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Abstract : The present study was conducted to examine the most effective takeoff movement for the
Rebound Long Jump Test (RL] test) under high-speed conditions. This test is designed to evaluate the
ability to perform the ballistic stretch-shortening cycle movement for unilateral horizontal jump events
on the basis of the RL] index (RL] index (m/s) =Jumping distance (JD (m))/Contact time (CT (s)).
Subjects jump from a 0.1-m-high step to the ground after an approach run (falling jump), followed by
jumping without interruption for as far as possible (propulsive jump). Eleven male college track-and-
field athletes performed the RL]J test, and the RL] index was calculated. On the basis of the average
value of the RL] index, the athletes were assigned to an upper level group (RL] index >mean value) or a
lower level group (RL] index <mean value), and the takeoff movement of upper level group was consi-
dered the effective takeoff movement. The results suggested that it was important to minimize the rota-
tion angle of the body, and to use a faster rotation velocity. This was achieved by 1) increasing the move-
ment distance and velocity in the direction of the forward movement of the swing leg in the air, 2)
minimizing the rotation angle of the foot and shank segment, and increasing that of the thigh segment
during the initial phase, and 3) accelerating the rotation angle of the thigh segment again and swinging
the swing-leg forward and up during the latter phase. These results suggest that the RL] test and RL] in-
dex provide a measure of the takeoff movement technique in terms of pre-rotation moment, the mechan-
ism of rotation of the lower limb segment, and the swing moment of the swing leg.

Key words : Horizontal jump event, Jumping technique, Stretch-shortening cycle movement, move-
ment of center of gravity, movement of flee swing leg
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Fe BB O RE Z BBk OB TR FIL, R
THERRITNY X7 1 v 70T I N SR
fav A 7 )Li#EE) (Ballistic Stretch-Shortening Cy-
cle movement : LAF, BSSCE#) 12 k- THT
INTW%. BSSCHBIOZFEITRENL, EBy2 1T
SHMDP ESTTH OB ILEBTEEE L, Wi
T VA BRI 256 TR, T r—< VA
R T HBERICH D OMENR RGNS C LA
O T 5 (BIE2, 2013). b
DT EiF, EREBECEZEKCWTEN/ZNT
xRV AERES H72O1IiE, KFETRAD
BSSC S B DORKITHE ) 2 i@\ KEEIC ) Lx# 5% C
EDLBEARRR ETeH T R LTV 5.

KT~ BSSCEBOZATEE %, EE
Bh Z BBk O H I I BLE L CRIERH 3 5 05
ELT, U v FBY T Yx T T AL (Re-
bound Long Jump Test : LI'F, RL]J test) 73%
FEINTW5 (BEHRIZA, 2013). COF AL
0.1m OB E&BE L 7-R&ICH AT > TBU
F V0 % Falling jump &, ZOMicHMmL, T
& B 72 FRFENC S & D IS Y] - CRTEZRFR O
3% < F TBES Propulsive jump Dk L 7= 2 BhiE
THER SN A (Fig. 1). F3EH) & 7+ % Propul-
sive jump O PkREFRRE & SRR A & LI L T,
Propulsive jump #&IH-HIC 3\ TS 72 O 1T
B L -k, Tab LU NT —%
BWS LU FRV T Yy TR (Re-
bound Long Jump index : LL'F, RL]J index) %

Approach sprint

Falling jump

FHL, ZOMELEBEE L GHEZE 2175 3O
TH%. %7, RLIE 1[E H o Falling jump O
PrEEA A3/ 5 2 & T, Hi< 2[[HD Propul-
sive jump OO EHMEE #EFICHEST 5 &
MTEL. RFE-VZTUNVORFEHREL
72821213, Falling jump OFFREA 3 m ICHE T
5 Z &, Propulsive jump OB EIEI{E 2 Bk
M2 ARk BBk O B YIEN FIC U S A T &
DAEEICTR A Z LA LI > T 5. —,
EREL 7251\ CHIlE L 72 RL] index i3,
e EBth O PR B OB & m VBRSO 6
NTEY, ERB =BEOBTBIEICHNET S
T2 D/NT =<V AEREROF N6, K
FE DR % B/ NRIZ U 7225 B & B KR D $1 /E  FiE
W BT S ERICB L TR+ 5 C & AW EE & 7%
% (BEHKIZA, 20135 2014). RLJ test % f\v 7z
PIERHIE B E R A LB E LT &5,
FU—ZV THGTAEIC Y « —F Ny 7P TE
HEVOFIEBFAEL TS, Lchi->T, RL]
index DA & RIE 3 A E MU 2 175 C & 28
CTEni¥, RL] index % F\ 7z BERER: i O 3 2=
DL TEL T LICIZ T, EBOREFICE TS
BUBE L ST 57200 F U —2 v 7 I
TO T ENABRICES EEZDBNS. LarL, B
16 % TIZ RLJ index O RifE & B VIEI1E & DB R
BT 2RI SN T

RL] test ZITHRFOBEUIC 5\ Tid, HEHbpR
LB F1% ST 1E®, ZO%HEE
NEWRTH ETHRELATITN EBE S
%. CORFOBYEA SR & RS % R
DD TREARET IV E U THERT S &, HYE)

Propulsive jump

0.1m¢7 N =

High speed
ivideo camera T

Takeof line

Force plat form
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Propulsive jump distance

