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Biomechanical analysis of Roche vaults take-off
in world elite and national collegiate male gymnasts
—Focus on board and horse phase-

NAKASE Takuya, KASHIWAGI Yu, HAKAMADA Noriko,
HATAKEDA Yoshiaki and FUNATO Kazuo

Abstract: The purpose of this study was to clarify the difference between World top level (World)
and Japanese College gymnast (Japan) in Roche technique. Gymnastics vaultings were taken video us-
ing a high-speed camera at 500 fps for World in official competition of JAPAN CUP 2010 as well as for
Japan under official competition settings in university gymnasium. Planar DLT methods were used to
obtain linear velocities and momentums on COM, segment joint angles and attack angles for on board
phase and on horse phase, respectively. No significant differences in all variables obtained between
World and Japan during on board phase. Whereas during on horse phase, significant larger loss in hori-
zontal along with larger gain in vertical linear momentums were observed in World Elite compared to
Japanese Collegiate Gymnasts. World enabled to get larger vertical COM velocity at take-off on horse
phase by keeping larger shoulder flexion angle (smaller attack angle) at horse touch-down as well as
keeping vertical position of whole body throughout on horse phase. This study was suggested that the
attack angle body position to get more vertical momentum of COM on horse phase is key factor for suc-
cessful Roche technique.
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H2MERY (IFae—F=)] &, 19794FEF L F Y
YEY I - BRI TRET, Fa—nNou—F o EF
WX o TRESNZHTH S, % LT 1989 SERFRMH
HI (AARAEERS, 1989) ICBWTHO TIENX 2T E
LCREfSTh 5 2000 4 F TOM), v —F = 3Bk
D FIEF O Tl OE R 2 5- 2 H 1T 7z, 2001
ERRER LR (H AR 22, 2001) 12BWTid, v —
FrESHICRESERERTH D [THifxE O
PHZAHR2EEEY R (DRI ZVAY) a8
FRER S, Z 0tk 2009 4E F TORNIC [HTlE & OFI 5 IR
B2y (LIF79=2) ), [HilEe O & 2
MR D M) (UFY ks 7y)] E, o—F=x
IR G BEEATE 4 L RFRINTE 2 (HARKE
43, 2009) 0 2SO EHEEEOW TRk IER 2 BT
572002, U—F o ZZDOERE L LEELRFTH S
LEZOND,

2019 4 10 A I B S 72 55 49 [ I SRS BeHnE T
Me T REpid (FIG 2019) OBEBIZBIT 5 B2 4 L
A, MBERT 205 40T —F 2234, K5
FVAZ 9%, 759=73%, V- kI TV2/DE
W TH o722 £ L, 2019 4E 4 IR S 24
73 [l 4 H AR BEA0 AR AT T, %R T 68 44
OHMTa—F 224, 75227 1 LOERBTH - 720
HII 5 (2006) 1% 2005 4F i 53 FHe & FAE 4 H AR T
M\ B 2 BB o FE OB % kg L, ILFRET
Hefil B BBk E T O — 7 = OSSR RBIEDS R
ENTwAZ iz LTI ARRBFHEIBEClET —
FOFERH R L, HARNFERE OB OFHT) A3t
RAEE L TR E 2L Twizgs, 144
o HAETH ARABHHZICE 2 0 —F = OEEK
BB EDbrb,

HARABHRE S X B ERBID R wHo—o & L
T, BIAIC2EPLEOHKD 23 58 ITFEMICBNT
FEMEZ SICK & R RERE ) G2 D B L ) HIE
Mo, HAMME DL —)L & LT 30 4P ERi2 & g
BB (H A 22 AR RS, 2017) <
BLRICIRESNTWE I LTI EEREZ LN
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F = OEAY) Y S & A TR B % $HE HEE O
BIZHEBE L, 1998 4ED T — )V K v T AEC
BT —F e Z2E L7724 HOBHEET 1 V5NV
EFh A AT CHg LC, 55Nz W5 5 BAREL
AL, B, RO E 251, $EEE ORI
ALY JFH & AT REOFRED 2 A SN 5 HHEE
&, BEARY) Y RO AEEERIINA A S5 HiE O
QOIS N L #R LTS, B—F o)
e, FAfkoNE L CHBETH 2 [Hifxe TR #
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16 4 Ou —F c BRIBOREM E LT, m\vBhiEes 2 54
T 5 I Lo THMIFT ORI MY ) — 28
OHEfERFED 5N, HELIAEMEZRERIIL TS Z
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KIMEAHIN U 720 F 72, THEBRIE & AR THE O
ATH2 S FRH OGBS Z O IRE LD, &
SIZEEE OIS B KL TWw5b, Irwin and David
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(2009) &, [Tz & ORI 2220 R AR D | DR
BRI & BB IS (2 50T B BRERBIIE D3\ & MRS L 72F
RICBWT, BREOHNMERLHIRPZL L 722 812k
0, EEBEE OF BB~ OB SRR % 2
EEEL TS, LehoT, FHABKHBICEEL T
75 OWNEEH & HARBE OB T REICBIT 28
Ve BRES 3 5 2 &1, HARDOKREFHE DML S
WCHEELMEAPHRONDL EEZ OND, &2 TR
Jeid, BRI R LA T REOB S IZTEH L, B
125 AT ERRE & 560 B 7280 OEB) B R O BEICHE
Ry, R OWmIEEE B L O HARNRFAE
BB Lo THESINZU —F = OBBEIZ BT 58
MOENZW LML LZHNE LT

