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Relationship between turn movement and throw performance in hammer throw athletes

Toru TANAKAP, Takaya YOSHIMOTO?, Yoshihisa URITA?

Abstract

This study aimed to elucidate the relationships between ham-
mer throw distance kinematics of body axis defined as connec-
tion between jugular notch and center of pressure, and kinetics
of turn movements in senior hammer thrower. The hammer
throw motions were recorded with 3 high speed cameras (250
Hz) for three-dimensional analysis. Vertical, mediolateral and
anteroposterior component ground reaction force was measured
using a force platform (1000 Hz). Jugular notch and center of
pressure were calculated from motion analysis soft. As the re-
sults, the hammer thrower with smaller changes in maximal in-
clination angle of body axis during double legs support phase at
2™ turn had the greater hammer throw distance. In addition, the
results indicate that reduced time from 1* turn to 2™ turn and
increase peak ground reaction force from 1% turn may be impor-
tant for high performance in hammer throw.

F—7—F : motion of body axis, long axis of body,
support time, ground reaction force
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Fig 1. The experimental set-up
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Table 1. Physical characteristics and personal/experimental record

Subject &g_se) Body height (cm)  Body mass (kg) Perso‘zf‘rll)rec‘)rd Efgf;g‘(er’;t)al gggg:;e?%/
A 27 176.3 110.1 71.58 66.06 92
B 24 184.6 106.3 66.79 62.85 9
C 23 185.2 95.3 65.36 62.5 96
D 26 177.7 106.7 64.54 62.05 96
E 30 184.8 96.2 64.12 60.44 9
F 20 167.1 88.8 55.85 53.33 95

,,,,, G 19 773 97 5309 5095 96
Mean 24.1 179.0 99.3 63.0 59.7 95
SD 3.9 6.5 8.3 6.4 5.5 1
Table 2. Kinematics and kinetics data
Variable Mean (SD) Range
First turn
Kinematics
Maximal inclination angle, deg 10.9 (1.8) 8.5-13.8
Change of inclination angle, deg 9.5 2.7 5.0-13.3
Contact time of double support phase, ms 392 (64) 344-504
Kinetics
Peak ground reaction force, N 1486 (153) 1299-1725
Average ground reaction force, N 1184 (113) 1042-1402
Impluse, N-s 428 (55) 338-514
Peak ground reaction force relative to body mass, N/kg 15.0 (1.3) 13.2-16.8
Average ground reaction force relative to body mass, N/kg 11.9 0.7) 11.0-12.7
Impluse relative to body mass, N-s/kg 4.3 (0.6) 3.2-4.8
Second turn
Kinematics
Maximal inclination angle, deg 12.2 4.0) 7.0-17.6
Change of inclination angle, deg 7.5 3.7 2.6-14.8
Contact time of double support phase, ms 270 (36) 244-348
Kinetics
Peak ground reaction force, N 2201 (287) 1669-2587
Average ground reaction force, N 1442 (115) 1314-1613
Impluse, N-s 310 (49) 254-377
Peak ground reaction force relative to body mass, N/kg 22.2 3.2) 18.2-26.9
Average ground reaction force relative to body mass, N/kg 14.6 (1.0) 12.4-15.5
Impluse relative to body mass, N-s/kg 3.1 0.6) 2.4-3.9
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EITOBEROY — > ThmEELRS. RFETIE 1
[\ EHICB T 2R KHE R B L2 HiEEICBT 5 &
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Tabele 3. Relationships between experimental record and kinetics data

Variables Correlation coefficient
First turn
Peak ground reaction force 0.79*
Average ground reaction force 0.72
Impluse 0.18
Peak ground reaction force relative to body mass 0.15
Average ground reaction force relative to body mass -0.05
Impluse relative to body mass -0.35
Second turn
Peak ground reaction force 0.50
Average ground reaction force 0.66
Impluse -0.28
Peak ground reaction force relative to body mass -0.22
Average ground reaction force relative to body mass -0.24
Impluse relative to body mass -0.55
*P < 0.05
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Changes in male high jumpers’ bounding ability with improvements
in their high jump records
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Abstract

We examined changes in the bounding ability of male high
jumpers, whose high jump records had improved over the past
few years. We also analyzed the relationship between their per-
sonal bests and bounding ability during the same season to de-
termine appropriate target bounding results for individual high
jumpers, according to their high jump records.

We evaluated the bounding ability of 35 male high jumpers
(Personal Best: 2.05+0.11 m), based on their results of 5 bounds
from a standing position (distance covered) and 30-m bounding
(number of steps X time).

The results are summarized below:

1. The best high jump records showed a significant positive
correlation with the results of 5 bounds from a standing position
(r=0.608, p<0.05) and a significant negative correlation with
30-m bounding results (r=-0.681, p<0.05) during the same sea-
son.

2. On comparing bounding results before and after improve-
ments in high jump records (before: 2.00+0.10 m, after:
2.07x0.11 m, p<0.05), the results of 5 bounds from a standing
position (before: 14.58+0.74 m, after: 15.05+0.78 m, p<0.05)
were markedly more favorable after such improvements, where-
as there were no significant differences in 30-m bounding results
(before: 36.61+4.43 [stepxtime], after: 34.86+3.78
[stepxtime]).

3. To determine appropriate target results of both bounding
events, we performed single regression analysis, and obtained a
valid regression equation in both cases. These equations enabled
us to calculate appropriate target bounding values for individual
high jumpers, according to their high jump records.

Based on the results, it may be feasible to improve high jump

records by enhancing bounding ability, specifically by lengthen-
ing the distance reached in 5 bounds from a standing position.
The target results of 5 bounds from a standing position and 30-m
bounding we calculated may be useful reference values to pro-
ceed with systematic training while confirming progress.
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The investigation of preparatory motion for take-off during curved run up in the Fosbury flop

Naoto TOBEY, Yasushi KARIYAMA®, Ryohei HAYASHI®, Kiyonobu KIGOSHI?, Mitsugi OGATA®

Abstract

The run up used to perform the Fosbury flop high jump tech-
nique includes a curved section. The curved approach is better
than a straight approach as there is less decrease in running ve-
locity during the preparation for take-off. In general, the curved
section of the run up begins four steps prior to take-off. The
motions performed in this phase may be necessary to achieve a
good take-off. However, the details of the motions performed
during the four steps prior to take-off are unknown. The aim of
this study was to investigate the curved part of the high jump
run up. Seven male high jumpers performed a high jump. The
motions between the four steps prior to take-off were filmed us-
ing an infrared camera (Vicon motion System, 250 Hz). The re-
sults of analyses were as follows:

1) The motion of the descending center of gravity of the whole
body (C.G.), height, and horizontal C.G. velocity was attained
during the four steps prior to takeoff; thus, the motion of these
elements was maintained after this phase to take-off.

2) High jumpers lower their C.G., making the body lean in-
wards by placing the foot at the external side of the curve be-
tween the last three steps and the final step of the run up, prior
to take-off. High jumpers lower their C.G. to make the body lean
backwards by placing one foot in front of the body at the point of
take-off.

These results suggest that the curving run up is an effective
preparation for take-off.

F—U—F:HHH SAELS, SENE SERE
FRR B ER E fh

1. ¥

SHOESEKTIE, FIEETOHEEEN Y mEkZ v
TW2% (Dapena, 1995). i #k & H W 72 & & Bk O H il
HEE LT, BIENTIL Ty Ry hO [J] OFORRIZ,
AT ER, BRRdRoszi< 2 Enxifond

(Tellez, 1993). F7z, HHBEDOEEUIENETIE, FITHE
O Z U AHRES, B4R Rl EERIC X > Tk
ZEELTB0 (FLIED, 1983), N5 DEHZEL
M 577012, BUBEMERZE, KOEKRELS, 50
IsBEREE, FROBRETENLETHZEELLND
(FI3T, 1996a). L7=73> T, BsG@EEICHmN 2 BER
T, EFEREOK FZ2IMA D ODHKRELEZE NS
¥5Z &, MRTEYNTIT CHARDO®RIEMZBET S
TENFELBEMBEED 1D THLHEE A D, HIKEL
BEK RS2 HRIIIREL, BROEE (NEE%
), BB REIND VIO Ei2% 5N 2
7Y, PRIEBHVEC IRBIET O i BT B) & R E DK N ic &S
% (BAR - 5EBE, 1978). ZAUCHR L CHi#RBIE 2 W
2ZLORMEZEZDE, WRBEICEST, BEOHE
fECBBE ST ORI 2 MA 205 BIRONEEELCXE 5
ZENTED DI, UEREOEDEZNHLDD, &
KELEEEFTTEZIENE TSNS (Ae et al.,
1986; EH M « 555, 1978). Tidow (1993) I ab#RBNAEIC
BWTEHEKNEALE 30 EOBEIT13%, 35 EDHET
18%, HEEXOFEEEIZ L T 12-18cm HKE L& O T A
WHEERD ZEZMELTND. ZNH6DT EnG, F
FEkTIE, X0E<BREWNDS HOZERIZHT T, H
MBEXZD BHRBEZ VWD ZENETH D EEN
TW% (Dapena, 1995). fti /5T, BhEHEE O 12 #
M5 HIREEAD, BUBEICHT TEORKICESIN
TVENTDOWTHRE L 2RI R 472 59, REHT
»H5.

1) B KRFRZRE AR AR ZZER  Graduate School of Comprehensive Human Sciences, University of Tsukuba

T 305-8574 WIKED IFHKEH 1-1-1

2) B K F AR —YBLE Faculty of Sport Science, Yamanashi Gakuin University

T 400-8575 LA T i il H 2-4-5
3) IR RZHESL  Faculty of Education, Gifu University
T 501-1193 Iz BRI B AT A 1-1

4) B KK E R Faculty of Health and Sport Sciences, University of Tsukuba

T 305-8574 KWEOIEHKES 1-1-1

17



£/, HHpkOBETIE, BRRIZEY) 4 2570 5 A
FENRHIBIND ZENHESINTH D (Dapena, 1995;
ART1E 2, 1993; Leite, 2013; BER - ZEJH, 1978; Schiffer,
2012), HROWNMHEEIER KLY, ZHITHED BIRELS
DX TFIZHU 4 BFih SIS N TWD EEA SN S,
BTl Bk S 2 A T AU RmANT +—< > A
DEEAFITHTHEEFHE CTH DA (FILIEHD, 2008),
I TCHERENSEMER, ENLETO/EIZH T S EE
DO BERZITTNVWBEZENRHERIND. LIZAH> T,
iR A & SR OB E D YENR 2 B AG & N 2 B Y) 4 A
SEUNCHT COBYIER /TS, E&EBRO/NT +—<
CARCKRERFEEGZDRECHE EEZLENS.

UEbDZ &5, BEY) 4 BHiH 5 BEUNT N T O R
oML, BERELESSCHEOHEES ADOEERS M
IT5HIET, EEBKONT =< 2 A\ LIRS DE R
BAIREIRRT DI EMTED ERIND. —HT,
INETIMTONTEAESKROBAEICET 2% T
13, BIECHMBMIDOWTHREFT LD DS (BRFIED,
1993; Dapena, 1995; Tidow, 1993), 4] 2 2kaiiH L <l 1
RIS YNNI TCOEMEZ ST L2H D (Ae et al,
1986, 2008; Isolehto et al., 2007; Panoutsakopoulos and
Kollias, 2012; Bk - BEJH, 1978) 23ZWVWH DD, HikRE
MBAGA S N2 ) 4 B0 5 O BRELE S F RO E &=
£, WEEAETAE DT DWW T 3 RIuITEIEST L 72
MR 7259, REHRHES LN

T ZTAME T, Hhgkae HW=ESBkoRY) 4 4%
AiEHY & B E T O R/ 2 B U)X R & E
L, 2Oz 3 RTHICEESMTT 2 ET, FHEN
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REERE BB £ 72137 9 T F—AICFTEL TWa &
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&1 MREOKE

. Filly gk hE  ACE&RSE SR

@) (m) (ke) (m) (m)

A 23 1.70 64.83 2.05 1.80

B 18 171 65.20 2.06 185

c 19 1.65 58.59 213 2.05

D 20 177 71.32 2.10 1.85

E 20 1.76 68.01 1.90 1.80

F 22 1.82 79.86 2.08 195

G 25 1.93 71.10 231 215
FHHE 21+244 176009 6841%6.17 2.09%0.12  192%+0.13
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S, WA EFRIC, FUSS ToEf 3 [DRKA H
LETCHREzTOERE. B, KON TIE, Kk
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BRI 47 R) DEEET—& 2R L = G,
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S U, 7B, RIE S 3L B W R BT 6 —
12Hz O#ifCTH > 7=.