Fig. 1 The trial method of Rebound Long Jump.
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Fig. 2 The definition of Inverted-pendulum model.
@: Center of gravity
@: Point on the ground

PRS- aRE B) % S iR D 20 O [E1iE )
EF) (LLF, €5V :Fig. 2) LTz A
LMW T&% (Jacobs and van Ingen Schenau,
1992 ; REFFHIZ 2>, 2012 ; =¥ - KF, 2006;
Zushi et al., 2003; Zushi et al., 2005). ZDEF IV
OXEYE, FICTHEMEL /2 RICHRT AER &,
RN wZ T 1kd/-C Lk - T, BHFE S %
YR E LU THENFTAN LR T AEHIC S - T
B EINTWLZEAROLNTWS (EH - X
+, 2006; Zushi et al., 2005). CDOETFILEFH W
THYPOHEOXEBEBF T 5 LN TEN
i, BREMAPEMICERL G VEET S
RLJ test 21T OB VB (F 2 LRL o 2 BINIC H
fLL CHUME S A & &b, ZNafEL /- LT
HAREMOF EICOWTRHRHL TS T ERTE
5. Z T TAPFFETIE, RL] index #E 3 5 B
YIEAic oW, RL] index 2MBEN A505%% & 4
HRZFEOETVEH S 5L 10, €T
IWEBOMHEREL AR & 7n % H 4B RO
FXT AV OB EOFMICOWTHLNCT S
CEmHME L.

I. % &

1. XREH

R GFIKF- O EHEEATICAE L TR0, Bk
WA ZER T LHFEFILTH- /2. *
SGEICE ¢ AR R 1T Table 11CR L7z, *t
REOSL2HZ[FLEHAEFHEESOKER 14
TEBENR) 28 L Tk, TableliZid
[National | UV OFER#H & L OURLA-. &,
AB T EAARFELEBFRELGORERAYH T
[University ] L'~Jb, D O 5 ZidHR K& H
BV ORAE R A L7 [Division | LV
F&EE L ORLZ.. COT Tz T, HRE
Vi ELEMER OB A SFLUEAFL TE
D, 1HEEICL2ERBEEOHEMW N —2v 7%
ToTWel &b, LS VB IKELH
L7<EHITH » 7. FROERRFCIE, ~v v
FESXIETL, FHNCERO R HE, Gk
Yie E OB E 5 T 7o, E£o, MAOER
THIERLFWM A IRETH H Z &, Ehalaik ORE
IO OEEZRD 2 &, KiER & OfEBEN
ERINIEEIEEICHK 5 L xfnz/c b
T, FHICLEREBEEH.

2. EERAEE

TAMREL, KOS IMETHHRF: - v
=7 UV OBk ETFICK L CTRFET AN D
BSSCHE N % BIEFHE & 5 7-DIC AR E SN A
(BEMIZ >, 2013), 0.1lmODOFEDOEEL3ImD
Falling Jump O FERE% V72 RL] test & V72
(Fig. 1) . Propulsive jump IZ ¥ F % By & fF %
i, ERLAETHEAZRBL T, 10m OB
FEEEICEEE L 72, WEEICE, BHEDOREOFT
B & %17 > 7, Falling jump¥ X U
Propulsive jump O )7 @ I3 L 720.2 m 1§
D2KDTA Ve ST & w R E O
LML L. FEROBRICIE, Falling jump Tl
RELMEMWEERICER 5 Z &, Propulsive
jump TiEMEs L D ICHERE T > TT& 57
i S ~BEE 5 Z &, BHUIWRA LY £ A 272K
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Table 1 The characteristics of subjects

Subject égse) Héering)ht Vzilég)ht RIZ_IIn i/ns%ex Jumpin(%n (%istance Contazgg time Group Perfl(;rvrrellance
A 20 1.92 71.0 32.08 5.10 0.159 Upper National
B 23 1.78 69.9 19.52 4.06 0.208 Lower National
C 21 1.65 68.1 20.98 3.86 0.184 Upper University
D 20 1.80 73.7 22.87 4.07 0.178 Lower University
E 19 1.82 69.7 23.43 4.17 0.178 Lower Division
F 22 1.74 67.6 26.00 4.29 0.165 Upper Division
G 22 1.72 55.1 27.69 4.07 0.147 Upper University
H 20 1.78 60.2 25.20 4.31 0.171 Upper University
I 19 1.68 65.1 29.74 4.55 0.153 Upper Division
J 24 1.75 67.6 21.58 4.23 0.196 Lower Division
K 19 1.73 75.0 24.88 4.28 0.172 Lower University

Mean 20.8 1.76 67.5 24.91 4.27 0.174 — —
S.D. 1.7 0.07 5.8 3.82 0.33 0.018

Group mean categorized group by average value of RL] index. Upper shows upper level group that RL] index is
higher than average value. Lower shows lower level group that RL] index is lower than average value.
Performance level of subject is sorted into 3 categories. National mean subjects who had an experience in national c-
lass competition. University mean subjects who had an experience in national university class competition. Division
mean subjects who had not experience in national or national university class competition.
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FECITo C e %HRLA. ZLTC SAVEEB2
A, BHVIETA VL RELSKT THRY-
BE 101353 H: & L /=, Propulsive jump %
S ARSI & L, Falling jump (3%
OO TR /=, FEFITIIHFFNCEAMIC
o CREZIEMICIT 25 X2 ICHB A2 T4,
BEPIEREICLEEL TTEL DIkl %
MR L 7c ECREYERT S KDL 7.
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3. AEEBE&LUEHIER

RL] OF#EE) T % Propulsive jump D)z
BESR &L,

Propulsive jump OB OO Eh1 5, W
IS L 7o i b 30\ 5 OIRBF & T OB RE A B
EREEL, 77— AV —HHOTHEL 2. B
Uiz s O st & CIloBE L 7o IRpfa) & BEsthRef] & L,
Optojump System (Microgate ¢E%L, 1000 Hz)
e FCTHIE L 7.

e L 7z Bkp@ i EE (Jumping Distance) &
BT X AR (Contact Time) % T
Propulsive jump O YT 36\ THREfES 72 U I

B L -BhEERE O K & S & EK T 5 RL] index
7z, UTOXREHTHEEL 7.