2. /5 &

21 HEFIES L UTHxtR

ARIFZETlE, OEBOEEBHS LQRAZEE L
TR BI TORBE AN R L Lize OO5HTg &
L C20104E 7 A BEUART A1 T BIfE & 7z R B pA it
WAFEARER JAPAN CUP 2010 03 Rk B R H
W L7, LAY Y Ey 2 A5 ) 2 et i
— AR R (DL World 278 F) 5412% %
O —F = OPIE % W GICMGITE 2 1T > 720 BRI
i, HARKREG S R OK & EE HRICHIE OB E %2
P L, AW RS ECEMRL 2. BHEANTHOBEE
KICTC, FEEFH OB 252 T, MY
A0SR, RE, B4 HOMAEREIEL 72
&3 JAPAN CUP 2010 12 B\ Cid, BANBHEIC X
b0 —F 2 DRFII L, WIVHEHE O BIGH S
ol HBGLE LT@OTIE, Ay vy s
A F ) A& L HARO RS EFEE D E S
BRSO IO b &, N KRS CTH
RANKFAFERHE (LU Japan L7RT)5 AICk 50—
F r OWGIREZ E L 720 SRS E L20, @D
AFE1E 37X T Senoh 113 D PEHEN & BRI &M L 720
AFRIZEML7Z1I04ETORIBIITOL ¥
Tr—AFarty baTWIIZIZBIMLTE 5o
720 REFRBHBEBM OBIREZ IOV IR LT % %
BL, BEEHEITCIEE Y b GEAED~ Y M)
P L7z, 72, TNEFNOBREIIOWTH AR
MARNRFHEOEKEFT % 4 4OFHWEIZ, 2009
AERERER NI (H AR 2%, 2009) 1ZHIS THA
FEBLTH OV, HMSNAEEEFME Lz, &
WFPEDR L & % - 72 World & Japan O BRI X
O, 155 %FRITRLT: (Table 1), 1A#: JAPAN CUP
2010 12 B\ THUGHRE % 17 - 72 World 13885 To
RETHo72Z Ll E 2, Japan bHFEDAL ¥ ¥ —
A2, B 1R oAOERE T 5 REEA THE

ES/8

Table 1 Characteristic of physical valuable and perfor-
mance score.

Unit Japan World Statical
Mean SD Mean SD p-value effctive size

Age yrs 225 3.0 229 1.9 0.801 -0.17
BH cm 162.2 4.1 167.2 5.8 0.154 -1.00
BW kg 575 5.6 67.2 5.2 0.022% -1.79
D-Score 6.60 — 6.60 - — -
E-Score 8.85 0.69 9.04 0.56 0.645 -0.30
Total Score 15.45 0.69 15.64 0.56 0.645 -0.30

D-Score : Difficulty Score, E-Score : Execution Score  *:p<0.05

ZFFEML 720 AFFEOMETMEE, HARKRE K- mE
FEFRHS (55 010-H31) OFWOH & FEji S iz,

22 AIEEE

ARWFge1x, N4 AE¥— K% %5 (FASTCAM SA3
Photron #1#) % #BE 500 fp, ¥ v v ¥ —AE—
K 1/1000 BiZikaE L, BEEAH YT 10 m OB 2R
B L, 2 RICOENESRE 2175 720 MR OEHMI,
BEHEAR 2> S BEIE ST RTC AL 4m WifA#EPH & L, $/1E
L, BHEEVPBEL ST Lo 2 eGP R
TEDLEHITHEL HEDOF Y ) TL—2a v
I LT, BEAIMIC0SmBIcay ba—uRA
VAP WA mF ) T L — g VEERICEMEY T
5L, #AH, RAHIC 1T m MR TBRIE TR &R
IZOWTHLAAR AT - 72, Fig. 1IZMERER &
FrUTL—va riEERT,

