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Abstract

The purpose of this study was to investigate the change of takeoff and preparation motions of the long
jump for a high school woman long jumper. The subject was a woman long jumper who achieved the
Japan high school record of the long jump (6.44m) in the 3rd grade of a high school. We collected
her run up speed and takeoff motions from her high school 1st grade to 3rd grade by a laser distance
measurement device (LAVEG) and two high-speed cameras. The results were summarized as follows;

1) Performance in 2018 was improved by the high run-up speed and horizontal velocity at touch down.
2) Characteristics of her jump changed in each year and decrees of horizontal velocity during the takeoff
phase in 2018 was smaller than other, therefore she was takeoff more in the horizontal direction.

3) In the best performance jump, her takeoff motion during the takeoff phase was changed in which
moved CG displacement more forward at toe off and her knee joint of takeoff leg was extension faster in

the 2nd half of takeoff phase.
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Tablel Event data of analysis.

Event Stadium Date
69" Japan National High School Championships* ~ Okayama ~ 2016.08.02
8" Japan National U18 Championships Nagoya  2016.10.23
65" Hyogo Relay Carnival Kobe  2017.04.23
101" Japan National Championships Osaka  2017.06.25
70™ Japan National High School Championships* ~ Yamagata ~ 2017.07.31

72" National Games Matsuyama  2017.10.10

oth Japan National U18 Championships Nagoya 2017.10.22

66" Hyogo Relay Carnival* Kobe  2018.04.22

102" Japan National Championships* Yamaguchi  2018.06.22

17" IAAF World U20 Championships Tampere  2018.07.15

71" Japan National High School Championships* Ise 2018.08.06
73" National Games Fukui  2018.10.07

34" Japan National U20 Championships* Nagoya 2018.10.21

*Motion analysis event
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A: Knee angle
B: Thigh angle
C: Shank angle

D: Trunk angle

Fig.1 Definitions of joint and segment angles.
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Fig. 2 Relationship between

Official record (m)

official record and

Official record (m)

maximal run up speed (left), and place of maximal

run up speed (right).

Table2 Characteristics of

motion analysis trials, contact time and CG displacement parameters.

. . - Contact time (sec)
Event Official record  Loss of takeoff ~Real distance

CG height (m) Step length (m) Toe-CG distance (m)

Change rate of CG height

& wind (m) (m) (m) TD-TO 1st half 2nd half  Ls2TO Ls1TD Ls1TO TD TO Ls2TO-Ls1TD (%) Ls2TO-LsITD LsITO-TD TD TO

16IH 6.00 -0.5 -0.08 6.08 0.104 0.050 0.054 0.89 0.84 0.83 0.81 1.02 -5.5 2.11 1.88 0.51 0.24

17TH 6.17 +2.8 -0.02 6.19 0.100 0.046 0.054 0.89 0.84 0.85 0.84 1.02 -6.1 1.91 1.75 0.49 0.28
18HRC 6.27 +3.3 -0.03 6.30 0.100 0.054 0.046 0.88 0.84 0.84 081 0.99 -4.5 1.99 1.81 0.50 0.28
18NCH 6.22 +0.5 -0.14 6.36 0.104 0.058 0.046 0.86 0.82 0.82 0.79 0.99 -4.6 1.86 1.70 0.52 0.27
18IH 6.14-0.5 -0.05 6.19 0.108 0.058 0.050 0.87 0.83 0.83 0.81 1.02 -4.6 1.75 1.65 0.54 0.26
18JU20 6.27+1.5 -0.17 6.44 0.113 0.046 0.067 0.89 0.84 0.84 0.81 1.03 -54 1.98 1.79 0.51 0.37

B LB EEZLND. DHERELEHICRERENRN EHINKT 5 L,

2. HIRELMIET DX R~T 4 7 ANREROEL
Table2 [L®1F 73 BT O 5t Gl £ D A XGo gk, B
DR & SEIEERE, 3 X O YRR & B IR EOAT
EIWCBHT AT A—FZ R L TW5DH. EHHREEX
18JU20 DBEEE TIX 6. 44m & ERFEERICAI S+ 5 11
HECH O, RIS T D20 oF Cidk b N
T =< ADEWHECThH TV B, B4
R ORFRIIE 18JU20 DBEEEA Mt D 43 Hrak$k & kbl L
TRORLEWL OO, RO TlIRE =T A
IR o Tz, BEEIRITE K OME O REICE B 3
%L, 18JU20 OBk Tldfth D /3 A el & i L T
BN % ORI S B VMEI A A B AL7z. Ls2T0 22 5
DA JHENZ T D2 HERELEIZIIRE RETIALN
97, Ls2T0 205 Ls1TD 22T CTOHRE L ORE TR
HFIFEE T o 72, Ls2T0 225 TD T/ TD %
D AT v 7% 16TH T Ls2T0 7> 5 Ls1TD (2737 T
DAT v TENRHRKEL, LsITO 225 TD T
THOAT v 7 EIL 161H OBk T /3 #rakde & Lt
B L CTROoRKENSTD, oo TRE I
AN rot-. £, DBLOTICHIT 5 E
IR O FS L HERELOAEERIL, D Tl
TRFEIX R VAY, TO T 18JU20 DBEEE N th D Bkl & bt
L CO. 10mBRERE hoTe. 51T, By

18JU20 D BkEE CHSUIBEHIFE D RN K E S BB L
TEY, BUREIZBWTHERELEY A&
FRenbb, VAT ~SBE#IELZENRTETY
mEEZLND.