24 HHIEE

AWFZETIE, EEEHMAEEZ3 LT, 14 ORFIICES
THEFESINZ 150K A > vETFIEZHW TS
ZETIMLL -, HIEICX > TESNZHIKD 3 KIT)HE
MG, FL (1996b) @ BRI EMEGEE AW,
HorBLU02HOHEL, EBET—ACRN2EHLE X
7z, BRELOZENZ R 5 2 LIk > THIRE
DEEEZEHR U BRONGEAED X UORIEAEIZD
WTIE, BERELSBUMEEE 2R AR E X2
SFEHBEIOY-ZFEHICHEEL, X-Z ¥ ETZHiérs
THAZHEONEA, Y-ZVFH ETZHiERTAZE
Ko%EMmEL, TNFNIEDMEZNIEE#BE Al
EAMEERTEE Lz (F381E0, 2018). E{RITAGAHL
o RY—r%B &I, N3 BEETORE L2 EE
U (IBEAET - AfkiEh, 2003), BEATEEFER GaliEs
2013) ZFET D T & CHREBIET O il A B 2 R L



Me Ltk 17 B 1H 2019

Fo. 2B, UTFClBSEAELSZELE, B , . ,
EPREELO /KO E 2 KO, B B Ok PN I £ FE % N . — —
[ f, PEHOI SRR I f s 2 i f, B MBI B A A . - : -
R R f I & R T B w0 ' —
30

2.5 #EHLE R

BERITIME + EERAETRLE. £ 2 TO% R
RMLERICIE, #ERH/Sy 7 — (SPSS ver. 22, IBM LAY 2 oot

BRI, SR O BRI O A B2 DV T HBIRE . y

% Pearson D HiEZEZHWTHEH L= 351, BEBHD
AQBEICE, 1 RRZENTEMY, FEFEETS R ——

2 EBDENEBAICIE, Tukey DHEEANWTESE *:p<005
Wi E ot 735, HEMAEREE 5% A CHE B2 &REHTSAER

L7z
3. % B ' . - 1

111 4 B30 S B £ TORBOELEDE —
(%757 CRUE £ AECE 2 13MEm, K3 0 - ' ' ‘

i | 14 B A OB R Y 5 T TRL

. I51C, R2CBINSE2-ETRTLEDBIL, & T
BORTHEES K CIRBIEfLE, S 510, LKW TR 2

HiZE D% LS RICOWTRLE. ELEOR s

HMEICRIT 2 EIFRED5NT F =211, ns), KEHE 10
EOREREICBT2EbREDSNEM- 7= (F =357,
ns). —HT. W (F=57.20,p < 0.05), %M (F e OB O g
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Relationship between the difference the sprint ability of incoming runner and outgoing runner
in sprint relays and baton pass methods: In the case of a physical education class

Kosuke HIRUMA ¥, Nobuaki WATANABE ?

Abstract

The purpose of this study was to examine the effectiveness of
Up sweep pass (Under) and Down sweep pass (Over) in physical
education classes and to clarify the relationship between the
sprint ability of the incoming runner and the outgoing runner by
the baton pass method.

As a result, from the viewpoint of “reliability”, Under was ef-
fective in any combination. However, “Gain time” suggested that
the advantageous baton pass method might be different depend-
ing on the difference between the sprint ability of the incoming
runner and the outgoing runner and the order of running.

Specifically, when the incoming runner was higher in sprint
ability than the outgoing runner, Over was advantageous. On the
other hand, when the incoming runner had a higher sprint ability
than the outgoing runner, there was a tendency that the Under
was more advantageous.

From the above, in the physical education classes, when stu-
dents with different sprint ability differ among relatives, it is
thought that promoting learning based on these information
would lead to better relay lesson making.
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W5 (B, 201D). 7523, FEpk294E 3 HiIZREIngz
e E e EEE ORI EE, 2017, 2017b) 1TH
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ESA LD AL 12 #4% BALEE (BUF High), FA212 4
ZFAfE (Low), TOMD 16 42 A#E Mid) &L,
FO%, “ANDOEEY A LTENTRWE S BHERENIC
M 5 High & Low DX7 (LLF High-Low) & ¥E
HENZ D2 Mid R 0XY  (BAF Mid-Mid) 2 5#%E
UZz. 73, BEROEIEZ, X7 TEIERSE
& L EH 0 High T2 EHMN Low DX Y % [High —
Low|, L EHD Low T EE M High DRY %
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[Low — Highl, #ELEZEPRICZTEHRLHITMid D
K7 7% [Mid— Mid] &FLl7z.

728, BT U CHAMICIZFE UARY THiE 2 %
I UL, RIEFENHZEGEIE R DPNERNE
FETRYZHEEZD, HIOXTIZANTHS NI A
THEZZ2ThE R (FOROEEDIBDITERF— L
Ped DI & B> 7).

AFEDT—& DI, —ETHREZENHAEZRT
PIANTHE L2 ENBEXRTIEEEaho/ FO
2, FERITREEZTZDIZ200 % THDH, 1704
DDT—H DIREH L 7=

2.3 ®eEAE
WFEILZ4BDOT IV AT (CASIO #1#, EXILIM
EX-F1, 300fps) ZfifAL, Nb2NNAZTHIFT—2F—
N—="—> (20m) ZHRFE TEHLIITHBELZ (K1),
T, HL—ITHR—VEREL, WAT1T1L—2,
NAZ2T2L—2, WAI3T3L—>, WAT4T
B4 —DL—RAENCZ U RE LR 0%, &
FLmGICET A mEY 7 b (EDIUS6, 75 AN —
i) ZHWTHYAY—2HATAHILETLIORIED
BN OND LD ITHEL, BRI DT —rF—/N—
V— AR O FE T L.

2.4 BIFEIEE
(1) BIRU =N S S HED K OHEENE

BIRU 72N N DN ZAHFIER, g Lz eRicen
TNAT MU Fi, [HEEME] 23T 5729012,
F—=0F—=N—=T—=2NTON b >RESRNEE, @
NN EEELESE, @ EENHS MITHEL 72
BEEkK® &L, TokEHY M LE MAT,
BN NZFNZNDIN S 2 INAFIEITHK T B Mgk mn
SEMEREREHL 2.

B, ZO—HOERDT, EEBIOHELEHEEOZTS
U MEH (UL—H3FE) ORERBRO D DIFEEN
TRTDL—ZAZ/BEL, NFINZAHFEITDWTIE
F=N=BXOT7 ¥ —DiERHK, BERECOVWTIEO~
@D B A 2 FAFIWT L 7=
(2) FERRB KT — 2 F—/)N—) — > A gEiE ]

FEREIZ, UL =1L @X50m UL —DF A L)
ARy Ty FEHWTHFEL, 2 AD50m ED
BEtIALEY L =51 LDENSE L2

F = F—)N—") — B (LR — > PR
WZDWTIE, RIRLAEY A —AD OB EZ WL, JEL
EBZMNT—IF—=N= = AOZ@EBEL, ZFEZEN
FT—=IF === HOZHE5ETICEL &
L, ELEZED NV —WT—UF === A0%
WEL THOSZTEZED MY =T =T F—/N——
CHOEEBT ARMEGRAMSD ZETHELZ
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(Vonstein, 1990 : #2/A[Z 2>, 2008).

BB, KRR T RISREE R O — o BRI,
AR U 7= SRR BIZR% 4 T 2 X7 OEIZE £ ho /-

7z, Bk U7z K D ICAMIE T, FISRE OB HIC
ARy TosyF, V= ERROREHITIZT 4
NWETHHNATTHRE LT =7 &2/ o7=. Lal,
VL —DFALEY—FRERMOY A LZENTN
AL THBD, £, g s L3l Tuian
D THIEFENRBZ > THREIZBRWEEZ SN 5.

2.5 fHEtaE

IR U 2N B 2 S 2 GiE OB L Ol o g,
1ROV RERTO . £, 2 BRI O EHSE O ik
W2, RO t e, 3 B O i ool E
ot zfrw, 0% FEMAETH > HE1Z
Bonferroni D2 &Lk &afro /=, 2B, TXTOMEIC

BT HERAKEL 5% KM E LTz

3. # =R

£ 21213, 50mEY 1 LAEFITIBITHHELEZBEO
50m EY A LD EERL 2.

High, Mid, Low DJIETY 1 AMENTE D, Hat7s
BREDREDLNT.

£33, DELERTYZEOEREHY A LE2AD
50m EY A LDEERLE. BGRlY 1 LAICTEEAITR
SNBMN oD, &A1 L7EE, High-Low O 5 NHEHY
WWAHBIZKEN 72 (p<0.01).

F41T0E, EXTHEINU 72N N 2N B EOEZER
L7z, BEFCHBZEF—N—&DT ¥ —DHIHEN
WHEBEIZEN>T= (p<0.05).

5T N NZADKRBEB L PRBRE R L.
KRBTV TNIIBN T —=N—D N7 ¥ —&D

R2 IBICHELLED S50m ES A ADFHE

HighZ£(n=54) Mid#(n=62) Low&$(n=54) =% ZELE
50mAA L (F))  6.83£0.19 7.34%+0.15 7.97+0.29 Hok H<M<L

**p<0.01

< p<0.01
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(7l 5 e ST

K3 PHEULERTZLDEHIALE2 ADSOMESY 1 LADE

High-LowE¥(n=54) Mid-MidE¥(n=31) BEE
Bt FAL(FD) 14.8+0.28 14.71+0.14
BALZE (7)) 1.14%+0.50 0.25+0.22 *ok
x£4 BIRUENFYNRRAFEDOE
TH— F—i\— X 2{E EEMHXE
_High = Low 8 S
Low—High s 12
Mid — Mid 21 10
=1 54 31 6.22 0.014%
*p<0.05
£5 SBBBLIUVRKE
T — A—i\— X 218 HEEXR
_High > Low ~ 3(166) 3(333)
_Low—High 000 5416) |
Mid — Mid 1(4.7) 4 (40.0)
2K 4(7.4) 12 (38.7) 4.00 0.046%
*p<0.05

BT EEICE < (p<0.05), KERHF—N—0D
RN CARY NSy W

B 21213, 7% L #E#F A High, ZJEHN Low TV >
H—ZBIR L 72T EF—/N\N—Z2BIR L 7= XY OFERF
MzEZNZIURLz. TOE, 7 ¥ —OFEREHIZ
0.36 £ 029 B, A —/\—OFIFEKREIZ 0.64 + 0.26 T
HO, T—N—OFNPAEZFERHNREN > &
(p<0.05).

12
10
=R
08
ey
i 06
x .
04

0.2

0.0

T — A—ri—

“p<0.05
2 High-Low BT 7 F—BLUN
F—/N—DF| 5

X 31213, #ELEFED Low, 2T EFH N High TY >4 —
BN ERT EF—/N—% R L 7= RY O 2
ENTIURLZ. ZTORER, 7 25— OFERI 0.77
+ 034 %, F—/N—DF|EK#IZ 043 £ 027 TH D,
T 2 H =D NE BRI R EM S 72 (p<0.05).

M 4121, ELEH, ZTEZFEBITMAdTY ¥ —
BER U= RT EF—N—2 RN =T ORISR %
ENTIURLZ. ZTORER, 7 ¥ —OF|EREMIL 0.46

12

1.0

08

FISEFM (7))

06 1

04 1

02

0.0
F—si—

T

*p<0.05

3 Low-High IC&I1F37 4 —BLDN
F—/\—DFEHFE
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0.6 r

FIFESME (7))

04

02 1

0.0

Fod—

A—ri—

4 Mid-Mid [CBF3T7 »F—BLV
F—/N—DFNISEFRE

+ 0.44 7, F—N\—OFEREHENZ 059 £ 033 TH D,
HEtREEEIZ R s Nanho 72

£6121E, ERTDNF A FEDBEVIZL DY —
CETEREER U ZOMR, JELEED High, 2
FEEZED Low DEFEIEA—/N—, #ELEED Low, 2
FEF N High BT > ¥ —DHNAZIEN S /.

4. 2 =/

4.1 NEYNRRAEDZBIREERMEICDONT

AL TIE, F—N—BXOT ¥ —DFEEZTNT
N 3T DT, BREBEOXEDHELT, UL —KkE%
EfEL7z. UL —KETIE, FNETOEEDRY (F—
N=BXUT & —DF#) »oEoNMAzEEITN
N NZABFEE RIS ® 2. FOE, WINoHAs
bRIZBNWTH, —N—K0T7 > HF—ZRRL =T
NEL, BKTHLE, T —2RIRLEZXRTOHN
MATNCEREICZ VW EWDFER & o 72 B F (2005) 13,
T =3NS NI X B FIEEEES NS WA, FD
DHEEENE N E2IEML TR, £72, EAMEN
(2008) 1%, BHEEZWRITA—N—BIOT 2 F—0D
ELSI EZUEICHETET o r— Nl EiTo/2 &
A, T —EXHELEFEOLENEN > LR
LTWa. MAT, wm&EiEsn (2010) 13, PREFICS
5 L—FHORDHAIZDNT, F—/\N—3 &
BEEIENT ZEDTEDLYA I TIEERBRAY — %
Yo 2 EIIERICHGENGWED, A —FDY A2
DU BREISELHHEELT, ETWET Y —EHRHAT
HTEBEHRLTND., INHDITENS, KPFEDOL

FHNL, A—N—BIOT7 oV —-EbITRENTEAE
Moz, 7o —DHERECELD S, 253
EESELTERL T DD EHEREINS., ERIC, %
WHREBD ENTNOHAGOEIIBWTS, 75—
KOBF—N—DHFNEWERITH> 2. T, ETF
(2005) DF—/)N—13, BEFORRD BEE L DER
I TNAZLRITNERS WY, BAEET S E
Wo gz T2 ThHhsHEEZLNS. Lz
MoT, [KEFICHERIINNZET] HD0IE [N
NN ADHEFRMNE] EnomZ EORICERHT S E, [H
U ¥R TIE, ELEEBXZTEEORERD
DEIZEDST, Yo —OHFNAERNTHD I EDRE
Nnr.