23 T—yu0E

o Sz, BESHT Y 7 b Frame-DIAS
system (DKH f#) % \vC,2 7 L — A% (250 fps)
VZHEHCE D4 5 O S ARSHT R 25 A (55 3 PR B A,
T-BA8E, MBI, o5k, WHREK Massk, KB
JRBES, Km0, i Tas, BEHIH, HERS, e Lk
) DTV Y A KMEEERToT. TV AMEERL
TR, I hO—VRA Y PO 2RITHEHR LD
DLT 7 (Abdel-Aziz and Karara, 1971) I2X > T, &

+y 4m —
b— +x
1 2m

-lm Om
Figure 1 Placement of the calibration poles in the vaulting

-2m

area location of camera in designated filming area, and x-y
coordinate system.
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RGP RLD 2 IRTTFE PR 2 5 U 720 2 IRTTIERRAK
HHICBI p R, ZEhx Fi1.28cm, y
Ji1.23 cm THh o 720 145N/ FEEEAE I, TGN
(Winter, 2009) 12 X o> TG O B & L 125
BOERT R A RE L, 4RO T — AT — 32
TANEY = T L2 1T > 72 (x AR 4-11 He,
y JERE 5-10 Hz) o 15 DARS3HI 2> 5 )8 0 SZ2 R > 2
A METNEREL, FLS (1992) O HKE
SrEHERR T TS S N2 BEEE T — & 2 SR
g OIES L B IRAEE L (Centre of mass:
LUF, COM) fiiEz 5l L7z,

24 REST

AWFIEIE, BREERANOB D SRS S TN %
Wi F TR ARG RImE L7z (Fig. 2). RO ESE
i¥, Takei et al. (2003) D5 % 5H \ BRHEAE b
(Board touch down : LL'F, Board TD) %5 BhBEHHE
Hi (Board take-off: LL'F, Board TO) A X[ % B
AY) Y /i (LUF, Onboard phase), Board TO %°5
BEIEHEHL (Horse touch down : BLF, Horse TD) i
T OIX[# % Pre fright phase, Horse TD 7> & Bk k5 it 3
(Horse take-off : LL'F, Horse TO) EHi DX % % T
BT (LLF, On horse phase) & L7z, & #iHh o
HWE, 7AW 6 BRI TIT o 72,

25 T4
251 IR

B SNz Ag A — KA A WS 5, 500 fps D
IRF T 20k e C BB & Bk IS OB b & b D e ) & i A
Y, On board phase, Pre fright phase 3 & UF On
horse phase @ Jsjlfi R % S H L 720

Ty

CR
+X

(JJ
ty

-

| \  x i

\_/ On Board |Pre fright| On Horse

Phase Phase Phase

Board TO Horse TO

Board TD Horse TD

Figure 2 Three phase and four timing of Roche vault con-
sist of approach.

252 COM

AT RTEIZ B %, Board TD %* & Horse TO ® COM
DONLHE L T — & 2 5 L, COM DA (B
T, COMvx) B X UERS (DUF, COMvy) O
ARG L7z, SRS OR#E, KRS OMITH
Mm% +x, $REH%E +y L@ L7z, £72, Onboard
phase & On horse phase ® COM O #JE7 % HH L 72,
EHIZHEHENT COM DFEENRZ MUrb 4DD
43I V7B AKFEMISH T2 COM #ENRT My
) (COMvec) 2% L72 (Fig.3)o

253 EEFEIEE
RS RE 3 & OV i, T 3 s & B o8
MLU7 TH 3B, MmERFmZ+&e®kL, BHE

(b) (c)

Horse TO

Board TD Board TO

Horse TD

Attack angle

J vy — Take off angle ‘

Shoulder angle
Flexion +

Hip angle

Extension + Ankle angle

Plantar flexion+

Knee angle
Extension +

Figure 3 (a, b) Force acting on the gymnast from touch down to take-off on board and horse. Attack and take-off angle relative

to horizontal line. (c) Joint angle definition.
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filclswaid, Eihhmze + ekl (Fig. 3). %
72, K4DODYA IV TRO YO LR FMT 5 7
DT, TEWE T &AM E S A TER G & KSR A 70 3 A
% Attack angle & Take-off angle & EF L, ThEh
RPHRRS U CRORRTE ) &2 + & LCHM L 7z (Takei
etal., 2003) (Fig.3)o

254 EEIIFERK

On board phase & On horse phase ® &) (Linear
momentum, G) B X, F¥DJ] (Average force, F)
ORI, JATHIZED ik (Takei, 1988) 1ZfiEvy, L
ToORIZE - TRD7=,

G=Ft=m(Vo=Vip) o))

F=m(Vyo—Vip)/t (2)