RLJ index (m/s) =

Jumping Distance (m)/Contact Time (s)

KW O K % # %, RLJ index © ¥ ¥
(24.91m/s) ZHEHEL LT, FHME LD LEW
RL]index # 7R L 7254 O %t R & % L L B
(25.20—31.08 m/s), “F¥fE kv &€\ RL] in-
dex R L7c6 DG EL T (24.88—
19.52m/s) &L THS L.

Propulsive jump OBUIEIE%, BEREV T 4
1 A5 (CASIO #H#, EX-F1) #fH\WT, ##
3000~ TR L. |EIN/CETTEHEBE
N—Y F a1 —%— (DELL # #,
DMO061) (CH VA&, ©F X BHIEMHTY AT L
(F 4 7 A4 T4 F#H, Frame-DIAS II for win-
dows ver.3) #HWT, EREDOI AT H23 55
(EHEOFE, F&E, B, Blg, >k, B
TR, BE, SR, BB, KT, HERA, B
H, WELE) BIU4LEDOEESY—7%, &
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1507 LU —ATT VXA AL 7. AW Tl
HIRTOZEA R b TR & L7/ dIs, BT
10a < %22 Em, RIBOEM» GRithE Tr
EHEmE L TERL. 7YX AL, EhE
MO0 <[ G0~ £ TiT- 7. 18
OLNTFEER D MO RICEREY, RIE~x—7 %
D EICERE L 7otk R R A Wells
and Winter (1980) O HEICH EDWTREL,
Butterworth Low-Pass Digital Filter % F\>T3.0
—10.5 Hz O THE L L 7z, ZEhfRiis LU
B RN & R AnC 2 L /2R A £ 2 1100%
ELTT— 2w HBLL .
TFTIURXART—=R%H EIZ LT, ML (1996)
DHARANT AV — F OH BN RECE W T
KT AV FOBRLBLUHEFELTHEE L /.
o, RHEER ESMRA AR R A
b, SHE E BB RS A 2R TR 7 A
b, BEE B & KEEF 2 i A 728 % KRR 77 A
VL, KT EBIE R RS A TR & Rl 7 A
VEELTERELA. £L T, &7 AV M
NS 3 2 MR D70 ¢ AT L CETYI R A
0L L CREIRIDICEHEAEL /b D%, &7 A
VIAEEXLTEHBLL (Fig.3). 27 AV
A OB BAIRFEI TR L 7%, &7 AV b
[EsERE & L CHEH L. £/, B AV
ETRE T A O A REEAE, T
Rt 7 A b ERBETE 7 AV D AEY
JERIE AR, KR A v b LR A
FO7x 3 A R KB A & EFR L 7.
Propulsive jump OFEYIEBNFIL, Sik%x F{kE

Point on the ground

Fig. 3 The definition of segment angle of takeoff leg.

DEEMAELD 2 A HESREORTIC K-
THER S AR YD F (Jacobs and van Ingen
Schenau, 1992 ; KEFHE2», 20125 =H - K1,
2006; Zushi et al., 2003; Zushi et al., 2005) & L
TETIMEL 7. R L, BUIEORTER
LEF L. BAAIICIE, BHAED RS
SOy 75, VIR O 22/ Tl sEME & (R %
PEORTT AR Z L Ze s Bt BN ETE T LB L /2
%, i ETREFHREZEE L THINBET 5
EFIVEBICA S (Fig. 2). EFIVOFREORK
DORSHETFIVE, €7 EKFEOBR T HEE
HETIVAKE L L TRIEL . 7 VAEIIHET
WM EOEE L CTHRETEIDICEAEL. %
7o, EREL2ZERRmICINZ T, #thrbT5 L
ROAREOMEA R L IR S e B RmiE, €7
IUHMiER & BRLA L 7 tk, RREBSEEH T % & TRk
BN R & L RS 2 fT-72. 7xis, By
R &SRO B - 7R RO 2545
FOHMAL S N RERNZ B9 % 5P (EI339.80 £
316% T -7z, LT, By & iRz
VA DX & IR, YRR RIIC s %
AL TR A, BYSREREICS T 5/HE
BB rAE s L THEBLE. ETVRBLU
T IVALOZEMITEBKRH TR 2 LT, €7
VR R EE s LU EEEE & L TR L
7o e, HAE-RORE IR, Bl E (A
fTHm%IEE L.
ZERRETOETIVEFICEL T, 7LD
EATLICHEREOEEERRL E L2 DD,
BB W R S A EEER O & L 72D DDA
W B72D1Z, FRE OO KNTT [~ O B PR
D O JEEREEH S D IKSE 5 1)~ O Bl it e 7 R 5
5 ET, RSO 3 5 AT LD
MM ZEHH L2, COEBERFRNKETN
¥, EICHEELPFIINEEERL T el L%
RL, AHRICKE TN, IR E S5 H%
FZEEREL T/ Z L& R L Tw5 (Fig. 6).
HeRAM (LI, AR OZENT, KA
DEE3ET AV FOERELI OEM L /IR
AHBELOZEF L L/ (Fig. 4). IRAHONE
WTH B KEET ERAHEOOKFES M OEHEZ
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Fig. 4 The definition of movement of center of gravity
of swing leg.
#: Center of gravity of swing leg
@: Great trochanter of femur of swing leg