4.2 FIEBEMEICDONT

UL —TI3, KEHITHIIZ/ND > ZET Z &N
STz B M, UL —OEMkTH 2D [HE] © [
DR L] EnWokel EEEBETDHE, [MHEFEME] ZFT
72 <IN B 2N AT K 2RISR & 15 5 72 D Hiff & 38K
LTS RENH S, ARITBNWT, ZOFERHIZ
BFHI D&, EULEEEZTEEORER NN RS2
&C, #ELEEMDN High, 2T EED Low TIEA—/N—,
¥ UAEA D Low, 21 EH D High TIE 7 > — D HHF]
BMPAERICEN S, 2, NFNADIHAX %
RIY — AT (Vonstein, 1990) & [l £k @ g [A1 A%
HONT. T HF—FENEPRENED ET0RN
ZEMNBVEWS IR KIEE, 2017) HH 508, At
KORERINS, ZIFEFLELEHFDENENRKE NG
B, T —ZRHALTOE< Wil &b dH D0,
ZITEFHLELEFBIUN R NNAHEOHAEDE
WKLo T, ENENHSTHT 2 F—DHNERNIT
DHAEOENGFEET DI ENHENIIR . TD—
BT, F=N—DOHPERNIRDHAEDEBELET D
ZEDIREI N

—fEAIIZ 4 X 100m U L —"TIE, F—LTNE2INR
FiEEHE L T F—LBIFZEAETHE Kl - 3
H,1994). LinL, RFFROFENS, F—N—=L7
CH—DWGFERD AN L —OREEERT DA
T, BERENICE (AR TIE 50m EDY 1 L THRA
2BUE) MdH2WE - EERT TN &2 D<K,

x£6 T—UF—N—V—2HERMHE

TFoE— A—i— BFEE
High—Low 2.92+0.20 271024 *
Low—High 2.68+0.23 291%+0.17
Mid—Mid 2.78+0.17 2.73+0.09
*p<0.05
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N B N ZGEREINS 5 2 &N RE i T
FoNTWS[F—LDF A LZEMT 2] CUERHFEA,
2008b) Z &[RRI ] CUEREERA, 2009) 1T
MMBDAREEDVRB I N2, T80 5, ELEFDOHNZ
AEE K O BRERNPEWEEIIA —/N—, TOMTZ
FEZEDOHNELEE LD BEERINENHEETT >
T—DHENERTHDZEEEEBL CHEFELEERL
TW ZENEFLWEEZ SN BB, ENEDOAIZ
BEHLESHG, &—N— 75 —ICHEbsTELESL
78 Low, 22V EH M High @5 75 U EE N High, 2 &
FHDLow X 0 HFERFEI AR ENWMERI AR S N7z
(p<0.10). DFED, ZFEHEOEER PRSI
HEELIFL TV SEZ2 AMck2Y L —Thoz
N, GBAEZEESL TWEE, BIRICE > TdEL
FEH M High, 2 FEE D Low OflAGHORICRS Z &
bTicEZLNS. LEEN->T, BEIINSDZE
HEBLUTEIER/N N 2 NZAHFEEER L T < BB
HhDEEZEZLNT.

AW Tl FISEERE & — S FrERER L 2vElE LT
Wiz, ELESZEZTERICBIT2REERNTDZE
WZEoT, 7o —BEUOF—N—DEMNHENR2 5 H
IZOWTIZHMEICT 2 Z LI TEhho /2. BEFE)M
(2010) 1, NENZRIZBITBZTEENAY — %
Y254 TOEEIIDVWTERLTED, £ &
REFEELTIE, 58F (HAR L3toElR 2014 @ &
ME:, 1979) #5351, ELEZDOHNEERDEN
TWBEAE, B F—=rF ===l Ok
T, WIELEZEDEEDRNNE D HEET—2
F—=N= =D AOMBETNR > 2ETEEHEL
TWED, ZUEBDAY—FDYAI TN
ZEITMENERL TWD EHERIND. Thbb, &
ERNDERN N NNAFEDENIKD, Y4327
EEDEZHN, FRIEFEHLWHEAEGDEN D D algEEN
HZEzohbd FEEIZ, ELEED Low TZIFEHEN
High D54, FSREREIEY > ¥ — DB HEtiIcE &
WCREM 72, KECRIZEFICA =N —D LD
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AIMGTET Ui 7s EBHBIE DT THES L T <bhEAH
HBHEAS.

4.3 MEDRFEERBEADREICDNT

AWFFETIE, £ LITRT XD ITEBERITN S 282D
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Me Ltk 17 B 1H 2019

¥ETREEAEZECOVWTIREHRF AOH TRL D,
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Development of type-specific model race pattern for the female 400-m sprint

:4)5)

Kohei Yamamoto®, Kenji Miyashiro2), Hikari Naito®, Shunsuke Shiraki®, Ryosuke Kajitani””,

Keigo Byun Ohyama®, Kiyonobu Kigoshi®, Mitsugi Ogata®

Abstract

This study aimed to investigate the relationship between the
race pattern and performance in the female 400m sprint. Based
on previous study date and video date, 179 female 400-m sprint-
ers (49-50s: n=30, 51-52s: n=30, 53-54s: n=49, 55-56s: n=70)
in official competitions were analyzed. Running speed, segment
time, the ratio of the segment time and the rates of decrease in
running speed were calculated. The main results were as fol-
lows: (1) There were strong positive correlation among the
400m sprint time and the segment time of 0-100m, 100-200m,
200-300m and 300-400m (r=0.874-0.982, p<0.05). (2) There
were poor correlation among the 400m sprint time and the ratio
of segment time of 0-100m (r=-0.268, p<0.05) , 100-200m
(r=0.242, p<0.05) and 200-300m (r=0.327, p<0.05), the rates
of decrease in running speed of 300-400m segment (r=-0.305,
p<0.05), and the time difference between the 1st and 2nd 200m
(r=0.199, p<0.05). (3) By using regression analysis, type-spe-
cific model race pattern for female 400-m sprint were developed.
The results suggest that the race patterns are similar among dif-
ferent performance levels (in the range of 49-56s). Additionally,
the type-specific model race pattern may assist with the plan-
ning of training programs for the female 400-m sprinters.
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ZFA00m EDL —ANY =2 ENT = > A EDH
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MM R 5N SETHS. Hanon and Gajer (2009) 13,
RNy L)), F2aFIl LNV BXOEN—% L
NIV OFFEEERL, ANy TR OFEE O
MELT, L—RAFENGHBOEAE—-ROEGI &
L —ZHBOEAE—- R FOREIZEHITTNS, —
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TLRNNVBEXPHAY 227 by TNV &L, i
Ry TR, L—ARPERSHFEOEAE— R
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5. ZLT, EFINL—ANY—2Z2ERT B LTI,
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Th A5 EZEZLNS.
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A TEZEZBELZETIVL—2ANY = 2ERT S Z
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n 30 30 70
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FEAE— RMEFERIE, 300-400m KENZHWT, 400m E
A4 LEDORICEBRRBRAOHBEMRERNRED SN (=
— 0.305, p<0.05).

L—=2ANF =2 &b EITHREEY A THICHMEL
A TNDOETIVL —ZINY — > OIEREiR A2 X3
BT OHEERLEZDDTHS. AiER (n=
55, 400m £ 1 L 1 54.08 £ 2.07 ), HHE (n=68,
[[] 53.40 £ 2.20 #) BLUEF¥HE (n = 56, [[] 53.88 +
232 %) @ 400m £ 1 LT, AERZEZIZRD S NRBHN-o
7= (F=2.861, p=0.060). K413, &% FOHXE
AE—RDOEZERLIZHDTHS. 150-200m X [H E
T, RIEEOEZE— KRR, oy ST L THE
2@ <, 250-300m KFEILAREIE, B PEMOEZE — RS
oy ST U THREICE M 2. HilElY 1 71E, »
THORMIZBWTH, FiEils K O% R O R 72
EZ2RU&E 72 £33, Y1 THIZ, 400m ESY 1
LS 50m fE D & O S 1 L E RO B A
AR ORERE RD, ERRIC & 2 HEE OEAER
ERLEBDOTHS. FRKXORERIIINTNOAER
ThHO (R*=0.57-0.99), £< DXEIZHBNTO0.7LUED

(c) 200-300mXfE 5 Ls (d) 300-400mX 5 Ls

w
b

400mESA L [#]
400mES A L[]

400mESA L [#]

-

400mEZA L (1]

11 12 13 14 15 11 12 13 14 15
XIS L [#] X5 L (1]

(e) 0-100mX 45 Ltk (f) 100-200mX 51 Lkt

400mESA L [#]
400mEST LA []

400mET A L[]

11 12 14 15 13 14 16 17

13 15
X5 L (1] X5 L[]

(2)200-300mX 51 Lkt (h) 300-400mX 51 skt

n=179
56 r=10.327
p<0.05

200mES A L [#]

2! 24
XA AL %] X5 ALk (%]

400mEFA L [#]

23 24 25 26 27 26 27 28 29 30
XA AL (%) X5 AL %]

(i) A (j) 100-200mXEIER E— METH (k) 200-300mXRIER E— METFEHR (1)300-400mXAIER E— MET R
o 7 T o0 g B @ .
56 56 F
., e

55 55 ..
= 54 X 54 fiad
N N Jg@' N
Y 53 Y 53 % ] ° N
i @ °o_ o ° s
# 5 # 5 m "
H H H
F 5 F 5 o o Py g’ - 2

50 50 o o 608 00

’ ’ o _097%¢?¢ P=0.608

49 49 L

0 12 16 0 4 12 16

4 8
ERE— RETR %]

8
ERE — RIETE %]

2 400mEF A ALAEV—ANG =V ICETHOMIER LEAR

39



o B
n=179
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100m Y = 0205 x + 1.722 0.80 0.20
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350m Y = 0876 x - 0.975 0.99 0.14
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Influence of differences in warm-up intensity, indicated by blood lactate concentration, on performance
of 30-second maximum effort pedalling exercise

Yutaka SAMBONGI®

Abstract

[Purpose] This study investigated the influence of different
warm-up intensities as indicated by the blood lactate concentra-
tion on the performance 30-second maximum effort pedalling
exercise.

[Method] The subjects were seven male university students
specializing in short-distance running events. They first used a
bicycle ergometer and repeatedly performed a pedalling exercise
at 100 rpm for 20 seconds, taking rests of 100 seconds, gradually
increasing the load in 1 kp steps starting from 1 kp until either
exhaustion or 10 kp was reached. From the results of this test,
the exercise load at which blood lactate concentration reached 4
mmol/L (low), 8 mmol/L (medium), and 14 mmol/L (high) for
each subject was obtained. Next, at low intensity, medium inten-
sity, and high intensity, the pedalling exercises were performed
at 100 rpm for 20 seconds, including a rest of 100 seconds; this
was performed out three times, following which a maximum-ef-
fort pedalling exercise was carried out for 30 seconds, with a
load of 7.5% of body mass (the Wingate Anaerobic Test) to mea-
sure power and number of revolutions.

[Results] Average power in the Wingate Anaerobic Test reached
high values in the medium-intensity exercise (640.3 + 62.9 watt;
mean value #+ standard deviation), the low-intensity exercise
(629.9 = 54.1 watt), and the high-intensity exercise (618.6 =
52.7 watt); the medium-intensity exercise was associated with
greater numbers of statistically significant high values than high
intensity. The results of comparing the average power during
the Wingate Anaerobic Test every 5 seconds, based on the three
conditions of warm-up, were that in the period between 5-10
seconds, medium-intensity exercise had significantly greater re-
sults than low-intensity exercise; and in the period between 10—
15 seconds, medium-intensity exercise had significantly results
than either low intensity or high intensity.

