2602  47.79 49. 73 2.23  128.03 -0.423 —0.94
4) 15.8  34.8  49.5  0.1597  32.13 41. 62 19.74  109.87 -0.221 -4.36
3) 10.6  18.7  70.7  0.2491  46.06 59. 71 10.48  157.08 -0.745 -7.81
5) 3.7 26,7 69.6  0.2340  43.71 58.78  10.80 170.61 -0.896 -9.68
2) .2 5.9  87.9  0.2509  46.34 74.39  24.66  143.53 -0.595 -14.67
10) 8.4 16.1 75.5  0.2000  38.41 63. 81 18.03  175.00 —0.944 -17.02
S 59.3  0.2744
T AR A2 11.7 0. 0642
20) 6.2  20.9  72.9

E1) A% (n=273)

E2) HAZ, SEEHREORES VTGN E/NSWIRIZIE T,

1) INERRIEEFE COMHES

2) EEOERE

3) wBHEORE (WA - & - BFFHR L)

4) fE4COMIR/NEE L O

5) Wi ~DOBHE) A

6) BIHASHOERE (LT E)

) BMERLEO M L (FHeEhnyE)

8) B RLOMME XY (KESLY 22— X b))
9) BHESGIIBIT 5K (v MR V) O —E R
10) VA — 077 v 7O (EX)

SR BN (529 & @) O IR
W] & M) & TRV L) 3 B #yE
L. SERE CEW, @, BV ORIZEHEEOESEG
(%) #HERHEL, TRV oFEGE MHEE (BW))
& LT, WICHEEORDFIZOWTIE, AiHlE
H (19HHE) EHRAFHNE D7 g R EEFHZIT-> TMH
SARER AR R U, Ul e SR R A & T AR AL
fRAMEAREE L CRRL, P OHEE ONE) DA
RE TOAECIEREZHE L THRRITRATLZ &
T, WEERERA R L,

1) =277 v 7B T DR EOR G
12) HEFNCB T 28 O%G

13) A% — 1 (hikHs) 12k ) 2REORNE
14) Z7aAHBy b — . a—2 2B 5588 0% G
15) A ¥ — FRENLERBERD LT

16) TRV FHECH L —/VICET AR S
17) BHEaToO~F =Ty FOREE
18) BHRASCHARXOBECRM (RX) - idE
19) REXOLD FRoEE

20) A HIEEM

B (2006) IXSCGEEREHEY 102 EoE X TR
g#|, S5LLEOIHEBEIX T#E#E), £ LT, A (=
AFTRA)OEBIXSEATE | THD EERHL VWD,

Wi, R BT D A REE T AR T 5 721
5 BepE R 2 AW CEE AR 2 A R T,

I #HFREER

1. BEARORE
AR OME@Y Tho7z (1),



OBz YN T BLOESIZIEEL: 1 THo
7o @QFARIZOWTIL 54X 6 FAEDEIAITAI 1
3 ThoTo, OKRSHBZEHIZ SO\ EH O
ZVWREThoTlo, OMGREEIZOWTIEL, KiF#
ALENTATNVETZBRAH Y R —T L—DOFIEIX
1 : 3 ThHoT,

2. il B E DA RAIE )
(1) “FHAHED

FPFREMEm L LT (F2), WMEEOFEE
DOEWIEEIL, [2) HaEofHE (4.44) 1, &RIZ 110)
UVA—I 7T v 7 OREM (EX) 4.11) ], I5)
B EGA~DBEN SR (4.04) IONETH -T2, —7.
i 2 B DOEEORNEHE L, [1) /INAREEEE T
DOWHES (3.23)1 & 17) BHESHGO M L (P
THWVWE) (3.28)] ThoT-,

Z L THMOE 21T o T2/ R, 13) Eao/H
(NZE - & - RFFf72 L)) [4) fFETofR/NE
AL ORI 16) HHEASHORKE (RELE
) D) BEEESGO MM L (BeEhng)) 04
HEICHBZEPBD DL, T XTTHTORLEN
ZF LD bEmrol,

3. R E—GER (BW) ICEHR LA —

BAEFH O EE B1H, WEE (B 0
) 1 712.9% Thote (F3),

HFHEE O ER (BRW) A5 L, 80%HIE 2)
EEOHE] O 1HHA, 10%RE [10) v4+—Iv
7T v 7O (X)) 13) EEHEORE (NE-&-
BFERRZ2 L)) o 2HHHE, 60%11X [5) Hitiads
~DOBE)SA | [15) AX— FNRERNOBRFERO L
W= (TFovREgde)] T14) ZaRxABo R —-
I—ZIBITHRE OS] [16) BFREEFHR
B L— T 2 - BE] 113) A& —k (h
M) IR ABREORE] 119) REXOLD
FREE | [17) BESICB T s~ —=TF 7>
FNOFRE - BIE) O 7THE, 50%B1E 111 V4 —
RUTT TG BT HREORS] 118) Bz
RS OBRECRH (R) - &%) 112) HER
BT 2R AE OS] 18) BESGOMYE X
(RIERLY 2— X7 )] O4HATH -2, LT
50% AL [4) 154 COME/NEA L DAL 19)
BESGIZRBIT DK (RXy bR FVE) O —E R
6) MHERLOREKE (K32 hnx)) 1) B
BERBGO ML (o Ehnwa) ) 1) NERIRE
fECTONMES) | OS5IEHA TH-1=,

%

100

90 * 2

80

*

10

16 o »19
60 .1113 17
®12 *18

(Tm) 4 F 2
&
.
5

<*

50 YR
4 ‘97 06 8

40

30
0.1 015 0.2 0.25 0.3 0.3 0.4 0.45

LRI
1 R (RVY) EIRSEARE O BILR

4. BEE

WEE 2RO D FREEITHOVWTL, BidioR L=
oz, £ Mgk (Bvw)) & DSZREy o
BAfRA B 2T U, IRIC i 2 B 22 & ST AR B
A b L T8EBEREy 2R LT,

(1) wiaFE (BV) MR OB&F

2 EE O A FHMIC FF 57 2 B ERE 2 M1 1R
Fcehrsnre (K1), 119 REXOSD FOEE
(0.4027) | b m <. WIT T17) BESIZB T2
~F == F v FofgE - BE (0.3832) ) [16)
BREPFEBEFHEHOBRE L —VICET HFE - S
(0.3427) 1 118) BRSSO BRE SRR (K
&) - EE (0.3411) ) [15) A X — MRENOHEFIE
KOULN (TF oo 2ET) (0.3276) ) ke,

MNZARENTE VDR R (R 23 AR VI
Hofll LTk, 119 REXDOLD H0EE ] 2
HIF b, ZOHEB OMIAREIL0.4027 TH D
BTN, WEERIT6L.I%TEHEIEZBR ThH-o T,
EE . 2 O BIXKSEE OMRA RN 4 &b 5 H
RERTHDHIZH 0D BT, AR i 2
(FHi) &72oTWVWHDT, S, ETXEHH
ThdeEBEZOLND, FRIC, 117) FiHsisid
LY== Fry FOfEE - g L T16) ®BF
EEFEOHE L — VT T 5458 - Bi5) OHEH
IE, MSTARBDS EERVER 207 & 55 32 & MV M
ST TholciFinnE s, iR (BW) IZxnth
FIONLEH TALE VI IRWLESIT ThH o7, =
NHOHEBLAHROBETH D EE XD,

—J,. 110) UvA—I 77 v 7ORH (X))
& 12) EEOHRE] OWBIX, MNRERENE
AU 0. 2000 (36 17 fi2) & 0. 2509 (5F 12 fir) T - 7=/,
e (BW) X, 2nEhnE 2L (75.5%) &5
107 (87.9%) Thoiz, /NFEAE FHEE) »oE



80

70

60 *?

@15 6 10

50 /)/7
< »
18
* o) ’8
40 * 6
1 *7

30

ok R 21 F 0

20
20 30 40 50 60 10 80

I RRIRENE
4 2 i 2 HRAR AR & SR EUR 22 E O BIfR

<iHEEN-HHEH ThoTe B BND,

(2) BCEEEREHK

B (2004) DFHIEIZE - T, EFPHERFAEME
MANTARBRAMEZEH L TRRL (K2), kicik
BEREEFEH L (X3), ENIE (7 Z) ©
HENSHEETREHEETHY, 10HANRD
bz, & (2006) ([CX D L. TeEEEEMN 5.0
U boBAITESE, 10 EZ%ETHD] 2
Enb, BldETREEH IR N7, L
L, BHEL LQOX4HE, BEEmicix M118) B
2RACHAEROBRE RN (K &) -&#%5 (9.67)1119)
L0 HREE (8.64)) 117) BSIcBIT
L =Ty hofRE - BE (7.49) ) 112)
HEFTIZB T 2BREDOIL (6.47) ] BT LD,
7p¥, WITRTUGEEETEEN 5. 0 KD 6 B H 1L 5

WEEEHR

WETRNE LT, HESEHA L LTHRELT
BHEE AT O RETH D, BRI 18) Witk
DYGOMWEE Y (KLY 2 — X E) (4.71))
6) MESLOEKRE (LSILIWE) (3.82))
[16) BFRERFHEOHH L —/MITBET 5455 - B)
5 B30 1) BHEHO MM L FHPEhnE)
(2.65) ] [9) BEERBITBIT DK (~Xy bR hLE)
DO —E R (2.16)] [15) AKX — FERNORERE
DLz (TFHor2g&te) (0.63)] Thod,
—J, WEEOHENREA (w4 T R) OHABIFSE
RETHDH, BARFIZIZOHEA, AL 113) AX—
N (PR (23T DREO%S (-0.04)) 1)
INEREBRE COMHES (-0.23)) [14) 7 a7
YRU— - a—RZBTHHREDORE (-0.47) )
M) 74— 77 v 7HBICB T REORE (-
0.94) ) [4) fE&TOMB/NEAE L OZL (- 4. 36) )
3) wBEHEORE (NF-E-RFHFMARLE) (-7.81))
6) BiHSG~OBEINRZ (-9.68)] 12) fHE&ED
HE(-14.67)1110) v +—I 77 v 7 ORH (K
X) (-17.02) BT LND,

V. £&0

Ao BHWE, 2ENEEZ e AT Y=
L —HWHME R DR HGE (2B Dl e fE - EE %
INFAE BREE) BB ELET U — FREND
IIHT L. A OBEGE S (R 5 RE A X0 AL
T5H2LThoT,

REELDDE UTOLIITRD,

(1) BiHGE = BT 2% R EIZ >V T —ime® (B
V) OEREDG —

O G BIREAR O 2R (BN 13.72. 9% Th o 72,
OFHEHEOEE (B 1220 T, 50%LL E

15

—

— —
o 11 12 13 14 15 16 17 18 19

H H
3 SR - G R —



2N 12) wEOWE] [10) U4 —Iv 7T v 7D

i (X)) 13) \maEofRE (WA & AF

Ref 72 &) ) S0 14 HH, 50% AR [4) 1ES

TOMB/NFEAE L DA [9) Bia%IcBiT 5

K (XRXy bR MLVE) OF—E X EOS5HAT

Hol-,

(2) BEEEICET HBGEEIZ OV T — B
BOBRNE —

UGBS 10 LLE (RNds®) oEEIX1HEE
LRO LN Mo T, WEERKS L (X
) 1% 118) e oRECRH (RX) -
o (9.67) 1 [19) REXKoOLY HOEE (8.64) )
LD ATHBR, WEEERS R (FELGE) X
8) Witk =G OMipiE & (KESLY 2 — X L)
(4.71)] T6) WMERHOEKE (LIRLEThWVX)
(3.82)] 116) BFEEFELBE L —VIZHET D
FRE-BhE (3.34) ] HO 6 HANRDO LN, —H,
WEEREOMENIA (w41 FR) OHEBAILEKERE
ThHoT, 110) U4—I2 77T v 7O (EX)
(=17.02) ) 2) HE&EOHE (-14.67)1 [5) Hithe
B~OBE/ N (-9.68) ] [3) fadr O (N - &-
BHE#ZR L) (-7.81)) FO9HANRO HNT,

fTEE R U

AAFFEIE, W) A AR EEHGEE S KRB S OM
BT (2007 £EFE) 12X > TBZ b i=iiEak
RO—ETHDH, 77— FREDEMIZEHT=> T,
i 2 SWTIRS /1 LT 2 & o T/ NRAESRRE
Fa—FOEIMIESEHPL EFL2RETH
5o Flo, 7o — MRERMKARAR, BFIXL TL
L& o7 (M) BARM: EFHoER S K EEASOFE
JRIDTT LI B L BT DRETH D,

SE X

BICRAEST « OHifZE - [EFE (2007) [E/NFARE b
WA TR = DBHOEE B3 D R« B
(ZOWT. B EBEATFERL S, 55 3 &, pp. 32-
38.

BT CRAEST - OFZE - [EFE (2008) A[E/NFARE b
B ASRAR TSI U T/ NP A B Ot EoE =
(ZBT DN - I OWT (2D 2) | B
BRI TERCEL, B 4 5. pp. 26-33.

BTERAEAT « FREFSMA - PR IER - AR - BA R
1 (2008) FBitiid i (2 B89~ 2 Wit B B ool L L -
T — HARSEAE R BB R % T HE R 2008

Y
'

.
1

ZHDIC — . e REERTYE 75 : 43-48.

FEEE (2004) FR_RTBRDMALT v r— hF—X
DLW . BUARELEAL

A (2008) B < 6 < PR IAT . BUR
Bt



ELHERRELE

() BARLHRER
55 5%, 32-37, 2009

Bulletin of Studies
in Athletics of JAAF

Vol.5,32-37,2009

RE/NFEARE BB AR RS OB EE E BT A /NP AE TR Of R E A
— 2008 4FE-0D K E % HUMNT —

BRRET Y R
1) HEAE R

b bt RS ORHER Db 0 i Rard D8
E LTI, BRIl Ov—n) e & LT, Btk
HEEZEHEC B 2 8 B ORACOIHME . i AEh
BAoxtis, BifEa—F~oxti, & L TE%E
(7T VESOHBEREET) ~OXMISENEETH D
EnhbihvTna,

BHE . L0 DU /INEAER T O BT R
D & FE - BGEEEIT B 250 & L CU, Frfr - i -
% (2007, 2008) DOWFZERHIFT HND, ZiHD
eI, B EBESICRBITD VT v o B e T 4 —
IV RBEE O E BT DR E - UEEICAR A U b
DAE LT,

AR BROIX, NEAEZRRE LIZ2ERS L
SYULIZBIT D BHGEZ DL E Ld Y 2SI
THEDIT, FRT, B e Ed (RPN o=
B 2 e EICEB Lz T v — Ml 2 3206 L T
KEEZHALNCTHZ ElTh D, BERMIIE, B
24 IR E/N AR R AR (RO, ENLHE
Hi, 2008 45) (TG Lo /hEAE (B iE) &%t
S & LT, BHOEE BT DR - SCEE & HE
fb32Z Lic ko> T, A%OFHER 2T 5 iE
XTI LITH D,

AWFZEDOMRE & L TlE, AR — Y BE FRPR
TWH &, BERES V-V OFBEEE MR D D i
AR — e Rkt LTNAE BEE#HE) B
EORRERE L TWD ), £ RE Th DNk
EEFIMT 5, Wb D EEE N EE (Customer
Satisfaction) FHA T 5,

0. MRAE

1. FAEAR

2) R

2wy #e
3) BAUERF

7o — FMRAEZEONE (- A ) 2OV T,
REVNFAERE EBHR AR KRS D 22 [FIK 23 (2006) -
%523 IR (2007) E[R—ToH D Z ENLEE LA,
THERMREE DL T o THEDO—HHEEL
77

FPEIKIC OV B E 2RIKRE ER—TH Y,
BEA (WD LIBRFEREEDORT VIZHERAL, &
FEOWHESRIMEZITOHTHY . S REBT6RTF
MThoto), BBl BiioE =, FHED/NF
AT oxbhs (RBEE) gk H B i D — X
b2 FHiE G ORFEA A L T2 7T OO E LT,

WA R IR T 2B H 1%, TREHIFEM )
EHip 1I8HHEE LT, 1) BEEOHE, 2) HED
BFE (WA - & - BFRFHLRE). 3) B&ICBIT5
/NP & DR PR, 4) KREATHIZIT D ELH
G TOMEE - #H, 5) BEHOEK=E (Fhn
). 6) BHLGO ML (HeEhnE), 1) #fE
Bl E, 8) BEHOkRCHE, 9) #Y
BB TDBEOXE, 10) BEFICET 52%BED
®in, 11) BiHYs (M7 > 27 /74— R) 281
DIRBEOXIIS, 12) MEGHESZOK (XY bR
MVEE) OF—E R 13) BESONL—LOEEH
H 14) BHESCB T~ —F 7 v hOFFE,
15) Witk BiaaaiOME (FRFESLHPTR L), 16) B
SXOBRECRH (BEX) - EyE, 17) KRN0
D FR0IE R, 18) KA YRR,

2B, HEERIZOWTL, HEEEZITIL D, iE
) (FRE IR L), B CofkE
BHEDNEBEFRELRODICBET RETHDH B X
L, —EOERIZHOWTIEL, INEAE GERE) ©
ERARDLE-DIC, b2 TEHRALE,

Tt & JE OB B T34 5 A% 13 5 BeFER L &
L. BRAIZIE, T5 s IERITH 2, 4 Aeime, 3 A
S5O0 2 M R, 1A FEFICRm] & Lz,



2. PRAEHE - BINCRIL - AREEASK

AR E1E.2008 458 H 29 H (4) ~30 H ()
D2 HM (1yA2H) OHRET, BHEIE30H8 (1)
AT, B E L, 4 X 100m YU L—_100 m,
80 m/ N— R/, EMmBE, E&mB. V7 bAR— &
Tholz, Trr— Mt ET, BESE CllAMm L
REHTH%, AARRE EHEEEREFEERICEELTH
HoTEUX L7z, 1034 A (47 #ENFR) D/NFAE
SN (FE) O, 904 AN (43 HHERIR) @
B4 235 DALz, ARAFZECIX, WEEIZB LT 18
HHZEY B0, 2 oo c1HE T HEE
BRI o 77 164 BEARIZOWTIRHIBR LT, #E- T,
ARHFFETHWTZ A EAEL 740 (81.9%) Th -
77

3. T —XuLE

R LB ok T7, MHAERMEO TR X
DWTIELE (2004) DHHT FIEIZE SN T T T2,
FPHEMER OOV TIZ.O [FEF IS
IR & TEWL) O 5295 ) & @) O N
B L TEFICHZ] &2 TRW) &) 3B
EL. 3ERE (B, FE, BV ORZEHKOE
A (%) ZHHL TRV oFIG % MR (BRWY) ]
& LT, WICEGEEORD FIZONTIE, SaHliE
H Q73HE) L#HRERIFHETE D7 v 2E5H 217> T
MNTAREE 2 U2, # U Ol e SRR 25 Ml & I AR
BimEMEZFEH L TR L, KPP OEEOME)D
RRETOAECEREZE L THERICRAT L Z

&C, UGEEREEEEMN L,

B (2006) XSEEFRE 10 L EomE X TAN
), SULEOEBT HEk#E], £ LT, A (=
AT RA)OEBEIXISNEARE | THD LML TV D,

W, i N B B AREE R 2R T 5 - DI
5 BeE R 2 AW CEE LA R A A R T,

M. #FREER

1. BEARDFE

BEARDFHE, &0 DT REIC DN TIFRDOEY T
bote (1),

O HHNCHOWTIZELDOESIZIEEL 1 THo
7o @ FAEIZOWTIT 5 AR 15%. 6 LN
#185% ThoTe, @ REMGEHIZOWTIEHIH
B DI 85% . 2[EANRK 9 % TH o7,

2. il E ORI ]
(1) FHHEO Lk
FFREMMEEmE LT (F2), WEEOFELE
DEWERB X, 18) BiHG oM CHE (4. 10) ],
wIZ 112) MEGIBEZOK (X AR L
E) O%—Evx (4.04)), [7) #EGORRCH R
(4.02) | DIETH o7z, —H. i EOFEHE DK
WIHHX, [16) BSXOBRECRM (RX) - #E
(3.13)1 & T6) BELHO ML (FHXZTh\E)
(3.17)) Th-oTt=,
Z L CHR OB AT - T fE 9. 18) BiHih ot

K1 FEROKE

1) R D By 375( 50.7) ©® &1 359( 48.5) @ #E[E%E  6( 0.8)
2) FAE @ 54FE4 105( 14.2) ®@ 64FE4 625( 84.4) @ #EZ 10( 1.4)
3) H%EEE. © wiHT 633( 85.5) ® 2m|HBE  67( 9.1) @ A% 40( 5.4)
4) HgHEHE O 100m 168( 22.7) ® 80mH  64( 8.86) ® EiEpk 61( 8.2)

@ EEk 67( 9.1) G V7 rE—AE 74( 10.0)

® VU L—giE 300( 40.6) @ Mm% 6( 0.8)
YRRV @O P 353( 47.7) @ HeEPPE 157( 21.2)

® B 185( 25.0) @ HEmZ 45( 6.1)

6) ZIOBERE - BHAY
O EDHZEBFEXENS 219( 29.5) @ AT 32( 4.3)

© R OHERFEED =0 13(
® KARME E DGO 39(
@ Mm% 17(

1.8)
5.3)
2.3)

@ BHOFEOBSIZ L7-0ss 244( 33.0)
© F—LEBSCAEEZHE LT 176( 23.8)

) AR (& n=740) , KRBT (N, %)



# 2 PERI O g
157 2. EoREIN EE
5 =l n=375 n=359 n=734 Hil)E4

AV SD AV SD AV SD %
8) WIS D Jiiak<o [ E 4.18 0.86 4.02 0.89 4.10 0.88 3k
12) MWEIEROBHIE DK (N oM M) o —E X 4,13 0.99 3.95 1.09 4.04 1.04
7) HE G O H A 4.07 0.96 3.96 0.88 4.02 0.92
1) fEEDHE 4.04 0.86 3.90 0.88 3.97 0.87 =
4) KERTHICEIT 5 EN B S TORIE - #id 4.01 1.02 3.87 0.99 3.94 1.01
1) S (792/74-08) 1281 558 OxHG 3.96 1.02 3.79 0.95 3.88 0.99
17) REAXOLD HOE R 3.87 1.07 3.81 1.08 3.84 1.07
13) BN — LROF SR 3.85 0.93 3.78 0.93 3.82 0.93
10) REEPTICE T 2R B OXTIG 3.83 1.07 3.79 0.91 3.81 0.99
9) HELGICB T AR E DXL 3.80 1.04 3.78 0.93 3.79 0.99
15) BiEBRtkaT oMY (BRSO &) 3.86 1.07 3.70 1.06 3.78 1.07
14) BRI A~ —=F vy hOIFE 3.76 1.00 3.69 0.96 3.73 0.98
2) BEORE (NE - & - AFMA L) 3.68 1.09 3.46 1.04 3.57 1.07 k3
5) ﬁﬁ?ﬁ%(i)ﬁﬂi (FnnE) 3.62 1.08 3.52 1.09 3.57 1.09
3) EEICBIT MR/ NFEE L ORI 3.51 1.12 3.41 1.13 3.46 1.12
6) m&i;;—@ F L FHEeEhng) 3.54 1.23 2.77 1.15 3.17 1.25 sk sk %
16) BARoOBECrRME (RX) - EE 3.32 1.18 2.93 1.17 3.13 1.19 sk sk %
18) #B 172 5 A 3.96 0.95 3.90 0.90 3.93 0.93
) FEARL (n=734), AV SEIME SD:REUEMRZE, sk :p<0.05 sk sk :p<0.01 sk sk %k :p<0. 001

%)

A N2) EGSHEESGOK (XY bR B
NWVEE) oY —v A ) 15E&0EE] [11) 5%
(b7 v 7 /) 74— R)IZBITAREON S [15)

B PR OME  (RERCHET 2 &) ) 12) 15& 0
BHE (NE- & RFREML2 L)) 16) BifkHo b

AL FEREhNE) ] 116) FSKORESCRRH (R
&) - H#EE] OSHHAIAREENPROLN, T3T
THFOVEEN LA LV bmhoTz,

3. GRE—GEE (BRW) IEH LGS
BERRHM O EE 16, wWaEE (BW) 03
A) 1, 63.4% Tho7z (F3),
FHEHOMEE (BW) A5 &, 10%H1% 18)
BHGORECHE) 1) EE0OEZE] o 2HE,
60%F1E 112) MEEHGBESOK (v FR hL
%) oY—v R 7)) HEGOMERCHE) 14) K
KRATAIC Té.i%&%f@ﬁﬁ #E ] 11)
BES (bT w2 /) 74—V R) 1B AREOR
i) T10) HREERTIC Té%é®ﬁmj®5ﬁﬁ
%%mifm;ﬁ”ﬁ ié%é@ﬁmjnwna
HERLARTOME (FF0%IT7e &) ) 117) RE
R0 FREE ] [13) BESOL—ARHE %@J

IE H ONEFEIE 2RO SERE O E T 0 BAR WISt~

M4) BWHERZBT D~ =T 7 v hOFE)
2) wEHEORE (WA - & - BRFEIFfR L)) 06
HEH CTHoTz, T LTH0%AMIE [5) o ®
K=E (X)) 13) EEICHET DML
DA 16) B D b L (Foe&Ehns) ) 116)
SR OBRECRH (BEX)EE) O4HETH-
7o

4. UGEE

UGB 2R 5 PRt X2 oW T, AikicR Lz
oz, £F MR (B, & DRy o
BIGR A B & 2MZ Ly RIS RAR 2 & ST AR ER
ZEE S LI TUEEERS 2Rl L,
(1)%E$(Em)k@j%ﬁ®%%

O ORRA R T 57 2 B E 2 M4
ﬁfﬁék(.l)rn)% 2D T ROE
(0.4230) | Db m <. WIT M14) BHESIZBT D
~F = F oy hOfRE (0.3942)) 113) Hitks
DN— )LV EEHIA (0.3835) ) [15) BitBHAARHTO
E (RESCH AT &) (0.3756) 1 T10) FHEEFTIC
BT HRE DKL (0.3640) ) FED <,

MNTARET RO R (B 23 AR I



£33 BIBOEE BT O - B

e E DX Sy
LW 2,858 3 B PNIERER R Er  EE
HH % % %  MSARE WA WZEfE EREE 4% Ei=Ee 6%
16) 28.4  36.9 34.7  0.2940  47.86 28.39  21.72  50.65  0.44 9.56
17) 7.4 34.1 58.5  0.4230  66.50 50. 57 16.51  47.00  0.48 7.92
14) 6.5 38.0 55.5  0.3942  62.34 47.77 12.54  34.75  0.61 7.65
13) 4.1 38.1 57.8  0.3835  60.79 49. 92 10.79  44.60  0.50 5. 40
15) 9.6 30.9 59.5  0.3756  59.65 51. 50 9.77  53.81  0.40 3.91
10) 8.1 31.9 60.0  0.3640  57.98 51.97 8.22  58.86  0.35 2.88
9) 7.3 33.1 59.6  0.3487  55.77 51. 60 5.99  60.48  0.33 1.98
6) 32.0 28.5 39.5  0.2200  37.17 32.86  21.41  81.83  0.09 1.93
3) 15.5  40.0 44.5  0.2485  41.29 37.52 15.22  79.91  0.11 1.67
11) 6.4 30.4 63.2  0.3600  57.40 54.95 8.90 78.78  0.12 1.07
5) 13.6  36.6 49.7  0.2360  39.48 42. 37 13.00  99.05 -0.10  -1.30
2) 4.2 34.2 51.6  0.2428  40.46 44.14  11.20 103.43 -0.15  -1.68
7) 3.6 27.0 69.3  0.3462  55.40 60.64  11.93 108.08 -0.20  —-2.39
8) 2.7 24.3 73.0  0.3327  53.45 64.09  14.51 121.24 -0.35  —5.08
4) 7.2 25.5 67.3  0.2212  37.34 58. 77 15.40  169.72 -0.89 -13.71
12) 7.7 22.6 69.7  0.2387  39.87 61.01 14.96  177.61 -0.97 -14.51
1) 3.9 25.4 70.7  0.2207  37.27 61.94  17.45 178.16 -0.98 -17.10
St 57.9  0.3088
TR 7= 10.7 0. 0692
18) 3.2 33.4  63.4

E 1) A (n=740)

H2) HEZ, WEEREORE NGNS WIRIZIE~TZ,

1) EH&OE

2) BEEORE (NE - & - RFNRIZR L)

3) 1EEICRBIT DI/ NEAE L DA

4) KREFTAICI T 2 ESLEHRIS TOFMEE - iy
5) B OENRE (&)

6) BHLO AL (FHReEhnE)

7) HEG MM

8) I O i %o B

9) BB BT ABRE DRI

Hofll LTk, M17) REXOSD FOEE ] A
HIF b, ZOHEB OMIAREIL0.4230 THD
B T2 iR ZRIT 58. 5% T 10 Th -7z, Al b,
Z O BIIREEE OMRAE TN 4 5 D 5 HE AR K
THDHITHD BT FE TR 2R (GFM)
LI TNLHDT, %, WETRZHATHDL &
BEZohb,

FERIZ, [14) BB~ —=F 7y
FDOFEE) ) L T13) B0 — A REEFE)
OB L, MNARENENEI0.3942 (247) &
(0.3835) SfLEEWNEDIT ThHhomiTLE b,
R (BW) 1z 1247 (565.5%) & 1147

10) REFTICH T AR E OIS

1) B (1790/74-vE) 128 T 2B D%
12) EHSBESE DK (N oM WE) OF—E X
13) B SO/ — LRl HIH

14) BHERICBT A~ —=T 7 v hOfFE
15) BiEe BRI OME (RefECH T 72 &)