TRARERE, SRE MO IRIAR & L CHEIL
7o KRS, KT R7E B O ERE T AN Oikk
M S % & SR OIRAERE & L CTHREL
7o WRIAPERE O CNICIRARE, IRIAME.L2K
T EDLHH S LI EHICMEL TWBIR
B, IEAEER, ETHRD L I ETANORE
IEE LTEHL.

4. HEEHOLE

RLJ index LA7HE & TR BEOZEEZRE T 5720
I, SPSS Statistics ver.17.0 (SPSS #-#L) % fifi
AL, B Ttest #4772 7xd, #Het
P DHFEKMEL 5 %K & L.

. #5 R

Table 2 1i%, RL] index RArBf & FRIBED &
M 35 OV RL] index, BHERRRE, BEHuAERI
AKETF 1B OBEHEE F5 L OVE TV EERIFE O
flmmR L7z, BB FBEOSR, (FE, i
HEICIAEEREETRDO N 7. Tz, bAL
B TALRE & L ¢, ABICK & 7 DR &
AEICEVCERE 2R & & 112, RL] index
LEEICEWVER R L. EFVEEGEL, -
PR ALRE & i L CRREIC/ DS WEA R L 7z,

Fig. 5123, RL] index Ff7#f & FRIBEDET
IV I U 7o R AR L. 2 BERNC AR
ZWICB T AERICOLAFREENPBDO LN T
FOVARE T, ZEhRTIC I 5 —100% S0
5 —40% s F TR LB IS NIV EA

Table 2 The comparison of physical characteristic and
measured value of Rebound Long Jump test
with the use of 3 m Falling Jump distance be-
tween upper level group and lower level
group

Upper level Lower level

group group
Body height (m) 176.1+9.4 175.0+5.8
Body weight (kg) 66.7+7.5 67.9+4.9
Touchdown velocity (m/s) 6.49+0.55 6.35+0.46

RL]J index (m/s)
Jumping distance (m)

28.14+2.80* 21.67+1.55
4.46+0.39% 4.08+0.14

Contact time (s) 0.159+0.01* 0.189+0.01

Model angle (deg)

40.49+3.04* 43.06+3.13

*: significant difference between upper level group and
lower level group.

L, 2 BEEOHZEIRHORE L & bishal
AEMERL. —J, OB BTk
5T, 2HHOHEBIIFROFERE & HITKEL
D, A0XFECHIHEREEPED LN,
I ERBAIC, € FVEIERE EE (T2 R I
BiF5-100% RS CTIIAEREPRD LN D -
728, 2 BERIOMHEIIFFR O & & BITKE S
72D, —30% KE S LIEEE & C RSB REIC
EVEAE R L7z,

Fig. 6 1C1%, RL] index ArEf & FAIEEDZ2H
JTANC 331 % R E.O. O R ST 4 K
TN ORGSR % el U 7=k R A L7z, M
BT EARE, FRBEELICEOMEERL, —
T0% B S ABEClE B EDP B REICE WEAE R L
7z,

Fig. 71213, RL] index F{7#E & TRZEEOBEY)
BNZ 3% Tkt A v b 2@ a g L 7ok %
mL7c. EHRFRETE, £ TOHEBICBWT2
HENICERZIRO N - 7o, Bl
T AV FAEETIE IR & RIMICAEEEPEDD
N, FEREB-CII20% s, B Cld B £ 2
OEE £ T EAZRFOMEDN NS I AR 5
Nic. Fi, 7 AV FEEEETIE, 15—30
961 5 2 60—80 % e f1C 35\ T AL BED KHRER
DEBICEHWEZ R L.
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Fig. 5 The comparison of length, angle, shortening-extension velocity and angular velocity of inverted-
pendulum model during takeoft phase of Rebound Long Jump test between upper level group and

\

Relative distance of
center of gravity (m)

Fig. 6

lower level group.
- ——: Upper level group
——: Lower level group

% : Statistically-significant difference between upper level group and lower level group.

Vegx chx > VpogX chX < VpogX

AR

0
-100 =75 -50 =25 0
Normalized time (%)

The comparison of relative distance of center of
gravity and point on the ground right before
takeoff phase of Rebound Long Jump test be-
tween upper level group and lower level group.
@ : Center of gravity
@ : Point on the ground
- - —: Upper level group
——: Lower level group
% : Statistically-significant difference be-
tween upper level group and lower level group.

Fig. 8 {2i%, RL] index Ef7#f & FRZEEDIEA
JHIEE Q28 A i L 7o R AR L 7o, IR T
i3, ZEdFEEO BT 5 —100% KA Tl MatiA
BZEBEDONLD - 7o, 2 FERIOHE T KRFHE
D E & bICKEL %D, —20% K s LI E
SRS AIC K E 7% (F7ebbh, HEIZaW
BRTICALE %) A Liz. ERREORA R
i, BEME30X S E CTHREENERSNS &
LT, ZOBRBDOLNE L e 7. IRARET
i, ASEm Tl &R, $hEJim Ti75%
FLARERE & C VA ERICE WEEY R L 7.