[Conclusion] The results of this study suggest that, when warm-
up for 30-second maximum effort pedalling exercise in the con-
dition of this study, exercise intensity for which the blood lactate
concentration is 10 mmol/L, and the rate of perceived exertion
(RPE on the Borg scale) is 15 (“hard”) is more effective than ex-
ercising at either higher or lower intensities.
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Me EEiE O EIEEERER ICB T2 Y TTS
3, YaFry, ANV F U, FUOREBIUAE—
REEEMN SR IND ZEngnEInsgn (FIIL R
< w7, 1982), FNH OEEBOEEIZDWTIIHRSE
N5 &3P, HYEFCHHFTHHITL HRBICHE
DNTWEHDEHRINS. MG EAND (1994) 12
1991 I H AT THIME S 17256 3 [l i 5 RE b Bt i® FHE
BT EMLICAS S Ny T 5 2 OB A
EMRICUT, BHEAIOU+—I 207 v TEERL .
TR MR aFx o r (Uxr—F20), ik (X
Ny F, b=, ATUENRUIN, R
T, A=Yy aDETITbATWED, %
NFNCEHL T, WEREFEAENKEN &
LT,

T =3I T7y TORNFIT DN TAEI S BN S
HDHE, iR EEARIR O 5 (Febbraio et al.,1996;
Stewart et al., 2003), FEBIFIIAE O FREBIRE O L7 =R
DM GHEERIZAY, 2005), #RHRZEE DM (Stewart
etal., 2003) 3 X OEEFE 7 O i P ELERIRE QM (2
B - b, 1987) mENEITFLND. NS OHE T

1 BB K AR —Y R Faculty of Sport Science, Yamanashi-Gakuin University

T 400-8575  [LBLEHFFHT T 2-4-5
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Tr—I207y TOEHEFERE BICABIREL R
NF— R RITKF T 2 FFANERICERBE2ENW DD
N, ERMEREEDHZ O AR—YEHICEHL
TR DI n. Z20h THEEEFE, (2002) 1, 308
MO HEERYY > 7@ % FEfHEL, Ur+—=3
yﬁ?y7®ﬁﬁﬁﬁ&ﬁﬁ%ﬁﬁiﬁﬁ@ﬁ7ﬁ~?

WCRETHEEIIODNWTHRA L. TO/RE, FhilE
ﬁ‘%ﬁ?ﬁff@lS—SOﬁﬁeﬁ@Wz‘~i TT T,
FHEOE =27 /)NT — EENT — 2 50 5 DR
THholzEMEL= =L, EHEEEOY v —3 >
77w T T, YaF¥rrokdiERNKMREED) -
EHITTIRE AT RBIURY - Y v ak
Wo RS RE OEB T 20, TNH5EEDRE
JEDEHRE TITAIZKVONZHASNTT S Z E13H
WCTHhHEEAOND. HIEHEH 21T 00 &7 25k
=R BB B Tl R ITHRNE R IC K 2 T3 )L F— e fT
b, TOMREL TP ABEBEEN ELFTHZ L
(Hirovonen et al., 1987), E£/=ZDEENEHLI R 2T E
MmMeABEEL LEAT S ZE,M5 (Nummela et al.,
1996), JEBFRE O E Ul HELEEEE N Y T
HhHEEZEZBND.

%:T$H%Ti EEEERICBT T —3 2
7y T OEEME ERET DEBNER 25520, 1
HABEERIREE L T —I 277 v JITBIT 2i#
FRE DEWSHIRET)L I A —F —2 - ER &
REEEI DN T 4+ —< 2 AT TEEII DWW TRET
5T ELEHMEL .

2. Ak
2.1 WERE

WBRES, BE LB 2 M TR BT RS

HETHTHoz. EK1IC
HBXUVHC RS LERZ R L.

VIHERE D SRR, ERE
BRI LT, &

ATIZIFFEN AR R LE S R IC D W THIHZ L2 D
ATCTNEICXDEEZER. AURICHBT 2 FEEER T
TRTEFEDTET 2 KERENITBNT, #RKESE
FEHGAMEEN T D RFRIAHICEREL T, #EBRE ORHA R
RHWBREITHETESLLDIT L. BRBARMRITES
DFHENFICL O MAMBEEEEZITDL LN TER
Moz, 20D [NV >FES] (ANMZERNRET
DR O MBEEREAD TR SN NEZ R E
LR LU BN S EEiEL 7=

RBPORIR EBEZFHIIL 8o 7208, ARBRZERE
L ZZFEIC BT 2 []L 5 08MIick 5 &, Wik
BESIR O 163 E T 11.4-19.8 EOHPETH D,
TR DT 70% T 58-83% DHIFAIZ &H > /=

2.2 RERFIR

(1) SBrs) 1

WelRE & & OFEBE AT & P ELEE IR & OB R %KD
L%z, HigfE L) I A —4% — (Powermax-VII,
Combi t£8) 2 W T 20 R, 100rpm DX > 75&E
B & 100 B OIKE Z AN lkp N SIHD T lkp T DA
iz Wil U, EHNMEICE2 10kp ETHROIERLITD
iz, EEFEIB L OSEAM TOEEK TRICHERI DK
MU, mAFLELIRE ZHIE L. AP FLERIRE OWE I

BHEREHABES NG (ST —h 70, =LAt
) 20wz BoNfERNS, HBRE I LITEDS

i HLBIREOBGE YOy MU, HET 5 2 MiEE
FRIERT 2 Z LI K ONIFL 2B an S HLBIRE SO
BH1% % 3K (Nummela et al., 1996), Ifin 2L & ¥ B2 A3
4mmol/L. ({K5#E), 8mmol/L (Hi#fE) 3L TN 14mmol/
L (E58E) 12hkhs & TFHlEINLEHAaMERDZ.
NS OEHEMOBEICDONTIE, OBLA ELTHWS
N5 EDL W dmmol/L 20 S I60 T, AN FLIRHY
WY IREIC 2 5 K D ITELE L 7=

&1 BHREOSGNRE, FFEBSLIVACKRSLRE
WERE FhosR R EfER BoR&ERi
(& (em)  (ke)
TK 20 165 64.3 400m 5182
HY 20 168 58.0 100m 115021
NR 20 178 748 100m 115021
KT 20 179 70.0 100m 11042
KS 18 17 605  400m/N\—FJL 56748
YT 19 170 690  4x400mL—  3525F)10
YH 19 168 720 4x100mYyL— 43753
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(2) FEEpES) 2

RHREO M P FLER IR 2 HIE L7218, BT L T
Ur—I207yTELT, KRE, hRE SmED
WM DOEATN T 20 B, 100rpm OXRY U > 7 i#EE) %
100 B DOKREZE E DN S 3EfThE/Z. U —3 >
77w %I, LB E B K O Borg Scale 12k %
FEHEMESRE (RPE) ZHE L/~

T =3I 7w TRKTE, 20 FEOKE %HXD 7=
Bl EEIREZREL, KED 7.5% DARIT
30 A2 R > 7 5EH) (Wingate Anaerobic Test ;
WANT : Bar-Or, 1987) #f7&7-. WAnT i2BT5 58
TEDEHNT—2PETDHEEHIT, 30 BEOEY
NT—, E=INT—, E—=7EEZEBICEKT 3
SHBOIMPABBEEZRE L. 206 OEBRTIEI,
FrRE, ATV RBIUAY—RT v akhEDE
IR P v e g S B 2 W K [B1 T > 7= BRI EFT TORE &
B T o BificlOmE#ER 0+ — > 07 v 7
EHETHEOICHELE. /220 2HEOKEZR -
FHBE, BEaBU2Ur—I 207 v THROBERN
TOA—=)Lh S BB E CICET M2 EE L2
Pl W N

FEEHEH 2131 HIC 1 ET DR UREREHICITS LD
L, #8# 74055 2 ZHMKERE—PiRE— SR E
2 BDVETRE > R E (KR, 3 A EE SR
— (X E DIE T - 7=,
ARFFRICBTBRYY > TR OFREIZ DN T,
E T A8 RS T O 60rpm B X U 90rpm DX 1
> T R U 72 RS R © BT RS T O 90rpm 12 &
HRYY D ITBEEIZBNWTNLA N 2T X OIEENE
FITONTEEHEICB T 2HEHIGEN>72ET 5
HEA (2016) OHFICHE D E, EEEEE L EIE
SR EXOS T+ —I T Ty IR =22 JICB
FRERENHNEBZSND T &, EREOINTE

K2 BHREICHEIZD

Me Ltk 17 B 1H 2019

WE Y FIIIMNEENICHENT S 2 & (RE &K,
1981) #3#%&[E L T 100rpm Tirb® 5 Z &L= AW
FECIIBRF IR L TRYY 2 TR OZEIT DN T
IRIERISFTORN o728, N2 RIVOALEZEBEIERLD
H FOMETHEE L7272 ORMEZRSERO 2T oz s
EZE26N5. FEAHETIEY+—I 2T 7y TELT
20 B DORY Y > FiER E 3 EfThE /= ZHUI R
R EEiE R FHEIC B W CEREREEO Y+ —3 >
7y TEBELUZREEAO (1994) OWEHFIZBNWTH
ANETFN130-150 mD 2 7 > k2 EEET> T
2ZEMG, 150 mEEDZATY > k2iERD D 0NIE5E
EREZEZIIATHOEHZEL T LRROLEFEHREL
7.

2.3 et

RBGET) 112D 2 88H Z & OFEHEAN & L
TBEEOBBROEHICIZE Y Y > OFEZRAMBE T % H »
7. EBGEE 2B+ T T v TOEEDE
WWEkBU+—I 277 v 7# 0D RPE BX U WAnT IZ
BH%N7¢~?>X®%%”i*ﬁﬁ%”%ﬁﬁ%m
W, ERNEETH - 72551213 Holm O HiEIC
T%Ewﬁéﬁot.it,%%L%ZHbUéWﬁ~
2277y TRt & WANT Ri#8 THlE U 7= ifn o 2L
EBIUWANT ITHB2 58 T & DNEH/NT — o ik
IZDOWTIE, U4—3I207 v TO5%M, bR
FE DBIE I s D W id WANT A o E B RERE] & D 2 B[
V;éﬁbkbmﬁéﬁﬁﬁM%ﬁot N5 Do
CBNWTKZHEHRNE R TH - ZEE I M B Rk
ﬁ(H@n@ﬁﬁsiéﬁiﬁﬁ)%ﬁﬁt.ﬁﬁ%ﬁ
BHIZDWTIE 5% /KHETHIEL 7=,

3. #&R
£ 21013, HRE B B ERER) 1 TRDZY o —

2247 v 7B & Wingate Anaerobic Test D& fRHE

A —IT T ITED AR (kp)

BERE WANTD &7 (kp)
B8R AR = SR
TK 33 70 95 48
HY 40 5.6 9.2 44
NR 45 6.6 9.4 5.6
KT 36 50 7.7 5.3
KS 5.0 6.8 8.7 45
YT 33 58 7.4 5.2
YH 30 4.7 6.0 5.3

WANT ; Wingate Anaerobic Test
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U7y THEO AR, BRUOHRE DREN 5RO
WANT D& ERLZ. T —3 277 v TROEMI,
KRR A 3.0-5.0kp, HIEREE A 4.7-7.0kp B K UV 50 E
78 6.0-9.5kp OHIPITH > 7=, T/, FEREF 2 12BN
T{7> 72 WANT OE i3 4.4-5.6kp DHIFH T > /=
£33, EBEFH 21CBIT D3 D0%M4I1CL DT +—
2207w 7D RPE BEUWANT DIST +—< > &
ZmRU7. RPEIZBWTIE3 DOLMBMICEEZ LR
BMMAD SN2, LELBOMKE, 2TOLREMICHEE
IRENRD SN, misE, HRE, [KRE OIE TS W E
ZmR U7z, WANT ORI =12 BN TH 3 DOSMEM
WEBREDRNED 6N, LHEILKOKEEN S hRE
LEWE LS ORMICEBRENRD LNz, FHEETHS
L, PRENELEL, KWTEKEE, SHREDIETS
WEZERLZ., E=INNT—EE—VRERRICEERRE
[EEEL IRy AN IS W

F 41203, EHBEFH 21CBIT D3 D0%M4I1CL DT +—

&3 IDODEHKICLDIVA—

~
=
=3

U7y THT - BB X WANT #i - BICHIE L7z 1
HEBBREZ R L. 2 BROSBHTOME, AE:R
THERNED 57z (F=15.30, p<0.05). 74— >
77w TOEMBITONTHMEDREZBRE L2

T —I2T7 v Ttk E WANT §i THEREFEMNZE
HHH, LEIBGOMEE WInbE®BE PFlREBX
MESRE DNETHEICEWENRD 5Nz i E
B 2 D E K T DWW T B B 2 BE U 7= 4

3DD0UA =227y TOEHEETITBWTHERE
HRMNARD 5N fz. ZELKOREE, KiEE TlE WART
BORFNLIANOBEIEHR S LD B ERICEHEL, Ur—3I >
7y TENT =377 v THiE WANT 1L D
BEICEMN> . £+ —3 277 v JHi& WAnT
Al & DRICEREREZRO NN > 2. HilE T
WANT #%, W4+ —3 > 77 v 7%, WANT RiB LI 5 —
U7y THIOMEICEREICEN S . ERE T
WAnNT #%, T4 —3 > 77 v 7% 3B X X WAnT Rij A%

VIT7y TROTENEHNEES LN
Wingate Anaerobic Test D/XT7 #—< > X

{E5% R g =R FlE ZELE
FHHEERE 104 £ 09 147 *+14 186 =07 8513 E<h<H
Wingate Anaerobic Test
F1g/8T—(watt) 6299 = 541 6403 =+ 629 6186 =+ 527 6.39% H>F
E—%-/87—(watt) 8489 =+ 81.7 8673 + 837 8529 =+ 913 178
E—YEEH (rom) 1729 =+ 121 1764 + 100 1739 =+ 131 152

1. RPDOEFTFHELIREREETRT
2. %, <, >;p<0.05
MK ESREE, o PIRE, B BEE

K4 3DODFHICKDZUH—

~
=
=3

YOT7yTH - #BLU

Wingate Anaerobic Test i - DM H.BEEE

£ o SME FiE  ZELEE
(XEERA) 15.30 3%

Wup#il 19 £ 04 28 =09 27 =09 1.60
Wup#% 6.2 £ 1.2 107 =19 134 =+ 3.1 2052 % E<p<H
WANTRI 32 =15 81 =+ 26 139 £ 14 64.18 3% E<P<H
WANT#% 142 + 3.2 16.0 = 0.5 153 = 0.9 1.20
Fl& 71.27 X% 67.66 > 61.90 X
LB Wup#il, WAnTAi WupBT<WAnTHT  Wuphii <Wup#,

<WupB<WAnT#  <Wup&<WAnT#  WANnTAHI, WAnT#

1. RP OB TFHELFERE (mmol/L)ETRY

2. %, <;p<0.05
SR MEAEE, o PiRE, B SRE

4. Wup; 94—324 797, WANT ; Wingate Anaerobic Test
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TA—I2TT7w THILOBERICEL, Ur—3I27
7 v 7%, WANT Bi- 2 ORICHEZ R SNEMho
7.