16) BASXOBRECRRH (BX) - EE

17) FRADLY T

18) FAIIRTAN

(57.8%) L WIHERVMIESITTHo7-, ZHbHD
HHLABROBETHDL EEZD,

—Ji. ) fwEEoEzE) & [4) KRtk
L ENLHEES TOMEE - #E ) OB IR, MILRE
NZNZEI0.2207 (16 A7) & 0.2212 (157) TH-o
e, WEE (BRW) 1L, Eheh 2ir (70.7%)
& 5AL (67.3%) Thotz, /NEAE BEHE) 1D
FL<FHM S NTZHA ORI TH-T-EEZXHND,
(2) BCEEREHK

B (2004) OFIEIZ L - T, F IR &
MNAREIRAEARH L TR L (K2), kit
EEREHEFEH L (K3), ERIE (F7X) O



%

80
1 *
8
70 P +
4* 12 ! 11
;.g 60 .% ,l.q
4 9 * *17
% 2’ 10 13 12
(% 50 5"
> 34
40 *5
16
30
0.2 0.25 0.3 0.35 0.4 0. 45
T RE

M1 fifeR (BVvy) SISZERE D BIGR

80
70
1 o8
6 * 412 o/
*
4 41
ge P15 17
Eﬁ 50 -~
7 N
= 5
fiE 40 .
3
6 *
30 *
16
20
20 30 40 50 60 70 80
MM FREIREE

X 2 i /& 2R AR & A 3L 2R BUR 7= 1B O BR

WEEREY

15
10 ]

: piath
1 Il I Il 1 I i 0 I I 1|:|1 N

0 = o I:I|:|
-5 2 3 @4 5 6 7 8 9 1011 |4 1314 1516 17

-10
-15
-20

&
X 3 S — B R R —

m

HENSKEETREXHEAETHY, 10HADNRD
bz, & (2006) ([2X D&, TEEREEMN 5.0
U bEoBAITESE, 10 LZA%ETHD ] 2
Enb, BIdETREEF IO N7, L
AL, gL LCT4EE, BN T16) B
2RACHASXOBRE RN (K &) -&# 5 (9.56) 1 117)
w00 HREE (7.92)) T14) BB

L= F v FOFEE (7.65)) 113) s
DNL—LLEEHIE (5.40) ] BNHITFONS, BB,
AR T SEERR BN 5.0 R0 6 THE X ESET
e LTh, HEUGEEA & U CEEE L O HGE
EITHRETHDH, BERMIIE 115) BEBHAARTO
e (RO &) (3.91) ) [10) REFNCE
T AREORL (2.88) ) 19) #MEGZICBIT HRE
ORI (1.98) ) 16) BEELG D M A L (Fe &
X) (1.93) ) 13) fEEHITHIT DMB/NFEE L O
(1.e7)y M) ®EEYS (hF7v 27 /74— R) IZ
BIFHREORS (1.07)) ThHd,

— . WEEOMENA (4T R) OHHEITK
BRETHD, BRI 7HEA, BB 15) Bk
BOFERE (Z0E) (-1.30)) 12) BwHoRF
(NFE - & - BFEMZ L) (-1.68)1 [7) #ELD
MR CHE (-2.39) ) 18) BiHSGOMRCHE (-
5.08) | T4) KR&miHIZHT 2 ENHES COPE-
FE (-13.71) 1 T12) #EGOHEGOK (R
FAR RVE) O —E R (-14.51)] T1) 15&DE
Z (-17.10) ] BdHiFoins,

V. F&b

AFEO BB, 5 24 BIRE/ AR ERE S
R DOFEHGEE (2 BT 2 e B - SGE A 2 /N AR G
H#H) 2@l LT r— FREND WL, &
% OBEHGE T 5 EL I T 52 L Tho
77

REELDDE UTOLIITRD,

(1) BiHsE = BT 2R EIZ OV T —fme® (B
V) OFREDS —

O HwERFHMEOREHE (BV) 13.63.4% Th -

77

@ FHEHOWER (BW) 122\ TiE, 50%

LLED 18) BiHGoiisgxCHE) 1) EE&o

ez M12) #MEGOHEESHOK (XY bR L

%) o —v 2 7)) HEGORKRCME] %

D 13HH ., 50%AA [6) B DOHEA=E (&

NE) ] 13) fEEICEBT AR/ NEA & DA

EDAHH THo T,

(2) BEHECEEIZET 2 WEEIZ OV T —BGEER
BOWRED G —

SCEERRS 10 UL E (Bldks®) OEBIL1HEA
HBO NIRRT, BEERES DL (E
) 1% 116) HEAXLHEXoRESCKH (RX)-
HE (9.56) ) [17) REROSLD HOEE (7.92) )
O ATER, EEIRE S R (MEdE) 1% [15)



Bt BRAARTOME (RSP AT 2 &) (3.91) 1 110)
REFTIZEB T 2R EOXRE (2.88)1 19) #EGIC
BIFHHREOXS (1.98) ) %D 6 HE NGO bl
oo —FH. WEEREOMEIEA (w1 R) OHHE
FHEBEBAETH- T, 1) BHEOHRE (-17.10)
12) MEGHEIG DK (N> bR ML) O —
E'Z (-14.51) | [4) REETHICHT D ENLEEY
TOMREE - #E (-13.71) 1 18) GOk H
H (-5.08)] &0 7THANRD LN,

DECY O iE=2

ARFZEIX. W) BARRE EFHEE S KRB SO
HIFZE (2008 4EJE) (2 & » THB Z b=k %Emk
RO—EBTHDL. 7 — FNREDEIZHT--> T,
B 2 SWTIRS /1 L T B S o e/ AR
FHea—FTOEIAEEHHT L EFH5RETH
%o Fio, Tor— AR EEA, BULL T
o7 (M) BAARR: EBHoEE SR EESOFE
JRDTTF 2D DT L B2 ETH D,

SE Xk

BRICRFELT - OHRRZS - B (2007) AE/NAERE B
BEHAZ TR 2 OB EE B D e - s
[ZOWT. B BB F AL B, 85 3 &, pp. 32—
38.

BICRHEAT - O - [EFE (2008) 4x[E/INERE b
BB ATR R TSI LT/ N A OB
BT DR - EEICHOWT (2D 2).
I TEACEL, B 4%, pp. 26-33.

BTERAEST - REFSEM - MR IEE - A - BEEE
HE (2008) WiHLiEE 2 BT 2 BiHaliBh B oo 2 -
O — H R e bR (N 35 4 K 2% 2008
I —. R BB 75 - 43 —48.

BORES (2004) TRTHRONET v r— T —4
DoHr. BURECFEAL.

BORES (2006) B < B < XfEFEOHTEE. Bl
BFAt.



ELHERRELE

55 5%, 38-43, 2009

(81) Bk EmicER
Vol.5,38-43,2009

Bulletin of Studies
in Athletics of JAAF

BT U o AT D8R O T E A
— bt A a— A — —fE EET R RS 2008 & HL I —

W) AR Bt st E R AR
BATORAEST « SRIBERS - hEHI - goAR—5h « HREZE

b bt RS OFHEE Db 0 A Rard D8
E LTI, BEHAD Ov—) Zaad e LT, Btk
HEZEHEIC B 2 B OROIHME . i AiEh
BAoxtiys, BiEa—F~oxti, & L TE%E
(7 VESOHBEEE L) ~OXMISENEETH D
b Tng,

WREOE R O B - SEEEEIZRET 5 1ThIE S L
TiE, 1) B 2888 Large (Flfg - K% -
MR, 2006 ; B[R - ik - FEEF, 2007b, 2008c ; i
fr - KB - M2 - A - BAlA, 2008a, 2008b), 2)
FEHREE A GBI B B) 20 & L7 whgE (BT -
Ry - M - BR, 2007a), =L C3) BAMHEA
AR L LI-mgE (Fifk - B9 - o2 - A - Bl
2008d) BHIFHND,

ARWFFED BEN, BENORHEEE, b
J TERNT T U AREROMNT KRR ) —
Y DFREER TG OENFITONT (LU, Btk
BT FTURALEET) ] O ERLUGEE 2 B 5 )
2352 ThD, BAEMICE TS a—R— 13—
B2 Biis R )IR 2008 (LLF, A —sX—[ | 2008
EWET) ) OBIEICT v — NREEIT- T, Bk
BT F T AT DR - JGEE A EBE(LT S
2L ThDH, TOMPIT, SBROBEEBEDOH Y )
ERRETT 2720 OEMEERNI R LB LD Th
Do AWFZEOMRIT, AR— VR FIRD D%
Vil /e (Customer Satisfaction) FHETH 5,

0. MRAE
1. HEEOHH

BReaT v A (W) L THRT D
YAREIDMENTT KA T V) — o DFEERFRR

BULDFENTT | ORI TH %,

2. PHENE

T o — PR EONFIC OV TIEB R S O
ZRBFICAN TG Lz, Bz, TR#E] ZAR
BEHERSITIIMLETH DL, A——f LIS E
LRV, EIT, A—N—[EEOT r— A
WL, 77U ZADFERPINE GERFRIT. FEiL,
FERRFRO 3K LT U AE XV RAIZY
N— MO TS (1 k) Ok Lz, %
LT, a2 RO 9HA (19) e
HIREN) Z&de) & L7z,

1) BEHBRAARTO R & Z A, 2) BT v 7 Btk
DFEFHRIT. 3) 74—V FEHOEFHEIT, 4 b
T B DEDR, 5) T 4 —v RELDFED, 6)
FRFEHR, D SRR 7 ) — o OGO
VTG, 8) BERZRE . 9) AR

Wit 2 FE OB T B SR 3 5 RIS 5 B REE &
L. BRI, 15 mdilie, 4 20000 e, 3 A
59 2 A RN, 1 AN & LT,

3. AL - BICIRIL - A AEEAEL

7 — FAAEIT A —X—[E | 2008 4 H (2008
9 H2H) ICEmBINT, 77— AR
XTI T T LAOPIZECIAENTEY | BBk
DAERNZTZAL TS 5o TEEN 10 # FriciRE S
NTWD TEIRA Yy 7 2 (E&Ea—F—) ) I
LTHH I FETHEIL L7z, ASHEHIL 20078 AT
bole, vl T MRIFEHIL 2642 TED I BT
A — MREZEORIHIL 765 (28.9%). AR
WG EASIL 720 T o T2,

4. FT—HXHLE
Tl B E EE DR O, BIBEEL £ 721365 8



EDOFHREEITONTIE, & (2004) DT IFIEICH
ST To T2, ETHEEMEE OFHMHIZDVTIE,
O IR i) & TR0 N 2 By, © T5D29)
o oEE), @ ToRiie] & e 2 TRY)

V) 3ERHICEMEL ., 3ERE (B, HiE, BV
DEIZEHROEE (%) ZHHL, TRV oFE
Z R (R &Lz, RICKEEORD S
oW, &iHMlEE ( 8XH) LHRAHIFHIE &
Dy v AER BT TR EZF T Lz, £ LT
it 2 SR AR 22 & SN AR ER A2 2 R L CRIR L
X DTE H OALE > B 288 F TO A ECIRREE JE
LCHERICRATD Z LT s EBER K2R L,
BGEERMORE S L ERIZOWTIE, & (2006)
XSGR RS 10 DL B H I Ik ®E, 5L ko
HAFEYE, LT, A (w4 R) OHEBIT®
BERETHD EHEHLTVD,

R EIZBT 5 2R AR T 572012, 5
BERE R % O CR BB O LSO 0 ir &2 38 2 72
9 &HRIT, AR D BINEE 2 DI 143 R~ D
BHBRET LT,

M. FREEE

1. BEARDFRE

FEARDRMEITIFR 1 OB Thoto, £TMRITIE
BPEDNB57.8%., MDY 40.8% THo7-, F L TH
AR TIE 10 FR23 34. 8%, 20 i~ 30 X723 25.9%.,
40 &~ 50 123 30.5%.60 fRLL EN 8. 2% CTH - 7=,

2 . TR EE DA
(1) “FHED g

K1 BEARORHE

TATH T — B (% )

1. mIEE D Ke&B - BEE 161 ( 22.4)
2) —RBlE 553 ( 76.8)

3) MEmIE 6 ( 0.8

2. VERI D Bk 416 ( 57.8)
2) 2k 294 ( 40.8)

3) ME[E]% 10 ( 1.4)

3. AR 1) 10f% 251 ( 34.8)
2) 20f% 97 ( 13.5)

3) 301% 89 ( 12.4)

4) 401% 149 ( 20.6)

5) 501 71 ( 9.9)

6) 601% 49 ( 6.8)

7) T0RELL L 10 ( 1.4)

8) fHE[EIZ 4 ( 0.6)

4. BHEZEER D D 418 ( 58.0)
2) 72 274 ( 38.1)

3) MERIE 28 ( 3.9)

5. fBHREE 1) ¥HT 182 ( 25.3)
2) 10[m]Aws 295 ( 41.0)

3) 1084 _E30[AIATG 109 ( 15.1)

4) 30[EI2L | 132 ( 18.3)

5) MEmEIZE 2 (0.3

1) A% (2 n=720)

FTFREMMEEmE LT (R2), MEEDOEN-
ZHEA (200 1%, 12) b7 v 7 B oRFH
I (3.90) 1 13) 7 4 — /b Rt OBETFHAIT (3. 86) |
Thole, —J, WEREDKN-T-HA (N2

32 RO EIE L
1. B¢ 2. ik ER N SR
H A n=416 n=294 n=710 R Lk
AV SD AV SD AV SD i

1) BEEBRLARTO R E Z A7 3.79 0.90 3.69 0.93 3.75 0.91
2) b7 v U BB ORTREN 3.93 0.92 3.85 0.94 3.90 0.93
3) 74—/ REHOBRTHEI 3.90 0.91 3.80 0.96 3.86 0.93
4) N7 v I BEOENR 3.76 0.89 3.76 0.95 3.76 0.91
5) 7 4 — /v KB FEM 3.73 0.95 3.74 0.97 3.73 0.96
6) FEERHE 3.82 0.89 3.78 0.94 3.80 0.91
) BJRNKRFIR 7 ) — o Ot DN I 3.82 0.90 3.81 0.99 3.82 0.94
8) HESBAEE 3.70 0.98  3.68 1.02 3.69 0.99
9) HBARIRHE 3.88 0.8l 3.85 0.91 3.86 0.85

) AVPEME SDARYEMRZE



&3 (ARt O AT

H H K1 K72 K73 Hom it
1) BiEBRMGETO B E Z AR . 407 . 466 . 424 . 562
2) b7 v BEOBERTRN .316 . 839 . 304 . 896
3) 74— RE ORTHE . 370 794 . 294 . 854
4) N7 v HEBEORER . 790 . 376 . 317 . 865
5) 74—V KRB 5N . 785 . 344 . 337 . 848
6) FERIER . 534 .330 . 460 . 605
) BNKILR 7 ) — 2 OSLFRRMAGE O 5 . 243 . 289 777 . 745
8) HROLEE . 346 . 233 . 635 577
K 1E i 80> 2 FeFn 2.105 2.058 1.789 5.952
AT DHEGHE (%) 26.316  25.720  22.365
BHEEFHER (%) 26.316  52.037  74.402
) EAEL (n=720)
F4  NAEE O g
1K % 2 K+ % 3K+
B S ) BEFR FRBE R Tk
(TA7h « 7™ =) NE& AV SD AV SD AV SD
1 Bk 416
1. M Bl 2) otk 294
HEERE
1 10f% 251 0.166 0.933 0.182 0.930 0.247 0.841
2. £ 2) 20ft~30f% 186 -0.017 0.960 -0.100 0.953 -0.110 0.841
3) 40ftLL k 279 -0.132 0.807 -0.092 0.858 -0.149 0.781
HEEME *sksk 1>2,3 kkk 1>2,3 kkk 1>2,3
) &5 418 0.062 0.912 0.117 0.946 0.051 0.838
3. B [ 2) 2w 274 -0.114 0.882 -0.198 0.860 -0.102 0.819
BERE % % %k *
1) g1 T 182 -0.106 1.000
4. BEEE | 2) 10[ERHEG 295 -0.044 0.873
3) 10[=LL E 241 0.133 0.901
BERE ko 3>1,2
1) & (n=720) AV : XM, SD : BEHE(EZE sk p<0.05 kk : p<0.01 3k 3k :p<0.001

E2) D (kb)) @O FHITTRZEINTH D,

fr) 1, 18) HEEHR T (3.69)) 15) 74—/ R
B OFEW (3.73) ) Tholz, T L THRIDFE
EIER AT S TofERIT. BRICHERENRD LI
2oz,

(2) W13

[1] HFoN DR R & Z DR

720 4 DT —Z b 8B IZHOWTIKFoMr (=
KTk, N~y 7 RE) BiTo7/R (£3),
fRFRATRENEDN D 3R T2 i U7z, K Afr &R
0.500 LA EOIHBIC T & 5lWz, BEEFLHRIX
74.4% Th o7, 8HH DOIEHMFLEE (Cronbach

D a i) 1%0.9270 T.KMO (Kaiser-Meyer—0Olkin)
DIEAZ S PEDOWELL 0. 892 THh o712, KK+ Dfif
FIFKD L H1CE 2T,

B 1RAIRDLIHEBIL, M7y 7R T 1+ —
U RBEE DR EFRRE D DT, TR &mb
Sz, B2RFIEDLLIEBIZOWTIE, T v
IR T 4 — v R ORTHEN LIRS ND D
T, E&FEHI b I, BIRTFITEDD
HEZ, KR Y=o Oxomg, £ L TH
RDNFEE &V H BRI ICE T 5 ik LIRS
H0OT, TR FE] Las ST,



ZoEHiz, Ao THW LB E, 5
Bl DERFE) THRIERFE] PRI TS
ZEDRHAENT 0T,

[2] KTF5EOFEEIED b

MRS OER (747 L) Zatgse L, W1
BEEBRERE LTt —RESRF —REZ2ITo7-
FER (F4), BREBERBRIZ, 3K XTI
HEENBOLN, E0biF M08 & THEHER
B OFNEN T, —F, HROEWTITA
BENRD LIRS T,

3. TEE—EE (BW) ICEB LA —

BAEMFHI O EE (B1H, WEE (B 03
) &, 66.4% Tho7 (K1),

HBIEE O ER (BW) A5 &, 60%HI1EL [2)
N7y 7B OEFRFI 65.3% )] 13) 74 —b
Rt O FHEI 63.6% )1 [7) Hw KA R 7
U — 2 DT DN (62.6%) 1 D 3ITHHE,
50% 1T T6) fEFFEFR (59.2%) 1 1) BiHiBHAbl
DREZ AR (67.9%) ) 15) 7 4 —/b RFEH o
FEL (57.9%) 1 18) BERHRE (54.7%) ) D4
HHTH-T,

4. EE
WEE AR D B PR X I2oOWTIE., BRI R L=
o, F9 MR (BW)) & RNSifgREk] o

BAfRZ B &M L, RIS IR 2l & MR E R
ZEE S LI [UEERE 2R L,

(1) Wi (BV) EMNIIRE OB
MSTAREIT RO R (B 23 AR I
HELTIE, ) b7y 7HBEOER) 2L LT
biIfonzd (K2), ZOHEBOMSAREILHE 147
Thol=m, maEFE (B\W) IESMTH-o7-, A
b, ZOBEBITHEST T U AORATHE &
LZEBERERNTH DL D 5T, AAAIZEN
WER GHE) L78->TWnaDT, 4%, hET~
XHATHD LB XD,

(2) BCEEEEHK

B (2004) OFIEIZE - T, FPmERFAMEE
MAARBRAMEZEH L TRRL (K3), Wizt
BEREEREH L (X4), EBIE (X7 X) O
HAMN, SBREETRZHATHY, BKMICIX
65) 7 ¢ —/V RigiEe D FEPL (9.51) ) 14) M7 v 75
o FEW (8.76)) 1) BitkBHLARTD /L & Z AT
(7.10)] 18) HELHEE (0.11)) Tholz, &
ZAT, B (2006) 2k DL, TLEEREN 5.0
U bEOBAITESE, 10 EIT%E] THDH

%
100 [
90
) 80 653 636 66.4
fiti 70 | 579 589 579 59.2
% 60
o5 |
g@ 40
30 |
T 20|
10
0
1 2 3 4 5 & 1 8 9
B H
X1 e e (BRv) -
70
66
*,
7 .
& 4 3
2 62
$
% *e | 4
~ 58 e
1 5
8
*
54
50
0.4 0.45 0.5 0.55 0.6 0.65
JRITIREL
X2 e (BV) SR ORfFR
80
70
., ;
b °
£ 60 .
R 1
g
g 0 6 .
o¢®
1
40
8
30
20
20 30 40 50 60 70 80
M REIREE

X3 il SR A & IRST AR IR 22 M oD BA LR

EnD, FTHIETREIEBIZOWTIEIRD LI
oty LU ESEEDOHEB & LTXls) 7 40—



WEEEH

-13.8
i H

M4 eEE -SeEEE-
b REEE DM (9.51)) T4) N7 v 7 B0 %N
(8.76) 1 1) Wi BHIAATI O KL & Z A (7.10) |
DbIT oD, 72, BCEEERED 5.0 KlO5E
IFELETRNE LTCH, HEUEEA & LGB L
TR T I AEITHIRETHA I,

— ., WEEREOMENE (AT R) OHEAX
WEAETHY , BRI 17) {7 Y —
Y OLFROMAG O (-13.80)) 12) R v
BEELDORTAAI (-7.14) ) 13) 7 4 — )L @i ok
FHEA (-1.59) ) T6) FEFFEFE (-0.22)) D 4 HH
ThHo7T,

5. 3EFLESEHA - SGEAREIEHE ORf%
SRFLET NEHE (WEEEROEN T Z
) OERE D E (3F65) .5 1K+ (320) 1% 15)
74—V KRB OFER (9.51) & [4) T v 7 E
B3N (8.76) ) Lfab o Tz, RERIC, thE
AEOHEE (EEERROEN~A T ) 12201 T
KD & 2R GRFMHRM) X2HA (12) FT v
7 B OBRTREN (7.14) ) [3) 7 4 —)v Ko
BRI (-1.59) 1 L, FHIRT (FFERETE) IX
THA (7)) HFANKIA TV — o O LT Off
W (-13.80) 1 ) R o T,

bz e, H1KTF (FEH) IR SHIEE
IZONWTIISEEZR L HHT, —F, FH2KT (&
FRRI) TBRROFETEEHEBED TN ZENT
TpHLHMREIND,

V. F&&b

AROBMIE, BENOATLHEST U A
B3 2 e - BEA KT 2L Thote,
WD 2[ITEELEDBND,

(1) ARG O EEIL, 66.4% Th-oTz,
(2) BT T U AOUGERE T, WEERK 10

K5 BHEEET T ADN R - UGB
il S8 B D X 4y
H H 1EEN 2 3758 30 BV JRNE RNAARE R BIE EE KT
% % % 73 WM WM FEEE A Bk B &5
1) 6.4 35.7 57.9 0.5425 54.63 43.59 7.91 9.16 0.898 .10
2) 6.1 28.6 65.3 0.5264 51.46 66.08 16.15 129.81 —0.442 -7.14 2
3) 6.7 29.7 63.6 0.5565 57.38 60.91 13.17 100.92 -0.121 -1.59 2
4) 6.0 35. 1 58.9 0.5838 62.76 46.63 13.20 30.21 0.664 8.76 1
5) 8.2 33.9 57.9 0.5592 57.91 43.59 10.18 5.98 0.934 9.51 1
6) 5.1 35.7 59.2 0.5040 47.05 47.54 3.84 95.17 -0.057 -0.22 1
7) 7.6 29.7 62.6 0.4411 34.67 57.87 17.23 162.12 -0.801 -13.80 3
8) 9.9 35. 4 54.7 0.4383 34.11 33.86 22.65 89.55 0.005 0.11 3
SERIE 60.0 0.5190
FEE(R 22 3.3 0.0508
9) 4.3 29.3 66. 4
H1) 2K (n=720)
H2) EEREED (50 (FBdGE) | OHBIZTREZSIWTH D,
E3) FTHFEFICONTIE, £3ERL4EBZROZ L,
Ht4) A

1) BiEeBRtAET O R & Z AR
2) N7 v U HEORTHEN
3) 74—V KB ORBETREIT
4) T v EEOFER

6)
7

il RIER

5) 74— REiHOEN

8) HHRMRE
9) #E IR

BNKEA 7 ) =2 DILFR
BeAR DT



P EORSESTREHEB IR bR o, WE
FEFER 5 UL oo Bk [5) 7 ¢ — L N D E
PLo(9.51) ) o 3WEN, B RRES. 0 KD
BYCEHEE L 18) HR0RE (0.11)) o 1HH
BB LN, —F, WEEREOENA (w17
) OHEBIXKEARECTH- T, [7) FRKHA AR S
U — 2 OGO (-13.80) ] ZD 4 1H
B2RD T,

-5 OFE R, B 7 v o 2D FEBERIR -
WX, T30 NEFHE) THEIEREFE O
MO SN TWD Z LR LN s T, 21D
CUCEERBOBGR TR D &, SHBRORITBIT S
MY ATV LI RERRgE A2 TEFREIT) 1ITo0
TIIAHERF RIS THIST 2 R&ETH A,

BEE

AfEiE., M) BARRE EFHERFEEEZE SO
FHAHFFE (2008) (2K - THB b FFER D
—HTH Y, BARRE FFEEOER G EE L B S
MR L A X N T LB T—va UiHE
=] (BRRAZ DT AiEgEE, 2008 4210 H 25 H~
26 H) ORKRERHIMEEELZbDOTHD, (B
PRHEAT « FRSREERR - T SN - K —5L - HEZL (2008)
BIENDO RIS T T U AOWMEE - EEIC
ONT (D 2) —&A a—2—r—fE LIS
2008 JI[Igf 2 Hreaic—)

HiEF

RETHLND. T o r— MHEDFEIZHT--> T,
B2 SWTIRS A L T B E o BB DE S A
WCELSEHBP L EFA2RETHDL, £, T o —
MRAEAE A AR, B, T2 AL TLEE»
72 BRIA AR = 0 F5 2 10Lh BRGHHR L B
LIRFETHD,

SEXH

FIERHEST - REPSL - PR IEMS (2006) HAT CIZ
B IR O E 2T AR E - SGEEIC
DOWTC. [ R EESE 67 ¢ 45-49.

BRIORHEAT « REPSE A - thRRIEM - BAMEERE (2007a)
AR EREE SICBT DR E - SGEEIZ O
T. P RIS 69 @ 38-41.

BRIORFEAT « (FIRZS - [ ErE (2007b) A[E/INFAFE
I AR R = OB HGE BT D e B -

FEIZOWT. [ R EARE 3 ¢ 32-38.

BIERFEST - REFSLM - MR IER - A - B EE
1 (2008a) 4 A AZLARE EFEF v oAy
T OB EE BT DR - SEEIC OV T—

2006 4F & 2007 FEDO R E N —. B EBHE
%273 1 34-39,
Pl PRAEST « REPE W « PR IEMR - A - BAM

FEE (2008b) H A=A e b wib(E G TR
OFEEES 1T T DR - EEICONT —
2008 FE D KA Jiaic —. [ Bisiige 74 - 47—
54.

Bl CRHEAT - CFIRZE - [ EPE (2008c) 4[N AE
AR RSB U T/ N AE B E E O i HoE
KT DR WEEIZONWT (FD2).
B iR IeACEE 4 1 26-33.

BRIORHEAT « REPSR M - #hRIEM - A - B e
I (2008d) BEBE & 12 BE4 2 Bk Al Bh B oo & L -
O — HOAR AR e R (NG5 TR K 4% 2008
ZHiz —. R EBEEARSE 75 ¢ 43-48.

B ORES (2004) TRTHROMNDLT Vir— KT —4
DI, BIAREF AL

HORAS (2006) H< b < MEFEHTEE. B
oAt



HoRRER 2T B0 E 5 84 (2009)
e Fwidl O ERVEY AR — MFZE REPORT2008



FF X

BEZE AL, EEOBRESICBIT DA A A =7 AEREHMZ, R4V 8y 7 xR~
DY R—KrE LT L—F =D RRCET L R—F (BEWR), SHEO~ 7 Y OB B
W, BHEEOHNTF 2y, T4y bR AT (KT AR), == FICBT AP
YR —b, arT o va=r Y R— b, RKEVR— NEOERZ- YR — MNEE 2 T o7, 72,
FHE R E W L CONTC SEEBITRALILE (B h L —=27) OOl Y 2 MERK, #IELZESO
FUHLAPHAE LT JISS VR — MFER E2IT72o72. &5, JISS O 124 T, MmibEES & IHKFT
[r =7 NEHBERFOATEN) « XA F A D=7 A OEH] 0P =7 F o AX— h S8R,
BRIREREDTSNOOH 5.

WEEE DN DI bt Z Bk a2 —F LR P ZESRROSE L S O ITHBIICERE L, #
FERMOINERS T 4 — Ry 7 OFIER EICHOWTE LAV, BHEREINHESL SN, Zid, A%
BEOWEN—F L Z7OBRGTARATHD LRO LN L2 RT 0, EBAEEHE, BEMLE
BEZEIUOETHEBED THE DM EICIRFEEERT L2 ZERRARTHDS ) &) HETZS
BEHEEHEP RS TEIAFRRRZ L ThoTe, A%, RIS ORHERI 2 B AR S S D &
HrEsh s,

F77, PR LR EE E 2007 o5 sCfE £ 8 42 [EBEFEE O New Studies in Athletics (NSA)
~HEL, 20965 1), 6), 7) IINSAD2.08 (BE234&27%5) (2, 3) 1£3.08 (FF23&E35) |
gl S lz. 7RV OMETRSCHIER NSA IS TETH D.