C 2T Voo MM REE, Vi ZHHEREE, 133
W, mIEETHD. T/, EEIIFOERIL, KFE
WO OAEIT T Z +x, SRERT O L% vy &R
L7z (Fig.3). Average Force |, fRE|Z X » CIEHL
LTmRL7

2.6 #hEtoth

RHIZRUE, TP+ EEREAE TR L2, &R
ORI S N7 HUTB VT L World & Japan O K
i, ISR Lo g (v oV Fik) e TED
WE #2475 720 COM EJE, BHEMIE, MAHEZT — 5
& 3RDAT T4 L BHE T, 2% IEBAE L,
2%MEC World & Japan O3t 7 Lo t Mg (7 = v
FiE) EHVTHRELZITo 72, &TOREIINL, fa
MR 5% KEE R E Lo AWFZEIL, MR —Hkk

ES/8

EBREENRE L TWED, HREDOT > TV
WY, ZD72 World & Japan & DEDKE 2%
WES3 5729012, P & B2 Z v TEORR
WEHH L7 (Cohen, 1998), FhFm DI, +0.2
~05%/, *05~08%H, *x08ULEzKEL
KA, #r¥, 2008).

3.1 BEkEE

32O Jay 1 I [ 12 B W T4 C @ Jg i C Japan 1,
World & ) 8\ FTHIER 2R L7228, WfECRET B
BREIIALNR D>z (Table2),

3.2 EFFEHEH
321 COM #ijig

COMvx (¥, Board TD IZHKHEZRL, €D,
Horse TO 22 F TA T A AR L7z, 72,
Board TD #%* & IEHULIREH D 80% % T, World 13 Japan
I REHMEZRL, EBLKH O 78-82% 13,
World {3 Japan & V) #tat LA EIZE W COMvx 7R L
7z (p<0.05, d=-1.47 ~ -0.70, Fig. 4) » COMvy I, Board
TO HHI Tk K#E %78 L, Horse TD fZIZFFINIL,
Horse TO (2N T A SNz, BETFERIOIER
LI 86 % LAREIZ, World & Japan @ COM £ +
L— FF 7 A SN0, WEEICHE BB R AT A
LM77z (COMvx: p=0.269-0.695, d=0.26 ~ 0.75,
COMvy: p=0.252 ~ 0.979, d=—0.78 ~ 0.18),

3.2.2 COMyvec, Attack angle, Take-off angle
Board TD, TO ¢ COMuvec i%, W#EIHEFT LA Rz
I A SN D572, Horse TD @ COMvec (2, Japan

Table 2 Comparison of kinematic data between World and Japan on four timings.

Unit JAPAN World Statistical
Mean SD Mean SD p-value effective size
On Board 114 2 118 6 0.203 -0.88
Phase time Pre Fright ms 103 21 115 20 0.390 -0.58
On Horse 166 11 167 17 0.862 -0.11
Board TD 7.97 0.37 8.13 0.46 0.551 -0.39
Board TO 4.41 0.52 5.00 0.34 0.067 -1.34
. Change on Board 0 -3.56 0.25 -3.13 0.75 0.262 -0.76
Horizontal =y e TD mes 492 0.55 530 0.41 0252 -0.78
Horse TO 3.25 0.37 3.06 0.18 0.346 0.63
Change on Horse -1.68 0.60 -2.24 0.37 0.113 1.13
Board TD -1.43 0.22 -1.37 0.30 0.720 -0.24
Board TO 4.44 0.18 439 0.14 0.641 031
. Change on Board 5.87 0.36 5.76 0.31 0.615 0.33
COM velocity ~ Vertical Horse TD m- s 3.48 0.29 3.19 032 0.173 0.95
Horse TO 3.70 0.22 3.88 0.24 0252 0.78
Change on Horse 0.22 0.27 0.69 0.38 0.055 -1.45
Board TD 8.10 0.36 8.25 0.47 0.584 -0.36
Board TO 6.27 0.41 6.66 0.27 0.109 -1.14
Change on Board . -1.83 0.18 -1.59 0.66 0.455 -0.50
Resultant Horse TD mes 6.04 0.52 6.19 037 0.599 035
Horse TO 493 0.28 495 0.20 0.913 -0.07
Change on Horse -1.10 0.35 -1.24 0.41 0.579 0.37
*:p<0.05
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o
> 4 A
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Figure 4 Change of velocity of horizontal and vertical COM from Board TD to Horse TD. Black line indicate Japan, Grey line
indicate World. Grey box is a COMvy statistically significant difference between Japan and World (p<0.05). Note: The legend for
the figures and tables below is also included. Stick picture is a comparison of between World and Japan.

Table 3 Comparison of COM velocity angle, Attack angle and taka-off angle at TD and TO.