£51T1F, 3DDKMFICKB Y+ —I T T v THIC
157 WART I2B1F 2 5 B T L DE/)NT — %R L 7.
NWTNDORMBIZBNTH5-10BDO/NNT =2 bHE <7
0, T ORWIHT DENPED N T+ —I 2T T v
T OEFEREE LFEHIFH O 2 BERICDOWTHEDIRL D H
DO EIT o kR, RAEERIIAEE TR - 2.
=3I Ty TORBITONTENRZBE L 24
R 5-10ME10-15 DORB THEREDRIED S
N, ZHELBEOHKE, 5-10BORXMIZBWTITHPRE
MMEREXZVEEIZEL, 10-15 BOKMIZBNTIEH
MEANMKRE, SREXDSEBEICEN . EHR
WKOWTCTEHRZRFT LR, 3 D054 TITEN
THEBEREDENZED SN, LHELEBOER, 3 D05
HEBIT, 5-10820-5B & 10 BLIKED 4 D DX
FOBAEICEL, 0-5B&L£10-15 B LOMITITAE
REZRD NN T

4. ER

AWFETIE, U4—I 277 v THOEHREDEN
ME DRITAT D R m R EER O /)N T o+ — < > AT K
ETHBIIOWTHRHNLE. T+ —I 2077y IThEE
FONT =R AZEmDDERELTIE, HROEN
K18 @ 5 (Febbraio et al., 1996: Stewart et al., 2003),
EE AR OB FEBIEDO EFROMMN FEEIEH,
2005), MRfREEREOHEMARENE TSN TWVDS
(Stewart et al., 2003). 7z, Z<DOMHFEICL>TT +—
T T Y TORHESEFRESRFINTND (G
E, 2002 ; WEEIE A, 2005). LALENSDELIT
BN E BRSO IR 2 1 & U C iR

M Bibeit 17 BE 1S 2019
DOFFHIREE 2 WSS I DWW THRET L T,
EEBOEEBERICBI ST+ —3 277 v I T,
FURE, ATV IBIXUORY = Y v ain Bl
fiEadE OFEE 217> THD MHERM, 1994 75
VR w7, 1982), EDEBHEE DR EICD W TILE
BEPHHFANDORBCEREITE > TS SN
5. FITCAME TR EFRE O+ —3 277 v 7
BOTRMICHD ANSNTNE T VRERLATY >
NEEL TIThE 72 20 RO XYY > FiEE) 0B 58
EDEND, FORIITo 0BT T
EH) (WANT) ONT 4 —< > A KIFTHEIIDONT
Mint U7z, 2 OB AIIE CI e e i s i i 8 2 Wy
52 EMOIMPARIREZESREZOHRESL THWS
ZEEL, EREMITOWTIIEBOEIEEREH BN
THOLNDTA—I T Ty T2 TELEITHEETS X
IEEL .

ZOFERE, WANT 2BV 28T —12 3 DDOSMHRH
THBERENEDOLN, THRENEHRELD HHEEICS
WZENEDOENE. DI END, 20 BRIOET % 3
DR L7820 OB ZED, Z0%ICTE
BETD EWIARMATORBETIE, Y+—I2TT Y
T i b LS 2 A% 10mmol/L #i#%, RPE %15 (&
D) FIREBRLEEBRED, TN EEWEETO
D —=I2TT7 v T EDBHBENEN ENREBIN
2. ElEUx—I207 vy TORME ML OH
ERFEED 2 DDERICE DN Z2ITo2/R, &
BRZHERMNRD 5N, LEILHEOEE) S WANT
BILARTICHEIE U 7z P ALEE IR S il E, o h L O
KBEDIEICARICHWEEZRLZZENS, Tr—=3
27y T OEEEEDENNTDHROHEKRO T ¢
A DEVWIHEERZRIL TWEEEZ LGNS,

AWFFECEEF & L THWZ WANT 13 30 BRI D47

K5 3DOFEHBICKDV+—Z 2 JT7 v T%IZ1T o /= Wingate Anaerobic Test [CH1F5

SHIEDFH/NT -
B4 g EoRE FlE B
(REER) 1.73
0—5%(a) 689.9 X+ 805 690.3 = 105.0 668.9 X+ 102.8 1.34
5—10F(b) 790.6 = 80.3 819.0 = 85.6 798.1 £+ 813 4.98 X E<s
10—15#(c) 673.1 = 68.8 708.0 = 80.1 675.6 = 66.0 6.73 % & &<#
15—20%2(d) 597.1 = 60.5 607.6 = 67.5 587.7 = 721 2.00
20—25%(e) 536.6 = 46.8 539.4 *+ 546 520.3 = 39.3 1.99
25—30F)(f) 4941 = 39.6 479.6 = 49.7 463.0 = 36.0 3.09
Fi& 89.43 X 7755 X% 50.13 X
ZEHR b>a,c>d>edf b>a,c>d>e>f b>a,c>d>edf

1. RADIEFFHEFFERE (watt) R

2. %, <, >,;p<0.05
B EEE, b, R E, B BRE
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R THEHTH D, ZOXIBREHTOTRIF—
AT T BT 2 Mk E R & A R & 0FIRITB
KZFT0%E30%EEINTNDZ ENS (Duffield et al.,
2004), ATP-CP 2B XUMFERICK D WEENH T IV
F—MENREREGZEDDEEZSND. HNDIL
THRBED LRZ2EZTSRIEOERZTD 2 &I
£o T, MiENICB T 28D > BO¥EA, JUd—
T2 OSBRI ERERFRREDO LRRENEZD,
ZTORIITO B ICRE I NS /)N — DK N & 5] S
g EINTNWD FIEIED, 2006). Lno>7T, &
WFZEIZ BT 2 5B O I P ELEE Y 10mmol/L % K &
EEBESBEREDOY +—I > 77 v I TiE, Ll
ORI EICE > TEEITBIT LN T +—< > A 2K
TEEEEEZEZSND. £/2 WANT IZBT 2 FEHNT —
WKOWTHBIZEICHDE, Ur—3I2 T 7 v TOBE
LHEBIREHI O 2 BRIC K2 7 A HTICB VT 2 BHHED
BERBREDNRNZD SN, LEHEBEEITTS>LESR 5-
W0BOXHIZBNWTHBRENMERE LIV GRS,
10-15 B ORBNZB W THIREIMETRE & SBELD
BRECENO . Lo —3 207 v TOFRIC
IRAT, HERN & T OB RE O EFIIAR KT
ZHIHIT 5 Z & (Nielsen et al., 2001), FAYTOEEFH
MEOMAZIIEEIT Z & (Koga, 2013) AMfEH SN
TWa, INGOZEEEE/THE, —EKELETIH
HBBEED LR ZSIEEITHRETCOTIA—I2TT
T, BRI R RN BT B EB I 0N T — 25
HBHEEDIT, BERD30%E EDHDEEZEZAOCNDHE
FHOILFNF—MGEZED DR EOHRICL - TE
YN —Z @D 50 RR I N5, ZNsDI &n
5, U—3I2 7y TELUTT D MR SR EE)
g, TOEHRENSBREDS EETOFENHS Z &,
FAMEES & EEIMCBT D EBENLE iR BX
VABFEI RV TGz tolcmdoshnikn &n
5, BHGEFRENGEET DAl R I NS, s
B LR U258 OFEE, WANT O 5 7 2 & D)X
T—IZDOWTIRY =3I 277 v 7B 2 3 DD%&M
TRT5-10 DT —=NENLEDNT - DERIC
Einol. TDTENS, Ux—2I 207 v TOLRMEIT
WANT IZB1F 2 /N7 —HHEBICIIRE<EBE LW
EAVRBINS.
AWFFEDORERICE D &, EBIRFR A 30 Bai#% T 78
LDBE20mEZIFILHETIHEERHERICBNT,
T4 —3I>F 7w T TIERPE A [EDW] LU Tt
FRELEEIRE /)Y 10mmol/L Fifg £ Tk 2 K O 7 Bl
ETBHIEN FNXDBEVWRETOY +—3 27
7w TIHRTEWNT +—< 2 A D5 alfelkns
HHEEDHIL, TNXODBREVWBETOTF—I 2T
7w T TRETHNT =< > A% EmD 5NN EElE
MREBIND. EELUARFRTHESNIHBRIE, XYY
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> U EBORER, R U BB KO D & 5 228
ABDTEXE>TEATDHER B ZBNDS. 514
FREOES MG OAE N E R SRS ER DN T+ —7
2 KRIFETHEELIDODNTHRATI2LEND D, £/
Tr =07y IS FEHE TORERHOEI RN
FHEENON T+ - ATHBETLHIEDEZIONS
W, HIEHEBICBISHERTOY =207 v T
DOEEZFMIBRT D EEHIT, KOEBOBHEIT
WEEZRFT DRENH D, I 5ICAIIZETIE, A%
SUHHOXEEEER L CTEBHEDZENTOHIREXRSY
U TEBEL e, AR ORERZ EEENTHEA T
5L EDRAD D B, 5%, K[UESLKERED
SRR T U 2B TOEED)Z AW
K0, UFx—I2T7 v TOEFMBEICDONTI 5ITH
ALY DMNEND D,

B

ENTEARES Y IE AR DA -Vl w i =0
FER UVFRZAREAR CYRD) ISR L LT
E P

SRR

FRG—fE-ROBET (1994 AT 257 —ED v 28—
DIA—I2TT 7. HARRE LR REATN
AF AN AWEIE () SR — R O Bl
(56 3 [alfH SR LB bR FHERRNA 4 A =7 AW
FUMEE). X—ZAR—)L - AP fh HIE,
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A cross sectional study on classifying in patterns and characteristic
of step motion in overhand throw

Kosuke HIRUMA®, Nobuaki WATANABE?, Kenichi MORI®

Abstract

The purpose of this study was classifying in patterns of the
step and preliminary action of the overhand throws from a pri-
mary school child to a university student, and clarifies character-
istic in each generation and gender differences. The results are
summarized as follows.

1) Step patterns could be classified, it could be classified into
three kinds (Type I: No step, Typell: Step of one leg, Typelll:
Step of both legs). And more each were classified according to
the type, it was possible to classify it into eight kinds (No step :
I-1, Pitcher style : I-2, Hop step : II-1, Front hop step : 1I-2,
Running step : III-1, Side step : I1I-2, Front cross step : I1I-3,
Back cross step : I11-4).

2) It became clear a typical step from the third and fourth grades
of elementary school to a college student was Side step (III-2) in
the male, and that development is advancing towards the stage
near the adult from schoolchild’s time.

3) Female had a high percentage of Type I at the stage of the
schoolchild compared with the male. And, the step (Running
step) that can catch the tendency of the female existed, and the
throwing distance of the person who belongs there was small
compared with other steps.

4) Back cross step is the pattern with experience in sport in a
long period puts on for male and female, and it’s matured step
movement compared with other steps. Further, the throwing
distance of a person belong to Back cross step were larger than
the other steps. Therefore, it was thought that who belonged to
Back cross step were in the state that the whole throwing mo-
tion was almost completed.