1) Mid-phase sprinting movements of Tyson Gay and Asafa Powell in the 100-m race during
the 2007 TAAF World Championships in Athletics

2) Analysis of speed patterns in 100-m sprints

3) Biomechanical analysis of the world’ s top distance runners of the 10,000 m final in the
Osaka 2007 11th IAAF World Championships in Athletics

4) Biomechanical analysis of the men’ s and women’ s long jump at the 11th TAAF World
Championships in Athletics, OSAKA 2007: A brief report

5) Run-up Velocity in the Men’ s and Women’ s Triple Jump at the 2007 World Championships
in Athletics

6) Biomechanical analysis of the top three male high jumpers at the 2007 World
Championships in Athletics

7) A biomechanical analysis of the men’s shot put finalists in the Osaka Athletics World
Championship 2007 —An overview of finalists and comparisons of top three putters

8) Biomechanical analysis of elite javelin throwing technique at the 2007 TAAF World
Championships in Athletics

Rl i o 1o, FHEERROEBICS R T & W I T B AT D LRI 5%
BT

FYERREAR

SRy a6

200946 H



(1N
2
2 H
FrH M
A L
(7 S|
FHAF BB
g =
FEA K
il e
B
S /N
A HEE
BE#
wo BB
JR)NHEAER
SRV R
Em R
iy S
WA 1
(IEE
FRE R
AN/ Pva

SRR 20 4ERE

B RESA L S

PR AR A RFR

ENZAR—Y Bt o 2 —

SHEANFHE PR

() et A A — > IR B SE R T A RN — Y B v 2 —
HURDECE R HOE I E F

BEVL R KA R

LB RS R B 7R

PNUTS PG

F AR O i v & — R

PNAREHASAE PR AR—Y &=a— btV var - IR
[EN AR =Y Rt 2 —

ENL AR =Y Bt s 2 —

R E R A E T

FURR B R AR — Y BRI AR — > B
AAGKE RS - ERILETTE=

AL SRR E B S LA S R R 2 R —> = — 2
RS R BE 7B

BREAR YR 57—

BREFRY hEies ()

MER i K5 A R — 7 (R R

FHRERR AL BERREATFE A N — > R

HARE e A R — B s

PR FREE 5 —



HAESER R B EWmE 8 8% (2009)
Fie b Siik O ERSE R — MFFE REPORT2008  H K

2008 4554 100m, 110m /~— R/LIB KV 100m /~N— RAAD L—RAG M7« o 0 v v v e v e 50
BRI, IRIFERRR, MG, 2 miEm

H A 400m /~n— RALBTED L— ZSH — LA + o o o o o v o o e o e e e e 63
ARICORIR, Uik —2Z, AL, LHEEW, FHLHER

BYFTaFAF—A 4X10m U L—DNR_AFRAT=7 AP R—Ffh o« o o o 67
JEJBERHES, R, #ZHIER

2008 4F Z5 29 ME AV By 7 REICHEG LT
wr A H H;jgfﬁggﬁnga):z;/§f4»3/53;;;/5f¢:«)b\7: ................ 71
FARERK, ool ., @ANEE, /NRIBIA, SF3CH, $aREESL, BE

A Tl ARSI P I T DB H SRR » » « ¢ e e e e e e e e e 84
ESTHE

IEFV B I BF~T I L— RO BEEREE O « ¢ o ¢ 0 o o e e e e e e e 36
1 I RS

ARV EORTEIMECB T 2EARA Ny 7R FLEMHA Ny T LB F LD -+« -89
NG, mERERE, /MK W, BREZEH

New Studies in Athletics ~DEREH X

Mid-phase sprinting movements of Tyson Gay and Asafa Powell in the 100-m race
during the 2007 TAAF World Championships in Athletics =« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o & 93
Akira Ito, Koji Fukuda, and Kota Kijima

Analysis of speed patterns in 100—m Sprints =« ¢ ¢ ¢ ¢ o o o o o o o o o o o o o . 97
Akifumi Matsuo, Hiroyasu Tsuchie, Tosho Yanagiya Ryutaro Hirokawa,
Masaaki Sugita, and Michiyoshi Ae

Biomechanical analysis of the world s top distance runners of the 10, 000m final
in the Osaka 2007 11th IAAF World Championships in Athletics s « « « « « « - - 102
Yasushi Enomoto, Hirosuke Kadono, Yuta Suzuki, Tetsu Chiba, and Keiji Koyama



Biomechanical analysis of the men’ s and women’ s long jump
at the 11th IAAF World Championships in Athletics, OSAKA 2007: A brief report 107
Hiroyuki Koyama, Michiyoshi Ae, Yuya Muraki, Aya Yoshihara,
and Kazuhito Shibayama

Run—-up Velocity in the Men’ s and Women' s Triple Jump
at the 2007 IAAF World Championships in Athletics in Osaka ® <« <« <« < ¢ ¢ ¢ ¢ « 119
Yuya Muraki, Hiroyuki Koyama, Michiyoshi Ae, Kazuhito Shibayama,
and Aya Yoshihara

Challenge in the men’ s high jump:A brief report on biomechanical analysis
of the techniques for top three men high jumpers
in the TAAF World Championships in Athletics, Osaka 2007 « =« « « <« ¢ ¢ ¢ ¢ ¢ =« 125
Michiyoshi Ae, Ryu Nagahara, Yuji Ohshima, Hiroyuki Koyama, Megumi Takamoto,
and Kazuhito Shibayama

A biomechanical analysis of the men’s shot put
at the 2007 World Championships in Athletics s =« « ¢ ¢ o o o o o o o o o o o & 132
Keigo Ohyama Byun, Hiroaki Fujii, Masatoshi Murakami, Toshinori Endo,

Hisashi Takesako, Koki Gomi, and Kenji Tauchi

Biomechanical analysis of elite javelin throwing technique
at the 2007 IAAF World Championships in Athletics = « « « « ¢ « ¢ ¢ ¢ ¢ ¢ ¢ & 143
Kenji Tauchi, Masatoshi Murakami, Toshinori Endo, Hisashi Takesako,
and Koki Gomi



ELHERRELE

() BARLHRER
%5 5%, 50-62, 2009

Bulletin of Studies
in Athletics of JAAF

Vol.5,50-62,2009

2008 -5 22 100m, 110m /~»— RV LT 100m /~— RV D L— 25547

wREe Y, misEam Y, messnY, wmEmR Y

1) ENAR=YRZEE L Z—,

FL&IZ

MIFEED L — 2 TIE, L—AHF DR RAE—FR
OBEEMENFEH SN TS (L5, 1995, 2
D, 2008). AEE LI EHE, ENOFERKRES
T 100m 3B £ OV 100m ~~— K/v (100H) & 110m /~—
/L (110H) iZBW T L —H—FH KD A v — FHIE
EBEICTHB LAY — RELL D L— 25 &
1To7-. 4 AfHTE, b HRKRZZ 7Y, 6 4
HARFME, 7 AMEERLES, AV By 7k TH#D
9 H A—/X—[ RT3 1F 5 H 2 100m & 100H 3 LY
L110H @ L — A S S DN THET 5.

A E

2 — FOFHENICIT L — Y — R E 5
(LDM300C—Sport; JENOPTIK #E:84) % 2 ~4 5% HW
7oo A= DOBREFDOT T KL~ LEITAH
> RIZT, Zo¥EEE ZICHERY ()T, o=
THDHNIT A VT 4 T LR N SRFEOEEID
A2 — REFHAILZ. L—W—EIC X A EREEOHIE
DREEZTER LT, =X A L& FH-FEEED R
REFMALT, AX— 05 10m 2 &IZi@iE & A L
ZEH L (BRED, 2008). /~— RBE T,
WERAIN— RV Bz LM ERE L. 2o
720, By TFHXTEALERIRD.

R

MEFE, KKZ7Z7o7V, BARRTHE, mMi
Fla, A—/N—E BB D H & 100m B8 L ONE 1
110m/~— R/ &1 100m /N— R /LD T — )V X A A,
RRAE— R, KA — FHBLXH, Av— NiE
g (ONn— KL ZERLS), 1omZ &b L EAA—F
MIBEZEDT v THA L, A=K, KRKAE—

2) WK, 3) NERHEKRZE, 4) —EHRF

RICRT DR EZFK 1 — 11ITR L. TEERE
NHOTRETIHEIT—NE A LDIREE LTz, TiEE
WERH LA, RADBEIZT VY REpRT
FiA, B AR L7,

B4 100m

BHRLAICBO TS + IR ES®R T T
T10. 178, T CiImeE THREN RS A Flk
D136 MEFEE L. K1iIZiE, BFoAE—F
fife, X213k oA — Rihfz R L, 58
BTFORKAE— R, 11.35m/s TH Y, HIHK
B1X 60-70m T > 7=. MLOETE 50m LA T
X TWedoleh, FFEERFILIHICMEL TW
720 L L7eR D, Z0AE— RiZAH AT
DFED10. 14D & XD 11.55n/s £V % 0. 31m/
SIRVMETH - 72, TilREBEER AR LIRICAE—
REHEELIZOTHAI M, HRKAE— RBENO
TA—/LHIOAE— RBELTH 10. 1 HOREEk
Tholz. LTI, WMERFENHARY A skl
72, 20m— 40m D A E— RMORTF LV & &V VE
MBS, HRKAE— KX, 10.00m/s Tho7z.

KWK 7T T VIR E W) BERETH 127120,
FLERICIZ B L bIEFIThH o 72, 312X, &
DT T T IR E ) T T YIRBETO A
H— NI CAHAT- A — (LB LN e
DT THEA LDEERLIZ. 7707 T, K
BHEERTN AT — ST SNz ERF B R T
IZT—= LV TBWOXRZ A L THoTZN, HAET?2
fir (HARNLAD) E7po7z.

HABERTHE CIXB I REEETN 10. 31
Tlfrseot. BRAE— FIZ11.20m/s Th o
oo AX— IO OERECRIZAY— RELET ¥
THALEEZK IR LT, A — FBIX, HR
T & RRHMECRES S TN T L722s, hoEFL Y



F£1. EAZETHRULEZEA100mAEY—K (n/s), Ty 7 XA (S) L RKRAE—FRE (%)
FRFIA—NVE A AEE LTz, BPADKRO HE T T&E, FIIEFRB, AE—RNZ1I0mI DT v 7 XA L0000
XA E— R, KA E— FHELXEIX, fitkD T v 72 A LOFLARA N TRLUTEZ,

B SR mE |5 = oo RRRE—F
BF S9UF RE|d—LEML RRKRE—K LR
# m/s m 10 20 30 40 50 60 70 80 90 I—JL
B[R HA HE 06 10.17 11.35 65 time(s) 192 296 391 483 572 661 749 837 926 1017
speed(m/s) 522 955 1051 1094 1119 1131 1135 1134 1120 11.00
% max 460 842 926 964 986 996 1000 999 987 970
BEELFI27 10.20 11.34 65 itime(s) 193 298 394 485 574 662 750 839 929 1020
speed(m/s) 518 950 1048 1096 11.21 11.34 11.34 1128 11.16 1094
% max 457 837 924 967 989 1000 1000 994 984 964
BF L HE 08 10.29 11.16 55 time(s) 193 298 392 484 574 663 754 845 936  10.29
speed(m/s) 517 956 1057 1095 11.11 1116 1107 1096 1095 10.78
% max 464 857 947 982 996 1000 992 983 981 967
BE —BEF126 10.36 11.07 55 time(s) 189 295 391 483 574 664 755 847 940 10.36
speed(m/s) 529 940 1039 1089 1106 1107 1102 1087 1069 1045
% max 478 850 939 984 999 1000 996 982 966 944
AFEAER FI 2.4 10.36 11.04 55 time(s) 192 297 393 485 576 666 757 849 942 10.36
speed(m/s) 522 951 1042 1080 11.04 1104 1103 1092 1075 10.60
% max 473 861 943 97.8 999 1000 998 989 974  96.0
AT —EFl24 10.39 11.15 55 time(s) 193 301 398 491 582 671 761 853 945 1039
speed(m/s) 518  9.28 1027 1074 1105 1115 1110 1095 1085 10.63
% max 465 833 921 963 991 1000 996 983 973 954
A+ EAER HE 2.0 10.50 10.91 45 time(s) 190 296 392 484 575 668 761 856 952 1050
speed(m/s) 526 947 1042 1086 1091 1081 1072 1058 10.38 10.21
% max 482 868 955 995 1000 991 982 970 951 936
ER # HE 20 10.63 10.80 55 time(s) 196 305 403 497 590 683 775 869 963 1063
speed(m/s) 511 914 1019 1061 10.80 1080 1077 10.69 10.63 10.01
% max 473 846 944 982 1000 100.0 997 990 984 927

£2., MHATATHRLEZLF100mAEY—K (n/s), Zv 7 XA (S) LERKRAE—FE (%)
FoRFT— N H A LEE Uiz, #TLOROHE X T, FLIFRE, AC—RI1I0mIEtDT v 724 L0040
RS A B — R, ERAE— FEBXBEIZ, §ig0T v 7% A4 AOHLEAS v F TR LTz,

R N o BRRE—R
BF SYUUF RAE |T—ILEAML BRAE—K Ay
/) m/s m 10 20 30 40 50 60 70 80  90I—)L
BE FEF17 11.36 10.00 45 time(s) 204 316 421 522 622 722 823 924 1028 11.36
speed(m/s) 491 886 960 990 1000 996 994 981 962 929
% max 491 886 960 990 1000 996 994 981 962 929
JLR % HE 1.3 11.51 9.92 45 ttime(s) 201 315 420 521 622 723 826 932 1039 11.51
speed(m/s) 497 874 958 984 992 991 971 949 927 897
% max
B8 FEHEO7 11.53 9.77 55 time(s)
speed(m/!
% max
BEiE BAF F11.3 11.56 9.88 55 time(s)
speed(m/s)
% max
AHEBFHEOT 11.73 9.60 55 time(s)
speed(m/s) 495 862 926 951 957 960 953 936 917 891
% max 515 898 964 990 996 1000 993 975 955 9238
BB AR5 11.78 9.67 55 time(s) 212 330 438 543 647 750 854 960 1068 11.78
speed(m/s) 471 847 924 954 964 967 963 945 926  9.09
% max 487 876 955 986 997 1000 995 977 957 939
A i HE 13 11.78 9.67 45 time(s) 210 327 435 539 642 746 851 958 1067 1178
speed(m/s) 476 853 930 960 967 966 954 936 9.16 899
% max 492 882 962 992 1000 998 987 968 947 930
&% 4 HE 0.2 11.79 953 45 time(s) 200 318 427 533 638 743 850 958 10.68 11.79
speed(m/s)  4.99 848 923 941 953 949 938 927 910 897
% max 524 889 968 987 1000 995 984 972 954 941
18 BAF HE 0.2 11.84 9.60 65 time(s) 216 336 445 550 655 759 863 968 1075 11.84
speed(m/s) 462 838 918 949 956 959 960 952 936 9.7
% max 482 873 956 989 996 1000 1000 992 976 955
RAE EHF FI15 11.94 9.57 45 time(s) 210 330 439 544 649 754 861 970 1081 1194
speed(m/s) 475 838 916 948 957 948 935 921 902 884
% max 497 876 958 991 1000 99.1 978 963 943 924




#3. KIRZI7 7Y TEHALTEF 100 mAE—F (n/s)., v XA L6 LigkA— Rk %)
FRITT— N Z A LNEE L2, BEADOROFLIE, 7707V, B/ v 7707, A—=KI10mI DT v
THA LD S EODTEKEPESAE— R, g KA E— FHEXMIZ, fifEOT7 v 7 XA LOFLKRA > N TRLUTE,

BT SUUE A Sopah BARE—f BRAC_Ei
BXME
b m/s m
Yanan XING FB -1.4 10.49 11.05 55
K& HEFoO08 10.55 11.00 55 time(s)
speed(m/s)
% max
% KEF08 10.55 10.96 55 time(s)
ispeed(m/s)
o
EH BArB-14 10.58 10.78 45 time(s)
lspeed(m/s)
s
Araon ROUGE-SERRET FB -1.4 10.62 10.86 45 time(s)
lspeed(m/s)
B
Som SUWANNARANGSRI FB -1.4 10.68 10.88 55 time(s)
speed(m/s) 507 933 1036 1069 1085 1088 1075 1049 1025  9.65
s o sss ess ems sse 1000 ess esd ean sas
@ HFB-14 10.69 10.71 45 time(s) 193299 397 491 58 678 773 870 968 1069
lspeed(m/s) 519 942 1024 1059 1071 1064 1054 1035 10.15 993
1% max 484 880 956 989 1000 993 984 967 947 927
ZR E&FO08 10.71 10.70 55 time(s) .. 192 301 401 496 589 68 777 872 970 1071
speed(m/s) 522 911 1006 1053 1070 1070 10.65 1044 1021 994
o s 2 ean ass 1006 100 s ers esa ezs
AR —FFo0s8 10.78 10.62 55 time(s) 191300 401 496 591 685 780 876 975 1078
speed(m/s) 524 915 995 1043 1058 1062 1055 1038 10.14  9.69
1% max 494 862 938 982 996 1000 994 978 955 913
HE HAFoO08 10.83 10.68 55 time(s) . 195 304 403 498 592 685 780 875 975 1083
speed(m/s) 512 922 1008 1049 1068 1068 10.63 1044 1001  9.28
e o s eas asa 1006 100 s er7 esr ses

Fd4., RKRKZ7F77FVTEHRAILELF 100 mAE—F (/s), 7y 7ZA L S) EERKAE—RE (%)
FRITT—NAF A LEE L, BFELAOFLIEIRE, AC—RZ10mI DT v 7 ¥ A LAY EHXKEEE A e —
R, JRAE— FHBXEIL, #iE0T v 7 ¥ A 2OHLAEAL L FTRLE,

BF VUK mE | T-usqs Brae—k BAAL R
H

) m/s m 10 20 30 40 50 60 70 80 90 I—JL
B8 FEFI12 11.56 9.84 55 ltime(s) 206 321 428 533 635 737 839 943 1048 11.56
speed(m/s) 486 869 928 960 976 984 976 965 947 929
% max 494 883 943 976 992 1000 992 980 963 944
B EBFI1.2 11.75 9.71 55 itime(s) 208 326 436 540 643 746 850 957 1065 1175
speed(m/s) 480 847 915 955 970 971 962 940 923 909
% max 494 872 942 983 999 1000 991 968 950 936
1EfE WHFEFI12 11.76 9.68 45 time(s) 210 328 436 541 644 748 852 958 1066  11.76
speed(m/s) 475 848 926 956 968 966 956 943 926 913
% max 491 876 957 988 1000 998 987 975 956 943
B BWAFFI12 11.82 9.75 65 time(s) 219 338 448 553 657 760 862 966 1072 11.82
speed(m/s) 457 838 914 948 964 971 975 960 944 912
% max 469 860 938 973 989 997 1000 985 968 936
AH EFF12 11.85 9.54 45 time(s) 202 319 428 534 639 745 852 961 1072 1185
speed(m/s) 496 853 916 940 954 949 932 919 902 882
% max 520 894 960 986 1000 995 976 963 945 925




#£5. HRBFHETFHULTELD 100 mEBL—ATHELZT v T XA L, A—=FREHERKAE— R

x5 b

BF (A3E-0.2)

name goal time max speed jitem 10 20 30 40 50 60 70 80 90 100

ZFR BEE 10.31 1120 ftime(s) 1.95 3.00 3.96 488 5.78 6.68 7.57 8.48 939 1031
speed(m/s) 5.13 952 1040 1085 11.09 1120 1116 11.07 1095 10.86
% max 458 85.0 929 96.9 99.0 1000 996 98.8 97.8 97.0

R A 10.37 1113 ftime(s) 1.93 2.98 3.94 485 5.76 6.65 7.56 8.47 9.41 10.37
speed(m/s) 5.19 950 1046 1089 11.08 1113 1108 1090 1072 10.39
% max 46.6 85.4 94.0 97.8 996 1000 996 97.9 96.3 934

A+ fEARER 1048 1093 ftime(s) 1.92 2.96 3.92 485 5.77 6.68 7.61 8.54 950 1048
speed(m/s) 5.20 9.61 1045 1076 1091 1093 1083 1065 1046  10.21
% max 476 87.9 95.6 98.4 99.8 1000  99.1 97.4 95.7 934

INE EZ 10.52 10.94  ftime(s) 1.94 3.01 3.98 4.91 5.83 6.74 7.66 8.60 955 1052
speed(m/s) 5.15 934 1031 1072 1090 1094 10.87 10.68 1052  10.32
% max 471 85.4 94.2 98.0 996 1000 994 97.6 96.2 943

xF (JA3%+0.4)

name goal time max speed |item 10 20 30 40 50 60 70 80 90 100

wE TE 11.48 991  ftime(s) 2.01 3.15 4.20 5.23 6.23 7.25 8.27 932 1039 1148
speed(m/s) 4.96 8.84 9.47 9.77 9.91 9.84 9.76 9.59 9.33 9.17
% max 50.1 89.2 95.6 986 1000 993 985 96.8 94.1 925

H ¥ 11.63 977  ftime(s) 2.01 3.16 4.22 5.25 6.28 7.31 8.35 942 1052  11.63
speed(m/s) 497 8.74 9.41 9.65 9.77 9.73 9.57 9.34 9.12 8.98
% max 50.9 89.5 96.3 988 1000 996 98.0 95.6 93.3 91.9

Bl BB 11.78 963  ftime(s) 2.09 3.25 433 5.38 6.42 7.46 8.51 958 1067 11.78
speed(m/s) 479 8.58 9.26 9.57 9.63 9.60 9.50 9.35 9.21 8.98
% max 49.7 89.1 96.2 994 1000 997 98.7 97.1 95.6 93.3

e s 11.90 959  ftime(s) 2.03 3.20 4.29 5.35 6.39 7.44 8.51 9.61 1074 11.90
speed(m/s) 492 8.54 9.24 9.45 9.59 9.48 9.34 9.11 8.86 8.61
% max 51.3 89.1 96.4 985 1000 989 97.4 95.0 924 89.8

#£6. MHEZAEDEALI100mL—ADIT— L HA L, HERKAE— K, AE— FEEZ

XA DL, KEIAE— R, %l KAE—FK
ZHIO B E O FL IR, RUTT®ESY, BEBEOBEIZL— AT OEETH 5,

0mZED7 v/

nhame round wind goal time max speed ° %P%%d  fiem 10 20 30 40 50 60 70 80 90 100
decrement
E:l
AR EAFI15 10.36 11.25 6.2 itime(s) 197 0 303 | 398 4.90 5.80 6.68 7.58 8.49 9.41 10.36
speed(m/s) 508 : 943 : 1050 : 1090 : 1113 © 1125 : 1119 i 11.02 : 1078 : 1056
% max 452 838 . 933 96.9 98.9 1000 994 98.0 95.8 93.8
B EEFI15 1037 11.18 5.3 itime(s) 198 0 301 396 488 5.77 6.67 . 157 8.49 942 | 1037
speed(m/s) 506 | 967 | 1053 | 1091 | 11.14 : 1118 i 11.05 | 1087 . 1074 i 1058
% max 452 : 866 | 943 97.7 99.7 1000 . 989 97.3 96.1 94.7
AR =34 R105 10.40 11.18 59 Itime(s) 1.98 | 304 | 401 | 493 583 | 673 | 763 8.53 945 | 1040
speed(m/s) 504 © 943 | 1040 : 1086 : 1108 : 1107 i 1118 © 1111 | 1082 @ 1052
% max 451 © 843 | 930 97.1 99.1 99.0 1000 : 994 96.8 94.1
FE#E =7 R105 10.42 11.09 5.1 Itime(s) 196 0 301 | 398 4.91 5.81 6.72 7.62 8.54 947 | 1042
speed(m/s) 511 . 947 . 1034 | 1079 : 11.02 . 11.09 : 11.01 . 1090 . 1077 : 1053
% max 461 : 854 : 933 97.4 99.4 100.0 99.3 98.3 97.2 94.9
BE EER119 10.43 11.17 55 time(s) 201 i 307 | 403 | 496 586 | 676 . 166 8.56 948 | 1043
speed(m/s) 497 | 944 | 1039 | 1081 © 1105 . 11.17 i 11.15 i 1104 . 1086 . 1056
% max 445 © 845 | 930 96.7 98.9 1000 | 998 98.8 97.3 94.5
ES
B8 FEFI15 11.49 9.98 84 time(s) 206 : 320 i 424 5.25 6.25 7.26 8.28 9.32 1040 | 11.49
speed(m/s) 485 | 883 | 959 9.85 9.98 9.96 9.81 9.55 9.33 9.15
% max 485 © 885 | 96.1 98.7 1000 | 997 98.2 95.7 935 91.6
BiE BWAFFI15 11.55 9.99 59 time(s) 214 331 437 5.40 6.40 7.40 8.41 9.44 1049 | 1155
speed(m/s) 466 : 860 : 939 9.76 9.95 9.99 . 991 9.70 9.60 9.39
% max 46.7 | 86.1 94.0 97.7 99.7 1000 | 992 97.1 96.2 94.1
28 FERI 11 11.56 9.82 58 time(s) 207 322 | 428 5.32 6.35 7.37 8.39 9.42 1048 | 11.56
speed(m/s) 483 © 872 | 938 9.63 9.73 982 | 978 9.66 9.49 9.25
% max 492 : 888 | 955 98.1 99.1 1000 | 996 98.4 96.6 94.2
B8 #HAF R 1A 11.64 9.82 47 time(s) 2131331 4.39 5.43 6.46 7.48 8.50 9.53 10.57  11.64
speed(m/s) 470 © 842 i 929 9.64 9.70 982 : 978 9.70 9.61 9.36
% max 479 857 . 945 98.2 98.8 1000 . 995 98.8 97.9 95.3
SR WFHERIT 11.73 9.71 5.0 itime(s) 213 . 330 . 438 5.43 6.46 7.49 8.53 9.58 1065 . 11.73
speed(m/s) 470 : 852 i 927 9.53 9711970 9.62 9.51 9.38 9.23
% max 483 | 877 . 954 98.2 1000 . 999 99.1 97.9 96.6 95.0
AH EFRI1T 11.78 9.62 6.8 Itime(s) 209 © 325 . 432 5.38 6.42 7.46 851 9.57 1066 11.78
speed(m/s) 478 865 | 929 9.47 9.58 962 955 9.40 9.18 8.96
% max 497 899 . 966 98.5 99.6 1000 : 993 97.7 95.5 932
MFEO #EFl05 11.93 9.54 8.9 Itime(s) 209 © 326 . 434 5.40 6.44 7.50 857 9.66 1078 © 11.93
speed(m/s) 479 | 852 | 923 9.51 9.54 9.47 9.33 9.15 8.97 8.69
% max 50.2 : 894 | 9638 99.7 100.0 99.3 97.9 95.9 94.1 91.1
KA HEFI05 12.16 9.35 6.4 itime(s) 217 © 338 | 450 5.57 6.64 7.72 8.81 9.91 11.02 © 12.16
speed(m/s) 462 823 | 897 9.30 9.35 9.28 9.15 9.14 9.00 8.75
% max 494 © 881 96.0 99.5 1000 @ 993 97.9 97.8 96.2 93.6




FKT7. A== LFEOBRLZ100mlL—RIBIFTERIT—NH AL, BERAE—R, A— FERELE, I0mI &

DTy TEA L KHAE—R, %RRKAE—FR
3 F100miR i (RE-0.4m/s)

K% T—LaA L ffjut_ HIRRR %;_'"’E 10 20 30 40 50 60 70 80 9 100
SR =A 10.37 11.14 55 51 time(s) 197 302 398 489 58  6.69 759 85 942 1037
speed(m/s) 507 952 1047 109 1108 1114 1111 1101 1085 1058
% max 455 854 94 978 994 100 997 988 974 949
IR EE 10.39 11.12 65 45  |time(s) 199 304 399 491 582 672 762 853 945 1039
speed(m/s) 502 958 1044 1089 1106 11.12 1112 1096 1087 1062
% max 45.1 86.1 938 979 994 100 100 985 977 955
RiEEE 10.43 11.10 55 64  [time(s) 198 304 4 493 583 673 763 855 947 1043
speed(m/s) 506 943 1039 108  11.08 111 1105 1098 1084  10.39
% max 456 849 936 973 998 100 995 989 976 936
B EL 1052 10.98 55 6.1 time(s) 201 306 402 494 58 677 768 861 955 1052
speed(m/s) 499 949 1043 1083 1093 1098 1091 1079 1063 1032
% max 454 864 949 986 99.5 100 993 982 968 939
% F100miR B (EE-0.6m/s)
K% F—LaA L ffx;m_ HIRRR %;.:’“’E 10 20 30 40 50 60 70 80 9 100
=S T2 11.70 9.69 45 69 time(s) 204 321 428 532 635  7.39 8.44 95 1059 1.7
speed(m/s) 489 859 932 961 969 965 953 94 918 903
% max 50.5 886 962 99.1 100 995 983 97 947 931
DAVIS, Candice 11.89 9.58 45 55 time(s) 2.11 33 4.39 5.45 6.49 7.54 8.61 969 1079  11.89
speed(m/s) 474 838 918 945 958 952 936 926 914 905
% max 495 875 959 987 100 995 978 968 954 945
CHERRY, Damu 11.90 9.58 45 7.3 Itime(s) 2.12 3.29 4.36 5.41 6.45 7.51 8.57 966 1077 11.9
speed(m/s) 47 8.6 934 954 958 947 936 92 899 888
% max 492 898 975 996 100 989 97.8 96 939 927,
FHE SF 11.99 9.46 45 64  [time(s) 215 332 441 547 653 759 866 976 1086  11.99
speed(m/s) 466 853 918 936 946 942 934 916 904 886
% max 493 902 97 99 100 996 987 969 956 936

8. MHFATHHEL T H— LB N—RKLHEOAE—FK (n/s), 77X AL () LgKAE—
REE (%)
EFENB 7 110mH, FTENLTF100mH THD, BRliFa— XA ALIEE LTz, BFLORD HE 1T, FL XS,
AE=RZIOmMIEDT v FHAL DL L EDEKEEHAE— R, Ty T4 A MIRFOEHN N N— NLVOH L
HiEL7=Z A L THD, 728, 1100 m/— RVHILHEFOFRICOWNTE, T— VP E TON— RLHAE—

KoL LTz,
BF110mH
BE SYUR BE |T—ILEML BRARE—F 1 2 3 4 5 6 7 8 9 10 d—)u
Eda m/s

HAEh & FI16 13.62 8.75 time(s) 24 347 452 557 663 769 875 984 1093 1202 1362
speed(m/s) 572 853 869 873 863 858 86 843 841 837 875
% max 654 974 993 997 986 981 983 963 961 956 100