Fig. 912i3, RLJ index Efrff & FALEEO B
FROBEYIINC 310 % T RBIET A DB By 4 g L
Tk AR U7c. RBAS, JERAMT, ERIATICILE
L T2 TORMAICEWTAEREZIRDbNE D>
7=.

Table 3 1213, RL]J index Ef7ff & FAZFEOT
TIVR, BN 3510 % FIBIEI AR I OV TR
TS LB EemoZtEsnL7z. €7
VR & EBIEI A S L S YIRTE R D &
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Fig. 7

The comparison of segment angle and angular velocity of thigh, shank or foot segment of Rebound

Long Jump test between upper level group and lower level group.

- ——: Upper level group
——: Lower level group

% : Statistically-significant difference between upper level group and lower level group.

BEREEVPRDOON, BN TR /I
fEAERL 7.

V. & £

1. EAIEETHBEOSE

ABrgeo Bk, &\ RL] index % #1154 %
7O OBY R OEMER ZH 6 0Icd5 2 &
Tholc. TDDITH 3% RL] index D
¥IfE (24.91m/s) %##E#EL LT, 5HONRHE
% BB (25.20—31.08m/s), 6 HONLHE%
FALEE (24.88—19.52m/s) & L THES L 7=,

ZOFER, Efr#RICiE [National | L)L %)
%% 1 4 ¥ [University | LVt R E N 3 4,
[Division | V)V OREE 1 HBRHEH I N7k,
—J5 FALBEICIE, [National | )L OXt4E 1

% & [University | L)L D% 5% 0 2 4, [Di-
vision ] LIV OXRFEN 3 H5 sz, RL]
index TiE, FEMRBER =ZBBEOBYIEIEICAFES
BHE 2 DINT 5y =<V ABHEROHF R H, KF
HE OPRGHE A e/ NRIC L 728 B & i KPR O SR 8
AR HHERICE L CaHiid % C & 28FRE &
705 (EMIZ2, 20135 2014). —J5, EBEOE
TEBEC =B Bk D /N7 5 —< v A, BSYIEEIC N
2C, WERECHEUIMOBRN LMo )7
Ny, SROBBERPEEICIERT A L
ICkoTHRESINS. TNHDOT LT, RL] in-
dex & AW/ BIEFHEZEE, BEO NV —=2v
AR ERE L /B YIRAIC B 5 20 2 OHIWr 25 n]
BELMA T LRl CWh. EEIC, [Nation-
al| UN)VOgEE N%=H L7s/» 5, RL] index C
IR RBIT BT HARWE A 7R L 72 Subject
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Fig. 8 The comparison of swing length, swing height and velocity of center of gravity of swing leg about
horizontal or vertical direction during takeoff phase of Rebound Long Jump between upper level

group and lower level group.
- - —: Upper level group
——: Lower level group

% : Statistically-significant difference between upper level group and lower level group.

B, [University | L NIVOBEHEHE L 7RO T
RIBEIC 3 FE X M7= Subject D, Subject K i3, &
FERENEB L2 bh, BUHEMrsET S
SICKERFEARL T e, TOT LaHMOR
BT 25 &, [Division] V)V OEREITH
HICHEDH BT, EMFIC B I N/ Subject F
< Subject I1%, HUIHEMCide<, BEERESR
BN WO (BEFRIE 22, 2014) 12B
THIN oV TR RET AT EARRR E
ITHEEZLTENTES.

K FRO R E % AR L TARRIC B L 7oks
H, 2 B RL] index I3 B EEDPRD BN/
7, B, ARE, EhEECEAEREETIZRDOLN
Tipo>72C &5, RL] index DEHIT Xk A5
FIEHEY)TH 5 ENERTE 5 (Table 2). &
7o, ERIEECIIAEEICK X AR - BRI
WM 2R L, AEICHEV RL] index A 7R
Liz. IbHDT i, EfTifse (REFNE D,
2012) TRINTVWAB XD, EMFEFRL] O
B R A EET 5 L LI, TomEMINE
HIRFRI OGO TR E I EB R ERL, ES<
F TS C LOTE LU 2SI T 5

CERTBETHLDTHAS.

Fig. 101, EA2#E & T AR O F o SR 71 58
F14%4, T7%HH Subject A I/ b EV RL] in-
dex #7/R L 7%t %%, Subject B i3 &K\ RL]
index 7R LK REDOAT 4 v 7T F v —%
RLUTz. ATl AR OT O BYIEEA, &
\WRL] index % #1533 % 72 OB YIH AT & L T
(L@, EA2RE & NRLRFO Ml & 1T - 7.

2. BUR@EICHTZHEMHER O tHE

KON 1 OB L, LR L FAREOR
YihfEx £ Wb, TNENOHKEITD Z &
125 T, RL] index % i % 7 b OFE I E R
BHONZT AT EThH- 7. & RO
HOIh OE FIVEH TIE, EEEICBId AHE DA
ICHEBEENED LN/ (Fig.5). 72, E5V
AETIE, RS TR CIIREEOME Tk
WL CTWah, BRI ERICNSL, TDk
OIZET IO EIERHIF & /N S WEICE E - T
(Table 2). %7z, EMERS AR & EL T,
BURICAEBICE CEEREREYH L TWAH I &R
B O 72, BT IVOEMZAE A E
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Fig. 9 The comparison of joint angle and angular
velocity of thigh, shank or foot segment of Re-
bound Long Jump test between upper level
group and lower level group.