From the above, since gender differences are seen in the
steps, it is necessary to devise learning methods and coaching
methods for overhand throw skill acquisition in consideration of
their respective characteristics in the future.
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Changes in running speed in the 200-m sprint compared with
the 100-m sprint in college sprinters

Yasuo SHINOHARA®,

Abstract

In this study, we examined changes in running speed in the
200-m sprint compared with the 100-m sprint. Fourteen male
college sprinters ran both 200-m and 100-m sprints under typical
sprint race conditions. Four video cameras (60 Hz) were used to
record the motion of each sprinter during both sprints. The main
results are as follows. 1) In both the 200-m and 100-m sprints,
there was a significant correlation between the running time and
maximum running speed. For the 200-m sprint, there was a sig-
nificant correlation between running time and the time differ-
ence due to deceleration after maximum speed. Also, for the
200-m sprint, there was a significant correlation between run-
ning time and the percent time increase due to deceleration after
maximum speed. 2) Maximum running speed was significantly
lower in the 200-m sprint than in the 100-m sprint, and the max-
imum running speed occurred significantly earlier in the 200-m
sprint than in the 100-m sprint. The speed endurance phase was
about six times longer in the 200-m sprint than in the 100-m
sprint. Additionally, the amount of decrease in running speed,
the percent running speed decrease relative to maximum run-
ning speed, and the duration of deceleration were significantly
greater in the 200-m sprint than in the 100-m sprint. However,
the percent running speed decrease per second was significantly
lower in the 200-m sprint than in the 100-m sprint. 3) No signif-
icant relationship was found between the running time of the
200-m sprint for individual runners and the ratio of maximum
running speeds in the 200-m and 100-m sprints. Separating the
runners into those with a high ratio of maximum running speeds
and those with a low ratio of maximum running speed, no differ-
ences were found between these groups in any of the following
quantities measured for the 200-m sprint: running time, maxi-
mum running speed, distance and duration of each phase, and all
running speed items. Taken together, these results indicate that
running speed endurance affects the running time more strongly
in the 200-m sprint than in the 100-m sprint. It is assumed that
the runners adjusted their maximum running speed in the 200-
m sprint so as to prevent a sharper deceleration than in the 100-
m sprint.
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e A 23.96 11.80 24.92 12.46

68



Me Ltk 17 B 1H 2019

O -EEmAre B ghERMARP

37 85rn

Camcra 4 Cdmcra 3

€—26.67Tm—>

€— 26.67Tm—> €—26.67Tmr—>

/“Camera 2 Camera |

-

LU

B 1

FIZBT2E N AT ORZHIIL Camera 1 73 8% 5
FDAL— bM5 120m 13, Camera 2 73 120m ] 3L
M5 150m £f3F, Camera 3 7% 150m {13272 % 180m 31T,
Camera 4 78 180m 3N B 71 = a o1 AT E
TE LU F£72,100m EICBIT B 57 AT Ohs i
Camera 1 3#BrE D A% — N5 25m 3ff, Camera 2
78 25m fF3E 7 S 50m £F 3, Camera 3 A% 50m 132 5
75m fiff, Camera 4 7% 75m f3EM S 71 =y a1
SHHEETE L. giCHWEINSD4BEDH AT
WXEFAHh Y >4 — (PH-1560, DKH #L#) 12k > T
SERICHEEIENTH D, JESTAR DAY — MeHIZL -
TIL—LNT =Nty hEINDELDITHERBL
OE L7z

23 HHMBLUVEHIER

TITED (2002) DAHEESHEIZ, /XY T VITHDIA
WG ES &I, bm TEICRBEINTWS Y 7y L
AR =D BB ER OBERE D BV — DY) o 72 R
(EFAicml 2ENLETAAY > & =12 X DitE)
3R, 5sm ZE DAY 1 LEREL L. B, AV —
FEFZ O 5m HIFITBWTIE, FEDOERAND KGR H
HEOTHBY A LAZEHB L. 0%, SHSomiiE
74 LEFEBMEE LT, Prendergast (2001) @ Fi%ic
X0, BHWHRENZSY LTS 742y adbFE
T O E—(IEZ LB K O —EEL L 2 5k L 72
(228, ZOFED, EEHEE L RH—EEL
AL L TET ZET, KRB OEEHE TIE/RL,
AF—=hLThE T4 2y 2T HETOMERLZHEE
BELTI/ASZHDTHS. M21RLEXOBLY
KO, ZFNF4 Prendergast (2001) DO FHETHWS

JESTAR

RERHE R

NHZBERXTHS. ZOFEIE, A5 — b6 OREIEE
WS TREEENEDLDITEILL O %E 2 DDIF
BEENS 225D (M2) TEHITLZHDOTHS.
#RTE, A - S ORKEKEEZR T LR TH S
tEADDEBRNEENTBD, INS5DERKIZIFNT
N, ADNRKEERZICET e kIEICET S
ER, FOAL—ZARBOEEOREIICET 2 EH, =
LT, CIENIRE DR AT 2 EREIN TS
(Prendergast, 2001). Z#NH A, k, F, 0 D4 DDEEK
HENWTNERMBTH D, Hlr NERZIFEL—ZITELS
THRIED., INSDOERICOVWTIE, EE—#EZ Lz
ZIHAOZEMI L 2RE—frE2 b2 £ THAQ (™
2) 12, EHEIL =&ML 0MEESY 1 LE2STIID, &/
THRIBICE S TEROMEEEHTZ 2 LIk > TR S
N5, 2L T, BHIN&TEROMZ R R—dE 2L
OHEDITETIIDHHZET, &L —ADEERELL

¢ L—ARBOREORESIZEYTHEH
C BEMIRE SR RICET AER
L& (m)

BT AIENTES. £/2, ZOTFEEHAVWSZE
V() = A1 — e Kt 4 F(1 — &) ERENO)
S = A+Pt—A/KA—e XY+ (F/OHA—et) - - O

Voo REEE (m/s)

t : RA—FHSDFEEFR
A RAKREEREICEIIEHR
e : BARIAHDOE

k : HEICEETBER

P

¢

S

(Prendergast, 2001)

M2 BE—MEBELZ{tELUER—FEETCOHRER
IHB, T# (Prendergast, 2001)
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LD, RRNEEHEICET2HEEOMZ, —E Ok
KD TR RERPHADHEE L TRT I &N
nREL7R s, IHI, EERKEERETHEALEL
TRADZET, BRANEEREEZEREL L L RHSTTS,
—EXF DX A TIZIR<, MWK K ORI T
HIBZEbuRELR D, aB, EEXKMenEEI UL
9% FiEITDWTIE, Prendergast (2001) DigET 5
F LU I B, Volkov and Lapin (1979) <> Morin et
al. (2006) O FiEHETS5NS. Lo L, Prendergast
(2001) DIRET 5 FEIFLICHE T HATHT, m
WP E TN ENER SRR TERAT ST TR
<, I EIFGE O FE B T ST E N FNER DR 5
NTHH EGXO A FHrHY), RERM2EELD
FREDELITAIL THALT 2 2 EAREEL 78> T
5. bz &S, AL TIE, Prendergast (2001)
DRETLHFEEMNEERESLOHEAITE >
C, 200m xE & 100m zE O R AE 3 AL & FEANIC Lhigkhs
NI ENTEEHDEEZT. AWK TII,
Prendergast (2001) DSEfTHFFE TMMHIHIE L THEIT S
NTWEEEROMEEROMEE L TRIAICK@ITRA
L, &% 5m ZE DMy 1 L DFEEZ X
@OIARALT, B/NFRCK D BEERDOMEZERD .
Hil o —EE B kL z05 (K3 1),
Iz 4 D0 HEE2AOICRATEZET, &l
FEolH—®EZMbz B tL7z (I3 TF). Zhso
Fhiz D%, UTOSHEHZREMNLLE. 28, K31
HOENDLOIT, EHLERE—EES(LEHEITLT
Bk GERO@) 2fro720% WITNOWEHRE S IO
BizbsnwThd, EERMEROEEHA T H I LN
TETW/.

MEEFAL (s)

BRBOEEY 1 LAITDWVWT, 200m ETHNIE
S(t)=200 &72% t OfE, 100m £ TH UL S()=100 & 72
5t 0EZR@ICLORDZ. LUR, SilioiEES 1
LIZDNWTIE, [200m ES 1 L] BXO[100m ES 1 L]
&9 5.

(2) RKEERE (mfs) LRAKRERELIREZ (s),

RAKREERE LIRS (M)

KOOI B 2R —EHEAITBNWT, RAFRERE
DB U R (BT, R BREEE HBIRFA ¢t &
92%) 13, FoRA@®ick>TERENS (Prendergast,
2001).

tom = (log.Ak = — log F0) / (0+ k) SRIRNE)

ROIZ, Bk DRI E 2L 2 T B BRIk
DA k F, 0D4DD@ERAL, mAEEREH
L (the ZHHELEZ 2L GBo0mREE
W HBRFA] (ty ZROICRAT D Z & TRAEE
HEZ, ROIKRATE I ETRAREERENHEL -
s LR, BRKEEEENEMSAETS) 22hThn
BHL .

3) ZEBEEDIEH (m) LU (s)

AF7E TR, AOICX D EL L 72 % #50#E O 200m
EB XU 100m £ OEFE—EHEA L ZHWT, RERK
DS F 217> e, B, BRE2ERE INEREE
JETH - AR E R - MR R (7213 00E 5 )
D3DDFHEICKIESND Z ENHMSN TS (Nl
7, 2002 ; Meroetal, 1992 : 2 EY > ZAF—, 1982).
INSOF/EDHTHITDONWTIL, LIT9E (g,

200 100 F
EUS E
# 150 # 75
& o
S 125 S
0 0
£ 100 ! 50 |
Q 3
N 75 b
T 50 f Jl- 25
R o ElfE ® © =ifE
» — = (%2) — (%)
0O L L 0 L s
10 10
8 8
£ £
w © w
w4 w4
2 N 2 o
— = (RD) — = (RD)
0 0
0 5 10 15 20 0 2 4 6 8 10

REA—b D DHEBF (5)

RE—thvDDIEBER (5)

3 ER—AIEZE(t LB —EEZELOHXLD—F (K :200mE, %A : 100m E)
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2007 5 MNEEIED, 2002) TIEERATEERE D 98 % & 5
WICEHEDTNRINTHBD, AFRICBNTH, Ih
5OMEESHIL, XY — I SRKNEERED 98 %
BT 2 ETaRMEEERE CUF dFEm] &7
3), BRIEERED 98 %ITRE L Th S mRIEEEE
KBS 2%, RABEEREED I8 %% FHdETERKN
wERE CAF BEERE] &95%), RKEEERED
98 %% FE> T/, 5 200m HiA F 7213 100m Hi A1 5
T2 E TERNEEEREHMFRE CUF [HRRml &
T5) ELTREZ2 TR BARRNIZE, &EkEo
200m P L U 100m E DR E—EEE (XO) =H
WT, A — b5 RKEERED 98 %ICEEL K
M, BIUBKEEEEICES 2B TRAKEERED
98 % % Fulo =k M2 RD, SRHMEICELZRM (B
T TONGREER), [EERRR), RN &9 %) 2
HU7Z (M4bZR). 7=, 205 2 DORFADORL &
H R D 200m £ B K O 100m £ DR R—7E 2L (X
@) KRATHIET, ZA¥— D ERKEEEED
98 %ICEEL -, BXURKEEREICES 2%
THRABEERED 98 % % Flal> /=i 2k, &
T U Z-BEEE (DLF DOERESE], [BEREEE], [HeRrE
Bl L95%) 2EHLE (M4aZH).
(4) REBERBICL DI LE (s), F4 LEBME (%)
TITIE (20100 22EIT, RARBEEHEEITEL TH
5742y a2 HETORD OFEEE (Kl ok s
FORBEICHBIT 2 RAEEERENHMADESD) ITBNn
T, RRBEERZICEL UM 7 =2y 25T
BRREEREEZMEELELRELLEEDHET 1 2=y
Tad M LAEREE LR Z0%, BEOEY AL LEDE
EEML, HEBRBICLDY M LE2ELE (K4b BHH).
X7, 4 ORFICE > TRABRERENRIRD Z En
5, TLIEN (20100 EFERIC, HET7 =y adA
LITHT2EBOEY A LOEME (FNETNDT 1
Zwad A AERWTEESKROEEEEEE 2 HH
L7tk INSOHEZEZHET A=y a1 LITEL
DEM L7 RERERDNEEEEREZ THRY) 251 L1
MEE L TRD .
(B)REBHE (m/s), REERE (%), REERHE
B (s), BEHEYDOFHERERRBE (% /s)
ROICBIT 2REH—EHEL(LEHNT, 712y a
e DI ATRE 23R, B KBEETRE & D75 % 8 G
mEUTHEM U, £, HEEHMRERAEERET
PRy Z&ick> T, HEBHEZELLE 512, &
KRIEEEEHBIRELMNS 7 4 = 2 2B TICE L 72FF
i e R IR T & U, o R R e o R i RE [ TRR
F &L T, R dH 72 0 O HEERE CUF, [
L] £ 95) 2EHLE (M4 BR).
(6) RAEELEE (%)
100m BB 2 REEEEZHELEL LT, 200m
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HH LB DI1=y a1 LE
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X4 SHFIEEOHAK

BB BRASERE 2 R THH L, 100m £
£ % 200m FEORAHEEE G, R L]
&E9%) L7

2.4 fREHaLEE

For T E OEE, BRI S E R TR
L7z &BoHTHEH O 200m £ 35 & O 100m ER O 734711
DNTIE, MEDOHdtREZEZH WL Tk, RAHE
RO K E S & 200m E BT DEEREL(COBEIGRE
M 2RI21E, RRKEELEOEEEEKLELLT,
BAREELLENENS OFEEHEL D HEW (200m EIC
B B B RGGEHRE OMEH 100m £ BV 2 KR E R
EOMITEY) EFHE DEERE] B RRHEL
RNEHEE D BV (200m £ BV B i RIEEHE
DAEAY 100m E 1BV B F K ETHE DD 5 BN T
%) EFHz DREEHREK] B0 2FITHT, IS0k
WEHBREZHAWTIELZ. 351, SEEMOBG
ZMEIT B BI21E, Pearson ORI RE 2 WL T
L7z TXTOMEDHEEKLEZ 5% A& L.
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3. B R

% 1ITHBRE @ 200m 7 & 100m E DOtI%IC BT 95
EY A LERT. 200m EDOBEESY 1 LT 23.67 £ 0.88 s
T, TOHPMIL 2243 ~2492s ThHh>7=. /2, 100m
EDOREY A LIF11.65 + 042 s T, ZFOHPHIZ 10.95
~1246s THo7-.