HE e 8 HE 1.3 13.67 8.78 time(s) 243 351 456 561 665 771 877 986 1095 1204 1367
speed(m/s) 565 845 867 878 872 868 862 838 839 84 858
% max 644 963 988 100 993 989 983 955 956 957 977

KIE = FI16 13.73 8.73 time(s) 245 353 459 564 669 774 88 989 1098 1209 1373
speed(m/s) 56 845 861 873 87 868 861 842 841 82 856
% max 642 969 987 100 997 995 987 965 963 939 981

A#5 #h= HE 0.1 13.79 8.78 time(s) 248 357 462 567 672 776 885 995 1104 1214 1379
speed(m/s) 553 843 865 872 874 878 839 831 84 83 848
% max 63 96 985 993 995 100 956 947 957 945  96.6

55T F# HE 0.1 14.04 858 time(s) 249 36 467 573 681 79 899 101 1122 1235 1404
speed(m/s) 55 829 851 858 85 84 837 822 818 812 827
% max 642 967 993 100  99.1 98 976 959 954 947 965

ZF100mH
BFE SOUF BE |- L RARE—F 1 2 3 4 5 6 7 8 9 10 I—JL
b m/s

ME AEF FI -0.1 13.36 8.19 time(s) 248 357 462 567 671 175 88 986 1094 1204 1336
speed(m/s) 524 783 802 811 819 818 811 799 789 774 793
% max 64 956 979 99 100 998 99 975 963 945 967

FMHBBEEF -01 13.46 8.09 time(s) 25 36 468 573 678 784 89 996 1105 1214 1346
speed(m/s) 5.21 7.7 79 809 809 804 803 795 784 779 796
% max 644 952 976 100 100 994 993 983 969 963 984

JIfR B2 F1-09 14.15 7.7 time(s) 257 372 484 594 705 817 93 1044 1159 1275 1415
speed(m/s) 506 742 757 771 7169 159 75 748 738 733 749
% max 656 963 982 100 998 984 974 97 958 951 971

R AEF HE GR A ER{E) speed(m/s) 463 794 818 831 834 832 827 807




F9. BARBRTFMETE 110 ~— R, L7100 "— RADORBFEL—ZATHE LT v ¥ A L, AE—RL
RRAE— RNizkt4 5 R
BF110m/\—F)L (AFE-0.2m/s)

name goal time max speed [item 1 2 3 4 5 6 7 8 9 10 goal
Nk EA 13.66 8.89  |[time(s) 241 349 453 557 660 764 869 975 1085 11.96 13.66
speedim/s) 570 847 874 882 889 879 873 855 834 822 826
% max 641 953 983 992 1000 989 982 962 938 925 929
HEH & 13.73 8.66  [time(s) 243 351 457 563 668 775 881 990 1098 1209 13.73
speed(m/s) 564 845 866 864 865 857 860 841 843 830 853
% max 651 976 1000 998 999 990 993 971 973 958 985
KIE #= 13.83 8.65  |[time(s) 242 351 457 565 6.71 777 884 992 11.01 1212 13.83
speed(m/s) 567 837 865 849 863 855 856 844 843 825 818
% max 655 96.8 1000 982 998 988 990 976 975 954 946

LZF100m/\—FJL (EE-1.5m/s)

name goal time max speed [item 1 2 3 4 5 6 7 8 9 10 goal
F¥H BAEEF 1351 8.13  |[time(s) 248 357 464 569 675 779 885 992 11.00 1213 13.51
speed(m/s) 525 780 790 810 805 813 804 796 785 756 759
% max 646 959 972 996 990 1000 989 979 966 93.0 934
ST BZ 1353 808 |ime(s) 246 354 462 568 674 780 887 994 1104 1213 1353
speed(m/s) 528 787 793 797 800 808 793 791 775 778 751
% max 653 974 981 986 990 1000 981 979 959 963 929
B HE 1359 809 fime(s) 253 363 470 577 682 787 894 1001 1111 1222 1359
speed(m/s) 514 7.75 790 797 809 806 799 793 776 7.60 7.69
% max 635 958 977 985 1000 996 988 980 959 939 95.1
BS BF 13.72 7.91 time(s) 250 361 470 578 686 793 902 1012 1124 1236 13.72
speed(m/s) 521 765 779 786 790 791 778 776 757 159 173 |
% max 659 96.7 985 994 999 1000 984 981 957 96.0 97.7

# 10. FFRLEDN— FABHRICRIT 2 T— N F A L, HRAE— FEBIUN— RVl s A L, ~— R
A= B LU0 %HARKAE—F

name round wind _ goal time max speed |item 1 2 3 4 5 6 7 8 9 10 Goal
E:
HEh & F105 13.64 8.77]time(s) 244 352 457 562 667 774 881 988 1095 1204 1364
speed(m/s) 562 849 870 869 875 850 858 854 849 841 877
% max 641 968 992 991 998 969 978 974 968 959 100.0
Ki& #h= F105 13.73 8.80time(s) 247 355 460 564 670 774 880 986 1096 12.07 13.73
speed(m/s) 555 847 868 880 864 875 868 858 834 819 847
% max 63.1 963 986 1000 982 994 986 975 948 931 96.3
KiE = R120 13.67 8.90time(s) 244 351 455 557 663 772 878 984 1092 12.03 13.67
speed(m/s) 562 856 882 890 864 841 861 862 846 821 857
% max 63.1 962 991 1000 971 945 967 969 951 922 96.3
HEFG & R120 13.72 8.76[time(s) 245 352 458 562 669 778 883 991 1100 1210 13.72
speed(m/s) 560 852 867 876 857 837 865 848 838 832 866
% max 639 973 990 1000 978 955 987 968 957 950 989
ZF BE R10.2 13.89 8.68[time(s) 252 361 467 573 678 784 892 1001 11.09 1221 13.89
speed(m/s) 545 836 861 867 868 861 848 836 849 815 835
% max 628 963 992 999 1000 992 977 963 978 939 96.2
J\1E BT R102 14.67 8.44]time(s) 256 367 476 584 693 809 931 1051 1170 12.89 14.67
speed(m/s) 537 820 841 844 835 788 749 767 767 766 7.88
% max 636 972 996 1000 989 934 887 909 909 908 934
S
A EEFI18 13.39 8.23time(s) 260 367 471 575 678 781 886 991 1097 1206 13.39
speed(m/s) 500 790 819 821 822 823 815 807 800 7.82 790
% max 60.8 960 995 998 999 1000 990 981 972 950 96.0
HE BFSF18 13.58 8.11]time(s) 258 369 477 583 688 793 898 1005 1114 1225 1358
speed(m/s) 504 765 7.88 798 811 809 807 799 779 768 787
% max 621 943 972 984 1000 998 995 985 961 947 970




F11. A——[E OB 7 110mH. ZF 100 mH L— R IZBITFAIT—NEZA LA BTRKAEL—R1EBITLEDT v

THEA L, N R AE— R, %R RKALE—R
B F110HRE (RE-0.7m/s)

name goal time max speed |item 1 2 3 4 5 6 7 8 9 10 goal
LEE, Jung-Joon 13.71 882 [time(s) 248 357 465 5.71 6.78 7.83 887 9.95 11.03 12.10 13.71
speed(m/s) 5.53 8.41 847 8.62 8.55 8.69 8.82 8.44 849 854 8.69
% max 62.7 95.4 96.0 97.7 97.0 98.6 100.0 95.7 96.3 96.9 98.6
HERRING, Aubrey 1377 894 |time(s) 245 354 4.60 564 666 1.74 881 9.89 10.98 1212 1377
speed(m/s) 5.59 8.38 8.63 8.79 8.94 8.47 8.59 8.47 8.39 7.98 8.50
% max 62.5 938 96.6 98.4 100.0 94.7 96.1 948 938 89.3 95.1
R 13.88 858 (time(s) 244 352 459 5.66 6.73 7.80 8.89 9.99 11.10 12.20 13.88
speed(m/s) 563 841 8.55 858 8.55 852 840 829 823 8.27 837
% max 65.6 98.0 99.7 100.0 99.6 99.3 97.9 96.6 95.9 96.4 975
BEAREA 14.16 864 ftime(s) 2.59 3.69 475 5.83 6.89 8.00 9.07 10.22 11.31 12.43 14.16
speed(m/s) 5.30 8.30 8.57 8.50 8.64 8.21 8.54 7.98 834 8.19 8.09
% max 61.4 96.1 99.2 98.3 100.0 95.0 98.8 924 96.4 948 936
X F100HR B (JBLEE0.1m/s)
name goal time max speed fitem 1 2 3 4 5 6 7 8 9 10 goal
CHERRY, Damu 13.07 845  [time(s) 248 355 459 561 6.62 7.63 8.64 9.68 10.71 11.78 13.07
speed(m/s) 524 797 8.17 8.33 845 843 1836 819 829 791 814
% max 62.0 94.3 96.7 98.6 100.0 998 99.0 97.0 98.1 93.6 96.4
DAVIS, Candice 13.13 848  [time(s) 257 3.62 463 5.63 6.63 7.66 8.69 9.72 1077 11.84 13.13
speed(m/s) 5.05 8.14 843 846 848 8.29 8.25 8.25 8.12 7.94 8.12
% max 59.6 96.0 99.4 99.7 100.0 97.7 97.3 97.4 95.7 93.6 95.7
FOUNTAIN, Hyleas 13.22 832  (time(s) 245 352 454 557 6.59 7.62 8.67 9.73 10.80 11.89 13.22
speed(m/s) 530 7.99 827 831 8.32 826 807 805 793 178 790
% max 63.7 96.0 99.4 100.0 100.0 99.3 97.0 96.8 95.3 93.6 94.9
Ay B 13.28 830 [time(s) 251 359 462 565 6.68 7.1 875 980 1087  11.96 13.28
speed(m/s) 5.18 7.90 8.19 8.28 8.23 8.30 8.12 8.09 7.92 7.84 7.95
% max 62.4 95.1 98.6 99.7 99.1 100.0 97.8 975 95.4 944 95.7
~ E
%) HE 0.6 10.17s 11.35m/s 60m-70m| :
~ 9ty T T e '
E F12710.20s 11.34m/s 60m-70m | : ;
* s s
| =F Bt HE 0.8 10.29s 11.16m/s 50m-60m | : :
RN S . '
Y HE — B F1 2.7 10.36s 11.07m/s 50m—-60m :
A+ fEARER F12410.36s 11.04m/s 50m-60m | |
) Bx — & F1 2.4 10.39s 11.15m/s 50m-60m
; A+ {EAES HE 2.0 10.50s 10.91m/s 40m-50m| i
6F----—---f--- H ER 5 HE 2.0 10.63s 10.80m/s 50m—-60m |--t------------ i
5 i i i i i i i i i j
0 10 20 30 40 50 60 70 80 90 100

BB B (m)
1. BEZADB T 100 mD A B— R hfg
BELIHFENT, 7o R HE; Pk, FL; kB, BH, T—A %4 A, BRKAE— FHBIKEZ 5 LT,



88 FE F11.7 11.36s 10.00m/s 50m—-60m |L------!
L& 24 HE 1.3 11.51s 9.93m/s 40m-50m
88 FE HE 0.7 11.53s 9.78m/s 50m-60m
H48 BHAF F11.3 11.56s 9.90m/s 40m-50m |L______1
AH EFHE 0.7 11.73s 9.61m/s 50m-60m | |
S ##i HE 13 11.78s 9.67m/s 50m-60m |'
VB2 AL F11.511.78s 9.70m/s 60m-70m I |
&% B HE 02 11.79s 9.52m/s 50m—-60m

BB BAF HE 0.2 11.84s 9.61m/s 50m-60m
EAREHF FI1511.94s 955m/s 40m-50m |, !

AE—R(m/s)

4|o 5|0 6|0 7|o 8|0 9|0 1 (I)O
EEB#(m)
2. MHEAD LT 100 mD A B — Rl
BEAICHNT, T2 8 (HE; P, FL; o), BUE, I— L&A1 A, AR E— NHBEK#Z 5 Lz,

AE— FER#RESYT R L\ZE (08/07/01 01:50:05)

T LELLLLT

~
0
~ @57 [ F1-02 10315 11.20m/s 08/6/29
£ 9 O#R A FI-021037s 11.13m/s 08/6/29
L A KH K FI-02 10485 10.93m/s 08/6/29
| 8 /NE 72 F1-021052s 10.94m/s 08/6/29
o
% [
~

7

5
0 10 20 30 40 50 60 70 8 90 100
EEEfE(m)

0.1
0.05
P—

10.31s

0 % é
) AN

»
,‘,\HH/ -0.05 4 N4 D 10475
F e

-0.1 \ }\
ot Y\\}l 10.485
-02 10525
-0.25

0 10 20 30 40 50 60 70 8 90 100
EaRH(m)

3. BARRTFMHEDOR T 100 mPEPFICHE T A4 L DAY — RELE Ny TBEE L DT v XA LDE



HE WK A B — NI LB FR TR R EICBD
SF, JIEHEEL T\ otz AZ— b ORI T
TiEARL, L—AHETORKAE— RO I M
WERDDHRERER TCHATZZ EERTL—AT
HoT.

mEE EOdH &, WMEBRTNAV By 7 {RKIC
WELEZ. ZOL—ZATORRKAE—FK, 30mn 7 v
THALE A — Nl E T— 2 A LOFRE
Hl-bDEK 4R L. Ol 044~ 08 4E AR
BREHEETOI00m L—RATEHLNTEEL ORFED
T—4 (224 %)) O—ETHDH. @XM A TH
ML7-F—2Ths. COHEALIZEEROT—%
OO T 1y FENT. RRAE— KT
L fZIZ 22 o T /a5 F13 9. 98n/s TH Y, EiERF
?9.99m/s LIFIER UM THo72. 30mT v 7 ¥
A LTEHBEEMIZO0. 1B3BOENRHY, AV — il
PR IR IR 8. 4%, EEERFENS5. 7% Tho
7. MRAE—=FBIO30 nT7 v 77X A LLI—
VA BOBHRITITHE A E 72 A BB LR 358 8
bz,

A—3—[E E TR F A I Lo & T 5 A
VoY 7 SMANED) L—RX o R_"— 44035 L
7. BARANF Yy ZI3HEEFD 10.37THTHY, &K
KA — FIZ 10. 14n/s TH-o7=.

ZOLV—2EEORFEE S THE L -l
FOD 2004 FEHD 21 flL— AT, FRAE—EK,
30m T v FEA LBLORA Y — RiERERE T— L%
A LOEREHRTE DO 5ITR L. ERLENRD
R L T2 A LOMBEARKRE D &, KA
E— R TIEr=0.952,30m DT v 7% A L TlE0. 788,
2B — NERERTIZ0.664 THY, WFHHHEH
WEE Th-o7z. MP ot THERRKESTO
10. 14 2O, 21 s e & Fegkh Koo 72 2004 42 H
AIRTHE T RO 10. 09 &2 T/R LIz, KB
FHETIE, 1IRTIEEWS ZEHHY, BB R
TETD, AV—FRZ2EETLOREV THoT
728, AE— REHENRKELSRoT0D. Lol
RS 30m DT v T HA LN 10.09 D & x LI1FIF
F U/KETH DN, KA — RFTIHO0. Im/s ULk
DFENGH > T=. KA E— ROFET 30m BLEE O HE
WZERHST-DEAH. ANTHATE, T—1LH
A DR BBEREBRIE 7201%, KA —F,

DNT30m 7Y 7HALTHY, bo& b REHEMEN
B oleDIFA Y — NlEThH 7. ZhbDZ
ENBY, ANTHELTATYH, iRKAE—FK
1 100m D T— X A AERET D ERERNTH D
LWz k9.

AV Ey 7 TR, Y~ TORNLER
100m CiX 9.69 F, 200m T# 19.30 F L [#ifE B T
B 7 R ERECERB L. AL O InfBEDT v
TEALERAE— RBREBERIZA Z—F Y b (
http://www. sportsscientists. com/search/label/
Sprinting ) THEIN TV, FHUZL D E 10m
DB Y A LOFHENY A L130.82F, ZDk
X DAL — FiL12. 20m/s “C“ﬁ)/)?”: B¥ZEST
04 o L —HF —FH RO ELEEIC LD B2 100m
L— 2"*ﬁ%%f?§%ﬂ7ﬁﬂikx E— R, 30m 7 v
THEALBLOAY — REEERE T— ¥ A LD
RE2X 6 IR LT-. £7, BIROENL FOT—H
Ao ORLEZ. BTk 236 i, &1 Tix 228 4
ThY, BLEBITRRAE—FE3M T v 77 A
A& d—) a2 A LNEITENEIUTHEIICE B
BMRRO LN, A — N T, BTk
BETho=h, KT TIIAERBBRTCIERNoT.
AL b OWRGEFITIRRK ALY — R THD & FHFDH
BBROIFITEER By FER, 30m T v
ZA NI BENT A LA THHN, A — REREE
T9% ThHhoTz. ZTNHDZ EHRL b ORI
12.20m/s W) BWAE—RE L HIC30m T v/
A LTHRNZ ENERIRY A LOER LN Z
£9.

BF 110m/N\—FJLEZF 100m/Nv— KL

N R CIE, BTFEOEEHN N— RVALE %
WET XA LEEHE LT, LR TH vy TF XY
VEALNENTRI D ENDD T EITIERBMET
H5b.

MEHFLE, AARERTHE, MEsie& A——kek
TO/N— RVEIR Y A A, N—FLEAE—R, &
RAE—=ROHBIXHZLRE—11IZ/RLZ. AA
BFEHEOIEICEBIT A A — ROBLE T b DN
K7 EXKS8THD. H 110H TIX L ALOWNBEE A
BEN13.66HTHY, A—RNELERD L, 5
B H E ChEMER N A B, 8.89m/s (2 L T .
P AP E B A CTHIE Lz b O FEEkIE Lui @
13. 14 (0T H= KB 7 7 > 7V, JEG#H +0.8m/s) T
BHHN, HRNAE— RN 26m/s (A5, 2008)
ThHhH, WHEETFORKAE—REIDH0.38n/s H
VWMETHDH., ZOAE— RFEz/— KLEOX A LT
BB L, Lui 0.9 T, WEETIT1. 13 TH
D, WRKAE— REFZIIAN—RARITO. 14 Do
Y5, Z0ZETI—LETNL ETHLE1.26
BWoEE2L. EBEITIE, 0.2 DETH DD T,



o
oJ n=224 r=-0.983 p<0.0001
12 0O Y =-0.9932 X +21.37
o o
Moo
o @© ° °
11.8 o:o o E\g@\g T fukushima takahashi_
) % %
\4_ e %o o Q ° |
3 o [®5sle \
114 o o
o b° 0 o0
o ﬁ}m
1" Q
1
95 96 97 98 9.9 10 10.1
BAAE—K(m/s) 4. Z+ 100 miZBIT HHRALE—F, 30m7 v
THA LBLOAE = N@EREHR L T—L 5 A
L DEER
125 I | 129 n=224 ::0.003 L o
0224 20864 p<0.0001 q o P §°
o %
olo J é% )
12 o % ° % |° 12
S slogde | 3| e
= °4 @% ° Qg ° 9o by o
2 D ° Bcg [ o 2
| POo 5d ,, @ |
n11_5£ ° 559 9%; Miis
'\ takahashi
"] éf% takahashi
H oo fukushima| )
5, )
1 ° ! "
42 425 43 435 44 445 45 2 4
30m FvFR4 L\(s) AE— R R (%)
» data file ; M100m88-08LD.mat (09/03/16 03:31:55)
[ i i
108 ® ® 04-08
- ~| O ortREFIEIRTE
< 06 D O BEHEFETZ
feel
_
T 104
im n=21 r=-0.952 p<0.001
Y =-0.7948 X +19.25
10.2 o
10
10.7 108 109 11 11.1 112 113 114 115 116
wmAAE—R(m/s)
11 T T 11 T
n=21 r=0.788 p<0.001 $:—21()'E):4104224Xp<-+(]1'g104
Y =2959 X -1.35 =u :
10.8 ® ' 08 *
C ° C °
<3106 3106
X X
ey ey
RN RN
T 104 .—.%07 T 104 ®
i ° ° ° Ll °
10.2 10.2 o
10 10
3.85 3.9 3.95 4 4.05 0 5 10 15

30m VSR L(s)

AL — R (%)

5. 04050 8FFE THFELZEESTHM LZ#FETDO 100m L—RIZBITHHERKAE— K, 30m 7 v

THA DAY — REEER E T— V2 A LOBR



1
: & |
xF —
125 By n=228 r=-0.983 p<0.001 5F
Y =-09936 X +21.37 ° &F
12
C)
4
3 115
2
T 11
u
10.5
10 B¥ R
n=236 r=-0.972 p<0.001 k
Y =-07192 X +18.38 A
95 . '
8.5 9 9.5 10 10.5 11 115 12 125
BAAE—R(m/s)
13 T 3 13 [3) XF
ZF 5| °s n=228 r=0.038 NS
|_n=228 r=0.862 p<0.001
125702567 x 195 12.5
12 12
C) C
4 |
R 115 E 115
(o)
f 11 f* 1
im in
10.5 105
%iz%sa =0.722 p<0.001
10 V=2935X 120 | 10—, ° ize r=0.351 p<0.001
A ur Fik A |Y=003846 X +10.20
9.5 9.5 g
35 4 45 5 0 5 10 15
30m FYFRA Li(s) AE— RIS RER (%)

6.0 49150 8FEF THFERESTEHAILZE 2 100m L—AIZBITHHKAE—FR, 30m 7 v 7% A

LA — NEERE T— % A LORE%R

AL — MEE, HDHWTI L —ABFEDO A — FDEIX
ZOEID LN EDEBDILD.

A CIESFHB A EF®EFN 13518 (EH
-1.5m/s) TINCTHo7. A= RKELERD L
6 & H F OB R 54, HARMEIES. 13n/s 12
ELTWe. BFEEEESTHE LR bEHWS A A
1% 07 4EH% H Z2/4 T Trywanska o 12.83 # (A H
+1.4m/s) THY, Z DL X DEHRKAE— R 8. 66m/
s Thotz. <RI, N— ROl Z A LT
345 & Trywanska 1% 0. 98 Y+ A 28, FH
BETHLMBTHY, MEDEIT0.06 0 THS.
L— 2P DEEDFEN 2.9n/s & 5 D THEIEA 2
BTEE L V. 08 IR FEESTHIE LI HARAN
BECTHRLIWZ A DT A— = L TOABESE
HEFED 13.28F (JAEEO0. Im/s) THY, KA —
K23 8.30m/s THDH. /~— RVREIZ 1. 03 FVIZHE Y
TAHZ LG, Trywanska @ 12.83 b & k45 &
0.05DFETH-T-. ZDOFENAZ— K)G d—
IWETHOI EIRET HE 0.4 FDFEIZRY, E
BEDZ A 272045 EHELL 2D, BOEEND
HEITWVR, BRAE—RET TR, AX—
BLOL—2BETHIZERL LI RERNH T &

EZHND.
N=RALTH A ENLRFPEREESTL—Y—TF
KOEETHIE L TEon— RLD R E— RO
R H = RLEOFEAE— R b5 L HENA
VP RERKAE—RELTI—NF A LEDORR
EHIHOEK IR L, Bl bITHKRKAE—
RIZTE— /2 A A ERFHICHEBEZRMEBERED bl
TWa., Iz L, ~— R TcHEN—FK
MO AE— RTIRE TNV Z A 2BRRFESTL D
ZEERLTNSD.

FEH

MG, KWRZ7 77V, BARETHE, Ml
A —X—Fg EC, 100m TiX, % 50 %] 10. 17
T~ 11.01 %, & 5361 11. 36 F~ 12. 36 #, 110m /~—
RVCl 36 451 13. 62 #— 14. 67 £, & 100m /~— R
JLTCIL 32 61 13. 07 B — 14. 82 W O HiH CTF — # %
WHETE . 100m TIX 10m Z &2, /»~— KL TIE,
N— RV D@ Z A LESHTL, REHIZT v
ZA L, KEIAE—FR, RRKAE—REZDOHBLX
ffl, 100m TIXA B — NEREZRICR L.

A

A ’

= —



9
./X *5.
/< © j\
\ﬂ: \ o)
8.5 TS
——¢
8
375
e’
A
J
f:<’ 7 1 08/6/28 N EA FI-02 13.66s 8.89m/s 4-5th
6.5 08/6/28 HEF & FI1-0.2 13.73s 8.66m/s 2-3th
6 ! a— 08/6/28 K18 #h= F1-02 13.83s 8.65m/s 2-3th
55
start 13.7 229 320 411 503 594 686 77.7 868 96.0 goal
EB B (m)
7. BARETHED 110m /~N— RIVIRBEICEIT 5 A — Nl
8.5
—g—
8 ifj , . %&
\A———¥
7.5
@y
E
oy A
|
g5 ® 08/6/28 F¥H EflElﬁ'E.‘< FI-1.51351s 8.13m/s 5-6th
~&
O 08/6/28 B HZE FI-1513.59s 8.09m/s 4-5th
6
A 08/6/28 T BEZ FI-1.513.53s 8.08m/s 5-6th
5-5 FO-WAS
! A 08/6/28 &R HF FI-1513.72s 7.91m/s 5-6th
5
start 13.0 215 30.0 385 470 55.5 64.0 725 81.0 89.5 goal
EB B (m)

8. HAERFHED 100m ~N— F/LRBEIZEIT 5 A B — Rl



15 °  f1omh—Fib
Q5 O 100m/\— Rl

14.5 s '

Q 110mN\—FJb
D ) n=87 r=-0.889 p<0.001
d Y =-127 X +24.91

(e0]
@ 14
3 &
N o o\
; %35%
135 2

100m/\— FJb
n=79 r=-0.974 p<0.001
Y =-1.494 X +25.71
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7 15 8 8.5 9 9.5

B RAE—EB(m/s)
9. 044 FENH0 8FFTHRSEERESTEHNMLZ110m/ —FKAl100m— RAIEITARKXM
A — K& d—% A4 LDREE

NWEALEORERERDE, F2100m B LV — 59-64, 2008
RVEH & HITHRKA B — R & ORIZITHEICE

B FHBARIR RS BTz, 100m Tl B Tl A

E— Rl E I — L& A AL ORICITEE /A

BRARD NN, L TIIARTER)I o

3k

BVLaE R, ShARSEMERE, =R, MBI, i
Mo, AR —3 AT Y 2 —O 100m L — A/NH —
VDM BF AT, Rk R E o
Hiffi, _—AR—L « = H U4k, HE, 14-28,
1994

JE)IBERER, HZHIEE, WEEZX, s, 471
KBRS, A, ” RIEEE” O 100m & H O EE
FEHT, R EEREAFZEACEE, 1, 108-110, 2005

JR)IEERER, HZHIER, WEZL, 41K, EAN
GP 1T TULEE L 7 A E R T OB L b, [
R ACEE, 2, 90-91, 2005

PR, JEJIFERES, &Z HEM, T @R, L —%—
FHRUZ LD 100m B L O N— KD A E— RooHT,
Bz EBEEAFICACEE, 3, 59-64, 2007

B ESC, JR)IEERES, W& mE, A2 |IE,
2007 4B 4 100m, 100m /~— R/L3 LT 110m 7~ —
RO A — Rofries, [ REamteidsE, 4,
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H A —¥E 400m /N— RILETFD L — A RNZ — 50T

HmEmm ) us—z? mEAst®  gpEw?  mmas
1) EvAF—VRSEr 2 — 2) WA 3) IEREKYE  4) @AY

5) BLPARF

FL&HIZ

AL, 2008 FFICBAE S N ENEERSIT
Bl 5 BAR—HE 400m N— RLEFO L — A% X A
LHTL, FOL—AH — 2 OFFIZOWTH S
MNZTHZ ExEAHME LT

Ak

NG L — 20, 2008 FE(fThbZEANOE
3 Rke (FEEES, EEE7 77U Koks, R
KIETFTHE) ORKE (kB3 1—R) Thotz.
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Abstract

In the present study, the running movements of Tyson Gay (9.85 seconds) and Asafa Powell (9.96
seconds) who finished first and third, respectively, in the 2007 IAAF World Championships in Athletics
were analyzed. Their data were compared to past data (Ito et al., 1998) in order to determine the
characteristics of both sprinters. Maximal sprint running velocity was 11.85 m/s for Gay and 11.88 m/s
for Powell. For Gay and Powell, step frequency was 4.90 and 4.96 steps/s, respectively, and step length
was 2.42 and 2.40 m, respectively. According to Ito et al. (1998), sprint running velocity is not related
to maximum thigh angle “high knee”, but the faster the sprint running velocity, the greater the minimum
knee angle. The maximum thigh angle for Gay and Powell was comparable at 65° and 70°, and the
minimum knee angle for Gay and Powell was 41° and 38°, respectively, and these numbers were similar
to the data obtained by Ito et al. (1998). The horizontal distance from the toe at the point of landing to
the center of gravity for the two sprinters was 0.31 m, and this number is comparable to that for sprinters
who run 100 meters in 11 seconds (Fukuda and Ito, 2004). Therefore, it is not necessarily good to land
immediately underneath the center of gravity when landing. In support leg movements, an interesting
finding was seen with maximum knee extension velocity for Gay and Powell. During landing, the knee
joint of both sprinters always remained bent, and when acceleration force was expressed during the later
half of the support phase, the extension velocity had a negative value: -50 degrees/s for Gay and -68
degrees/s for Powell.

Training guidance that attempts to increase sprint running velocity by reducing the deceleration
associated with landing must be reexamined because the landing distance for Gay and Powell is
comparable to that of sprinters who run 100 m in 11 seconds. What is important here is that Gay and
Powell continue to bend the knee of the support leg during the support phase, and training guidance that
instructs sprinters to actively extend the knee and ankle joints of the support leg must be reevaluated.