JAPAN

Unit
! Mean

World
SD Mean

Statistical

SD p-value cffective size

-10.2
453
354
48.8

Board TD
Board TO
Horse TD
Horse TO

COMvec deg(0)

0.574
0.181
0.122
0.105

-0.37
0.93
1.09
-1.16

1.6 -9.6 20
35 42.1 3.6
34 315 38
3.8 52.7 3.0

108.1

64.1
4.5

-60.6

Board TD
Board TO
Horse TD
Horse TO

Attack angle deg(B)
Take-off angle
¢ deg(y)

1.8 107.1 25
38 629 32
93 =33 9.6
11.6 -75.4 11.8

0.495
0.616
0.229
0.081

0.453
0.331
0.824
1.261

A3 World & ) RERMEEER LAY et LA ERE
SN o7z (p=0.122, d=1.09), Horse TO I23
W Tid, World %% Japan & ) K& 7% COMvec Z 7R L 72

B, BEGREEIALNL D)o 72 (p=0.105, d=1.16,
Table 3) .

Board TD, TO @ Attack angle & Take-off angle I3,
MRS HET LA BEREEALN R o7z —H T,
Horse TD @ Attack angle {23\ T, Japan i,
4.5+9.3 deg IZxf L C, World I%, -3.339.6 deg D~ A
T AR R L2 SRR EA BRI A LN
H o 72 (p=0.229, d=0.824, Table 3) . Horse TO @ Take-
off angle |, World %% Japan & U $fEHICKE £
BERR L7,

323 PHEiIfE S X O

JE B f1 5 D Horse TD LABE® 72-80% 1E B LI [H]
IZBWT, Japanid, World X W K& ZAEL/RL,
Mal LA E =N AR SNz (p<0.05, d=—1.56 ~ -1.43,
Fig. 5-a)o BBUSN, MREBYEN, RBIEICHBWTIE, MEE
RN OB B R IR SN h o7, TE B E
2BV, IEBMERER 0 62-70% T World &£ 1 Japan
Aat A BICEWAEEZ /R L (p<0.05, d=—2.51 ~
-1.71, Fig. 6-a), IEBULIER D 86-90% Ti&, Japan #*
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feat B R o il A E B 2R L7z (p<0.05, d=1.15
~ 1.56, Fig. 6-a) o IBIEIMEEIZI T, IEBALHR A
D 66-74% 2B \VT, Japan 1 World & b v itz £
MR L7 (p<0.05, d=—2.07 ~ -1.51, Fig. 6-b) o M
RIEI A IZ B W Tid, IEHLIRE 66-68% T Japan
1Z World & 9 &5 i it /5 3 B2 %2 7R L 7248 (p<0.05,
d=-1.64 ~ -1.52, Fig. 6-c), — } IE B LK 94-100% T
Japan (3 World & 0 {vJ il £ 3 BE 2 7R L 72 (p<0.05,
d=1.66 ~ 3.04, Fig. 6-c) o

3.3 EEELFHDT

On board phase ®FE ;O EH =X, World 7°
Japan & ) K& Zfliz /R L7248, #al LA BELETA
Mo 7: (p=0.056, d=-1.41, Table 4), —} T On
horse phase (25T, W#H I EAEAED A S
N, KPR OEE) O EIE, World A% Japan &
D<A FADMEAIKREL R (Fx p=0.042, d=1.53,
Table 4), $REM/IZBVTIX, World 2% Japan & 1)
K& Zfliz/R L7 (Fy: p=0.025, d=1.74, Table 4), *F
¥ DI BWTid, Onboard phase TKF, SHE DM
J55-& b Japan 25 World & ) K& %R L7225, T
BEICHGE LA B AR EZA O N h o7z (Fx: p=0.242,
d=-0.80, Fy: p=0.325, d=—1.74, Table 4) ,On horse phase
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Figure 5 Comparison of upper and lower extremity joint angle between Japan and World gymnasts from Board TD to Horse
TO (mean = SD). Ankle joint is indicated during on board phase. Grey box indicated significant difference between World and
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Table 4 Comparison of kinetics data between World and Japan on Board and Horse phases.