512 200m £ & 100m E B BEESY 1 L ERK
PR, EWEBHICK DY A LE, Y1 LBEINERORM
2R, 200m EICBWNT, 200m ESY 1 L EHEKRE
EEE, HEBWRICK DY 1 L% 1 LEMROREIC
TN B AEIABIBIRAGED 5Nz K
r= — 0.987, p<0.01; BEERIC KL D4 1 L2 r=0.850,
p<0.01; ¥ 1 L BEINZR 1 r=0.786, p<0.01). 100m 7 TII,

10.8

100m &£ 1 L EmAREERE & ORICHEERE DHE
BEI@MEED 5 =0 (r= — 0.975, p<0.01), 5 & ¥ I
WZEDY A LEBLOY A LBENREORICITEERH
BIREfRIZFED SN o 7=

£ 212200m & & 100m FE BT D EEFEEZL(ICE
LKA RERLULERZEZRT. 200m £ 100m &
IZHART, REERENERIT/NI Mo/ (p<0.01).
E7z, 200m ETHBT B ERALEEEREHERLB X O
WHh s, 100m FEIICHENNT, 24 =KL TLKESE S
HEBICEIICHB L T (R EEE IR
p<0.01 5 e RPEERE HBIHA  p<0.0). & DK
MIZ DWW T, 200m £ 100m FE I EEANT, HiEERER A
BEICEL (p<0.0D), EEEMAAZICEL (p<0.0D),
MERRBSRIS B o 72 (p<0.01). B JFHOEEIC DWW T
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(7l 5 e ST

&2 200mzEE 100m EICEITBEREREEICEHT HELEEDLR

HWI7TEHE 1S 2019

200m & 100m £ i

BRARBEERE (m/s) 9.28 +0.31 9.77 +0.36 200 < 100 **
B R MEIREZ] (s) 6.17 +0.46 6.87 +1.00 200 < 100 **
e R MBI (m) 47.00 + 4.64 54.63 £ 9.67 200 < 100 **
hnEREH () 4.03 +0.24 4.59 £ 0.39 200 < 100 **
AR (s) 6.68 = 1.15 5.00 = 0.76 200 > 100 **
MERFRER () 12.96 +1.77 2.21+1.01 200 > 100 **
JFERFEEE (m) 27.17 £2.02 32.49 + 3.28 200 < 100 **
B (m) 61.63 +11.53 48.51 + 7.46 200 > 100 **
MERFIEHE (m) 111.20 £12.72 20.46 + 8.82 200 > 100 **
HEERE (m/s) 1.27 +£0.18 0.62 = 0.28 200 > 100 **
WA (%) 13.70 = 2.20 6.38 =2.94 200 > 100 **
AP () 17.50 = 1.11 4.78 +1.12 200 > 100 **
SR R (% /s) 0.78 +0.12 1.28 +0.41 200 < 100 **

** 1 p<0.01

13, 200m &E1Z 100m EITEEXRT, INEEBEENA ZEICE
< (p<0.01), EEEMNAERICES (p<0.01), HeFrE
BN ED o7z (p<0.01). 38 B K ONE B E
13, 200m EDH A 100m EICHXRT, EE5HHFEIC
KEMo7 (p<0.0D). F7z, #HEMEBIREIT 200m &
DF M 100m E IR TEMN >0 (p<0.0D), FEHHE
FEEIUE 1L 100m A D H A 200m £ T, AEICK
oz (p<0.01).

612 200m E & 100m F X BT B R NEEEE OB

L RIT 93.62% 00 5 96.83% DEIFITH U, FHHEIT
95.09 = 1.19% CdH > /~.

£ 3R ANEELLRD R 2R THICBIT 5 200m E
DOEEREZRCICHETLEELRE B LR ERT.
IR LRI R S T S E R S TRER
ZNRD SN (p<0.01), ZOMOIEHIZDOWTII,
HE RS & EE LR EFEOMICERRETRY 5N
o7z,

AR, 200m I BT D BAEAEEE & 100m & 1T 4. & &
BT 2 AR ERE ORNCIEA B/ IE DB RO 4.1 BE—FEFD 200mEE 100m EQOEEREZ{LDLE
537z (r=0.944, p<0.01). BREZTOHEM

TIWCRAREELRE 200m EY 1 LDOEBKRZRT.
BNRHEEELER & 200m Y 1 L DMICIEE & 72 AH BRI iR
FRED B NBN oz, AR THGE LEEFORKHE

10.8 256
2
£104 25 L ®
#
M 10 = 244 ® ®
w
s 3 ® e
J ¥
HB 96 r ™ 23.8 o
t‘(a ‘IH
+ 5 ® ®
@ 92 | S 232 ®
L r=0.944 )
Hé (p<0.01) 26
88 | 6 L
g @ ¢
8.4 /, 1 1 1 1 1 22 1 1 1 1 1

84 88 92 96 10 104 108
200mFEITH T HRAKEERE (m/s)

6 200m ZE & 100m EICH T B EHEKREEREDRBHR

K5 K0, 200m & & 100m &£ & BHITHEES 1 L&
REEEREDORIZITH ERADHBRERANZD 5Nz
(200m 7 : r= — 0.987, p<0.01 ; 100m z£ : r= — 0.975,

92% 93% 94%  95%  96%  97%  98%
RAHEELLE (%)

7 BRKEELEFEE 200m ES 1 LADEF
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X3 BREELLERORLBDIETFHECEITS 200m EDKERELLICET 2BREEDIER

HE R (0=8) HELREEE (n=6) Pl
BRAHEELR (%) 96.33 +0.39 94.16 & 0.44 FeRE > R
200m L 1 L (s) 23.91 +0.86 23.50 = 0.91 n.s.
BRRBEERE (m/s) 9.20 = 0.32 9.34 £+ 0.30 n.s.
R E T I ERRZ (s) 6.24 = 0.46 6.12 = 0.49 n.s.
NP E R LA (m) 47.01 + 4.69 46.99 +4.93 n.s.
g (s) 4.10 +0.28 3.98 +£0.21 n.s.
PEERER () 6.61 +0.82 6.73 £ 1.40 n.s.
MEFFIERE] (s) 13.19 +1.47 12.79 & 2.04 n.s.
IHEERE (m) 27.42 + 2.66 26.99 + 1.55 n.s.
PEEERE (m) 60.36 + 7.87 62.58 + 14.44 n.s.
MERFIEEE (m) 112.22 +9.61 110.43 +15.27 n.s.
HWEBHICE DY 1 L7E () 1.02 +0.19 0.98 +0.23 n.s.
5 A LEEMER (%) 423 +0.68 4.14 +0.86 n.s.
HEERE (m/s) 1.27 £0.26 1.26 +0.12 n.s.
MR (%) 13.90 + 3.04 13.55 + 1.54 n.s.
PP () 17.67 +1.19 17.37 £ 1.11 n.s.
SRR N (% /s) 0.79 +0.16 0.78 £ 0.09 n.s.

p<0.01). ZDOZ EMN5, 200m FE & 100m FE & HITEHE
A LN FIZERBNRREERE TREL Tz
WA D, JfTiigE 2 A TH, 200m FE & 100m FE & HIT
BEEY A LIMENIERREEEREIIRENI EAHS
MIZ/ > TWD (REBIEA, 2008, 2010 ; LiLiEH,
2002, 2010). AREFFLOFERIIETHAEEHTL2HD
THD, 200m ED/)NT +—<X 2RI, L—AF DK
REERENEELIRDENA 5.

—75, 200m 1T 100m £ I LN TR REEERENE
Bl &N 7z (F2). BIBEN (2005) 1F[F—EFIC
&£ % 200m & & 100m & % i U T, 100m £ & HfE &
95 &, 200m EITBT B ERAEEREIT HAG G
FHTH%, EREZXAT) > —TIW%THo/-l L%
MELTWD, £/, 2007 FFITHHHE S 72 T FGR T HE
12BN T 100m E & 200m E QW FEH TEB LY 1Y
> FAEF O 200m EDRAEAEEET, 100m E D
BAEEEEDIS% (200m £ : 11.65m/s, 100m 7 :
11.83m/s) T &» O (1L 1E 7, 2010 ; Matsuo et al.,
2009), 200m E D F KB AR E A 100m E D% LE >
TlEWwan, 2o &, M6 ® 200m £ & 100m & D
BANEEREOREBGNSBbMND. M6 DT T THIZH
DRI, 200m & & 100m & D i K5 E E B A [EE T
HHGEERLTHBD, IXRTOAIHHRELD ® LA
EEoTWe ZHE WINOBBRETBVWTD,
200m E 2BV 2 FABEERED 100m EITBT DK
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** 1 p<0.01, n.s. : no significant

REREI VKN >ZZEEZRLTVS. £/, &K
PERE NI U 72 %) B X UM T, 200m £ D H
M 100m FEICLEXRT, AEICEFICHEL TwE= 5
12, IEEERS K OMEE#HT W TN S, 200m EDH
MN100m EICHNRTHEREICEN 2 (£2). Zhiso
FERMNS, 200m E TIHEEFNREREECTH D A E
EHEIGET L ERL, TNEDHRWEEETTM
WEKAZ, FELTWEHOEHERIND. S0niah
1Z, 200m & & 100m ETHEDIL S LD 2 KE<E
ATW/EOTIERL, 200m EICBNTEZETHWE
AEREITET DN ERFITFEL ChedbD EHREIN
5.

200m E1X 100m EWC N TRBEETENITEDES
ZEMEEL < (FEB, 2004), 200m ED L D FEHVLINT F—
N ADEOITIE, BREEREZ A TEEOHEER
EOWDER/NMNRICEED S Z & FHEED, 1978) %,
R=ZW R EEZATRKRELPELBN & (1L
2011) AEHELELWVWDLDN TS AFERICBWVWTSH,
200m 7E 0D 3 3 el 8 5 I OV B R 13 100m £ 1T kL
NTHBITREL (%2), 200m ESY 1 L EHEEBRIC
KB LEBLVY A LAEINEREDOMIZIZAERIED
FBIBHRD RO b N Tz GREBRICK 25 1 L7
r=0.850, p<0.01; ¥ 1 LN 1 r=0.786, p<0.01; [X] 5).
IS OFERIE, 100m EIZH AT 200m E T, &K
FAEEEICEREL TUB 7 =y o aiiEz T, K&EL



BT 2 2 ER<IEETHIENERETHD ZEERL
TWb. — T, 200m EICBTZHEFREH OB X
OB ERARDO LS L2 5D TH D, 100m EIZ
XTH6METHho 1 (F2). £, mAFEEHEIC
ELTCUURT 1 =y 195 F TOETHEED I ORRH
G B IR D 200m & DB A% 100m £ X TH
BItEM-ok (R2). MEEIEHED K OO KRR O 5% F
EEDETERAD L, BEE2EKITHT S EmERIT
200m &£ & 100m ETRE < B0, RAEFEEEWT
LR OEGNRERKICHLTRKEN &0 B,
200m 7 O 3 B 3 el B 3 K ONE B I e 2R 13 100m A 1T b
NRTCRENSLHDEWREINS. UL, HEEHE
BRI TR Stk > TR L2, KEbd /-
0 O EEERE 2 A5 &, 200m E O S5 A 100m E
WWHANRTHERICENNS oz (R2). Z3Ud, 100m
EICHAT, #EBRRERSEVICHED ST, Kb
0 DEEREOK FPELNTH - LEEERL T
W5, I 100m & & 200m & DR & 72 0 O FEE
DR FHAFE L THIUL, 200m A 135 B R AT E W
7, KFORELPET D EWARD. ORI, BT
13 200m FEIWTBWNWT, 100m FE &3S X— 2 fig 53 T
EOTNEZEZRTHDTHS. BREEHEEICHT
DHERBEEZ D E, 200m ETBNWTIE, EBFIILAE
BEEREORTZECIERVEDICHINEELE
HEANEEREEZRGL TNWEHDEHRINS. /7,
200m A2 BV 2 5E R OERED X ORRIE, WwIh
H100m EICHRTHERIIEN > (K2). 20L&
M5, EFRIF200mEITBNT, 200mE2ED 5720
WCHEMNEELELRAGEEREZHE L T, RREE
TREE VT WA T CAE DR & PR GRERERES KO
FAERID HELDD, KREREEHEDKFZ4ED
SHRBNEIICESTVEZHD EHRINS.