1. Introduction

While the 100-m sprint is a simple sport, it requires
athletes to compete by running at top speed, and
the winner of the 100-m sprint receives the greatest
accolades in track and field. In order to run the 100-m
sprint with good results, fast reaction time after the start
signal and acceleration after the start are important, but
the most important element is maximum sprint running
velocity. World-class sprinters reach their maximum

sprint running velocity in about 70-80 m (Ae and Ito,

1992), and the maximum sprint running velocity of
sprinters who run 100 m in less than 10 seconds is >
11.8 m/s (Ito et al., 1998). Fast sprint running requires a
strong body and efficient running movements.

In the present study, the running movements of Tyson
Gay (9.85 seconds) and Asafa Powell (9.96 seconds) who
finished first and third, respectively, in the 2007 IAAF
World Championships in Athletics were analyzed while
they were running at top speed in the final race. Their
data were compared to past data (Ito et al., 1998) in order

to determine the characteristics of both sprinters.
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Figure 1. Relationships among sprint running velocity, step frequency and steplength.

2. Methods

During the final race for the men's 100-m sprint event
during the 2007 IAAF World Championships in Athletics,
two high-speed video cameras (Phantom v4, Vision
Research Inc, USA were placed at the highest row of the
spectator stands on the start line and on the finish line in
order to capture Tyson Gay and Asafa Powell at the 60-m
mark. The two cameras were synchronized and captured
images at 100 Hz. Using motion analysis software (DKH,
Tokyo, Japan), the two-dimensional coordinates of 24
body points were scanned at 100 fps, and the direct linear
transformation method (DLT) was used to calculate
three-dimensional coordinates where the x-axis was the
direction of sprinting, the y-axis the vertical direction
perpendicular to the ground, and the z-axis was the
horizontal line parallel to the starting line. The error
between calculated three-dimensional coordinates and
the actual values of the calibration points in the x, y and
z-axis directions was 0.005 m, 0.005 m and 0.005 m,
respectively. The three-dimensional coordinates were
subjected to smoothing at 7 Hz using the Butterworth
method.

For comparison, data accumulated from men's 100-m
sprint events in international competitions and official
Japanese track and field meets were used. Of our previous
data, the best sprint record was the 9.86 seconds that Carl
Lewis ran at the 1991 TAAF World Championships in
Athletics in Tokyo.

3. Results and Discussion

Step frequency and step length

Sprint running velocity was determined based on the
distance covered by the center of gravity over two steps,
and sprint running velocity at the measurement point was
11.85 m/s for Gay and 11.88 m/s for Powell. Figure 1
shows the relationships among sprint running velocity,
step frequency and step length. According to past data (Ito
et al., 1998), the faster the sprint running velocity, the
greater the step frequency and the larger the step length.
For Gay and Powell, step frequency was 4.90 and 4.96
steps/s, respectively, and step length was 2.42 and 2.40 m,
respectively, and these numbers mostly agreed with past
data. Gay is 1.83 m tall and Powell is 1.90 m tall, and the
step length to height ratio for Gay and Powell is 1.32 and
1.26, respectively. Hence, while Gay is a step-length type
sprinter, Powell is a step-frequency type sprinter. When
Carl Lewis set the world record of 9.86 seconds in 1991,
step frequency was 4.67 steps/s, step length 2.53 m and
step length-to-height ratio 1.35 (Ito et al., 1994).

Recovery leg movements

Leg movements during the recovery phase when the
support leg leaves the ground and then the leg is moved
forward were analyzed in terms of maximum thigh angle
(maximum angle formed by the thigh and the vertical
line), minimum knee angle, and maximum leg angle
(maximum angle formed by the vertical line and the line

connecting the hip joint and the lateral malleolus) (Figure
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2). According to Ito et al. (1998), sprint running velocity
is not related to maximum thigh angle and maximum
leg angle, but the faster the sprint running velocity, the
greater the minimum knee angle. The maximum thigh
angle for Gay and Powell was comparable at 65° and
70°, and these numbers were similar to the data obtained
by Ito et al. (1998). The minimum knee angle for Gay
and Powell was 41° and 38°, respectively, and these
numbers were comparable to past data. The maximum
leg angle for both sprinters was 34°, and this number was
similar to the data obtained by Ito et al. (1998). Although
the technique of the two sprinters appeared different
to the naked eye, there were no marked differences in
the parameters measured in the present study. In other
words, both sprinters moved their legs forward without
excessively raising the thigh, thus resulting in relatively
low knee height. The horizontal distance from the toe at
the point of landing to the center of gravity (this relates to
the maximum leg angle) for the two sprinters was 0.31 m,
and this number is comparable to that for sprinters who
run 100 meters in 11 seconds (Fukuda and Ito, 2004).
Therefore, it is not necessarily good to land immediately

underneath the center of gravity when landing.

Support leg movements
In the present study, the driving movements of the
support leg were analyzed in terms of the maximum

extension velocity of the hip, knee and ankle joints

of the support leg during landing (Figure 3). Ito et al.
(1998) reported that while fast sprinters exhibited fast
hip extension and slow knee extension, the maximum
ankle extension velocity did not correlate to sprint
running velocity. However, an interesting finding was
seen with maximum knee extension velocity for Gay and
Powell. During landing, the knee joint of both sprinters
always remained bent, and when acceleration force was
expressed during the later half of the support phase, the
extension velocity had a negative value: -50 degrees/s
for Gay and -68 degrees/s for Powell. According to our
unpublished data, Maurice Greene, the previous world
record holder, exhibited the similar movement. The
knee extension velocity for Lewis was almost zero (Ito
et al., 1998), and the results of the present study suggest
that sprint running technology has entered a new era.
With regard to knee extension velocity, if the knee joint
is fixed like Lewis, then 100% of hip extension can be
transferred to drive the leg in the posterior direction,
but if the knee joint is bent like Gay and Powell, hip
extension velocity is added to the leg, causing the drive
velocity of the leg in the posterior direction to exceed
100%. Furthermore, with a driving movement where the
knee joint is extended, hip extension velocity is absorbed
by knee extension velocity, thus reducing the drive
velocity of the leg in the posterior direction.

The maximum hip extension velocity for Gay and

Powell was 774 and 693 degrees/s, and the maximum
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Figure 3 Relationships among sprint running velocity and support leg movements

ankle extension velocity 664 and 743 degrees/s,
respectively, and these values were mostly comparable to
the data obtained by Ito et al. (1998).

4. Guidance recommendations

The results of the present study show that Gay
and Powell are world-class sprinters with different
characteristics in terms of step length and step frequency,
and suggest that caution must be exercised when strongly
correcting step frequency and length.

Past studies have shown that the maximum ankle
extension velocity is constant and is not related to
sprint running velocity, and this suggests that so-
called "snapping" movements are due to the spring-like
properties of the muscle-tendon complex involving the
triceps muscle of the calf and the Achilles tendon. In
other words, athletes do not consciously extend the ankle,
and guidance should take into account this point.

Training guidance that attempts to increase sprint
running velocity by reducing the deceleration associated
with landing must be reexamined because the landing
distance for Gay and Powell is comparable to that of
sprinters who run 100 m in 11 seconds. What is important
here is that Gay and Powell continue to bend the knee of
the support leg during the support phase, and
training guidance that instructs sprinters to actively

extend the knee and ankle joints of the support leg must
be reevaluated.
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Abstract

The running speed of men’s and women’s 100-m sprintes, including Tyson Gay (USA), Asafa Powell
(JAM) and Veronica Campbell (JAM), at the 11th IAAF Athletics Championships in OSAKA were
measued by using laser beam apparatus (LAVEG Sport, JENOPTIK, Germany). The purpose of this brief
report was to investigate changes in running speed during the 100-m races and to provide information
a sprint training. The highest speed of Gay (USA), who won the men’s 100-m, and Powell (JAM)
was 11.83 m/s and 11.79 m/s, respectively, and the rate of decrease in speed was 2.2% for Gay and
8.1% for Powell. However, their top speed was slower than that of Carl Lewis at the 3rd IAAF World
Championships in Tokyo (12.05m/s, 9.86s of previous WR). In women, the highest speed attained by
Campbell (JAM) was 10.56m/s and the rate of decrease in speed was 9.6%. The correlational coefficient
between the top speed and goal time was -0.933 for men (p < 0.0001) and -0.962 for women (p < 0.0001).
The rate of decrease in speed ranging from 2% to 13% has a small effect on the goal time. However, it
may influence the ranking of the races of both the men's and women's.

1. Introduction

Tyson Gay (USA) won the 100-m world title for men
in 9.85 s, followed by Derrick Atkins (BAH) who won
the second rank in 9.91s, with world record holder Asafa
Powell (JAM) attaining the third position. Powell led the
run from the start to a distance of 60 m; however, after
60~70 m, his speed decreased suddenly. Taking the same
time of 11.01 s, Veronica Campbell (JAM) defeated the
defending champion Lauryn Williams (USA).

In 100-m races, the important factors comprise the
acceleration from the start to the top speed, the top speed,
and the decrease in speed just before the goal. Analysing
100-m races of the world championship will provide
extremely important data for planning the training
strategy in a sprint. The speed analyses of 100-m races
were conducted by using video cameras or measuring
instruments with the laser beam method. This method
could measure the running speed from start to finish with
a sampling rate of 100 Hz, although we had employed
this method for evaluating the speed of the sprinters

during 100-m races.

2. Method

In this study, the apparatus using the laser beam (LAVEG
Sport, JENOPTIK, Germany) was employed for
measuring the running speed. The error of measurement
of this device is 7 cm, and the safety of the laser beam
is categorised as class 1 by the safety standard. In this

Figure 1. Setting the 5 lavegs in seat in stand.



Tabel 1. Reaction time, Goal time, top speed, percent of decrease in speed, elapsed time, speed, %omax in 100m finals of

men and women.

: %Decrease
rankname reactio goal  top - top in | Distance(m) 10 20 30 40 50 60 70 80 90 100
ntime time speed distance gpeeq
s s mis m %
1 Tyson Gay 0.143 9.85 11.83 65 2.2 |elapsed time (s) 1.90 6.44 7.28 8.13  8.99 9.85
USA
99.7 100.0 99.7 98.7
2 Derrick Atkins 0.137 9.91 11.74 55 1.8
BAH
% max spee
3 Asafa Powell 0.145 996 11.79 55 8.1 |elapsed time (s)
JAM
5 Churandy Martina 0.180 10.08 11.67 65 2.6
AHO
% max speed 43.3 .
6 Marlon Devonish  0.149 10.14 11.48 65 3.9 [elapsed time (s) 8.36 9.23 10.14
GBR

% max speed 44.6

83.7 91.7 96.7 98.6 99.5 100.0 99.1 99.5 96.1

Women 100m final (Wind;-0.2m/s), & best time(Wind;-0.1m/s)

reactio  goal top top  %Decrease

rankname ntme time speed distance splened Distance (m) 10 20 30 40 50 60 70 80 90 100
s s mis m %
1 Veronica Campbell 0.167 11.01 10.56 55 93 elapsed time (s) 3.14 4.15 5.11 6.07 7.02 7.97 8.96 9.97 11.01
JAM
% max speed 47.1 98.9
2 Lauryn Williams 0.145 11.01 10.40 45 6.1 elapsed time (s)
USA
4 Torri Edwards 0.141  11.05 10.45 45 7.3 elapsed time (s)
USA
% max 47.9 100.0 99.7
5 Kim Gevaert 0.143 11.05 10.32 55 6.9 elapsed time (s) 3.10 4.11 5.10 6.08 7.04 8.02 9.01  10.01 11.05
BEL
99.8 100.0 99.6
6 Christine Arron 0.164 11.08 10.41 45 7.9
FRA
SF Veronica Campbell 0.144  10.99 10.46 55 9.5
JAM

99.4 98.5

study, we positioned the five apparatuses at 64~68 m
before the start line and 22~24 m above ground level
(Figure 1). We measured the running speeds during
sprinting for all races of men and women, from the
first to the final round. In each race, five sprinters were
selected based on their best performance in the daily
programme. The measurement tools were positioned at
the top of the stand behind the 100-m lanes such that
different noises remained in the data, affected by the
tilting movement of the device, particularly from the
start to a distance of 40 m. These noises were removed
by the spine interpolation; other noises were removed
by the 1-Hz low pass Butterworth digital filter. Using
filtered data, the elapsed time of 10 m from the start to
the goal was calculated using the distances-time curves
data. From the elapsed time, we calculated the running
speed at each interval, the top speed and the rate of the
decrease in speed from the top to the last speed, i.e. from
90 m to 100 m. The official results were used in the goal

and reaction times.

3. Results

The measuring objects included 75 examples from
the first to the final round; we obtained the data of 63
samples for men, with the goal time ranging from 9.85 s
to 10.46 s, and the data of 71 samples for women, with
the goal time ranging from 10.99 s to 11.98 s. In our
opinion, the data loss occurred when the runner did not
begin and qualify and when the laser light beam was
unable to follow the runners because the device was
positioned high on the stand.

Goal time, top speed, the appeared distance of the top
speed, the reaction time at the start, the elapsed time of
10 m, the speed of a 10-m interval, the rate of decrease
in speed from the top to the speed of the last interval of
every man and woman were recorded in table 1. These
data represented the data of the 1st, 2nd, 3rd, 5th, and
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6th ranked male runners and the Ist, 2nd, 4th, 5th, and
6th ranked female runners and the time of 10.99 s at
their semi-final. The maximum top speed attained by
Gay (USA) over a distance of 60—70 m is 11.83 m/s; he
was followed by Powell who ranked 3rd with a speed
of 11.79 m/s. Lewis (USA) whose goal time was 9.86
s recorded a top speed of 12.05 m/s in the men’s 100-m
final at the third IAAF World Championships in Tokyo in
1991. Thus, Gay’s top speed was 0.22 m/s slower than

that of Lewis. With regard to the women's championship,

Campbell (JAM) who attained the 1st position in the
final was the fastest with a speed of 10.56 m/s, followed
by Williams (US) who ranked 2nd with a speed of 10.45
m/s.

The changes in the speed of the top three male sprinters
have been recorded in figure 2. From the start to a
distance of 60 m, the tendency of changes in speed in
Gay and Powell almost exhibited an identical pattern;
however, after covering a distance of 60 m, the speed of
Powell decreased suddenly. On the other hand, after this
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Figure 4. The relationship among top speed, 30m elaped time, and percent of decrease in speed, and goal time.

point, Gay maintained his speed at the same level, and
decreased it slightly just before the goal. The percentage
of the decrease in speed was 2.2% in Gay and 8.1% in
Powell. Figure 3 presents the changes in the speed of
the top two female sprinters. Taking the same time,
Campbell defeated the defending champion Williams and
attained a top speed of 10.56 m/s in the distance from 50
m to 60 m; however, after this point, her speed decreased.
The top speed of Williams who ranked second was lower
than that of Campbell by 10.40 m/s. However, William’s
acceleration at the start and the ability of maintaining her
speed was higher than that of Campbell. Thus, during
the distance from 70 m to the goal, the speed of Williams
was higher than that of Campbell.

Figure 4 presents the relationship among the top speed,
the elapsed time of 30 m, the percentage of decrease in
speed and the goal time. M represents men, W represents
women, JPN is the data collected in Japan which includes
the data of the international events held in Japan and
07 Osaka represents the present world championship in

athletics. Among men, the range of the goal time in 101
samples of JPN was from 9.95 s (Gatlin; USA, 2006) to
10.91 s; among women, the range of the goal time in 106
samples was from 11.05 s (Felix; USA, 2005) to 12.89 s.
The top speed and the goal time were inversely related,
and significant statistical correlations existed for any
group (M-07 Osaka = —0.933, M-JPN = —0.959, W-07
Osaka = —-0.962, W-JPN = -0.974, p < 0.0001). It has
been demonstrated that in 100-m races, the higher the top
speed, the better is the performance. In any group, the
elapsed time at 30 m was also statistically related to the
goal time. The correlation coefficients were from 0.555
to 0.809, which were lower than the relationship of the
top speed with the goal time.

The rate of decrease in speed had been distributed in the
range of 2% to 13% in all groups. When we observe the
decrease rate of the speed and goal time in each group,
we find that there was a positive relation in M-JPN and
a negative relation in W-07 Osaka with statistically
significant p < 0.05, and that in the other group, they had
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no relationship between them. From these results, it was
suggested that there was a small effect of maintaining
speed to the goal on a 100-m sprint performance.
This is the one of the factors that did not result in any
relationship between the goal time and the percentage of
the decrease in speed.

4. Conclusion

We obtained the extremely important data for 100-m
sprinting in men (63 samples) and women (71 samples)
in the 11th IAAF World Championships in Osaka.

The highest speed of Gay (USA), who won the men’s
100-m finals, was evaluated to be 11.83 m/s and the
rate of decrease in speed was evaluated to be 2.2%. In
women, the highest speed attained by Campbell (JAM)
was 10.56m/s and the rate of decrease in speed was 9.6%.
Statistically significant relationships exist between the
top speed and goal time in men (r = 0.933, p < 0.0001)
and women (r = 0.962, p < 0.0001).

The value of the rate of decrease in speed distributed
from 2% to 13% has a small effect on the goal time;
however, it affects the ranking in each race, for example,

in both the men's and women's finals.
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Abstract

The purpose of this study was to reveal the biomechanical characteristics of running motion for the
world’s top distance runners in the men’s 10000 m final at Osaka IAAF World Championships in
Athletics. Bekele showed greater mean power and smaller effectiveness of mechanical energy utilization
to running velocity, however increased in effectiveness at the latter of the race. Maximum, minimum and
range of the thigh and shank angle showed the difference between the runners but did not change greatly
throughout the race. Maximal thigh angular velocity of the recovery leg increased for Bekele, which
might be critical motion for distance runners. The world’s top distance runners showed a slight change of
running motion and few fatigue symptoms. Even a distance runner must perform like a sprinter; it might
be necessary to maintain high running speed during a race and spurt at the end. This is not only to utilize

mechanical energy efficiently but also to generate more mechanical energy.

Introduction

It is an important task for success in distance running
to maintain running speed over an entire race distance,
however it was not unusual in those races for the winner
and second place to be separated by a second. Therefore
race management became a very important factor.
The gold medalist not only maintained a high running
speed, but in the recent distance races of the World
Championships and Olympic Games the champion used
two highly effective strategies: (1) changing running
speed intentionally throughout the race to cause rivals to
waste energy; (2) spurting sharply on the last lap like a
sprinter.

From an energetic view point, both the increase in
energy generation and effective utilization of energy to
running velocity would be critical factors to performance
of distance runners. Physiological studies have revealed
the relationship of the physiological factors such as
VO2max, lactate threshold and running economy to
distance running performance. However, runners were
evaluated by VO2max and running economy in running

on a treadmill in a laboratory. Biomechanical study

indicated the direct relationship of running motion to
the performance in the race. Enomoto et al. (1997)
suggested that the elite distance runners showed higher
effectiveness of mechanical energy utilization to running
velocity in a running cycle.

One of the most interesting factors about distance
runners is how they sustain and manage to maintain
running speed against fatigue. Elliot and Ackland (1981)
showed a few kinematic variables changing during
the race as a result of fatigue. Williams et al. (1991)
suggested that change in running motion due to fatigue
is different by individuals. However, there are few
studies about changes in running motion for the world’s
top distance runners during the race. A study analyzing
the change in running motion during the race might
give useful information about the running techniques
of the world’s top distance runners and a new insight
into training for distance runners from biomechanical
viewpoint.

The purpose of this study was to reveal the
biomechanical characteristics of running motion for the
world’s top distance runners in the men’s 10000 m final
at Osaka World Championships in Athletics.
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Table 1 Split and lap time at each 1000m in the race.

1. Kenenisa Bekele (ETH)

2. Sileshi Sihine (ETH)

3. Martin Irungu Mathathi (KEN)

Distance Split time Lap time Split time Lap time Split time Lap time
1000 2 :44.36 2:4453 2:4538
2000 5:2761 2:4325 5:27.79 2:43.26 5:28.19 2: 4281
3000 8 :13.59 2:45.98 8:13.79 2:46.00 8:14.04 2: 4585
4000 10 : 58.21 2: 4461 10 : 58.36 2: 4456 10 : 58.36 2: 4431
5000 13 : 43.41 2:4520 13 : 43.62 2: 4527 13 : 43.76 2: 4540
6000 16 : 29.22 2:4582 16 : 29.39 2: 4577 16 : 29.52 2: 4577
7000 19 :13.07 2:43.85 19 : 13.32 2:4393 19: 13.37 2: 4385
8000 21 :55.20 2:4213 21 :55.42 2:4210 21: 55.53 2: 4216
9000 24 :35.79 2:40.59 24 : 35.96 2: 4054 24 : 35.54 2: 40.01

10000 27 : 05.90 2:30.11 27 : 09.03 2:33.07 27:12.17 2: 36.63

Methods 1997), which was calculated by sum of energy change of

We videotaped the runners at a fixed area on the
backstretch in the men’s 10000 m final in Osaka World
Championships in Athletics using two digital video
cameras (60 Hz) from side and front views of a runner.
Another video camera was videotaped following the
top group from the start to the goal to calculate the split
time of each 100 m. The first place finisher of the race
was Kenenisa Bekele (ETH) who is the world record
holder of 10000 m, the second place finisher was Sileshi
Sihine (ETH), the third place finisher was Martin Irungu
Mathathi (KEN), whose height, body mass, best time of
10,000 m were 1.60 m, 54 kg, 26:17.53 for Bekele, 1.71
m, 55 kg, 26:39.69 for Sihine, 1.67 m, 52 kg, 27:08.42
for Mathathi, respectively. Running speed and step
frequency were derived from the lap time of each 100
m and average time of a cycle (two steps) in each 100
m and step length was divided running speed by step
frequency. Running motion of the top three runners were
analyzed during a running cycle at the 600 m (stage 1),
3800 m (stage 2), 6200 m (stage 3), 8200 m (stage 4)
and 9400 m (stage 5) marks using the three-dimensional
motion analysis technique. After calculation of three
dimensional coordinates and smoothing the coordinate
data using digital Butterworth filter, the center of gravity
of the body, angles and angular velocities of the segments
and joints of lower limbs, mechanical energy of whole
body were calculated. Effectiveness index of mechanical
energy utilization to running velocity was calculated by
horizontal translational mechanical energy of the body
divided by mechanical work in a cycle (Enomoto et al.,

each segment in each time interval (Metzler et al., 2002).

Results & Discussion

Table 1 shows the split and lap time for top three at
each 1000 m during the race. Each 1000 m lap times
from the start to 9000 m were almost same. There was
a small difference between three runners in the last 1000
m, although no difference was found between them until
the 9000 m mark. The goal time of the winner was the
sixteenth fastest time (his season best time at that time)
in 2007 despite the high temperature and humidity (30
degree, 65 %) in Osaka that night.

Figure 1 shows the running speed, step frequency and
step length in each 400 m for the top three. Running
speed of the top three was almost same until last three
laps, while they suddenly sped up around 8800 m mark
and time of the final lap were 55.51 s of Bekele, 58.66 s
of Sihine and 62.16 s of Mathathi. Bekele was behind
Mathathi and Sihine and eemed to exhaust energy before
the final lap, but he sped up dramatically and left others
behind. There was also no change in step frequency
and step length until 9000 m. Elliot and Ackland
(1981) showed that the decrease in running velocity
caused by decrease in step length, while Williams et al.
(1991) showed the increase in step length with fatigue
eliminating an effect of running speed. Furthermore,
the data of this race showed no significant change in the
support time (average of right and left foot) during the
race. It seems that the top three runners accomplished

their best as if they were not fatigued throughout the race
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Figure 1 Running speed, step frequency and step length
for top three in each 400 m during the race

despite the hot muggy conditions.

Bekele showed small step frequency and large step
length during the race, conversely Methathi showed large
step frequency ansmall step length. Their average step
lengths to body height during the race were 1.23, 1.13
and 1.13 for Bekele, Sihine and Mathathi, respectively.
Bekele increased running speed by increasing in step
frequency largely at the final lap. Correlation coefficients
of running speed to step frequency and step length
were 0.904 and 0.662 for Bekele, 0.753 and 0.492 for
Sihine, and 0.377 and 0.717 for Mathathi. These results
suggested that Bekele could maintain large step length
during the race and change in running speed by change
in step frequency, especially at last spurt.

Figure 2 shows changes in the effectiveness index of
mechanical energy utilization to running velocity (EI)
and mechanical power which was calculated to divide
mechanical work by cycle time of top three from stage 1
to 5. EI of Bekele was smaller than the others at stage 1,
then increase at stage 3 and 5. EI of Sihine and Mathathi
were greater than Bekele at stage 1, but Sihine decreased

—O—Bekele
301 —{F Sihine
—%— Mathathi

Effectiveness index
[4)]

Mean power (W/kg)

stages

Figure 2 Changes in effectiveness index of mechanical
energy and mean power of top three at each
stage in the race.

in EI from stage4 to 5. Mathathi maintained EI through
the race. Mean power of them doesn’t show consistent
change through the race. Bekele’s mean power was
greater than the others at stage 1 and 2. These results
suggest that running motion of Bekele expended more
energy but he can increased in effectiveness to maintain
the running velocity and speed up at the end of the race.
Mathathi may have good running technique to utilize
mechanical energy effectively although he can not output
more energy to speed up more at end of the race.

Figure 3 shows the changes in the maximal and
minimum thigh and shank angles at each stage for the
top three. Thigh and shank angle was defined as angle
to the vertical (counter-clockwise is positive). Positive
means swinging to the front of the body and negative
means backward. The lengths of each bar indicate
the range of motion of thigh and shank. The range of
shank movement for Bekele was greater than the others,
although the range of thigh movement for Mathathi
was greater than the others from stage 1 to 5. All three
runners showed minor changes in maximal and minimum
angles of thigh and shank. Maximal thigh angle and the
range of movement of the thigh for Mathathi gradually
increased, while those of Bekele and Sihine didn’t
change. Maximal and minimum shank angles were

maintained for Bekele but decreased for Sihine and
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Figure 5 Change in maximum thigh angular velocity of top three runners at each stage in the race.

Mathathi.

Figure 4 shows stick pictures of the top three runners
at 8200 m mark (stage 4) in the race. Thin lines indicate
the left side. Bekele shows that his shank was pulled
up to the thigh greatly in early recovery phase with the
consequence of the decrease in minimum knee angle, and
then swung forward greatly before the foot strike.

Figure 5 shows changes in maximum thigh angular
velocity (MTAV) of the top three runners at each stage
in the race. At stage 1 and 2 Mathathi showed greater
MTAV than the others. Bekele showed the increase in
MTAV gradually from stage 1 to 4. These results imply
that Bekele maintain the forward swing velocity of the
thigh as a result of the control on the shank motion,
which might be characteristic for Bekele. Enomoto
and Ae (2005) suggested that Kenyan runners swung
the thigh forward faster due to flexing the knee of the
recovery leg greatly. These suggested that forward swing
of thigh is an important motion for distance runners.

In conclusion, the world’s top distance runners show
a slight change of running motion and few fatigue
symptoms. The characteristic of Bekele’s running
motion was greater shank motion, which would need to
expend more mechanical energy.

Like a sprinters, it might be necessary for distance
runners to maintain high running speed during a race and
to spurt at the end of a race to not only utilize mechanical
energy efficiently but also to generate more mechanical

energy.
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Abstract

The men’s and women’s long jumpers at the 11th IAAF World Athletic Championships in Osaka were
three-dimensionally analyzed in the preparatory, takeoff, airborne, and landing phases. The purpose of
this brief report was to investigate kinematics of the top three long jumpers in Osaka 2007. The results
on the preparatory phase indicated that the investigated jumpers increased the run-up speed until the 2nd
last stride, and lowered their C.G. in the airborne phase of the 2nd last stride by lengthening the airborne
time.

An interesting observation was the lateral foot placement in the 2nd last stride and last stride, and an
inward-inclined takeoff leg in the takeoftf phase in the frontal plane, which induced effective use of the
hip abductors of the takeoff leg to enhance the vertical velocity during the takeoff, as similar to the high

jump (Okuyama et al., 2003)..

1. Introduction

The finals of the men’s and women’s long jump at the
11th TAAF World Championships in Athletics Osaka
were held in 30th August and 28th August, respectively.
The men’s winner, Irvine Saladino (PAN) marked his
personal best and new African record of 8.57 m. In
the women’s final, only Tatyana Lebedeva (RUS)
jumped over 7.0 m, followed by Lyudmila Kolchanova
(RUS) and Tatyana Kotova (RUS). The current world
record of the men’s long jump was 8.95 m, marked by
Mike Powel (USA) at the 3rd World Championships
in Athletics Tokyo, 1991. In this game, Carl Lewis
(USA) also jumped over 8.90 m, the previous world
record by Bob Beamon. These jumps were studied by
the biomechanical research project team organized by
International Association of Athletics Federations and
Japan Association of Athletics Federations. The report
of this project provided findings for improving the
performance, for example, the run-up speed of Powel and
Lewis at the touchdown of the takeoff was over 11.0 m/
s, and that of the other finalists was approximately 10.4
m/s; the less knee flexion of the takeoff leg was a very

important factor to gain the vertical velocity during the
takeoff (Fukashiro et al., 1994).

At the 11th World Athletic Championships in Osaka,
the biomechanics research project was also organized
by International Association of Athletics Federations
and Japan Association of Athletics Federations, and
videotaped the qualifications and finals of the men’s and
women’s long jump to obtain biomechanical information
of the elite athletes and to provide coaches and athletes
with findings to improve their performance.

The purpose of this brief paper was to report kinematics
data of the top three men and women long jumpers in
Osaka, 2007.

2. Methods

2.1 Analyzed jumps
Tables 1 and 2 show the characteristics of the top three
men and women long jumpers, which were analyzed in

this report.