- ——: Upper level group
——: Lower level group

Subject A (RLJ index = 31.08 m/s) | Upper level group

Bl NS ToEEREIE &S B & b I
YNC I % BEHIREIH] 2 K 9 5 70 OIT/E & 4.
AT BEEERE H 1 3o\ TR TR & 7 BRI EE =

Table 3 Variations in model length and angle of hip,
knee or ankle angle during former or later
phase of takeoff phase in Rebound Long Jump
test with the use of 3 m Falling Jump distance
between upper level group and lower level

group
Upper level Lower level
group group
Change of Model length
Former phase (m) -0.06+£0.03* —0.12+0.04
Later phase (m) 0.16+0.06 0.17+0.02
Change of Hip joint angle
Former phase (deg) 2.20+£1.56 -5.27+4.12
Later phase (deg) 28.70+5.47 24.12+6.00
Change of Knee joint angle
Former phase (deg) —11.38+5.80* —21.21+7.98
Later phase (deg) 31.59+5.25 27.40+3.75
Change of Ankle joint angle
Former phase (deg) -14.25+838 —21.14+6.47
Later phase (deg) 39.00+4.06 42.53+£10.79

*: significant difference between upper level group and
lower level group.
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Subject B (RLJ index = 19.52 m/s) | Lower level group
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Fig. 10 The typical examples of stick picture, inverted-pendulum model, center of gravity of swing leg of
Rebound Long Jump test of upper level group and lower level group.

: Inverted-pendulum model
@ : Center of gravity of swing leg
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BRI 2720113, BYPICET VR mE TR
SHBHILE, BETEEREIESZED2HA
BEET S (KEFIE2, 20125 =H - KT,
2006). AHEOEREEE TS &, ELAFITH
iz thz Bl TRz S ® % & WO BEDOHE
I &> TEMFFRIZ M L2 6, KBk
HELEEL TV AT LR INA. ks, W
ORGIERNC B 2 A FEOLOEHEEICIEE
EZMRRDOONIE o2 &6 (Table 2), B
BB YIS 5 2 OFMNERIC X - TRV E
EEEAERL WL ENHETESL. ZDZ
EPERRICE AR & LT, 2 DORJEEMRE
26N 5. F1OEMEET, BohicgEmsT
&5 R A BRSO LT, FiEE&E TR
RS BI2DD B> TWAHI ETH
B, —77, SRR LUEhERNIC S W TET IV
OEFSEBEICBEICAREPEL TWA T L2 EE
F5&, FE2OFEMLEEL T, HFEELOLHE
WD B < Th, T2 F R ORf &S
T CICH AP EERORE % F 5 757 SN [
Do TWHI ETHSH. £ TRICHE, LAifEs
TRLEFOZEF RN B0 57 IVO2%EE) & Tt
T AV OEBICER L THRE L.

3. BUNEHEIOEHEEICE T D HMHER
D s

FRROERE L LICL T, RIS MRS TR
OZEFRHEIC BT 5 ETFIVEBO % 4T - /-
(Fig. 5). ZOfER, LUFFOETFTIVAEL -
100 % B ST FAZEE L D BB/ S Wl % R
L7, —40%FFHRICB W TIIABEENRD D
N 7e -7z, —7J7, BHRHEEETIE, —100% K
HTRABESPRDONZ - 12, 2 FEHOE
IR ORE E & BITHIRL, —30% RF S LI
ICBWTHREPRDOLNA X DI h-72. TN
LOZ PG, BEMBRZEREEICEWTET IV
OEERALT KEL 52 LI k- T, Bt
RIOZERRHEIC BT, B OEELE % (24 JEH
D DIDHDEIEHEE A R L THoZ EPRES
nic. 7xds, BRI TORERZEENIC OV T
SR A FP IS S AR LA MRS EAALHET S

CEICEVEEAELTWAE I E L, HEERELEY
RO L CREAHRIANC FHICE [ 2 Rah 5%
FBICEVEIEIPEL TWAET EREZLNS
(Fig. 6). HiFXHEELNITT A LHEMES S
7E, BB FRBEM S LB\ ERINSE)
TETH D, BEOBEITIHEETD EOLOHESE
TR T BHERA 7D, BAORELE 2 LF)
TECHHI ENMETES. LrL, EFIVEE
DOREEMDHIICER LR ZT T, 202
DD EH LOEERZEF) A U T 7D % HKr 4
HTLRREEL A, T, SERERLOKES
M N ORLEZERL D B R BRSO IKSFEF [~ DAL
BEMZWES S LT, BRSNS
RELOMSEMEHH L /o (Fig. 6). ZOfE
DIEFRICK E T NE, FEELH RO LT~
FORLGESICHMEL 22T L, AHBICKE TN
X, BEAHEELOTFHA LG ERINALD
ICHERB L 72 &2 BRL T 5. ZTOREER, Wik
EBITHEEOPRILD LT EFE DAL L DI
HEAE L 72 [EERBE R T O N Tz, —T0%
RMLBE T EMEOEAERICE WEE R L 7.
Dbk Emb, BT, BYsEtgiozh
JAHENZ BT, FARELA RO L ~FE DAL
E OO BENZEITINTEY, INHE
s LU BYIhO€ F IV O RIESEE 7 5D T\ 5
N =Y N e