Unit JAPAN World Statistical

Mean SD Mean SD p-value effective size
o Fx T 2038 17.9 2099 526 0812 0.16
Lingr  On Board phase F: Nm - s 304.1 320 455.0 518 0.056 -1.41
momentum L oh Fx Nm - ! -97.8 384 -150.7 30.5 0.042% 1.53
Orse phase Fy 5 70.7 20.9 114.1 28.4 0.025* -1.74
Fx - 32 02 27 038 0242 0.80
Average O Boadphase o N-BW 6.1 0.3 5.8 0.5 0.325 174
Force Fx ! 10 04 14 03 0174 095
On Horse phase F N-BW 038 02 10 03 0.108 -L15

*:p<0.05

DD IjE, World 2% Japan & ) K& 2 fiz R L7z
LAEEAHALNLE o7 (Fx: p=0.174,
d=0.95, Fy: p=0.108, d=-1.15, Table 4),

7%, MR EARE

4. &

2=

AWF7EIL, World 3 X U Japan 12 & - THESI L/
U—F x OBRIZBT 5, BALD RHA 5 HE TR
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AR — MR AR & HARARAEBR A B B 005 & R A0 A& 2 MR ) (0 —F x) OBIERT

WZHF T OB FE IR D © HAM OFE A B & 22123
5ZExHIE L, ThETICE—F 2 ICWT 2%
< OWIZED i STV 225, Z D% H2000 4 LLHT
DN — VEBUE & ARG I X 235 TH 5 AWF5EIE,
BRI 2 v Hoo )b — VEE DR I R — ik B X
CHERANKFEFEFEOT =7 THY, TNFEFTOE
ke & ORI & ) a—F = OFAT O 72 7% F LA
BohdEEz oMz, AWROELETIE, BkiEsL
BREE I RE O E) & % 429 5 On board phase & On
horse phase |2 5% Tilkin 2 D 5o

4.1 On board phase

On board phase @ COM #F£1Z, $RE M ITIZHB VT
WA BRI ADN Lol — B TRPMSIC
BT, BT AE BT A S N H > 7278 Board TD
A5 Board TO ¥ TH#4f, World 7% Japan & ) K& 7%
IR EE & i dF L 720 F 72, On board phase Ht DK
155 DML IRANE, World DAY -3.1320.75m - s™ &
Japan @ -3.56£0.25 m*s" X ) L liZ R L (p=0.262,
d=-0.76), Board TO D KKK D HEE L, Japan 2%
4414052 m - s, World #$5.0+0.34m + s* TdH - 7z
(p=0.067, d=—1.34) . 1988 4EV 7 L+ 1) Y ¥ v 7 DA
a7 OBkIEILX, Board TD DIKFRKA, $HE K5
JEDSH S IR A 27 OBk & ) RE W@z R L7z
% (Takei, 1991a ; Takei, 1991b), —JiC 2000 £ ¥
F=—=FD ¥y 7 OEATTOHIEIZBNTIE, K
SRS DHEFED A A DT DFEDH S NIz L S
NTWa, LAL, HA37Bk#ED On board phase 12
B BB O E B AL/ E {, Board TO D
JEAPMEAITORBEI ) REVWI EIREINTNS
(Takeietal, 2003), L EDZ &2 S, AKHfFED World
® On board phase (23515 % COM #EEDOHE AL, 1IH
5 (1999) % Takeietal. (2003) DA 27 B
COM HEDRE R 2 L FT 5 LT, BEHREOmE,
IREET, U—F2DRAIAT %2R0 LR
BEIRENZEEZ BN D,

BB 2 2 7 BRSNS, BB o ol
RGO IR T 5 MAEE R L, COM OF S &K
HEVC AR A W EEB RO 2 DO IS S Tw
% (Prassas et al., 2006) . & OMRARN 2@ B)w & 72 5
IANF—IZBERETH Y, WMIZBIE TH /- ED)
& B AL ) BT 1A & iR R~ T & B e
MEZE L 72 %, On board phase DY H K53 & VK-
oy oEE R, MACHE RAE R EEIA LN L
hotze 72, ZOROEBFNERE AL L, L
T o B fEE, Attack angle 3 X UF Take-off angle |2
BOWTOMMAMEEZ/RL, MEEMIZEI %D o7
Takei et al. (2003) DOFIFITB VT H AWIFE & [FERIC
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On board phase ®ifi# 7 (L, HrlZ L > TEITALN
irolze L7zhioT, AWZEDOK KA S World &
Japan IZ81F % On board phase DEA D21\ & &
AbN, O—F  DOFERIZBWTEAY) Y &1 O
DEDBEIE N Z LATREN T,