2.2 Data collection and reduction
The men’s and women’s long jumpers qualified for the
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Table 1. Characteristics of the top three jumpers in the Men's final

Rank Name Nation Height (m) Weight (kg) Personal best (m) Result Analyzed jump
1 Irving SALADINO PAN 1.76 70 8.56 6th 8.57 (+0.0) 6th 8.57 (+0.0)
2 Andrew HOWE ITA 1.84 73 8.41 6th 8.47 (-0.2) 6th 8.47 (-0.2)
3 Dwight PHILLIPS USA 1.81 81 8.60 1st 8.30 (+0.4) 1st 8.30 (+0.4)

Table 2. Characteristics of the top three jumpers in the Women's final

Rank Name Nation Height (m) Weight (kg) Personal best (m) Result Analyzed jump
1 Tatyana LEBEDEVA RUS 1.73 63 7.33 3rd 7.03 (+0.3) 3rd 7.03 (+0.3)
2 Lyudmila KOLCHANOVA  RUS 7.21 6th 6.92 (-0.3) 6th 6.92 (-0.3)
3 Tatyana KOTOVA RUS 1.78 57 7.42 6th 6.90 (+0.5) 6th 6.90 (+0.5)

finals of the long jump were videotaped with two high-
speed video cameras (250 Hz) and two digital video
cameras (60 Hz) placed on the top row of the stadium.
The two high-speed video cameras covered the 2nd last
stride, last stride and takeoff, and the normal digital video
cameras videotaped the airborne and landing motions.
A calibration pole with seven control points was set
at the fourteen locations over the videotaping area to
reconstruct the real coordinates of the jumpers’ segment
endpoints.

Three-dimensional coordinates of twenty-three
segment endpoints were reconstructed by using a three-
dimensional direct linear transformation (3D-DLT)
method, and were smoothed with a Butterworth low-pass
digital filter at optimal cut-off frequencies determined by
residual analysis, 4.8 to 8.4 Hz.

The official distance was divided into three lesser
distances, which were takeoff distance, flight distance
and landing distance, as shown in Figure 1. The takeoff
distance (L1) is the horizontal distance between the
front edge of the takeoff board and the center of gravity
(C.G.) of the body at the instant of the toe-off. The
flight distance (L2) is the horizontal distance that the
C.G. travels while the athlete is in the air. The landing

O
S

by

L2 : Flight distance

distance (L3) is the horizontal distance between the C.G.
at the instant the heels hit the sand and the ultimate mark
in the sand made by the jumper. Toe-to-board distance
(L4), which is the horizontal distance between the toe
of the takeoff foot and the front edge of the board at the
instance of the toe-off of the takeoff, was calculated as an
indicator of the accuracy of the takeoff.

The C.G., joint angles of the takeoff leg, hip and
shoulder rotation angles, and trunk angle were calculated.
The leg angle between the line connecting the hip to
ankle joint of the takeoff leg and horizontal line was
calculated in the sagittal and frontal planes.

3. Results and Discussion

3.1 Men's Final
3.1.1 Performance descriptors

Table 3 shows the competition result of the men’s long
jump. Table 4 shows components of jumping distance
of the long jump. The toe-to-board distance of the top
three jumpers were ranging from 1.0 to 3.0 cm, which
indicated that the run-up accuracy of the best jump was
quite good in these jumpers. The takeoff distance (L1)
was approximately 0.40 m and the percentage of that to

<>
L1 :Takeoff distance

Official distance

>
L3 :Landing distance

Figure 1. Definitions of components of jumping distance of the long jump
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Table 3. Results of the final of the men's long jump

RANK NAME NAT RESULT 1st 2nd 3rd 4th 5th 6th
. X 8.30 8.46 X X 8.57
I Irving SALADINO PAN. 85T 1wss 05mis  0.0mls 0.0ms -03mls  0.0m/s
X 8.13 X 8.12 8.20 8.47
2 Andrew HOWE ITA - 84T s 0Imis 02m/s 0.7mls 0.2m/s  -0.2m/s
. 8.30 X X 8.02 X 8.22
3 Dwight PHILLIPS USA 8.30 0.4m/s 0.0m/s -0.1m/s 0.3m/s 0.Im/s 0.0m/s
. X 8.17 X 8.05 8.13 8.25
4 Olexiy LUKASHEVYCH UKR 8.25 0.0m/s 0.4m/s 0.5m/s 0.7m/s 0.4m/s 0.2m/s
7.98 7.86 8.19 8.18 8.15 8.19
5 Godfrey Khotso MOKOENA — RSA 819, 0 ) imss Odmss 0.7m/s  0.0mls  -0.Im/s
8.09 8.03 8.03 8.17 8.17 X
6 James BECKFORD JAM 8.17 0.3m/s 0.6m/s 0.6m/s 0.0m/s 0.1m/s 0.0m/s
. 7.90 8.01 X 7.90 X 7.64
7 Ndiss Kaba BADJI SEN 8.01 0.6m/s 0.Im/s -0.Im/s 0.4m/s 0.0m/s 0.1m/s
. X 7.98 7.70 X X
8 Ahmed Faiz BINMARZOUQ KSA 7.98 0.8m/s  0.0m/s -0.3m/s 0.4m/s ) 0.1m/s

Table 4. Distances within the long jump - Men's final

Parameter Saladino

1991 Tokyo World

Howe Phillips

Championship*

Official dist. (m) (L1+L2+L3) 8.57 8.47 8.30 8.15+0.17
Takeoff dist. (L1) (m) (%) 039(4.5) 04148 042(5.1) -
Flight dist. (L2) (m) (%) 7.80(91.0) 7.70(91.0) 7.62(91.8) -

Landing dist. (L3) (m) (%) 039(4.5) 036(4.2) 0.26(3.1) 0.47+0.09
Toe-to Board dist. (L4) (m) 0.01 0.03 0.01 -
ge&gi‘; la(‘i?;lz’rr:) 8.69 8.48 8.52 -
Loss dist. by landing (m) 0.12 0.01 0.22 -
Actual jump dist. (L4+L5) (m) 8.70 8.51 8.53 -

the total distance was about 5.0 %, and the contribution
of the flight distance (L2) to the official distance was
over 90 % (91.0~91.8 %). These results were similar to
the previous report of the elite male long jumpers by Hay
(1986). The flight distance of Saladino was 7.80 m (91.0
%) and longer than those of Howe (7.70 m) and Phillips
(7.62 m), and the landing distances of the top three
finalists were 0.39 m for Saladino, 0.36 m for Howe,
and 0.26 m for Phillips, respectively. These distances
were smaller than those of the finalist at the World
Championship in TOKYO 1991 (0.47+0.09 m). The

shorter landing distance in this final seems to result from

* Fukashiro et al . (1994)

their landing motion. The data of this study indicated
that the apparent landing distance, the horizontal distance
between the C.G. and the heel at the instant of heel
landing in the sand, was 0.51 m for Saladino and 0.48
m for Phillips, and these values were similar to that of
the previous report of Tokyo. The mark of the heel of
Phillips made in the sand was 8.53 m and further than
that of Howe (8.51 m), indicating Phillips had a large loss
of the distance by poor avoiding motion after landing.

3.1.2 Velocity of the C.G.
Table 5 shows the horizontal and vertical velocities
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Table 5. Horizontal and vertical velocities of the center of gravity (C.G.) of athletes and takeoff angle - Men's final

1991 TOKYO WC*

Parameter I. SALADINO A.HOWE D. PHILLIPS 1997 Athens WC**
M. POWEL C.LEWIS Other Athletes
Official distance 8.57 8.47 8.30 8.95 8.91 8.15+0.17 8.11+0.18
Horizontal vel. (m/s)
HVipr, 10.65 10.99 11.01 - - - R
HVipp 10.53 10.89 10.94 - - - -
HVip 10.52 10.87 10.38 11.00 11.06 10.39+0.14 10.65+0.19
HVykr 9.23 9.56 8.97 - - - -
HVio 8.90 9.26 8.96 9.09 9.72 8.80+0.12 8.77+0.22
AHV1p10 -1.63 -1.61 -1.41 -1.91 -1.34 -1.59+0.10 -1.88+0.32
Vertical vel. (m/s)
VVip -0.28 -0.46 -0.06 - - - -
VVukr 2.61 242 2.70 - - - -
VVio 3.75 3.46 3.67 3.70 322 3.44+0.19 3.42+0.26
VVuike/ VVio (%) 69.6 69.9 73.5 - - - -
Takeoff angle (deg)
Y-Z plane 22.9 20.5 223 22.1 18.3 21.4+1.5 21.3+1.5
X-Y plane 1.9 2.5 0.5 -1.4 33 1.6+1.4 -

of the 2nd last stride, last stride and takeoff phases and
takeoff angle. The run-up speed of the 2nd last stride was
10.65 m/s for Saladino, 10.99 m/s for Howe, and 11.01
m/s for Phillips, and then the speed decreased toward the
takeoff. The data indicated that although Phillips reached
the largest run-up speed at the touchdown of the 2nd last
stride in the top three, the decrease in the speed from
the 2nd last stride to the takeoff was the largest (-0.63
m/s), resulting in the smallest horizontal velocity at the
touchdown of the takeoff (Saladino, 10.52 m/s; Howe,
10.87 m/s; Phillips, 10.38 m/s).
in the run-up speed for Saladino and Howe were smaller,

Contrary, the decrease

-0.13 m/s for Saladino and 0.12 m/s for Howe, implying
that their preparation for the takeoff were superior to
Phillips’s one.

The horizontal velocity at the touchdown for the top
three was similar to the average of the reports on World
Championship in Tokyo and Athens (Fukashiro et al.,
1994; Arampatzis et al., 1999), with exception of M.
Powel (11.00 m/s) and C. Lewis (11.06 m/s). The data
represented that the horizontal velocity at the toe-off for
Saladino was the smallest of the three, but his vertical
toe-off velocity was the largest and contributed to gain
the longest flight distance of the three. It is interesting
that although the decreases in the horizontal velocity for
Saladino and Howe were approximately same (Saladino,

* Fukashiro ef al . (1994) ** Arampatzis et al. (1999)

-1.63 m/s; Howe, -1.61 m/s), the gained vertical velocity
was very different (Saladino, 3.75 m/s; Howe, 3.46 m/
s), indicating that the velocity conversion technique from
the horizontal to the vertical for Saladino was superior to

Howe.

3.1.3 Pathway of the C.G.

Figure 2 shows pathways of the C.G. from the 2nd
last stride to the takeoff for the three jumpers. The long
jumpers lower the C.G. in the final stage of the run-up
to make the body prepared to obtain the vertical velocity
during the takeoff phase (Hay, 1986). The top three
jumpers gradually lowered the C.G. from the 2nd last
stride to the instant of the takeoff foot touchdown. The
largest decrease in the C.G. height was achieved in the
airborne phase of the 2nd last stride, which were 6.3 cm
for Saladino, 8.6 cm for Howe, and 9.1 cm for Phillips.

The phase time analysis indicated that the support time
of the 2nd last stride was shorter and airborne time was
longer, compared with the 3rd last stride. These data
confirmed that the top three finalists changed the running
motion and prepared for the takeoff during the support
phase of the 2nd last stride.

There were remarkable differences in the technique of
lowering the C.G. during the last stride among the three
athletes. Phillips continued lowering of the C.G. until the
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toe-off of the last stride. However, Saladino and Howe
took off, raising the C.G. slightly during the second half
of the support phase. It should be worthy to note that
although Phillips’s large decrease in the C.G. height
led the low position at the touchdown of the takeoff,
his decrease in the horizontal velocity from the 2nd last
stride to the takeoff was the largest of the three (Phillips,
-0.63 m/s; Saladino, -0.13 m/s; Howe, -0.12 m/s).

3.1.4 Joint and leg angles during the takeoff phase

Table 6 shows angles of the takeoff leg joints, trunk,
hip and shoulder rotation at the touchdown and toe-off of
the takeoff phase. Figure 3 shows the overhead views of
the pathways of the C.G. from the 2nd last stride to the
takeoff and the footprint of each support phase.

The results on the knee joint indicated that the knee
flexion and the maximum knee flexion velocity for
Fukashiro et al. (1994)
reported that the less knee flexion of the takeoff leg was

Saladino were the smallest.

a crucial factor to enhance the vertical velocity during
the takeoff. The result of this final and previous report
of Tokyo confirm that the less flexed takeoff leg helps to
gain the vertical velocity in the takeoff phase.

The hip rotation angles at the touchdown and toe-off
of the takeoff phase were 1.1° and 39.1° for Saladino,
-12.6° and 21.9° for Howe, and -5.8° and 17.8° fir

Phillips. The range of the hip rotation was 38.0° for
Saladiono, 33.5° for Howe, and 23.6° for Phillips. These
results indicated that the top three jumper rotated the hip
of the lead leg forward in the swing of the lead leg during
the takeoff, and the hip forward rotation of Saladino
was the largest of the three. The previous report of
Tokyo indicated that the range of the twist of the hip and
shoulder during the takeoff positively correlated with
the jump distance (r=0.86), and that of Powel and Lewis
was 74° and 70°, respectively. As shown in table 6, the
twist range of Saladino and Howe was 71.1° and 68.0°
and similar to that of Powel and Lewis. The results of
this study and previous report indicated that the twist of
the hip and shoulder was an important motion during the
The leg
angle (hip-ankle) in the frontal plane at the touchdown of
the takeoff was -2.6° for Saladino, -4.7° for Howe, and
-1.3° for Phillips, respectively., which indicated that the

takeoff phase to obtain the jumping distance.

top three jumpers slightly inclined the takeoff leg inward
at the touchdown of the takeoff. As shown in Figure 3,
although the top three placed their support foot in the
lateral position at the 2nd last and last strides, they placed
their takeoff foot nearly under the C.G in the takeoff
phase. Especially Howe’s takeoff foot was placed in
much medial position to the C.G. during the takeoff
phase. These results indicated that these jumpers placed

Takeoff board
1.3
Saladino Howe == Phillips
TO
1.2 2
g 1.1
=
20
]
T | i
0.9 -
0.8 1 1 1 1 1 1 1 1 1 1 1 1
-6 55 -5 45 4 35 -3 25 -2 -15 -1 05 0 05 1

Distance from takeoff board (m)
Figure2. Pathway of the center of gravity of the body from the touchdown (TD) of the 2nd last stride to the toe-off (TO)

of the takeoff.
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Table 6. Joint angles of the takeoff leg, trunk angle, hip and shoulder rotation angles, and leg angles at the touchdown

(TD) and toe-off (TO) of the takeoff

1991 Tokyo World

Parameter Saladino Howe Phillips Championship*
Rotation angle (shoulder)
Kneerp, (deg) 160.2 160.2 165.4 166.7+3.5
Kneeygr (deg) 143.2 140.7 138.4 145.6+5.3
Kneerq (deg) 168.4 165.2 159.8 172.0+2.3
Flex. / Ext. (deg) -17.1/25.2 -19.4/24.5 -27.0/21.5 -21.1+4.3/26.4+4.8
Maximum Knee Flex. Vel. (deg/s)  -423.2 -452.8 -570.7
Trunk - Sagittal plane 1, (deg) 2.3 2.1 -10.1 -4.4+3.9
Trunk - Sagittal plane 1o (deg) 5.6 8.0 7.3 5.843.7
Shoulder rotation TD (deg) 32.6 14.9 17.8 20.6+5.3 Leg angle (sagittal plan
Shoulder rotation TO (deg) -0.5 -18.6 -13.5 -10.3+£8.0
Hip rotation TD (deg) 1.1 -12.6 -5.8 -9.0+4.9
Hip rotation TO (deg) 39.1 21.9 17.8 17.0+10.1
Twist angle (deg) 71.2 68.0 54.9 56.9+10.6
Leg angle
Sagittal pglanegTD (deg) 373 36.1 37:2 i
Leg angle
Sagittal janfio (deg) 25.3 310 28.3 i
Leg angle
Frontal p%anegm (deg) 26 47 13 i
Leg angle -5.1 -5.7 7.1 -

Frontal plane 1o (deg)

their takeoff foot in the medial side, which resulted in a
slight inward lean of the takeoff leg during the takeoff
phase. Okuyama et al. (2003) suggested that the use of
the hip abductors of the inward inclined takeoff leg in the
high jump was an important factor to enhance the vertical
velocity during the takeoff. The behavior of takeoff
leg of the top three jumpers with the previous study
(Okuyama et al., 2003) imply that the elite long jumpers
may have used their hip abductors of the takeoff leg to
gain the vertical velocity during the takeoff phase.

3.2 Women’s final
3.2.1 Performance descriptors

Table 7 shows the competition result of the women’s
long jump. Table 8 shows components of jumping
distance of the long jump. Lebedeva marked the longest
actual jump distance of the top three (7.08 m). The
second longest actual jump was marked by the 3rd
jumper, Kotova, and her jump was 10 cm longer than
Kolchanova (Kotova, 7.05 m; Kolchanova, 6.95m). The

* Fukashiro et al . (1994)

distance results indicated that Kolchanova’s second
position may have attributed to the accuracy of the
takeoff foot placement and landing. The landing distance
of the top three was longer than that of the men’s
finalists.

3.2.2 Velocity of the C.G.

Table 9 shows the horizontal and vertical velocities
of the C.G of the 2nd last stride, last stride and takeoff
phases and takeoff angle. The run-up speed of the 2nd
last stride was 9.52 m/s for Lebedeva, 9.23 m/s for
Kolchanova, and 9.12 m/s for Kotova, and then slightly
decreased until the touchdown of the takeoff, resulting
in the 9.37 m/s for Lebedeva, 9.13 m/s for Kolchanova,
and 9.08 m/s Kotova at the touchdown of the takeoff.
The horizontal velocity at the toe-off for Lebedeva and
Kolchanova was same (7.73 m/s). However, there was
significant differences in the vertical toe-off velocity
between these top two athletes (Lebedeva, 3.50 m/
s; Kolchanova, 3.23m/s), indicating that Lebedeva’s
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Figure 3. Overhead views of paths of the center of gravity of the body from the 2nd last stride to the takeoff and

footprint of each support phase.

longer jump resulted from larger gain of the vertical
velocity during the takeoff. Kotova’s jump was very
different from other two. The horizontal velocity at the
toe-off was the largest of the three (8.14 m/s) because
of the much less decrease in the horizontal velocity
during the takeoff (Kotova, -0.94 m/s; Lebedeva, -1.64
m/s; Kolchanova, -1.40 m/s), and her toe-off vertical
velocity was the smallest (3.18 m/s). Compared with
the previous World Championships of the Tokyo and
Athens (Fukashiro et al., 1994; Arampatzis et al., 1999),
the run-up speed of the top three in Osaka was small, but
there were no differences in the official distance among
these competitions, with exception of J.J. Kersee and H.
Drechsler. The results on the C.G. velocity indicated
that the larger gain of the vertical velocity and the high
takeoff angle for Lebedeva and Kolchanova and less
decrease in the horizontal velocity for Kotova contributed

to obtain their longer jump distance.

The gain of the vertical velocity until the maximum
knee flexion of the takeoff leg (MKF) was 60.8 % for
Lebedeva, 57.1 % for Kolchanova, and 39.1 % for
Kotova, respectively. Previous studies of Lees et al.
(1993, 1994) reported that the vertical velocity which
long jumpers obtained until the MKF was a crucial
factor for successful jump and over 64 % of the final
vertical velocity for women and about 70 % for men.
These indicated that the vertical velocity obtained until
the MKF for the top three was smaller than that of the
previous elite athletes. As mentioned above, Kotova
obtained only 40 % of the final vertical velocity until
the MKF even in the her best jump, however, she finally
obtained the vertical velocity of 3.18 m/s, which were
within the average of the elite female long jumper.
These results indicated that Kotova might use different
technique for the velocity conversion from the horizontal
to the vertical during the takeoff.
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Table 7. Results of the final of the woen's long jump

RANK NAME NAT RESULT 1st  2nd  3rd  4th  5th 6th
I Tatyana LEBEDEVA RUS 703 -0.6};3/s 0.77.?n3/s 0.‘;.313/s 0. 7);1/s 0.61'352 )
2 Lyudmila KOLCHANOVA — RUS 6.92 —O.ZXm/S 0645:;9 -O.IXm/s 0.6 7Z11/s I.6 0513/5 -O.Gé?nz/s
3 Tatyana KOTOVA RUS 6.9 -oééi?/s 0.0ms 1.6(jr7ns/s 0.6 };(;s 27w 0.65.:12
4 Natide GOMES POR 6.87 0.67-317/s 0.63;5/3“ -0.6;111/s 0.69516/s 064515/s —0.6..3i(1)/s
5 Bianca KAPPLER GER 681 -0.6}:/s 0.6526/5 0.63;8/s -0.64;5@ 0.6);1/s 1.66:19/s
6 Maurren Higa MAGGI BRA 680 -;ijal/s O%ijs 0.6);3/s 1.62'2(2 0.64;?12& -027716&
7 Keila COSTA BRA6.69 0.60.:19/s —léif:/s 03:16/s -0.6;16@ 1.9):n/s 1.61.r6nl/s
8  Brittney REESE UsA 660, -1.6324 -0.65?118@ 0Tmls 08w —0.65719/s

Table 8. Distances within the long jump - Women's final

Parameter Lebedeva Kolchanova Kotova
Official dist. (m) (L1+L2+L3) 7.03 6.92 6.90
Takeoff dist. (L1) (m) (%) 0.31(4.4) 0.34 (5.0) 0.34 (5.0)
Flight dist. (L2) (m) (%) 6.20 (88.2) 6.12 (88.5) 6.07 (88.0)
Landing dist. (L3) (m) (%) 0.52 (7.4) 0.46 (6.6) 0.49 (7.1)
Toe-to Board dist. (L4) (m) 0.05 0.00 0.06
Heel displacement
@ landing (L5) (m) 7.03 6.95 6.99
Loss dist. by landing (m) 0.00 0.03 0.09
Actual jump dist. (L4+L5) (m) 7.08 6.95 7.05
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Table 9. Horizontal and vertical velocities of the center of gravity (C.G.) of athletes and takeoff angle - Women's final

1991 TOKYO WC*

Parameter Lebedeva Kolchanova Kotova 1997 At}.lens World
Championship**
J. J.Kersee H.Drechsler Other Athletes
Official distance 7.03 6.92 6.90 7.32 7.29 6.95£0.43 6.86+0.12
Horizontal velocity (m/s)
HV1p» 9.52 9.23 9.12 - - - -
HV1py 9.63 9.11 9.39 - - - -
HVp 9.37 9.13 9.08 9.85 9.86 9.53+0.11 9.62+8.08
HVyikr 7.95 8.17 8.16 - - - R
HV1o 7.73 7.73 8.14 8.09 8.49 7.92+0.31 8.08+0.26
AUV 1p10 -1.64 -1.40 -0.94 -1.76 -1.37 -1.61£0.29 -1.54%0.25
Vertical Velocity (m/s)
VVip -0.38 -0.42 -0.40 - - - -
VVyike 2.13 1.84 1.24 - - - -
VVio 3.50 3.23 3.18 3.46 2.80 3.05+0.24 3.10+0.23
VVike/ VV1o (%) 60.8 57.1 39.1 - - - .
Takeoff angle (deg)
Y-Z plane 24.4 22.7 21.3 23.2 18.3 21.1+2.0 20.9+1.7
X-Y plane -0.8 -1.1 3.0 - - - -
* Fukashiro et al . (1994) ** Arampatzis e al . (1999)
Takeoff board
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Figure 4. Path of the center of gravity of the body from the touchdown(TD) of the 2nd last stride to the toe-off (TO) of

the takeoff
of the men. However, the absolute value of the decrease
3.2.3 Pathway of the C.G. in the C.G. height in the 2nd last airborne phase was
Figure 4 shows pathway of the C.G. from the 2nd last smaller (Lebedeva, 5.0 cm; Kolchanova, 6.8 cm; Kotova,
stride to the takeoff for women’s final. The lowering the 3.9 cm).

C.G of the women’s top three was similar to the pattern
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Table 10. Joint angles of the takeoff leg, trunk angle, hip and shoulder rotation angles, and leg angles at the touchdown

(TD) and toe-off (TO) of the takeoff

1991 Tokyo World

Parameter Lebedeva Kolchanova Kotova . .
Championship*
Kneeqp (deg) 159.5 159.4 152.4 163.6+3.7
Kneeykr (deg) 145.0 143.9 145.8 144.1£2.7
Kneepq (deg) 163.9 163.5 164.5 170.4+4.1
Flex. / Ext. (deg) -14.5/18.9 -154/19.6 -6.5/18.6 -19.5+£3.7/26.3+£3.3
Maximum Knee Flex. Vel. (deg/s)  -360.9 -392.4 -181.7
Trunk - Sagital plane 1, (deg) 22 -3.9 4.1 24427
Trunk - Sagital plane 1 (deg) 8.3 6.2 -1.3 -0.7£2.8
Shoulder rotation TD (deg) 13.7 23.7 33.1 23.0+3.8
Shoulder rotation TO (deg) -7.9 -7.5 0.8 -18.949.1
Hip rotation TD (deg) -12.9 -4.9 4.1 -5.3+4.8
Hip rotation TO (deg) 19.8 14.3 15.3 6.4+4.1
Leg angle
Sagittal plane 1, (deg) 4l 379 32.2 i
Leg angle
Sagittal plane ¢ (deg) 266 252 273 i
Leg angle
Frontal plane 1, (deg) o1 7 4.3 i
L 1
°E angie 8.1 52 62 -

Frontal plane 1o (deg)

3.2.4 Joint and leg angles during the takeoff

Table 10 shows angles of the takeoff leg joints, trunk,
hip and shoulder rotation at the touchdown and toe-off
of the takeoff phase. Figure 5 shows the overhead views
of the paths of the C.G. from the 2nd last stride to the
takeoff and the footprint of each support phase.

The knee flexion of the takeoff leg during the takeoff
phase was 14.5° for Lebedeva, 15.4° for Kolchanova,
and 6.5° for Kotova, and the minimum knee angle of the
takeoff leg was approximately 143° to 146°. Compared
with the top three men’s jumpers, the knee flexion and
maximum knee flexional velocity of the women’s were
much smaller than those of the men’s jumpers. The
report of the Tokyo WC indicated that the knee flexion
of the takeoff leg was smaller in women’s jumper than in
the men’s jumper (Women, 19.5£3.7°; Men, 21.1+4.3°).
The less flexion of the takeoff leg of women may be
caused by the small muscular strength of the takeoff leg

than men.

* Fukashiro et al . (1994)

The leg angle (hip-ankle) in the frontal plane at the
touchdown of the takeoff was -6.1° for Lebedeva, -7.7°
for Kolchanova, and -4.3° for Kotova, and those at the
toe-off of the takeoff were also the negative values (-8.1°
for Lebedeva; -5.2° for Kolchanova; -6.2° for Kotova).
These results indicated that the top three of the women
inclined the takeoff leg inward over the takeoff phase as
the men adapted. Additionally, the inward inclination of
the takeoff leg was larger in the women than those of the
men’s jumpers. As shown in figure 5, the women’s top
three placed their takeoff foot much medially, and these
led the inward-inclined takeoff leg during the takeoff.
These motions of the takeoff leg imply the use of the hip
abductors of the takeoff leg for enhancing the vertical
velocity in the takeoff phase, as previously described.

4. Summary

The results on the preparatory phase indicated that the
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Figure 5. Overhead views of paths of the center of gravity of the body from the 2nd last stride to the takeoff and

footprint of each support phase

investigated jumpers increased the run-up speed toward
the 2nd last stride, and lowered their C.G. in the airborne
phase of the 2nd last stride by lengthening the airborne
time. They placed their takeoff foot in the medial side,
which resulted in a slightly inward lean of the takeoff
leg at the TD of the takeoff, which induced effective use
of the hip abductors of the takeoff leg to enhance the
vertical velocity during the takeoff, as similar to the high
jump (Okuyama et al., 2003).
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Abstract

The purpose of this report is to present the jumping distance and run-up velocity data from the men’s
and women’s triple jump finals at the 2007 IAAF World Championships in Athletics in Osaka.

The instantaneous run-up velocities of all attempts of all athletes were measured by a laser distance
measurement device (LAVEG by Jenoptik). The best record jumps of each athlete were included in an
analysis.

Comparing with the past World Championships, the average performance in the men’s triple jump did
not improve remarkably. In the women’s triple jump, the average jumping distance at the 2007 World
Championships was greatest among the past World Championships. Therefore, the women achieved
86.0% of the men’s jumping distances. While the women’s run-up velocities reached 89.6% of the men’s
at the 2007 World Championships.

The run-up velocity was significantly related to the jumping distance in the men’s and women’s
triple jump finals at the 2007 World Championships. These relationships indicated that one of the most
important determinant of the triple jump performance would be the run-up velocity in both men’s and

women'’s finals at this competitions.

Introduction

The 11th TAAF World Championships in Athletics 2007
was held at Osaka, Japan, from August 26th to September
2nd. In the men’s triple jump, Nelson Evora of Portugal
broke his own record by 23 cm and won the gold medal
with a record of 17.74 m. While Yargelis Savigne of
Cuba showed a big jump of 15.28 m at the first attempt
and captured the victory in the women’s triple jump.

In the horizontal jumps, the run-up velocity is of major
importance for a successful performance. The changes
in world records of the men’s triple jump also imply
the importance of the approach speed. In 1960s, Jozef
Schimidt of Poland, who was former Olympic champion
and world record holder, was the first to break the 17 m
barrier with a jump of 17.03 m. Schimidt’s technique
involved a low and fast hop and step in order to minimize
the reduction of run-up velocity and energy loss during
the hop and step. Moreover, Jonathan Edwards of United

Kingdom improved the world record considerably and
became world champion in 1995 with 18.29 m. One of
the greatest characteristic of Edwards’ jump was high
run-up velocity.

In this report, the purpose is to present the jumping
distance and run-up velocity data from the men’s and
women’s triple jump finals at the 2007 IAAF World
Championships in Athletics in Osaka.

Methods

Data were collected at the men’s and the women’s triple
jump finals at the 2007 IAAF World Championships in
Athletics in Osaka. The best valid jumps from each of the
twelve finalists of the men’s and women’s competitions
were selected for further analysis. The official distances
of the selected jumps of each athlete were shown in Table
1 for male athletes and table 2 for female athletes.