Table3 [ZEME AT Ot Gk C 3617 2 B E D &
EAY— R, BUREICRIT DB R EEHE IR

HINT AL, BLOBBAKZRLTWD. Ik
D@ A — FidFig.2 ThR LI X 91T, 2018

FOREFEITIB T REVWEM AR L TEY, 18HRC
BLOI8JU20 THRICKE o7, £, BUIRE
BT 2HEELOKFEEEEZ A D E, DB LY
TO & 1T 18JU20 T b K& <, Y FmIcH T
Z K S B OO BT 16TH 1238 1) 5 BRER M oD 4y
Wi i L CHERICRE oo, FIKELD
PNERE A 2D &, TO T 161H OBKEN K b K&
<, 18JU20 ITk1F DBk TR b/ E <, BEUIaT}
JRTENC 38T 2 $p B O MESF1E, 18JU20 % FR <
2018 FE D BRI THL O /3 #Taldk & i L TR &E o
7o, &5\, BREMED 161H OB TR b KE <,
18JU20 (T T 2Bk e b /NS o Tz

SF D, RHFEICBWCEESHT OxtG & Lz
HENDHDE, 2016 4O BEEE X E) T 0 K3
OFGHEA K = <, BREEAEO KX WERER OB T
HoT-DIZX LT, FAN 2017 4, 2018 4F2F 1T



Table3 Maximal run up speed and CG velocities during the takeoff phase.

Masimalran up specd Horizontal CG velocity (m/s) Vertical CG velocity aksoffangle

Event ) ~ Rateof Isthalf (%) den

TD TO TD-TO TD TO TD-TO TD-Mid

16IH 8.76 8.50 7.18 -1.31 -0.27 3.49 3.76 2.45 65.2 259

171H 8.90 8.72 7.83 -0.89 -0.09 2.89 2.99 1.97 65.8 20.3

18HRC 9.19 8.68 7.68 -1.00 -0.17 2.86 3.03 241 79.7 20.4

18NCH 9.11 8.86 7.83 -1.02 -0.37 3.04 341 2.88 84.2 21.2

18IH 8.85 8.38 7.44 -0.94 -0.29 3.12 341 2.70 79.4 227

18JU20 9.19 8.97 8.02 -0.95 -0.17 2.83 3.00 2.01 67.1 19.4

Table4 Joint and segment angles during the takeoff phase.

Knee angle of takeoff leg (deg) Shank angle of takeoff leg (deg) Thigh angle of takeoff leg (deg) Tf}r‘gl:;izg Trunk angle (deg)
e TD Min (Mid) TO Flextion Extension TD Mid TO TD Mid TO TD TO TD TO
16IH 162.6 152.3 1642 104 12.0 18.3 -147  -29.7 35.7 12.0 -13.9 1.5 76.2 7.8 6.5
171H 165.7 149.9 164.0 158 14.2 18.6 -14.5 -30.2 32.0 14.9 -17.1 -3.6 65.6 4.7 2.0
18HRC 164.6  146.1 163.0 184 16.8 17.9 -20.0  -30.0 33.1 13.2 -13.0 4.5 76.1 11.8 6.5
18NCH 170.9 144.1 167.7  26.8 23.7 23.7 -22.8  -299 322 10.6 -18.4 4.4 73.4 8.9 10.3
18IH 161.0 152.0 168.3 8.9 16.3 18.4 -132 -282 36.2 10.2 -16.5 3.8 68.8 3.6 9.6
18JU20 162.4  148.7 171.6 13.7 229 20.3 -14.6  -34.7 36.1 15.2 -26.4 -1.1 80.6 9.1 10.8
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Fig. 3 Changes in knee joint angle (left) and knee angular velocity (right) of takeoff leg during

the takeoff phase.
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Fig.4 Changes in shank (left), thigh (id) segment angular velocities of takeoff leg and thigh

angular velocity of free leg (right) during the takeoff phase.
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Tableb Joint and segment angles during the preparation phase.