4.2 On horse phase

On horse phase [Z351F % A 5ED World & Japan
B 70 B\ LB R AZ A SN, World 25K & i
B E HICRERERZRL, Wil LAEESALN
7ot & %o 72 (Fx: p=0.042, d=1.53, Fy: p=0.025, d=
-1.74) o ORI TOREDH 72 1) O Average Force 13,
On board phase & 13547 1) World %% Japan & ) K&
W[ 2R L T\wWz729  (Fx: p=0.174, d=0.95, Fy: p=
0.108, d=-1.15), EBE)iEDFEA HIZ WO RE K
FLTWRWT Edbh 5, Takei et al. (2003) D
HCHE, R OZEITSER S OEE RO EIA LT,
— i TP TIHRA I 7 OFHEE DR AMEZ IR L,
AWTE & 572 BRERT D o 720 AT BV Tid World
AR &SRB & 12 Japan & ) K& 2@
EEHL TV LIZEHTREMRTH S (Table
4) . FATIFEIZ B\ T On horse phase OBt 1%, Bk
PR A MR ICBIAR L, PR I TICKRE BT
5 A5 (Takei, 1988 ; Takei, 1991a ; Takei et al., 2000),
ZO—J5T, WESEB)C RS 5 MAEE) R, G
DD 7% { (Takei et al, 2003), BREEAEH 2BV T
UL TR T T B = AR T 2 & 0 5
NLEPHRE—F 2 ERICBWTEELRERETHLHZ &
HURIE SN D o AFFZEIZ BT % EHj & 2 il 3 5 COM
DM % AR THADE, Horse TD H 5 World % Japan
IO REELZRL, FIZ, IEBALRR O 78-82%
(&, World I Japan & 0 #tat EAREIZHE COMvx 2
/L (p<0.05, d=-1.47 ~ -0.70, Fig. 4), IEBLIKE R 88 %
LIBEI3 Japan ¥ World & 1) i\ idlBE 2R L 7z (p=0.269
~0.968, d=0.26 ~ 0.75, Fig. 4) o —Ji TERE KI5 D H
1, Japan A" World & ) B\ iz /R L, 88% LLREZ
World %% Japan & 1) &5\l BE &2 7R A A5 B L7z,
COJRFHDORELEAE A D E, World & Japan X ) K
& IRV B O R ) A3 A H i (p=0.113, d=
113, Table 2), — /i CHEMAEETIX, L —FF
7 HH STz (p=0.055, d=—1.45, Fig. 4)o On horse
phase 2B} 2 Kif7E> COM O #FEZ L% Takei et
al. (2003) DHE LKL THS &, Horse TD, TO
DERE B 5 D HEEDOAERIZFEDME IR LTV /225,
AP B TARIEDORRIIMEMEZ R L, H>
World @ Horse TD %% Horse TO ®# 21135617
WE & ) K& %% /R L 72. On horse phase OB &
DFERIZB T, AT & H% D RERDPH SN



rhiE

—— National top collegiate

Elite top world

Figure 7 Comparison of stick pictures obtained between an
elite top world and a national top collegiate gymnasts at
Board TD / TO and Horse TD / TO. Each circle indicates cen-
ter of mass of the subject.

Ho1oHI21E, BEHREOENHE R S5z, #Hill
BEIG L, BEISTH I HEFHG A DOV T W5 7280, Horse
TD ® COM DHAEIRNKE o072 FEZ BN 5o
J1 2T On horse phase Ti& World & Japan ®7% T
HAM DR DRI T E 50 Aif7ED World & Japan ®
Horse TD ®#F? Attack angle & & T#H % & World
(&, P39 -3.329.6 deg {24 L T Japan (&, 4.5+9.3 deg
ThH (p=0.229,d=0.824), %7z, #EF® Horse TO D
Take-off angle &, World 25& ) $RIE /IS K& % £
B R L7z (p=0.081,d=1.261), Z OMEDENIE, K
W7D b #A 27 O World D#id# (n=1) & Japan
DLy THHE =1) OAT 4 v 7T Fr—ITb
BHEIZABNTWD (Fig. 7). F72, Attack angle %
HBoEVIE, EB 2 TR  MEEINOPEDL %
Z BN7z, World @ Attack angle %881, FiEBx 57
MERET 2 EHELSDORIIRZ FVASCOM XD
DIMNEIIEHT5Z LICX o T, #ITH MO
J DI COM ~FFRI 72— 2 ¥ MAE STV B %
BT b EHWMSINDDS, Japan O Attack angle %2
&, ZOMOKREEHE ) OFE— 2 v b EFESELIE
RGP T 5 LR ENT, L7d35 T, Horse
TD @ Attack angle %243, BEED S KX &80
WROIDDEELFATH 5 L AWIRITRIET 5,
World @ On horse phase (Z81F 2 BMEDI¢EE L
T, RE RSB MAEL — @ IR BHT 5 2 &1,
EHOBEET - A PERELST LI LIENDY
(Takei et al., 2003), Horse TO # 0 fij &8} & & fE#E4
LIOICEETHL MM ENG, $72,66-74%
IEBUAL IR 12 35 W TR & 7¢I BY B o i Jee £ o
(p<0.05, d=-2.07 ~ -1.51, Fig. 6-b) #5445 = & 13,
COM Ji] V) DIz B 2R BRI Y DE— X~
PEEAESIELZ1IERNIIEZ LEZ LN, B
World OEEDFFE & U T B i B2 A 5
720 TNHEIMEED DD R ALLEHENBTT B A 3