The instantaneous run-up velocities of the athletes
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Table 1 Jumping distance (official), run-up velocity at the maximum point and 0 m point of the approach distance (foul
line), location of the maximum run-up velocity and velocity change from the maximum point to the 0 m point of

the approach distance for the best valid jumps from each of the twelve male finalists
MAX  MAX 0Om Diff.

Rank Name Nat. Result Wind m m/s m/s m/s
1 N.Evora POR 1774 +14 425 1049 1022 -0.27
2 J. Gregorio BRA 1759 +0.3 7.02 1045 10.05 -0.40
3 W. Davis USA 1733 +1.0 325 1023 10.07 -0.16
4 0. Tosca cuB 1732 +11 364 1043 10.27 -0.16
5 A. Wilson USA 1731 +06 6.51 1051 1013 -0.38
6 P.ldowu GBR 17.09 -09 553 1026 992 -0.35
7 D. Giralt CcuB 16.91 +0.7 428 1012 9.83 -0.30
8 A.Martinez  SUI 16.85 +1.3 6.32 1049 10.08 -0.41
9 D.Kim KOR 16.71 +11 567 9.94 9.70 -0.24
10 A.Petrenko RUS 1666 +0.8 3.34 9.89 9.73 -0.15
11 M. Zhong CHN 16.66 +1.5 554 10.31 997 -0.34
12 D. Tsiamis GRE 1659 -1.1 4.09 9.77 953 -0.24

Average 17.06 495 10.24 9.96 -0.28
+SD 0.39 1.30 0.26 0.22 0.09

were measured by a laser distance device (LAVEG by
Jenoptik), which operated at 50 Hz and was installed
before the runway at the top of the stadium. The operator
of the LAVEG targeted the athlete’s chest and followed
during the entire approach run. The position time history
data were smoothed by the fourth-order low-pass
Butterworth digital filter with a cut-off frequency of 0.5
Hz. From the position time history data, the object’s run-
up velocity was calculated by the first time derivative.
Consequently, we provided the maximum run-up
velocity and its location from the 0 m point of the
approach distance (foul line) and the run-up velocity at

0 m point of the approach distance of all the male and
female finalists, and the run-up velocity curves of the

male and female top three athletes for the analysis.

Results and Comments

Jumping distance

Table 1 and 2 presents jumping distance (official), run-
up velocity at the maximum point and 0 m point of the
approach distance (foul line), location of the maximum
run-up velocity and velocity change from the maximum

point to the 0 m point of the approach distance for each
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Figure 1 Changes in ratios of the average, maximum and minimum official distances in the men’s triple jump finals at
all the World Championships to those at the 1stWorld Championships (100%)

— 120 —



Table 2 Jumping distance (official), run-up velocity at the maximum point and 0 m point of the approach distance (foul

line), location of the maximum run-up velocity and velocity change from the maximum point to the 0 m point of

the approach distance (foul line) for the best valid jumps from each of the twelve female finalists

MAX  MAX 0Om Diff.

Rank Name Nat. Result Wind m m/s m/s m/s
1 Y. Savigne cuB 1528 +0.9 353 949 9.26 -0.24
T.Lebedeva RUS 15.07 +0.8 3.50 9.59 9.39 -0.20

3 H. Devetzi GRE 15.04 -0.2 327 922 9.00 -0.22
4 A.Pyatykh RUS 14.88 +0.3 264 9.10 8.96 -0.14
5 M. Sestak SLO 1472 +0.2 330 8.96 8.81 -0.15
6 M. Martinez ITA 1471 +1.3 419 898 8.72 -0.26
7 O.Saladuha UKR 14.60 +0.7 3.23 8.96 8.73 -0.23
8 L. Xie CHN 1450 +09 564 922 8.61 -0.60
9 K. Costa BRA 1440 +11 4.08 9.55 9.20 -0.35
10 O.Bufalova RUS 1439 +0.7 359 9.03 8.84 -0.19
11 O.Rypakova KAZ 1432 +14 354 8.97 8.79 -0.18
12 D. Veldakova SVK 14.09 -0.1 446  8.97 8.78 -0.19
Average 14.67 3.75 9.17 893 -0.24
+=SD 0.35 0.77 0.24 024 012

of the twelve male and female finalists, respectively.
Figure 1 and 2 shows changes in ratios of the average
jumping distances in the men’s and women’s triple
jump finals at all the World Championships to those at
the 1st World Championships (100%) for the male and
the 4th World Championships (100%) for the female,
respectively.

At the World Championships 2007, six male athletes
jumped further than 17.00 m and three female athletes

broke 15.00 m. The average jumping distance of
the male changed little throughout the past World
Championships (Figure 1). Comparing with the past
World Championships, the average jumping distance
was greatest in the women’s triple jump at the World
Championships 2007 (Figure 2). On average, the women
reached 86.0% of the men’s jumping distances at the 11th
World Championships.
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Figure 2 Changes in ratios of the average, maximum and minimum official distances in the women’s triple jump finals
at all the World Championships to those at the 4thWorld Championships (100%), in which the event was first

included
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Run-up velocity

The maximum run-up velocity and run-up velocity at
0 m point of the approach distance were 10.24+0.26
m/s and 9.96+0.22 m/s for the male and 9.17+0.24
m/s and 8.93+0.24 m/s for the female at the World
Championships 2007 (Table 1 and 2). There were six
male and four female athletes who kept the run-up
velocity faster than 10.00 m/s for male and 9 m/s for
female, respectively, from the maximum point to the
0 m point of the approach distance. The correlation
coefficients between the maximum run-up velocity and
the run-up velocity at 0 m point of the approach distance
were highly significant for the men (r = 0.93, p < 0.001)
and women (r = 0.87, p < 0.001). The women’s run-up
velocities at the maximum and 0 m point of the approach
distance were both calculated to be 89.6% of the men’s.

Relationships between jumping distance and run-up
velocity

Figure 3 illustrates the relationships of the jumping
distance to the run-up velocity at the maximum and
0 m point of the approach distance for the men’s and
women’s triple jump finals. In the men’s finalists, there
were significant relationships of the jumping distance to
the maximum run-up velocity (r = 0.72, p < 0.01) and the

run-up velocity at 0 m point of the approach distance (r =

<> Female at MAX

11.0

0.78, p <0.01). While in the women’s finalists, significant
correlation was found only between the jumping distance
and the run-up velocity at 0 m point of the approach
distance (r = 0.59, p < 0.05). However, considering the
Costa’s jumping distance (Table 2), her run-up velocity
was extremely large in the women’s finalists. These
data of Costa indicated that she would failure to use her
energetic potential in the triple jump. If Costa’s data was
excluded, the relationships of the jumping distance to the
maximum run-up velocity and the run-up velocity at Om
point of the approach distance turned to be significant
(maximum point, r = 0.74, p <0.01; 0 m point, r = 0.75, p
<0.01).

These relationships underline the great importance of

run-up speed for men not only for women.

Characteristics of the run-up velocities of the top
three athletes

Figure 4 and 5 depicts the developments of the run-
up velocities of the top three athletes of the en’s
and women’s triple jump finals, respectively. Evora
showed large run-up velocity almost entire points of
the approach, and the run-up velocity at the end of the
approach distance (0 m) was greatest among the top three
athletes. Although Gregoério xceeded Evora in the run-up
velocity from 15 to 5 m points before the take-off, his

@ Male at MAX

O Female at 0 m

10.5
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©
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©
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Jumping distance (m)

Figure 3 Relationships of jumping distance (official) to the run-up velocity at maximum and 0 m point of the approach

distance (foul line) for the men’s and women’s triple jump finals
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Figure 4 Development of the run-up velocity of the top three athletes of the men’s triple jump final: N. Evora(17.74m),

J. Grego6rio(17.59m) and W. Davis (17.33m)
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Figure 5 Development of the run-up velocity of the top three athletes of the men’s triple jump final: Y. Savigne(15.28m),

T. Lebedeva(15.07m) and H. Devetzi(15.04m)

location of the maximum run-up velocity was earlier than
that of Evora and the loss of the run-up velocity became
greater before the takeoff (Table 1). While Davis used
shortest approach distance among three athletes, around
35 m point of the approach distance. However, his run-
up velocity immediately increased and reached its peak
of 10.23 m /s at 3.25 m point of the approach distances,
which was nearest among the three athletes.

Savigne started the approach from about 35 m point

of the approach distance. She accelerated immediately
and the maximum run-up velocity reached the second
largest among the women’s finalists (Table 2). Lebedeva
showed the greatest run-up velocity throughout the
approach from about 40 m point of the approach
distance. Although she could produce the greatest kinetic
energy (increase run-up velocity) before the take-off, she
was unable to improve the jumping distance within six

attempts. The maximum run-up velocity of Devetzi was

— 123 —



smallest among the three athletes.

Summary

Run-up velocities of the best attempts of the twelve
male and female finalists in Osaka 2007 were measured
using a laser distance measurement device. We analyzed
the maximum run-up velocity and its location from the 0
m point of the approach distance (foul line) and the run-
up velocity at 0 m point of the approach distance.

The average performance in the men’s triple jump
did not improve remarkably throughout the past World
Championships. While in the women’s triple jump, the
average jumping distance at the World Championships
2007 was greatest among the past World Championships.
The women reached 86.0% of the men’s jumping
distances and 89.6% of the men’s run-up velocities at the
11th World Championships.

The run-up velocity was significantly related to the
jumping distance in the men’s and women’s triple
jump finals at the 2007 World Championships. These
relationships indicated that one of the most important
determinant of the triple jump performance was the run-
up velocity in both men’s and women’s finals at this

competitions.
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Abstract

This brief report described interim results of kinematic analysis of the jumping techniques for top three
men high jumpers at Osaka WC. Finalists in the men’s high jump at Osaka WC were videotaped to
obtain three-dimensional coordinates of twenty-three body landmarks in video images of the best jump
for each jumper with a three-dimensional DLT method. Thomas's run-up CG velocity was high in the
last stride(7.73 m/s) and at the takeoff foot touchdown(7.87 m/s) and his inward lean of the body, 8.2
deg was the greatest of the three jumpers. Thomas’s technique was characterized by a strong forward
lean of the trunk and deeply flexed support knee in the preparation phase, accelerative transition to
the takeoff phase, fully used takeoff knee and hip, and the large inward lean of the body. The silver
medalist, Rybakov from Russia who also cleared 2m35 exhibited us an orthodox and beautiful high jump
technique with a double arm swing from large backward lean of the body at the takeoff foot touchdown.
Although the bronze medalist, loannou decreased his horizontal CG velocity during the last stride, his
technique was characterized by relaxed last few strides, running up transition to the takeoff phase and

the quick takeoff.

1. Introduction

The high jump, as we know it today, became popular
in the 19th century. The high jump was adopted as an
event of the athletics of the modern Olympic Games in
1986. The most primitive style of the high jump is a
scissors style in which a straight run-up is used. Starting
with the scissors style, the technical evolution of the
high jump has been taken place, for instance, the western
roll, the straddle and the Fosbury-flop which is the most
fashionable at present, and the record of the high jump
has been improved.

The Fosbury-flop became famous all over the world, by
Dick Fosbury’s victory in the Mexico Olympic Games in
1968, who invented a back lay-out clearance technique
from a curved run-up. Most of high jumpers use the
Fosbury-flop at present, and the current world records for

men and women were established with this style (men:

2m45, women: 2m09).

Although the high jump technique can be divided into
four phases: run-up, preparation, takeoff, and clearance,
the takeoff is the most important phase. Basic principles
of the takeoff are common in various styles mentioned
above, which have been formulated by the study on
the takeoff motion of the straddle style whose run-up
is straight. However, there is still less information on
the takeoff motion of the Fosbury-flop than that of the
straddle style, because the takeoff of the Fosbury-flop is
a three-dimensional nature and more complicated than
that of the straddle style because of its curved run-up.

The detailed three-dimensional analyses of the high
jump at the IAAF World Championships in Athletics
were conducted at the Championships held in Tokyo
1991, Athens 1997, and Helsinki 2005. The men’s
high jump at the 11th IAAF World Championships in
Athletics, Osaka 2007, henceforth Osaka WC, was a very
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Table 1 Results of men’s high jump, Osaka 2007

Rank Name NAT [Result(m)] 2.16

2.21 2.26 2.30 2.33 2.35 2.37

1 Donald THOMAS | BAH| 2.35 -

xO xO @] xxQ O XXX

8 | Jaroslav BABA CZE | 2.26

2 | Yaroslav RYBAKO RUS | 2.35 - o o ©) (0] xO XXX
3 Kyriakos IOANNOU| CYP | 2.35 @] o (@) xQ xQ xQO XXX
4 Stefan HOLM SWE| 2.33 - @] @] o (@) XXX
5 | Tomas JANKU CZE| 2.30 (@) (@) @] (@) XXX
5 | Victor MOYA CuB| 2.30 (@) @] O (@) XXX
7 EikeONNEN GER| 2.26 (@) - (@) X- XX

@)

O xQO XXX

high level competition in which three jumpers cleared
the height of 2m35, as shown in Table 1, the final result
of this event. In addition to the high performance, an
interesting topic of athletic fans and medias was that
a less experienced young high jumper Thomas from
Bahama won this competition with a little strange-
looking style in which he ran-up and jumped up like a
running shot of basketball and dabbled his legs before
clearing the bar in the airborne phase. On the contrary,
Rybakov from Russia who also cleared 2m35 exhibited
us an orthodox and beautiful high jump technique with a
double arm swing from large backward lean of the body
at the takeoft foot touchdown.

This brief report described interim results of kinematic
analysis of the jumping techniques for top three men high
jumpers at Osaka WC.

2. Methods

2.1 Subjects and data collection

Fifteen finalists in the men’s high jump at Osaka
WC were videotaped with two high-speed video
cameras(HSV-500, NAC Co.) operating at 250 Hz
for left-footed jumpers and two normal digital video
cameras(VX-1000, Sony) operating at 60 Hz for right-
footed jumpers. These cameras were fixed on the top
row corridor of the Nagai stadium so that they covered
the videotaping area from the 3rd last stride to the bar.
These cameras were synchronized by using an event
method in which we used instants of the touchdown of
the takeoff and the last stride as synchronization events.

Two videotaping areas were set for the left-footed
and right-footed jumpers, respectively. The videotaping
area was 6 m long in the direction parallel to the bar as

a x axis, 6 m long in the perpendicular direction to the
bar as a y axis, and 3 m high as a z axis. The areas were
calibrated by standing a calibration pole vertically every
two meters in each area before the start of the final.

2.2 Data reduction

Twenty-three body landmarks in video images of the
best jump for each jumper were digitized from at least
five frames before the touchdown(TD) of the support
foot of the second last stride to ten frames after the toe-
off of the takeoff foot.
of the segment endpoints were reconstructed with a DLT

Three-dimensional coordinates

method from the digitized coordinates, smoothed with a
Butterworth digital filter of optimum cutoff frequencies
(5.0 to 7.5Hz) chosen by a residual method. The mean
errors of the three-dimensional coordinates of the
calibration points were 0.01m in the x axis, 0.02m in the
y axis, and 0.01m in the z axis, respectively.

The whole body center of gravity(CG) estimated after
Ae's body segment parameters (1996) for athletes and its
derivative was calculated to obtain CG heights relating to
the performance and CG velocity during the final stage
of the run-up and the takeoff phase. Three CG heights as
performance descriptors(Hay, 1993) were as follows:

H1: the height of the jumper's CG at the instant of
takeoff

H2: the height that the jumper raises the CG during the
flight

H3: the difference between the maximum height
reached by the CG and the height of the crossbar

In this report, H2 was calculated from the vertical CG
velocity of jumpers at the instant of takeoff, and H3 was
the difference between the sum of H1 and H2 and the
official record.
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Although several joint and segment angles were
calculated, only angle explained in this report was the
knee joint angle which was defined as an angle between
the thigh and shank. As parameters to evaluate the
condition of the takeoff we calculated the inward and
backward lean angles of the body and the trunk lean
angle. Figure 1 showed the definition of inward lean and
backward lean angles of the body. In the X'-Z' plane,
the angle between the vertical line and a line connecting
CG and the ankle joint of the takeoff leg (CG-ankle

line) was defined as an inward lean angle of the whole

Backward lean angle Inward lean angle

Figure 1 Definitions of the inward and backward lean
angles

body. In the Y'-Z' plane, the angle between the vertical
line and the CG-ankle line was obtained as a backward
lean angle of the whole body. The trunk lean angle was
the angle between the vertical line and a line connecting
the midpoint of both shoulders and the midpoint of both
hips.

3. Results and discussion

3.1 Motions of the top three jumpers in the final phase of
the run-up and takeoff phase

Figures 2 to 4 show sequence stick pictures of the
best jump for the top three jumpers before TD of the
2nd last stride to the instant of takeoff. The left limb

Thomas (BAH) 2.35m  Lateral view
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Backward View
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and the trunk were depicted in solid lines and the right
limb shown in broken lines. The stick pictures on the
upper row is the lateral view of a jumper, which was
transformed as if an observer was watching the jumper
from the position perpendicular to the direction of the
horizontal CG velocity of the jumper, and those on the

lower row is the backward view of the jumper.

Thomas (Bahama) in Figure 2

Being very different from two other jumpers, Ryvakov
and loannou, Thomas strongly inclines his body,
especially the trunk forward in the 2nd stride, probably
also in the 3rd stride, which looks like a basketball
running shot or a high jump from a short run-up used in
a practice. And the deeply flexed knee joint seen in the
pictures(3,11 and 12) is also one of his features. Defying
the guess of the audience and media in the Nagai stadium
that his jumping motion was new and completely
different from other jumpers in all the phases from the
beginning of run-up to the landing, he raises his trunk
and body during the last stride to prepare for his strong
takeoff. At the instant of takeoff foot TD, his backward
lean of the body and the takeoff leg is large although
the trunk backward lean looks a little smaller than other
jumpers. His double-arm swing, almost vertical body
at the takeoff, and highly raised thigh of the swing leg
reveal his excellent techniques. Although dabbling legs
before the crossbar clearance is his most characteristic,
we all know that the height CG is raised is determined
by the takeoff motion. From the backward view, we can
observe his large inward lean of the leg during the 2nd
and last strides(1 to 10), which is still maintained at the
takeoff foot TD(14 and 15).

Rybakov (Russia) in Figure 3
Rybakov who cleared 2m35 exhibites us an orthodox

N | \ | \ \ L f%\ (? Q Kg K% . \ L L L ﬁk
AR AR T TR
18 17 16 15 13 12 1 10 9 8 7 6 5 4 3 2 1

Figure 2 Sequence stick pictures of Thomas 2m35
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Rybakov (RUS) 2.35m Lateral view
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Figure 3 Sequence stick pictures of Rybakov(2m35)

loannou (CYP) 2.35m  Lateral view

Backward view
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Figure 4 Sequence stick pictures of loannou(2m35)

and beautiful high jump technique with a double
arm swing from a large backward lean of the body at
the takeoff foot TD, which we can frequently see in
textbooks of athletics. From the lateral view, he inclines
his body forward appropriately in the 2nd last stride. He
raises his trunk, lowers his CG and prepares his arms for
the double-arm swing in the 2nd and last strides although
his knee is less flexed than Thomas. In the takeoff
phase, he inclines his takeoff leg and trunk backward and
swings his arms and swing leg in a wide range of motion.
From the backward view, his inward lean of the body
during the 2nd last stride is as large as Thomas, but he
changes the direction of his progression acutely during
the support phase(8 to 10). At the takeoff foot TD(14),
his inward lean was kept.

Ioannou (Cyprus) in Figure 4

Toannou who also cleared 2m35 with a so-called a
semi-double arm swing demonstrates a good form similar
to Rybakov although a little larger upward movement
of his body is observed in the 2nd stride(6 to 8). In the
last stride, he floats his body, as seen in the 2nd stride,
which may have caused a little delayed TD of the takeoff

foot, slapping the foot down to the ground. From the
backward view, his inward lean of the body in the 2nd
last stride is very large but it becomes smaller at the
instant of takeoff foot TD.

3.2 Performance descriptors and CG velocity

Table 2 shows the heights of the CG as performance
Table 3 shows CG
velocity in the last stride and takeoff phases. Thomas's

descriptors and takeoff time.

performance was characterized by his prominent
H2(1.10m) but less efficient clearance height, H3(-
0.14m). Rybakov showed the highest H1 by making use
of his tall body height. The time of the takeoff phase
ranged within the normal, compared with that of the in
Tokyo WC.

Surprisingly Thomas's run-up velocity was high in the
last stride(7.73 m/s) and at the takeoff foot TD(7.87 m/
s), which was a little slower than that of the high jumpers
in Tokyo WC( 8.15+0.33 m/s and 7.5240.25 m/s, liboshi
et al, 1994) and a little faster than that of Helsinki
WC(7.78+0.34 m/s at the takeoff foot TD). In addition,
it is likely that he accelerated his CG velocity in the last
stride while most of high jumpers tended to decrease the
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Table 2 Performance descriptors of the top three high jumpers

Name Height | Weight | Analyzed record [Max. CG height HA1 H2 H3 Takeoff
(Nationality) (m) (kg) (m) (m) (m) (m) (m) time (s)
Thomas (BAH) | 1.90 75 2.35 2.49 1.40 1.10 -0.14 0.180
Rybakov (RUS) | 1.98 82 2.35 2.46 1.45 1.01 -0.11 0.192
loannou (CYP) 1.93 60 2.35 2.38 1.40 0.98 -0.03 0.148
Table 3 The CG velocity and projection angle for the top three high jumpers
CG velocity (m/s)
Name Horizontal Vertical Projection
(Nationality) Last stride Takeoff Last stride Takeoff angle (deg)
on on off on on off
Thomas (BAH) 7.73 7.87 3.82 -0.47 -0.11 4.64 50.9
Rybakov (RUS) 7.41 7.57 3.66 -1.01 -0.10 4.45 50.6
loannou (CYP) 7.75 7.61 3.80 -0.62 0.09 4.38 49.0

Table 4 Body lean angle at the TD for the top three high jumpers

Name Body lean at takeoff foot TD(deg)
(nationality) Backward Inward Trunk
Thomas (BAH) 43.5 8.2 13.3
Rybakov (RUS) 43.0 29 14.3
loannou (CYP) 40.0 3.5 13.4

Table 5 Knee joint angle in the last stride and takeoff phase for the top three high jumpers

Knee joint angle (deg)
(naﬁnga?ity) Last stride Takeoff
on off on Max flextion off
Thomas (BAH) 150 141 161 133 172
Rybakov (RUS) 154 151 170 139 174
loannou (CYP) 144 136 151 145 177

CG velocity in the last stride to prepare for the takeoff.
The similar tendency as Thomas was observed in the
case of Rybakov whose CG velocity was also increased
from 7.41 m/s at the last stride to 7.57 m/s at the TD.
However, loannou decreased his CG velocity but his
CG velocity(7.61 m/s) at the TD was still faster than the
jumpers at Tokyo WC(7.52+0.25 m/s.).

The downward vertical velocity at the TD for Thomas
and Rybakov was smaller than that of the high jumpers
of Tokyo WC(- 0.124+0.53 m/s) and Helsink WC(-
0.33+£0.16m/s), and that of loannou was positive,
although some jumpers very often transitted to the
takeoff with positive vertical CG velocity.

The projection angle of the CG was similar to that
of Helsinki WC(51.1£2.3 deg) and larger than Tokyo
WC(47.8£3.5 deg).

3.3 Body lean angle and knee joint angle

Table 4 shows backward and inward leans of the body
and overall lean angle of the trunk and Table 5 indicates
knee joint angle in the Ist stride and the takeoff phase.
Figure 5 demonstrates a knee joint angle vs. CG vertical

velocity diagram for the three high jumpers during the
takeoff phase.

The backward lean of the body ranged from 40.0 deg of
Ioannou and 43.5 deg of Thomas which were larger than
that of Tokyo WC(37.7£3.4 deg), although there was no
difference in the trunk lean angle among three jumpers.
The inward lean of the body at the instant of takeoff TD
for Thomas, 8.2 deg was the largest of the three jumpers
and much larger than that of Tokyo WC(3.243.1 deg).
The large inward lean of the body at the instant of takeoff
TD is one of the features of Thomas.

As seen in Figures 2 to 4 and Table 3, the three high
jumpers flexed the knee joint during the last stride
although the patterns were different. After the TD of
the last stride, Thomas and Ioannou flexed the support
knee joint more and maintained the knee flexion or less
extended it toward the toe-off, although Rybakov did
not flex his support knee so much during the support
phase, adopting the technique of inclining the support
leg forward to lower the CG. However, observation of
Figures 2 to 4 revealed that they all inclined the shank
forward deeply with regardless of the degree of the knee
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Figure 5 Knee joint angle vs. vertical CG velocity diagram for the top three high jumpers

flexion during the support phase of the last stride. In
sprint running, it is said that the fast forward lean of the
support shank in the first half of the support phase is a
critical factor to decrease the negative braking force.
The technique of inclining the shank forward may be a
reason why the three jumpers could make the decrease in
the horizontal CG velocity smaller during the final phase
of run-up.

As shown in Figure 5, Rybakov most extended his
knee and loannou most flexed his knee at the instant of
takeoff foot TD. Thomas flexed his knee deeply to 133
deg during takeoff phase, which was ranked as one of the
maximum knee flexion, as reported that the minimum
knee joint angle was 127.9 deg in Helsinki WC and
132.9 deg in Tokyo WC. Although the knee was flexing
during the first half of the takeoff phase, the vertical
CG velocity was increasing from the instant of takeoff
TD. This is often called as a high jump paradox that the
vertical CG velocity increases due to the rotation of the
body around the takeoff foot in spite that the takeoff knee
flexes. The ratio of the vertical CG velocity at the instant
of the maximum knee flexion was reported as 78.7+6.1%
in Tokyo WC, and those of the three jumpers were 77%
for Thomas, 76% for Rybakov, and 75% for Ioannou,
which means there was no remarkable difference. The
results indicated that Thomas effectively used the rotation
of the body as well as the strong knee extension to obtain
the vertical CG velocity during the takeoff phase.

3.4 Remarks on the takeoff techniques

Thomas’s feature was the great inward lean, 8.2 deg.
Okuyama et al. (2003) suggested that the use of the hip
abductors of the inward inclined takeoff leg in the high
jump was an important factor to enhance the vertical
velocity during the takeoff. Since great ground reaction
forces, especially the vertical component tends to
adduct the takeoff hip joint, a high jumper has to resist
the adduction moment of the ground reaction forces by
exerting great hip abduction torque. On the contrary, a
strong abduction torque of the takeoff leg generated by
the hip abductors can exert great force on the ground,
which helps to raise a high jumper vertically. In other
words, the inward lean of the body in the initial stage
of the takeoff phase may have helped to develop great
force of the abductors and the ground reaction forces and
contribute to raising the body upward.

For loannou, his vertical CG velocity at the TD was
positive. During the takeoff phase, a high jumper has to
generate impulse to absorb the forward and downward
velocity of the CG and to acquire the upward CG velocity
to raise his body in the air. The positive or small negative
vertical CG velocity at the TD implies that the impulse
to absorb downward CG velocity was not necessary
or smaller than the case of large negative vertical CG
velocity. Thomas’s technique was characterized by
a strong forward lean of the trunk and deeply flexed
support knee during the preparation phase, accelerative
transition to the takeoff phase, fully used takeoff knee
and hip, and the large inward lean of the body. Although

— 130 —



Ioannou decreased his horizontal CG velocity during the
last stride, his technique was characterized by the relaxed
last few strides, running up transition to the takeoff phase
and the quick takeoff.

With a creative idea of athlete and coach, a new
technique often emerges from a combination of existing
techniques which excellent athletes employ in the real
world. In this context, a combination of the techniques
of Thomas and Ioannou may be a challenging trial in the
world of the high jump.
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Abstract

The aims of this study are to present a biomechanical overview of the performances of the finalists
the men’s shot put at the 2007 IAAF World Championships in Athletics and make comparisons of the
techniques of the three medalists. Video recordings of the best throw by each of the top ten placed
athletes were analyzed. The authors looked at the technical differences between the glide and rotation
techniques and between variations of the rotation. They focused on the acceleration profile, with
reference to both the shot itself and the athlete’s body. They also analyzed the sequence from athlete-shot
system acceleration through to the final acceleration of shot in the delivery. The results suggest that shot
velocity alone is not enough to explain the process of acceleration as whole-body momentum is gained
or maintained even as there is a marked decrease of shot velocity during flight and transition phases of

the rotation technique.

Introduction

Unlike the high jump, where the Fosbury Flop is
practically the only technique used at any level of
competition, the shot put is characterised by the
coexistence of two mainstream techniques — the glide
and the rotation. The top ten placers at the 2007 World
Championships in Athletics in Osaka confirmed this
situation; six used the rotation while the other four used
the glide and both techniques were found in the three
medallists.