4. ERBETRBMOBRMMWERICEVEZEL
SH-ER

EREREE MREOT T IVEENCE D B/ ME
T RA SR/ ERE RS L7201, ETIVDOE
e Tt AV OB &~ L L Tl
HELT- 7. 22hREICOWTE, HFERELOK
Y EEY I HER ISR EI NS Z D, Fall-
ing jump OB YIEEITKE T 5 HERAD K E .
L2L, BB E TRRHICRD bNIcFEEN
BB & e 5 —30——40% I B W TEILT 5
CEHERETHE, RN EMZE L 72DDR
YR BAHIEL T2 RN D 5. LAAFE T
MFEO T 7 Ay FEENCITHEEDRD b
Polol Enb, ERFEICET 5 BYHOZE
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WIEHER WS SO - 72 (Fig. 7).
ZIT, UM LB CEITShAHHTH S
RAMO%E (Filids, 2009 ; KK, 1996;
Zushi et al., 2005) IZEH L7-. 7=, IEABE
IRAICHFET S 3 DO L7 AV BB
HEPNCIER T A LIC k- TEfTshA, 356
I, IRABHEDER) S X — NTEREIC S - T
BT B 0D (FER, 1982 ; WigiZ
2009), IRABYEA—FICHE T A LICITHE
PES . —TF, HERLOEBIHE{E T A
FELOERBE»DREHINSZ L EEET S
&, IEAHOZB ) IRIAHE OO N LB i
25T LIk T, RIAMB T FEOZEEITS L
THZIEBILOWIERTEDL LHBIL. 2
HHORAHELOZEB 4 g+ 5 &, —100%
R CIRITIE FRRDOALE H DIRIABIEBBHIA S 1
Tz, ERBEDOK T I RN DIRARE NG E
CEWMEA R LTBY, 2 BEROERO 2R
OFEE L BITKELTD, —20% kS LIRERIC
BOWTHBEERRDOONS L D17/ -7z (Fig.
8). TNHLOFBRIT, ERRHEICKTSET IV
DEHERZEENCFRD N7l & —F L T/ IR
AHELOR BRI CEE Y, BEEMNICHAED
B OMBERRICHEY 5.2 5. b
B, EMFTETERRTOZESREIC ST, R
A% K X iR (RO £T) ITED EW
HE TR AN EBE SRS LI k- T, Bl
SIS 92 FAE OO N OHEEIZHBR L 72
R, EhREICET €T IVOREEEAK X 7l
B % 5\ R Tl L O T REME AV RIE S 7.
wIT, BRI OWTERT S L, EAEEO
FRZERBEICE T LD B EONT  ICBE S &
TW7iRAME LS, BEME30%K S THEE
ICRIHICAZE L Tz, UL, IRAMORIT~
OB EEBEICIIHBD A LD, 2FEEOM
EIIRE OB E &SI/ LD, 30% K
LI CIERIEOEE R TICE - 72 (Fig. 8). %
7o, TRAEEICOWTIE, 2dEms Skt L <
M E T EBEAEEICE WVESHERL 2. —
Ji, B HI0% KRS T TICB T SO T
ez 7 AV FEENCIE 2 BERIICEBZENRD D

NAHEBIZHFLE L o7, TOZ L%, BUE
HE DT T )L [ElRHE B 2322 R RE I ds0) 4 i
DOFET BEIC K - TED BN TV aTREM: 2R
Wl CT\W5b. L7ch- T, BEHRTOEID 5 5
YIS - URAH A FR S IRAL C &3,
RL]J index % & % 72O DB YN B 4 5 BTy 2
RD1OTHH ENHLNITm -T2,