Knee angle of support leg (deg) Shank angle of support leg (deg) Thigh angle of support leg (deg) Shank angle of free leg (deg) Thigh angle of free leg (deg) Trunk angle (deg)
Event
Ls2TO Ls1TD Ls1TO Ls2TO Ls1TD Ls1TO Ls2TO Ls1TD Ls1TO Ls2TO Ls1TD Ls1TO Ls2TO Ls1TD Ls1TO Ls2TO Ls1TD Ls1TO
161H 1556 1507 1475 541 23 -599 298 308 -27.3  -50.6 -126.1 -245 552 2.0 539 66 -48 62
17IH 1507 1546 1415 532 2.5 633 252 275 250  -532 -1250 -160 517  -14 519 10 29 33
18HRC 1395 1503 1487  -545 21 562  -141 313 248  -397 919 2.5 574 156 523 18 00 89
18NCH 14992 1466 1325  -532 04 -61.8 224 322 -141  -447 -1040 -8.2 585 104 530 03 20 58
181H 1312 1461 1523  -57.8 14 535 93 349 257  -30.6 917 4.0 622 172 500 20 -05 16
18JU20 1427 1487 1472 544 35 576 -173 345 275 516 -107.9 -10.6 639 44 S84 36 17 57
® @ @ @ ®
161H /XN q /\?\ Vi A%/%Ryg\g 1SNCH
17IH )\ ‘ 18IH
18HRC ' 18JU20
Ls2TO LsITD  LsITO Ls2TO LsITD  LsITO
Fig.5 Stick pictures of motion analysis trials.
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Appendixl Run up speed of all trials.

Year Event Attempt Official record Wind M aximal Place of maximal Year Event Attempt Official record Wind M aximal Place of maximal
(m) (m/s) runup speed (m/s)  run up speed (m) (m) (m/s)  runup speed (m/s)  run up speed (m)
2018 JU20 st 6.03 2.3 - - 2017 JU18 1st 6.13 1.3 9.03 5.70
2018 JU20 2nd 6.14 1.1 9.01 6.00 2017 JU18 2nd F - 8.91 6.40
2018 JU20 3rd 6.20 1.8 8.97 5.92 2017 JU18 3rd 6.14 0.3 8.89 5.70
2018 JU20 4th 6.22 1.7 9.08 5.93 2017 JU18 4th F - 8.85 5.90
2018 JU20 5th 6.29 0.9 9.03 5.64 2017 JU18 5th F - 8.77 7.10
2018 JU20 6 627 15 919 552 2017 JUIS 6 596 03 887 6.00
2018 NG st F ) 9.08 570 2017 NG It 610 05 9.00 530
2018 NG 2nd F . 895 601 2017 NG 2d 604 04 901 645
2018 NG 3d 565 15 886 589 017 NG 3d F ; 888 5.66
2018 I It 588 -12 ) ; 2017 NG 4 623 09 899 6.16
2018 I 2d 614 -05 885 563 2017 NG sth 614 02 899 526
2018 I 3d 593 -09 876 5.94 017 NG 6h 626 10 907 5.40
2018 M 4h 604 -04 894 546 2017 W It 610 19 898 6.03
2018 H 5th F - 8.95 4.98 2017 H 2nd 5.82 1.3 8.98 5.90
2018 IH 6th 5.95 0.5 9.01 5.05 2017 IH 3rd 6.10 2.5 8.94 4.99
2018 WU20 1st F 1.6 9.19 5.14 2017 H 4th 6.10 24 8.88 5.50
2018 WU20 2nd 6.37 12 9.10 5.18 2017 IH 5th 6.17 2.8 8.90 5.07
2018 WU20 3rd 5.87 19 9.02 5.25 2017 IH 6th 5.88 3.6 9.10 5.74
2018 WU20  4th 6.19 0.4 8.95 4.98 2017 NCH 2nd 6.14 1.1 8.85 5.54
2018 WU20  5th 6.24 0.3 9.11 4.70 2017 NCH 3rd 5.99 0.4 9.13 3.73
2018 WU20  6th 6.17 0.3 9.12 4.87 2017 NCH 4th F - 8.87 5.58
2018 NCH 1st 6.22 0.5 9.11 542 2017 NCH 5th 5.83 -13 8.90 5.69
2018 NCH 2nd 5.80 0.4 8.95 6.05 2017 NCH 6th 6.09 0.1 8.77 5.78
2018 NCH 3rd 6.14 -0.1 8.86 5.88 2017 HRC 1st 5.87 1.6 8.59 5.72
2018 NCH 4th 6.17 0.4 9.01 6.96 2017 HRC 2nd 5.82 0.4 8.54 4.88
2018 NCH 5th 5.96 0.2 8.99 6.55 2017 HRC 4th F - 8.69 4.71
2018 NCH 6t F ; 0.1 558 2017 HRC s 586 33 871 548
2018 HRC It 607 01 9.0 588 2017 HRC 6t F ) 855 508
2018 HRC 2 586 25 913 536 016 JUIS st F . 851 484
2018 HRC  3d 607 03 900 555 2016 JUIS  2nd F ) 8.48 517
2018 HRC  4h 593 22 906 550 016 M It 56l 03 877 6.07
2018 HRC st 617 08 897 532 2016 I 2d 580 04 870 584
2018 HRC  6h 627 33 919 530 2016 I 3d 600  -05 876 553
2016 I 4h 585 -05 870 6.50
2016 H 5th F - 8.57 4.49
2016 H 6th 5.63 -1.7 8.68 4.94
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