NSO EITIE, 200m EDRTEXE (0~ 120m)
MHIERER STV ZEHDRNETEEL TS D
DEWRIND. HHER ESEERD 100m EICHIT 25
EEEAMLZ e U 72 KiBIEH (2016) OWREICL S &,
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The analysis of factors changing the performance in the 110 m hurdles
: Focusing on support and airborne time

Yuji OHASHI?, Kenji MIYASHIRO®, Takahisa YOSHIDA®

Abstract

The purpose of this study is to clarify the factors that deter-
mine performance by analyzing the races which showed various
performances. One Japanese elite 110 m hurdler (personal best:
13.55 s) participated in this study. Thirty-five races were re-
corded by two or three high speed video cameras at a sampling
rate of 299.7 Hz. The time and average running speed between
hurdles, support and airborne time, and step frequency were cal-
culated. The main results were as follows. In the high perfor-
mance races, the time between the 2nd and 3rd hurdle was
shorter than the 1st and 2nd hurdle by shortening the support
time of the 1st step and the airborne time of the 2nd, 3rd, and
4th steps. In addition, the step frequency of each 2nd step be-
tween the 2nd and 10th hurdle was high, and the step frequency
of each 4th step between all hurdles was also high by shortening
the airborne time.
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&3 ML —RADEMES M ABELVTIGRE
KR A L (s) XEFIRE (w/s)
i + BERE BME  RAE i3 + R RE
App 2.649 + 0.026 2.593 2.747 5.78 + 0.06
11 1.088 = 0.009 1.060 1.100 8.40 + 0.07
21 1.067 + 0.013 1.043 1.093 8.56 + 0.10
31 1.065 + 0.014 1.040 1.093 8.58 + 0.11
41 1.064 + 0.016 1.033 1.100 8.59 +0.13
51 1.070 + 0.017 1.037 1.103 8.54 +0.13
61 1.080 + 0.018 1.047 1.117 8.47 = 0.14
71 1.091 + 0.016 1.067 1.127 8.38 + 0.12
81 1.104 + 0.018 1.073 1.137 8.28 + 0.14
91 1121 + 0.016 1.097 1.153 8.15 + 0.12
R-in 1.538 + 0.030 1.470 1.587 8.08 + 0.16
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K4 SV —RCETEEES 1 ADEBME LVFED

(7l 5 e ST

BLTEE1LFH

2019

ME24HH (=0624) BLU4%HH =0677), 8l &

£ LR L OHEBERE 2% H (r=0526 BIU4HEH =0.778), 9 & 24
N N = N
% BMBELCRPE ) EHEOD H (r=06100 BEUA%HE (r=0.638) 1G4 EREDH
iy + Z2ERE  HEFREK BEBEIRATERD 5N (p<0.05). KRZ A LEE Y FIT
1121 -0.021 + 0.010 0.384 * BT, App & 1:H (r=-0.379) B XL U524 H (r=-0.350),
21-31 -0.002 + 0.010 0.076 I &34 H =-0339) BRIP4 #HH =-0470), 21
ALl 20001 £ 0.009 0.262 E1 ;FE (r=-0.364), 2 #:H (r=-0.594), 3 2 H (r=-0.478)
ZIN = I =
ALST 0.006 + 0011 0177 BPLU4a%kE @ 0.50?), ALE24H (r=-0.626), 3
sL6l 0,010 < 0.010 0.063 $HH (=-0354) BELUI4HEH =-0.636), 41 & 14
' ’ ’ H (=-0.688), 24 H (r=-0.728), 34 H (r=-0.452)
6I-71 0.011 + 0.010 -0.092 BELU4%H =-0.615, 51 & 12 H ¢=-0.610), 2
71-81 0.013 + 0.010 0.075 #HH (r=-0.748), 3#:H (=-0.562) BXLUN4HEH (r=-
81-91 0.017 + 0.011 -0.277 0.586), 6l & 1#H (r=-0529), 24 H (=-0.705), 3
*:p<0.05
K5 PHLV—RICBEIFBRRTY TOXFERE, FERBBLIVEYFLEEXEY A AEDHEBRE
T+ EERE K% 4 L& OREMREK
KB R5v7 BR7o 7B ZBEEEG) BEBEMG Cy7 M) ZEBEm  AEEm Ey T
0 0 0.561 + 0.021 0.733 *
1st 1 0.189 = 0.012 0.055 = 0.011 4.11 = 0.20 0.236 0.150 -0.379 *
2nd 2 0.158 = 0.010 0.079 = 0.008 4.22 + 0.18 -0.039 -0.006 0.037
3rd 3 0.151 = 0.008 0.079 = 0.009 4.36 = 0.17 0.130 -0.130 0.025
App 4th 4 0.138 = 0.009 0.100 = 0.008 4.20 + 0.17 0.141 -0.118 -0.061
5th 5 0.124 = 0.006 0.099 = 0.006 4.48 + 0.17 0.398 * 0.058 -0.350 *
6th 6 0.119 = 0.005 0.114 + 0.008 4.29 = 0.15 -0.129 -0.004 0.097
7th 7 0.110 = 0.005 0.082 = 0.006 5.20 = 0.21 0.109 0.193 -0.231
8th 8 0.121 = 0.005 0.368 = 0.007 2.05 = 0.04 0.153 0.199 -0.258
1st 9 0.090 = 0.004 0.072 = 0.04 6.19 = 0.20 0.351 * 0.004 -0.274
1 2nd 10 0.123 = 0.003 0.121 + 0.006 4.10 + 0.10 0.277 0.097 -0.245
3rd 11 0.109 = 0.004 0.088 + 0.006 5.09 + 0.18 0.382 * 0.126 -0.339 *
4th 12 0.119 + 0.003 0.367 + 0.008 2.06 + 0.03 0.237 0.386 * -0.470 *
1st 13 0.086 = 0.003 0.074 = 0.004 6.28 = 0.20 0.398 * 0.115 -0.364 *
o 2nd 14 0.116 = 0.003 0.119 = 0.008 4.26 = 0.14 0.178 0.500 * -0.594 *
3rd 15 0.106 = 0.005 0.085 = 0.005 5.22 = 0.17 0.109 0.473 * -0.478 *
4th 16 0.118 + 0.003 0.363 + 0.007 2.08 + 0.03 -0.221 0.585 * -0.507 *
1st 17 0.085 = 0.004 0.072 + 0.006 6.38 + 0.22 0.393 * -0.096 -0.142
31 2nd 18 0.116 = 0.004 0.121 = 0.006 4.22 = 0.12 0.582 * 0.330 -0.626 *
3rd 19 0.103 = 0.004 0.087 = 0.006 5.26 = 0.21 0.364 * 0.215 -0.354 *
4th 20 0.118 + 0.005 0.363 + 0.007 2.08 + 0.04 0.340 * 0.559 * -0.636 *
1st 21 0.084 = 0.004 0.074 = 0.003 6.34 = 0.20 0.545 * 0.372 * -0.688 *
Al 2nd 22 0.116 = 0.004 0.120 + 0.007 4.24 + 0.13 0.482 * 0.529 * -0.728 *
3rd 23 0.104 = 0.004 0.085 + 0.005 5.29 + 0.16 0.326 0.288 -0.452 *
4th 24 0.119 = 0.004 0.362 + 0.007 2.08 + 0.03 0.266 0.527 * -0.615 *
1st 25 0.085 = 0.004 0.074 = 0.04 6.32 = 0.21 0.722 * 0.149 -0.610 *
51 2nd 26 0.118 = 0.003 0.121 + 0.008 4.20 = 0.15 0.403 * 0.614 * -0.748 *
3rd 27 0.106 = 0.004 0.088 + 0.006 5.17 = 0.19 0.233 0.561 * -0.562 *
4th 28 0.119 + 0.003 0.361 + 0.005 2.08 + 0.03 0.124 0.587 * -0.586 *
1st 29 0.087 = 0.004 0.074 + 0.003 6.21 = 0.15 0.464 * 0.114 -0.529 *
6l 2nd 30 0.118 = 0.003 0.121 + 0.009 4.19 = 0.15 0.463 * 0.538 * -0.705 *
3rd 31 0.107 = 0.005 0.089 = 0.006 5.12 = 0.21 0.304 0.488 * -0.555 *
4th 32 0.121 + 0.003 0.363 + 0.007 2.07 + 0.04 0.123 0.656 * -0.621 *
1st 33 0.088 = 0.003 0.076 = 0.004 6.08 + 0.17 0.560 * -0.138 -0.250
e 2nd 34 0.120 = 0.004 0.125 £+ 0.007 4.09 = 0.15 0.614 * 0.624 * -0.773 *
3rd 35 0.108 = 0.004 0.088 + 0.004 5.08 + 0.14 0.193 0.235 -0.318
4th 36 0.123 = 0.004 0.363 = 0.006 2.06 = 0.04 0.508 * 0.677 * -0.755 *
1st 37 0.090 = 0.004 0.078 = 0.004 5.97 = 0.18 0.819 * -0.061 -0.586 *
8l 2nd 38 0.121 = 0.004 0.127 = 0.007 4.04 = 0.13 0.548 * 0.526 * -0.749 *
3rd 39 0.109 = 0.004 0.090 + 0.006 5.03 + 0.16 0.330 0.068 -0.312
4th 40 0.125 + 0.005 0.366 = 0.008 2.04 + 0.04 0.359 * 0.778 * -0.754 *
1st 41 0.092 = 0.004 0.078 + 0.004 5.86 + 0.18 0.550 * -0.176 -0.313
ol 2nd 42 0.122 + 0.004 0.131 + 0.008 3.96 + 0.12 0.032 0.610 * -0.650 *
3rd 43 0.109 = 0.004 0.094 = 0.005 4.93 = 0.16 0.337 * 0.166 -0.318
4th 44 0.126 + 0.003 0.369 + 0.009 2.02 + 0.04 0.498 * 0.638 * -0.710 *
1st 45 0.098 + 0.005 0.083 + 0.006 5.53 + 0.21 0.084 -0.116 0.047
2nd 46 0.130 = 0.004 0.134 + 0.007 3.80 = 0.13 0.142 0.189 -0.208
3rd 47 0.118 + 0.005 0.120 + 0.006 4.19 = 0.11 -0.031 0.099 -0.062
Run-in 4th 48 0.124 + 0.005 0.132 + 0.008 3.92 + 0.12 0.131 -0.021 -0.078
5th 49 0.114 = 0.007 0.118 + 0.006 4.31 = 0.17 0.175 0.023 -0.139
6th 50 0.125 + 0.007 0.156 + 0.018 3.56 = 0.20 0.387 * -0.109 -0.022
7th 51 0.086 = 0.033 0.773 *
*:p<0.05
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B A OMHBERRMED 517z (p<0.05).
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2008 2009 2010 2011 2012
400mH  (sec.) 53.42 51.44 50.66 50.04 49.38
Dec. (pt.) 6450 7058 7480 7675 7710
100m (sec.) 10.79 10.73 10.73 10.75
400m (sec.) 49.25 48.03 47.57 47.76 47.17
1500m (m.s.ms.) 4.20.98 41463 4.13.39 4.14.09
110mH (sec.) 15.05 14.80 14.26 14.20 14.06
Long Jump (m) 7.13 - 7.27 7.47 7.37
Pole Vault (m) 2.90 4.40 4.50 4.70
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Figure 1 Top 10 triathletes averages of rap time ratio for each
part in 2018 ITU World Triathlon Grand Final Gold Coast
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Elite; Elite race (total distance is 51.5km), U23; the race from ages
18 to 23 (total distance is 51.5km), Junior; the race from ages 16 to
19 (total distance is 25.75km).

T1; Transition 1 (swim to bike), T2; Transition 2 (bike to running).
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Figure 2 The averages of rap time ratio for each part for each
paratriathlon sport classes in male triathletes in 2018 ITU World
Triathlon Grand Final Gold Coast.
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PTWC; n=11, PTS2; n=12, PTS3; n=6, PTS4; n=13, PTS5; n=11,
PTVI; n=13
T1; Transition 1 (swim to bike), T2; Transition 2 (bike to running).
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Figure 3 The averages of rap time ratio for each part for each
paratriathlon sport classes in female triathletes in 2018 ITU
World Triathlon Grand Final Gold Coast.
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PTWC; n=10, PTS2; n=9, PTS3; n=3, PTS4; n=6, PTS5; n=7,
PTVI; n=9
T1; Transition 1 (swim to bike), T2; Transition 2 (bike to running).
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