—75, BYIHO TR AV Mg, Bkl
KRR LBEIC S W T 2 HHICAREZIZ DO BN
7l b, BEHBOBRERICHE 5 2 T
Il EMEZONS. BT AV FEEIZOWT
i3, TR CII20% F s LI, R CldEhE
B GEEtE T, BRSO L D AT/
IAMBICHEE > TWAT EBRWLMITH - 72
(Fig. 7). TBHDT &%, EMEEOTTILVZEE
ICOWTDRREEZERBL PN OEZ DL, EAFE
TS JUCRTOmE&ER A /NS <52
LIk TETF VORI A /N < L, FkRH
OBTTIWEL FTL TWAZ ENHERTE A, &
7o, KIBEOYL 7 AV FAEICAEZEPED LN
TN IR LT, TRREOEs A R AN
SRR L/ &, BRSO MBIRELES
ZEbinh. O EERMBOBPHTRZLE, T
(RO OB, ALY SR ER
JEIBAEL T/ EBFHETES. EMFEET
(LB ORI O T 3 BAMIIC 351 2 BAAi A D
ZALICHEH 5 &, BIFiEOE /X — 121
HEENPEDONR WD (Fig. 9), BEFOE
MR TOLRE D EARE R D b ARICKE VLT &
P G757z (Table 3). [FEHEOEAITET
WEICLED BN (Fig. 5, Table 3), £EFILE
T RRES & KBS & B EOREEHIC Sk » TRE
SN 5B OB REE L TV 5 ATREME 2 B
L. BUNREREICA L SBESo Ty R
v J I BN AED A i, RFmCBsT 55
OB % (B S5 (BEARIZ, 2014;
Muraki et al., 2008). L 7% - T, FE#iFhoTsT
WO E & B/ 2 OFERA & LT, B
B OMRIRAE A MR U CE T IV O REZE AL % P
T5 28, TabbEBEEiAE A RE T S TR
EKRIBIBD 7 A b HE O E B R 20 Bk
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DEFOENS. V7 AV FOREGEEICEH %
&, MFIC IS L T T R 25 ok
L, ZOHRO TRREBOBEEIT R I L T KRB 23 n
L, RO TREEF OB L TR InHE
DH7oHINTWSE T EBRDOLNI (Fig. 7).
INHDOZ LiE, THR3IEZ7 AV FERHEES
o THEB L AL HFHERLBELHERL TW5
TEHREBWRLTWS. £ 7 A FOEEEE %
Higd 5 &, 15—30% W IC60—80 % IF 21 %3
WT EARFO KRR AEEICES MEEZ R L 72, B
T E LI 4 U 5 RO 2U7s I icxf L <
KERER O EIELE EE AT & 243, BRI O JE il %
FREIEL. Lo T, LARHIBYINE R
1351 B KR D el B A g < AERe L ClRaE
O A MET 52 T, FRESOERERZ O
I E S N/ KRBT O [ElfRA & E) S & 5 771
BEL, 51EHE< BHEIC I 5 KIRES O alx % s
BElfEFFaniztEZ2o6n5. T ZETOMRE
AT 4w I VT F v —THERT S &, EAHET
R LU R T 7 © UM T BRER O (el Bix i FH 23 31
Nz LTz T, KBESAEER T~
L /2 2 kD, TREEPETO LT E
WL THY, BEELNITHA LK E S
LEERRD N, —T, FABEETIEED
B, TRRIAETL TRELEERL 722 SIS L
TARBEMOEEEE /NS p o/ &b, B
HinkESEBIND X DICHITTNEHEAEL /22
ED D, FERELOFT OB/ S W HEiPHIC
ME->TCnWh T ENERTES (Fig. 10, 0—40
%). TOT LI, TR E KRR O ORI B 4
LHB PRI ETIN T WD - 72T EEIR
Bd5HLDOTHA5. /bbb, #ENn/ RL] index
TR B 72D OB OB UIRATIC >\ TR
YT AV N EHOBEPOERTH &, EHER
O TR OMEEE 7 Bl 2 P9 5 & & bz, KhR
WOEGEEE A ED L LT, P27 AV D
[ % S RANC B S W 5 Z L SEE R L
BT EBNRBEINI. T, 755 R DAREHEHD
ETICBWTL, SHETRANOIRARE S EIC
EWMEZ R L7 (Fig. 8). #RAM A L~ &5
& RIFBEEE, FAELEBEEINC BN L HE

HESHDTEn6, TRESOMWRBIER RS
HIEAEE > Tw5b (FLEh, 1994). TnbH
D e, IRAMOIERITEEIE RO Y R
ICRBWTHEELFEELE S T 5 EPH L2
IZ78 - 7.

UEDZ EH»5, &\ RL] index # #5845
7oOITIE, ZEFRRE D B & #EAE L B YR
il L TIT N AIRAHOIRABNE &, BiY)mmE
IR AEUIHO TS AV A, #Eihmk
Bl OIT LT RRRES, KBRS, REESONHIC B4R
T HFINE S T OIS ER SN D 2 LM
LTI - 7.

V. & #

APGEDO HIVE, AKFESHRANDNY AT 4 v 7
TR HAE Y A 7 )VEB ORITRE 1 & F I
B E M ¢ 5 RL] index % P& 3 5 BREE R fiTIC
OWTHLNI TS ETHo/z. COHNEE
KT A7-912, RL] index BENA5I%E (Lir
B L ARGE (PR OBHERT, O Hi
ICE LT TCORBYBEZTTIUEL, 2 BROM
EIZOWTHRH L. 361, ZOHWAL NI
SRR AR S ABERICH LT, Fts
AV FZEENCER L RNz 7z, BYIEED
ETIARICHE, S fh S RO & R SA RS
AT D KRy N FEME— R U 7 23 B 81853 5350
RO FRIDEERE T IV & .

RO RP 6, EEGFETITHONASRL]
index % & HHEMER & LT, #EboHF &
DIEEHEIH A /NS K EEICER S 5 2 L85
Pl o7z, £, TNHHEWREICT S72DIC
i3, BHETOZERREICEWT, KA K E
WP (AT £C) ITHE D EVEE TR
ERBBSE L T L, BEidici, FESRT AV
F A7 L CEEER I, &2 7 AV F OFEAH
% [BlERFR T L CRBRES, KBRES, RMOIEICK
Fl A PN 3 S Al S & S IR A R S h b
CEBHL NI T2

ik 06, RL]J index (3224 C O UIHE)
TEOFIN D LIRAFIE, HEHFRO TR A F
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DRI LS Bl IC B 3 5 Bl R )
Bl OFHM A TRE & 70 % & L R B T8 - /2.
RL]J index (3 FEREDEIEBEC = BEBkOBUE & DR
RiEDE GEBEELELUL TWAH T EMD, A
PH3E TR BN RIT FEBEOE IR =B kOB
PO F LV —=V FICEATE A L% 2
bN5.
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