ES/8

YINHEBELTCOARERTH Y, World Dh 0 2 ih A
PBENDOBITHEN L ERK LTS, World DFEF
BEE, MRS 4 I v EESE, HEE—
AV MHBRERLEHEHDLMYEIZA S Z & T, Japan &
DRKE G AEE RO SR TE 2 XM, 222k
ALEBNOBATICHNEBR O VLT L %55 2 LA
ZEZbNb, LM Japan iE, Horse TD %I/ 4
iR EE % 5 5 1217 (Fig. 5-a), Horse TO F§IZJB2
BaE & B ol 2 K& L LT 2 & T (Fig.7),
BEEEEF RO CER Ch0 2 AR LS EEL Z L8
WHEEL 2 ), TOLRBERERZHIILTVDLIENE
AbNb, LPLEGYRSZ08EMEL, HEE—2 1
ENELTHI LT, BEEMLR T VRIS 575,
ZD—77T COM DK & 7§} UK B & A3
LR AT A L WNEIC R EEZ BN D,
U—F OFESBEOERE LT, BEMHFHZO COM
DR E HEE R OKTHEEE, T OB THI» 2 IAA
PR U CHEMIEMIC AL Z L 2R L, HiHh
DWINZL N2 5 (Takei et al., 2003 ; Takei et
al.,, 2007 : Takei, 2007)o LLEDZ &5, Japan (3]
EEERAERITH V, World &, BeBER B KA
ThbLFHOTONS,

43 FHEDIIRE~DFR L SEDRE

AHFFETIE, World & Japan ZhZhou—F =0
BRI, Ebbnu—F 2 THELE RIS
HBIENTENIEHANEZEHRTL I LIETETS
heEZD, TO—FT, XLVRELZERKP, 0—
F x DFEFH TR L T L 22DIIE BB BET1 0
B2V THE T 2 LMD H o720 AWFZEICBIT
% World & Japan OEjfElE, @l TER{LL THD
EE DO RISE WA A SN, World 25T 1288 B
X OIS TG 101 36 58 58 B 3 2\ & [l B B o) H: Fi e A
KREL LB HEEEEZRBLTVD, ZORL v b2
Fig. 6 ® Hip 7 HifEiws 5 2 L3 TE b,

AFge T8 S N7z World DEIED BT, 12
FEB) RIS L KIT LTV 5 DI BkIERS TH 0 Attack
angle & THRORY LITEIECTHL I EBEZLND
7o, A& TR A & Bk IS HET 12100 CF BSR4 B %
HMEFF L 225 %2 B BEIFa X9 dgE LT
WS SEDEETH L LEZ HND, World DI T
HHPELEFRECHRBEEORMMELZESYE, L1
BRI LIRS CHET§5 2 L TRE R R %
BT DM OBE, 2R TORH 2 ARLEANDLE
WOSWEEIZ 2 B 2 LB PREND 720, L DFERL»
WA ARBENERS B 12O RGE N L == 7 H 0
BTHDHIENRBEEINT,

AFEORF L LT, HREEHEES FEME 0w —
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F = BEIZ DT World & U Japan 1281 5 #iat %
fio7zhs, s u—F - ORI FEMTE 28
DRV RNz, WHERRETNAEP RSN T
WHEWRIZZE L 2T R 55w, L LA,
WAEDOH F B LWV — VB IE R BRI RS 25 5.2 v
72N O — R & HA NGB 2 i L 723k 1
HAHNT, —BHEA DT — 7 95 ERINIRFE LR
T, BB B W THEETH L L EZHN D,
Stk RWFFEIZ X o TH S M7z World & Japan €12
NOREAS, 75 TR 1% O A B 5 0 FEER O B R 12
BT B OV T O REPLE L %%,

HREBEHDFREMEOT —F = HE IOV T,
World K U Japan IZB1F 2 B W TRAE L 74
W2 ATV, BVESIT 2T 72k R, DUT ot
gz nzz,
< ARG KN BWTIE, W OB ) B ITK
EREFIAONLE P72,

- HFRMICB VT World 1%, Japan & ) K& 2 EH)
WEBHL TV, ZO72DICiE, K& 4TS BEEE i
AR L ERER XD TSRS TS
AT L, BB o> i e A 5 BE B N1 L2 g B 6 o0 Jee it
AEERHDOY A IV 72 RLEHILIZE ST, &
S X0 S TV IREE CTHET: 2 & 2 75 Bl A3
WETHD I EITRENT.

- Japan O % FHAN I, FEESKARTHY, —)h
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