The fact that the two techniques lead to a common
delivery from totally different preparations is a matter
of great interest among both coaches and athletes.
Some previous findings have shown that the advantage
of rotational technique is in the long acceleration path
of the shot,,, ;,. But the experimental evidence is not
conclusive. The unfavourable drop in the velocity of
the shot during the flight and transition phases has been
frequently reported as a disadvantage,, 5. However, it has
been shown that, in spite of this deceleration, the athlete’s

body does move forward and it can be favourable for

delivery,q). In terms of the potential momentum within
the athlete-shot system, the apparent loss of the shot’s
velocity is not necessarily a critical issue. Writing about
the discus throw, Schluter & Nixdorf reported that the
amount of discus acceleration during the transition phase,
the last half of preparation, is negatively correlated
to the discus velocity at release;. In other words, the
temporarily inappropriate state of the implement is not a
problem, provided the system is ready to ensure the final
delivery by transferring the momentum to the implement.
The aims of this study are to present a biomechanical
overview of the performances of the finalists the men’s
shot put in Osaka and to make comparisons of the
techniques of the top three putters. We will look at the
technical differences between the glide and rotation
techniques and between variations of the rotation. Our
focus will be on the acceleration profile, with reference
to both the shot itself and the athlete’s body, and we
will analyse the sequence from athlete-shot system
acceleration to the final acceleration of shot in the
delivery.
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Table 1: Official results and release parameters for men’s shot put at the 2007 World Championships in Athletics

Rank Name Country | Result | Technique Release Parameters
Velocity | Angle | Height
(m/sec) ) (m)
1 Reese HOFFA USA 22.04 Rotation 14.07 32.35 2.34
2 Adam NELSON USA 21.61 Rotation 14.06 30.77 2.38
3 Andrei MIKHNEVICH BLR 21.27 Glide 13.44 37.48 2.56
4 Rutger SMITH NED 21.13 Rotation 13.34 37.66 2.35
5 Tomasz MAJEWSKI POL 20.87 Glide 12.99 37.55 2.58
6 Mirian VODOVNIK SLO 20.67 Rotation 13.42 33.63 2.26
7 Ralf BARTELS GER 20.45 Glide 13.31 35.10 2.11
8 Yuriy BIALOU BLR 20.34 Rotation 13.24 36.70 222
9 Dylan ARMSTRONG CAN 20.23 Rotation 13.18 34.29 2.10
10 Pavel SOFIN RUS 19.62 Glide 12.83 35.31 2.39
Methods motion was divided into several phases (Figure 1). The

Data were collected during the men’s shot put final at
the 2007 IAAF World Championships in Athletics on 25
August. The best attempt from each of the top ten placed
putters was analysed (the other two finalists did not
record valid marks). All of the athletes studied were right
handed.

Two digital video cameras (HVR-A1J, SONY) were
used to record the putters’ motion at 60fps and exposure
time was set at 1/1000sec. One camera was fixed at the
back and the other at the right side of the throwing circle.
The shot of all ten putters and end points of each body
segment of the top three putters were manually digitized
in every frame with a motion analysis system (Frame-
Dias; DKH Inc.) from video images. A 14-segment
model comprising hands, forearms, upper arms, foot,
shanks, thighs, head, and trunk was constructed. Three-
dimensional coordinates of 24 points were obtained using
a Direct Linear Transformation (DLT) techniquey), and
smoothed by a fourth- order Butterworth low-pass digital
filter cutting off at 2.4 to 7.8Hz, determined by residual
analyses,,. Standard errors in the constructed coordinates
of the control points were 0.006m (x- axis), 0.004m
(y-axis), and 0.007m (z-axis).

The locations of the centre of mass and the moment of
inertia for each body segment of were estimated from the
body segment inertia parameters developed by Ae et al,,.

For analysis and description of the data, the putting

phases of preparation, flight, transition and delivery were
assigned with respect to the information on foot contact.

To analyse the motion, a global reference frame was set.
The Y-axis was aligned to the putting direction (pointing
at front). The Z-axis was the vertical direction (pointing
at the top), and the X-axis was perpendicular to the Y-
and Z- axes (pointing at the right). In particular, the
trunk twist and tilt angle were calculated on the local
reference frame fixed on the pelvis. These parameters
indicate relative precedence of pelvis rotation to the
shoulder axis rotation about longitudinal axis of the trunk
and the tilting angle of trunk within the sagittal plane

respectively.

Results

Table 1 shows the official results of the competition.
It also shows the condition of the shot at the moment
of release for the athlete’s best put. The official result
correlates significantly with the velocity at release
(r=0.87, p<0.01).

The shot trajectories on the X-Y plane and the Y-Z plane
for all ten putters are showed in Figure 1. In the X-Y
plane, the four gliders show an almost linear trajectory.
The shots of rotators follow a circle-shaped path in the
first half of turn. However a "loop" portion of trajectory
during the flight and transition phases is seen only in
Smith.
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Figure 1. Shot trajectory on X-Y plane (top view) and Y-Z plane (side view) of ten puttersFigure putters

The time courses of the shot velocity for all ten putters
are represented on Figure 2. Regardless of preparation
style, most of the acceleration takes place in the delivery
phase. While the rotational putters show two or more
peaks before the flight phase, the glide putters show a
single peak corresponding to the push off of the right
leg and the swing of the left leg. In both techniques, a
decrease in velocity can be seen during the flight and
transition phases, with the fall greater in the rotation than
the glide.

Figure 3 shows the duration of each phase from the

flight to release. The flight phase is longer in the glider
putters than the rotation putters. Among the rotators,
Bialou shows no flight phase. While the transition phase
is extremely long in rotators, the delivery is longer in the
gliders. The only rotator whose delivery is as long as the
gliders is Hoffa.

More detailed analyses were conducted on the throws
of the three medallists. Figures 4a, 4b, 4c show the time
courses of the shot velocity, the linear momentum and
the angular momentum about the centre of mass (CM)
for the three medallists.
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Figure 2: The time course of shot velocity (Only the resultant velocity is shown.)
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Time course of velocity of the shot
The shot velocities for all three medalists show the
typical time course pattern as described above.

Linear Momentum of the putter

For Hoffa and Mikhnevich, the resultant linear
momentum increases gradually and peaks at the end of
the preparation phase. Only Nelson shows a peak during
the transition phase. After the peak, the momentum
decreases toward the delivery. The peak value of the
resultant linear momentum of Hoffa (368.9 kg m/sec)
surpassed that of Nelson (297.5 kg m/sec) and even that
of Mikhnevich (346.9 kg m/sec), who was using the
glide. Nelson shows a notch-like depression just before
the L-on, corresponding to the reverse action of the upper
body during the transition phase. Mikhnevich, on the
other hand, maintains the linear momentum throughout
the preparation for the final thrust. Hoffa shows a pattern
that is midway between the other two. The two rotators
show a second peak of linear momentum around the
L-on.

At the start of the weight shift and acceleration of the
body during the preparation phase, individual differences
are seen in the contribution of each component of the
linear momentum. The two rotators are characterised by
the rightward component during the most of preparation
phase. While Hoffa makes a forward (putting direction)
drive, Nelson shows a small backward component.
Nelson shows a small upward component in the start and

a downward component in the latter half of the phase;
for Hoffa, the downward component is remarkable in the
middle of the phase. Mikhnevich’s glide is characterised
by the starting with a downward component to forward
with upward component before the R-off.

In all three, the vertical component shows a moderate
peak just before the flight phase and remarkably high
peak just before the delivery.

Angular Momentum of the putter

Before R-off, the two rotators increase their whole-
body angular momentum about the CM mainly in the
upper body. After R-off, they maintain a higher level of
angular momentum throughout the motion. Mikhnevich
keeps a low level of angular momentum in contrast to
the linear momentum. Only Mikhnevich shows a rapid
uniform increase of angular momentum in the transition
phase. During the preparation phase, Hoffa keeps the
level of angular momentum of the lower extremity with
a balanced generation from both the right and left legs.
In contrast, while the level of angular momentum of
Nelson’s right leg was almost same as that of Hoffa,
that of his left leg is remarkably higher and the sudden
increase corresponds to the marked peak of the angular
momentum of the lower extremity and the increase of the
whole body’s angular momentum.

Trunk inclination and torsion angle
Figure 5 shows the forward - backward inclination
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Figure 4a: Time course of shot velocity, linear momentum and angular momentum for Reese Hoffa

within the sagittal plane and the angle of torsion of the
trunk. For Mikhnevich, both the inclination and torsion
angle gradually increase from about 100msec before the
R-off. Then the trunk inclination changes from horizontal
to upright and reaches its peak at just before the release.
The torsion angle peaks during flight phase. Hoffa and
Nelson start their turns in a more upright trunk position.
Their trunks tilt forward mostly during the flight phase

and increase to a peak just before the release. Nelson
leans more forward during preparation phase than Hoffa
or Mikhnevich. It is common among the three that the
trunk inclines backward before release and it rapidly
reverses toward the release.

The trunk torsion of Hoffa reaches its minimum before
R-off; for Nelson, it reaches the minimum late in flight

phase. Hoffa and Mikhnevich's winding motion (increase
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Figure 4b: Time course of shot velocity, linear momentum and angular momentum for Adam Nelson

of torsion) progresses at 121.3%sec and 141.7°/sec
respectively; that of Nelson increases more rapidly at
285.2°%sec. The recoil of the torsion begins in the flight
phase in Mikhnevich and in the first half of transition
phase in Hoffa and Nelson. The timing of increase of
torsion coincides with the It and is more intensive in
rotation technique than in the glide. Nelson shows a more
rapid recoil (221.2°%sec) than Hoffa (190.8°/sec) and

Mikhnevich (140.8%sec).

Discussion

With regard to securing a maximal acceleration range
of the shot, it is clearly disadvantageous to be short. It is
reported that the body height of the champion Hoffa is
182cm, making him probably the shortest men's shot put
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Figure 4c: Time course of shot velocity, linear momentum and angular momentum for Andrei Mikhnevich

world champion ever. Nelson and Mikhnevich are 183cm
and 201cm respectively,;. The notion that the rotation
technique is more suitable for smaller putters has been
confirmed by the results of Hoffa and Nelson. However,
their technical excellence is also a key to their success.

The official results correlate significantly with the
velocity at release. Some fluctuations can be related to
other factors such as angle and position of release.

Because most of the shot acceleration is executed

in delivery, the preceding phases should be aimed at
ensuring the best conditions for maximising the final
acceleration. The body position and the state of the
musculature to be incorporated in the final movements
are important and the energy storage within athlete-shot
system is critical. The acceleration never occurs from
the shot alone; there must be a source of energy. In past
studies, the researchers' attention has been paid mainly
to the acceleration of shot itself, even in the flight and
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transition phases. Luhthanen et al. pointed out the need
of achieving an increase in the speed of the shot during
the flight phases). From the viewpoint of the reduction of
loss of shot velocity, Coh & Stuhec recommend keeping
flight phase shorter,,. But the argument of how to
secure the energy for acceleration has hardly been made.
Although, a few researchers mentioned the importance
of the momentum of the athlete-shot system, 3, we
cannot find a study that showed it experimentally.

In the present study, the fall of the shot velocity during
the flight and transition phases is more remarkable in
the rotation than in the glide. This supports the results
of the earlier reports. This slowdown of shot velocity
corresponds to the right foot grounding. Especially in the
rotation technique, this breaking motion coincides with
the backward returning motion of the upper trunk. This
seems to result in the dissipation of the shot velocity.
However, simultaneous generation of angular momentum
and a preparative configuration of body segments can be
seen.

Analyzing the system acceleration of the three

medallists in detail, we see that Mikhnevich, using the
glide, depends on the linear momentum to store energy
in the whole system. However, Hoffa shows the same
level of peak resultant linear momentum as Mikhnevich.
It is suggested that both linear and angular momentum
are important, even in the rotational technique. The
two rotators both show higher angular momentum than
Mikhnevich.

Hoffa generates higher linear momentum from the
effective weight shift to the putting direction and the
push off. Then he skilfully suppressed the loss of the
linear momentum that he got in the preparation phase
and reaches the delivery. The two rotators show second
peak of linear momentum around L-on. This seems to
be related to the left leg swing of the transition phase.
Actually, Nelson, with his marked second peak, is
characterised by an intensive wide swing of left leg.

From the time course of each component of momentum
we see that the higher angular momentum of the rotators
after the second half of the preparation phase seems

to be related to the motion of the lower extremity. In
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particular, Nelson keeps higher angular momentum
throughout the preparation. Nelson who shows marked
dissipation of linear momentum during transition phase
adversely increases the angular momentum. It seems to
be closely related to the intensive swing of left leg during
the transition. The deep forward leaning angle of the
trunk from before R-on to the transition seems to secure
the range of motion of the left leg for a wide whipping
motion. It is suggested that the leg movement causes the
conversion of momentum from the leg to the trunk and
a steep increase of the angular momentum of the lower
extremity and provides trunk torsion as a result. Actually,
the velocity of Nelson’s trunk torsion increase is more
than two times of that of Hoffa and Mikhnevich. This
torsion can stretch the abdominal and back muscles just
before the final thrust and ensure the intensive upper
trunk rotation during the last phase of delivery. Nelson
seems to be dependent more upon trunk torsion than
Hoffa and Mikhnevich. It is speculated that Nelson most
actively utilises the stretch-shortening cycle of trunk
musculature. His remarkable wide swing of left leg
seems to be the source of kinetic energy for this intensive
torsion.

The participation of angular momentum and sideward
acceleration — the advantage of rotational technique
— can be considered as a disadvantage for coordinating
the body balance. Hoffa eliminates this trade-off with a
continuous linear acceleration of the CM from the back
of the circle to the release point; standing without much
dissipation of angular momentum of body in comparison
with the glide technique. Actually, his linear momentum
reaches a level that exceeds not only that of Nelson but,
surprisingly, that of Mikhnevich the glider.

The backward trunk inclination during the delivery is
caused by precedence of the driving pelvis, but it rapidly
reverses toward the release. It is suggested that this
forward-backward rotation of the trunk reinforces the
final trust, cooperating with the linear translation and the

recoil of the trunk torsion.

Conclusions

The results of the present study show:

1:While the release velocity is the main determinant of
performance, some fluctuations can be related to other
factors such as angle and position of release.

2:With reference to system acceleration, there are

technical variations even within the rotational style:
Hoffa utilises both linear and angular momentum of body
to a great extent; in contrast, Nelson seems to emphasise
angular momentum.

3:Mikhnevich, using the glide technique, keeps a higher
level of linear momentum of the whole body from the
push off of the glide to just before the final thrust.

4:Shot velocity alone is not enough to explain the process
of acceleration. Whole-body momentum is gained or
maintained even when there is a marked decrease of
shot velocity during flight and transition phases of the
rotation technique. It is suggested that the acceleration of
athlete-shot system is the key factor ensuring the source
of energy for delivery. It can be proposed that the aim of
the preparation for the delivery is to accelerate the whole
body and secure favourable body configuration rather

than to accelerate the shot itself.
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Abstract

The purpose of this study was to investigate the biomechanical parameters that influence the javelin
throwing distance only among elite javelin throwers and to indicate the averaged motion pattern of
elite javelin throwers. The best competition throws of twelve male finalists at the 2007 IAAF World
Championships in Athletics were analyzed. The biomechanical parameters that affect throwing distance
for elite javelin throwers were release velocity, and vertical release velocity in particular, and approach
run velocity at final right foot contact on the ground. These results suggested that elite javelin throwers
who began thrusting the javelin at a higher approach run velocity and obtained some horizontal release
velocity (required at least 22-23m/s) but who also obtained higher vertical release velocity obtained
better throwing distances. In addition, it was observed from averaged motion of World championships
finalists that the better javelin throwers showed more flexion at the right knee angle, we called “knee

down” motion, during final preparatory phase.

Introduction

In the past, several biomechanical studies have analyzed
the throwing movement of elite javelin throwers in
the Olympic Games (OG) or World Championships
(WCh). To the extent known, these studies were as
follows: the 1984 OG in Los Angeles (Komi and Mero,
1985), the 1991 WCh in Tokyo (Ueya, 1992), the
1992 OG in Barcelona (Mero et al., 1994), the 1995
WCh in Gothenburg (Morriss et al., 1997), the 1999
WCh in Seville (Campos et al., 2004) and the 2005
WCh in Helsinki (Murakami et al., 2006). Most of the
studies noted above have reported release parameters
(release velocity, release height, release angle, attitude
angle, attack angle). Although they also described
the characteristics of the throwing technique in
individual throwers, few studies elucidated the common
characteristics of the throwing techniques among elite
javelin throwers. Murakami et al. (2006) investigated
kinematic determination of javelin throwing performance
for many throwers from the novice to elite level (included
WCh finalists) by clarifying the relationship between

kinematics of the throwing movement and the distance
thrown. However, no studies have tried to investigate
kinematic determination of javelin throwing performance
only among elite javelin throwers.

The purpose of this study was to investigate the
biomechanical parameters that influence the javelin
throwing distance only among elite javelin throwers and
to indicate the averaged motion pattern of elite javelin
throwers.

Methods

Subjects were twelve male javelin throwers who
advanced to the male javelin final at the 2007 IAAF
World Championships in Athletics in Osaka, Japan. All
subjects were right-handed throwers. The best throw for
each subject during the competition was analyzed.

The throwing movements were videotaped by two
video cameras from the left side and rear of the throwing
area. The camera speed was 60fps, and shutter speed
was 1000Hz. We calibrated the photographic field of the
throwing area (throwing direction: 6m, lateral direction:
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4m, vertical direction: 2.5m) for the following three-
dimensional analysis. We recorded a pole with six
landmarks set on a runway with nine control points.

Twenty-three landmarks on each athlete’s body and two
reference landmarks on the javelin (tip and grip) were
digitized using a digitize system (Frame-DIAS II, DKH).
The three-dimensional coordinates were calculated using
the direct linear transformation (DLT) method. These
three-dimensional coordinates were smoothed with a
digital filter with cutoff frequency set at 10Hz.

In this study, analysis of the javelin throwingmovement
focused on the final preparatory and delivery phases. The
preparatory phase was defined as the period from when
the right foot lands on the ground (R-on) to when the left
foot lands on the ground (L-on), and the delivery phase
was defined as the period from L-on to release of the
javelin (REL).

The calculated parameters were as follows (figure 1):

+ Release parameters of the javelin (release velocity,
release height, release angle, attitude angle and
attack angle)

+ Velocity of the body center of gravity (VCG) at
R-on, L-on and REL

+ Reduction in REL—percent reduction of VCG from
L-on to REL

+ Duration of the preparatory and delivery phases

+ Pull distance—the moving distances of the grip
during the preparatory and delivery phases

+ Step length—the length between right toe at R-on
and left toe at L-on

+ Right and left knee joint angle

In addition, we showed the averaged motion pattern of

Pull distance

le
S

Step length

R-on L-on
Preparatory phase

the javelin throwing movement for visual feedback in
order to consider good throwing technique. The averaged
motion was calculated by normalizing the three-
dimensional coordinates of the segment endpoints by the
thrower’s body height and the time elapsed during each
movement phase. For details on calculations of averaged
motion, refer to Ae et al. (2007). In this study, the
averaged motion was compared between six high rank
throwers and six low rank throwers. But Greer (Rank 3)
was excluded from the six high rank throwers’ averaged
motion because his leg motion differed markedly from
all the other throwers. His legs motion will be described
in detail later.

The correlation coefficients (r) between throwing
distance and each measured parameter were calculated
using the method of least squares. The significance level
was set at 5% and 1%.

Results
Distance and release parameters

The distance and release parameters are presented
in Table 1. The distance was 83.96+3.48m (Range:
90.33m-78.01m). The highest horizontal release velocity
was Vasilevskis (Rank4: 24.7m/s), and the gold medalist
Pitk&maéki ranked 11th (22.8m/s). However, Pitkdmaki
had the highest vertical release velocity (18.8m/s);
furthermore, he had the highest values in both release
angle and attitude angle. Although significant positive
correlations were observed between the distance and
resultant release velocity (r=0.938, p<0.01) and vertical
release velocity (r=0.672, p<0.05), the other release

Release velocity

ﬁ ) : Release angle

- 2\ : Attitude angle
B  Atack angle

Release height

REL
Delivery phase

Figure 1 The representation of the measurement parameters
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Table I Distance and release parameters of the javelin

Rank  Name  Distance (m) Release Velocity (m/s) Release Release  Attitude angle Attack angle
Lateral Horizontal Vertical Resultant height(m)  angle (deg) (deg) (deg)

1 Pitkdmaki 90.33 -4.5 22.8 18.8 29.9 1.99 39.9 45.6 5.7
2  Thorkildsen 88.61 1.0 24.3 17.2 29.8 1.86 35.9 394 3.5
3 Greer 86.21 24 24.0 16.6 29.3 1.71 35.6 371 1.5
4 Vasilevskis 85.19 1.6 24.7 15.3 29.1 1.81 33.4 371 3.7
5 lvanov 85.18 2.2 24.6 14.9 28.8 1.89 34.3 35.9 1.5
6  Oosthuizen 84.52 2.2 23.5 15.9 28.5 1.91 34.6 38.2 3.6
7 Janik 83.38 2.6 24.4 14.8 28.7 1.87 32.5 34.2 1.7
8 Jarvenpaa 82.10 2.1 24.6 14.4 28.6 1.78 32.2 38.3 6.0
9 Martinez 82.03 -1.3 24.3 14.9 28.5 2.03 329 37.5 4.6
10  Arvidsson 81.98 -0.3 24.4 14.3 28.3 1.99 31.9 33.0 1.2
1 Rags 80.01 1.2 22.6 16.8 28.2 1.96 38.7 40.5 1.8
12 Wirkkala 78.01 0.9 23.9 14.9 28.2 1.84 32.8 42.5 9.7
Average 83.96 0.8 24.0 15.7 28.8 1.89 34.6 38.3 3.7

SD 3.48 2.0 0.7 1.4 0.6 0.10 2.6 3.5 2.5

parameters showed non-significant correlations with the
distance (Table 2).

The velocity of the body center of gravity,
duration, pull distance, and step length

The velocity of the body center of gravity (VCG),
duration of preparatory and delivery phases, pull
distance, and step length are presented in Table 3. VCG
decreased slightly from R-on (6.52+0.33m/s) to L-on
(5.98+0.47m/s), and then the velocity rapidly decreased
to release (3.44+0.36m/s). Horizontal step lengths for
most throwers were the same as their body height or
less. Although a significant positive correlation was
observed between the distance and VCG at R-on (r=0.596,
p<0.05), the other parameters showed non-significant
correlations with the distance (Table 4).

Visual feedback by averaged motion

In backward viewing, throwers ranked 7—12 tended
to show more rightward rotation of the trunk (the grip
was placed further backward) during the preparatory
phase, so they tended to delay the timing of pulling the
javelin during the delivery phase compared to throwers
ranked 1-6 (Figure 2, 3). In side viewing, throwers
ranked 1-6 tended to show more flexion at the right
knee angle (Figure 4, left upper) and bending of the
trunk backward slightly during the preparatory phase
compared to throwers ranked 7-12 (Figure 2). Both

Table 2 Correlation coefficients between distance and

release parameters of the javelin

Parameter r significance
Release velocity
Lateral -0.325 ns
Horizontal -0.057 ns
Vertical 0.672 p<0.05
Resultant 0.938 p<0.01
Release height -0.059 ns
Release angle 0.495 ns
Attitude angle 0.187 ns
Attack angle -0.247 ns

ns: not significance

throwers ranked 1-6 and throwers ranked 7—-12 tended
to show nearly full extension at the left knee angle after
slightly flexing during the delivery phase (Figure 4, right
bottom). However, bronze medalist Greer showed a very
different style from the other eleven throwers; he kept
greater flexion at his right and left knee angle during the
delivery phase (Figure 5). Therefore, he was excluded
from averaged motion of throwers ranked 1-6.

Discussion

The release parameters presented in this study (Table
1) were similar to those in previous studies (Mero et
al., 1994; Morriss et al., 1997 ; Campos et al., 2004). In
relationship to distance, there was a significant positive
correlation coefficient between the distance and resultant
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Table 3 Velocity of the body center of gravity (V), duration, pull distance and step length.

Rank Name Vee (Mfs) Reduction Duration (s) Pull distance (m) Step length (m)
R-on L-on REL in REL (%) Preparatory Delivery Preparatory Delivery Total Lateral Horizontal
1 Pitk&maki 6.93 6.48 3.55 45.3 0.183 0.117 1.33 2.06 3.39 -0.75 1.72
2 Thorkildsen  6.91 6.19 3.72 39.9 0.150 0.117 1.13 2.07 3.20 -0.48 1.64
3 Greer 6.72 6.37 3.67 42.3 0.167 0.117 1.26 1.98 3.24 -0.35 1.88
4 Vasilevskis  6.48 6.06 2.71 55.3 0.217 0.117 1.45 2.06 3.562 -0.66 2.14
5 Ivanov 6.90 6.04 3.37 44.2 0.233 0.100 1.71 1.75 3.46 -0.11 2.35
6 Oosthuizen  6.33 4.94 2.73 44.7 0.233 0.133 1.51 2.03 3.54 -0.35 1.98
7 Janik 5.97 5.41 3.72 31.2 0.233 0.150 1.40 1.94 3.34 -0.58 1.96
8 Jarvenpaa 6.63 6.57 3.77 42.6 0.167 0.117 1.10 2.00 3.10 -0.32 2.00
9 Martinez 6.19 5.75 3.59 37.5 0.233 0.133 1.44 2.20 3.64 -0.81 1.76
10 Arvidsson 6.25 5.61 3.40 39.4 0.200 0.133 1.28 2.10 3.37 -0.46 1.72
11 Rags 6.65 6.21 3.55 42.9 0.167 0.117 1.18 2.06 3.24 -0.16 1.72
12 Wirkkala 6.31 6.09 3.52 42.2 0.150 0.133 1.02 1.99 3.01 -0.48 1.72
Average 6.52 5.98 3.44 42.3 0.194 0.124 1.32 2.02 3.34 -0.46 1.88
SD 0.32 0.47 0.36 5.6 0.034 0.013 0.20 0.11 0.19 0.22 0.22

1. Reduction in REL was percent reduction of V¢g from L-on to REL

release velocity; other release parameters showed
non-significant correlation with the distance (Table
2). These results were supported by previous studies
(Bartonietz, 2000; Murakami et al., 2006). In each
component of release velocity, there was no significant
correlation between the distance and horizontal release
velocity which was most highest mean values in three
components, but there was a significant correlation
between the distance and vertical release velocity. This
result suggested that vertical release velocity was a
determination of rank (distance) as a prerequisite for
obtaining a horizontal release velocity of about 23—24m/
s among elite javelin throwers.

Murakami et al. (2006) has reported that there was a
significant positive correlation between the distance
and approach run velocity at R-on for a wide range of
performance levels. We also obtained the same result
(Table 3), which proved the importance of starting to
thrust the javelin at a higher approach run velocity in
elite javelin throwers. However, the other parameters
regarding approach run velocity were not significantly
correlated with the distance. Although the reduction in
REL is considered to relate to the kinetic energy transfer
from the whole body to the javelin (Bottcher and Kiihl,
1998; Bartonietz, 2000; Morriss et al., 2001), the amount
of reduction was not a factor that decided the javelin
throwing performance in elite javelin throwers. It may
have influenced this result with different strategies to
accelerate the javelin in individuals.

Furthermore, Murakami et al. (2006) have reported
that the distance and the pull distance had a linear

Table 4 Correlation coefficients between the distance and

each parameter

Parameter r significance
Ves
R-on 0.596 p<0.05
L-on 0.194 ns
REL -0.058 ns
Reduction in REL  0.221 ns
Duration
Preparation 0.056 ns
Delivery -0.385 ns
Pull distance
Preparation 0.310 ns
Delivery -0.062 ns
Total 0.290 ns
Step length
Lateral -0.247 ns
Horizontal 0.087 ns

ns: not significance

relationship, and the pull distance values here (in WCh
finalists) were similar, but this relationship was not
confirmed by this study. This result suggested that pull
distance was not a determinative factor in deciding the
javelin throwing performance in elite javelin throwers.
The duration and step length also were not determinative
factors for their ranking.

This study was not able to adequately clarify the
determinative factors for ranking in elite javelin

throwers, instead indicating only basic biomechanics
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Figure 2 Averaged motion during preparatory phase in elite javelin throwers
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Figure 3 Averaged motion during delivery phase in elite javelin throwers

parameters. Therefore, we must analyze the kinematics to obtain some hints for future analysis of the throwing
and kinetics like angular velocity, momentum, and techniques in elite javelin throwers, we tried to visually
kinetic energy at each joint and body segment. In order determine how elite javelin throwers move and indicate
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Figure 4 Angle displacement of the knee joint
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Figure 5 Stick pictures of the throwing motion during delivery phase in Greer (Rank 3)

the averaged motion in five high rank throwers (ranked
1-6) and six low rank throwers (ranked 7—-12) among
World Championship finalists. This approach will be able
to provide highly useful information for javelin throwers
and their coaches without showing many biomechanical
parameters.

Most interesting was the angle displacement of the
both right and left knee joint. In Side viewing, the right
knee joint tended to be flexed more in throwers ranked
1-6 than in throwers ranked 7—12 during the preparatory

phase (Figure 4, left upper). We describe this motion as
‘right knee down’ in this study. It was conceivable that
this ‘right knee down’ motion makes the pelvis rotate
without bending the trunk forward, which leads to a body
position thrusting the javelin during the former half of
delivery phase (Figure 2, 3). In contrast, an incomplete
‘right knee down’ motion was observed in throwers
ranked 7—-12, who tend to keep bending the trunk forward
slightly through the preparatory to delivery phase (Figure
2, 3). We surmise that such differences in motion are
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caused by more elite throwers producing a higher vertical
release velocity for the javelin.

Many previous studies have reported the importance of
keeping extension at the left knee joint during delivery
phase (Morriss and Bartlett, 1996; Bartonietz, 2000;
Murakami et al., 2006). Most elite javelin throwers in
this study also showed nearly full extension at the left
knee angle after slight flexion during the delivery phase.
This left knee motion was found to be an important
motion common to elite javelin throwers. However,
bronze medalist Greer showed greater flexion at his left
knee angle during the delivery phase (Figure 6). This
study was unable to clarify whether this was a technique
unique to him or whether he had practiced correctly but
failed during the competition. Further investigation of
this point is probably needed.

Conclusion

This study sought to study biomechanical parameters
that affect throwing distance for elite javelin throwers
and indicate the averaged motion patterns of throwing
motion for elite javelin throwers.

Based on the current results, biomechanical parameters
that affect throwing distance for elite javelin throwers
are release velocity, and vertical release velocity in
particular, and approach run velocity at R-on. This leads
to the conclusion that elite javelin throwers who began
thrusting the javelin at a higher approach run velocity
and obtained some horizontal release velocity (required
at least 22-23m/s) but who also obtained higher vertical
release velocity obtained better throwing distances.

In addition, throwing movement may differ among
upper- and lower-level groups even among elite javelin
throwers, a fact that became apparent as a result of visual
feedback data. In the future, standardized models will
be created and amassed to cover a wide range of javelin
throwers, thus identifying more valid findings and
perspectives on coaching.
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