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Abstract : The present study was conducted to clarify points for attention, and to determine an effective
method for the single-leg rebound-type jump (SRJ) and double-leg rebound-type jump (DRJ) in plyo-
metrics, by investigating the joint kinematics and kinetics of the takeoff leg in the sagittal plane. Twelve
male track and field athletes (sprinters and jumpers) performed the SR] and DR] with maximal effort.
Jumping motions in the sagittal plane were videotaped with a high-speed video camera (300 Hz), and
ground reaction force was recorded with a force platform (1000 Hz). Kinematics and kinetics were cal-
culated. To evaluate the force output characteristics for a single leg in the DR]J, the ground reaction force
was divided into half, and the data were used to calculate the other kinetic parameters. The overall
results of these analyses were as follows:
1. Inthe SRJ, the jump height for a single leg and the landing height for a single leg were higher than in
the DRJ because of the higher mechanical power used during the eccentric and concentric phases.
2. In the SRJ, the negative relative work at the ankle joint was smaller and the negative and positive
relative work at the hip joint was larger than in the DR]. These results affected the characteristics of the
SR] in that although the jump height was higher for a single leg because of the greater mechanical work,
the force output time was longer.
3. Inthe SRJ, the joint extension torque at the hip joint was larger than that in the DRJ. This may have
been caused by the greater landing height for a single leg, higher body weight on a single leg, and the leg
swing motion.
4. The RJ-index for the SR] was correlated with that for the DR]J. Moreover, the RJ-index for the SR]
was affected by the joint torque and joint torque power at the ankle and hip joints.

These results suggest that the DRJ and SR]J are effective training tools for improving both technique
and force output ability in order to (1) prioritize the power output at the ankle plantar flexor in the DR]J
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and (2) prioritize the power output at the hip extensor and increase the ground reaction force and hip ex-
tension torque by leg swing motion for the SR]. These findings are useful for clarifying the points for at-
tention and for developing an effective method of using the SRJ and DR]J in plyometrics.

Key words : plyometric training, stretch-shortening cycle, joint torque, joint torque power
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Table 1 Contact time, impulse, jump height and R]-
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index in SR] and DR]J

Variables SRJ DRJ
Contact time (s) 0.219+0.022*  0.147+0.019
Ecc. (s) 0.097+0.010* 0.061+0.009
Con. (s) 0.122+0.015* 0.087+0.012
Impulse (Ns/kg) 6.97+0.34* 3.81+0.20
Ecc. (Ns/kg) 3.39+0.15* 1.81+0.20
Con. (Ns/kg) 3.58+0.30* 2.00+0.16
Jump height (m)  0.309+0.032*  0.503+0.053
RJ-index 1.420+0.185* 3.469+0.574

* represent a significant difference between SR]J and
DRJ, p<0.05.
m # R

SRJ (X DRJ & K L C, RJ-index 35 kU BkIE
EIEERICES, BYRRITE T RE A& TAT
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L, CobEs (& Tm) whb/zvicl Tk
B L7-%A1213, SRIE DR] &L T, #iC
BFRICELS B I LHROLN/ (SR]: 0.309+
0.032 m vs DRJ: 0.253+0.024 m).
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Fig. 1 Averaged patterns of vertical, horizontal and
lateral ground reaction force during takeoff
phase in SRJ and DR]J.
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Fig. 2 Comparison of mechanical power during

takeoff phase between SR] and DR]J.
*represent a significant difference between SRJ
and DRJ, p<0.05.
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LT £ TATD, BYEEEEICH T TR
TLHRELCH N EHEBDOHNT (Table 1).
Fig. 21Cid, BEODME L7 EMNNT —%
H7=DICL T, Ecc. XU Con. HHEIZH T TR
L7z. SRJEDRJ L IEL T, WEHEE LICH



148 KTLLE A

Table 2 Angle and angular displacement about the an-
kle, knee and hip joints in SRJ and DR]

SRJ DR] SRJ-DRJ

Ankle angle (deg.)

landing 148.62£9.40 141.42+6.95 7.20%

minimum 112.93£6.66 110.09£7.50 2.84

takeoff 156.58 £4.41 158.68+£4.81 -2.10
Dorsiflexion 125.69+£8.35 121.33£3.86 4.36*
Plantarflexion  133.65+£6.10 138.59+6.78 —4.94*

Knee angle (deg.)

landing 156.81£5.01 145.46+4.94 11.35*

minimum 131.85£5.15 131.83£5.38 0.02

takeoff 172.77£5.14 171.66£5.10 1.11
Flexion 24.96+6.27 13.63%6.45 11.33*
Extension 40.92£5.53  39.83+5.73 1.09

Hip angle (deg.)

landing 165.74+6.45 161.27+7.67 4.47*
minimum 152.32+5.85 158.20+5.13  —5.88*
takeoft 166.60+3.78 177.08+£6.50 —10.48*
Flexion 13.42+4.10 3.08+4.97 10.35*
Extension 14.28+5.15 18.89+4.11  —4.61*

* represent a significant difference between SRJ and

DRJ, p<0.05.
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Fig. 3 Averaged patterns of joint angular velocity, joint torque and joint torque power about the ankle,
knee, and hip joints during takeoff phase in SRJ and DR]J.
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Fig. 4 Comparison of mean joint torque and mean joint torque power about the ankle, knee, and hip joints

during takeoff phase between SR]J and DR].

*represent a significant difference between SRJ and DR], p<0.05.
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Fig. 5 Comparison of joint work and relative work done by joint torque about the ankle, knee, and hip
joints during takeoff phase between SRJ and DR].
*represent a significant difference between SRJ and DR], p<0.05.
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trunk by arms and free limb and hip joint tor-
que about takeoff leg during takeoft phase in
SR]J and DR]J.

7235, SR] DARITHFAET HIRAMIC I 1T % $HiE

EOIEE L, BYRHO0% i & TIEDfE

THERS L T\ AEA AR L. S BRI TR L 2. IOIRAIC L A B
Fig. 71213, BORAIC KA vy, IEAHIC V27 1d, SRI TREYIRE D30% 457 5,
5 P IV7 B LU OBBIL RV 7 OZEAL/S DRJ Tid20% 131 7> 580 % £ 3T = TIE D THE
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BL, TOBRADMETHE T AEAA ALz, I
AMC X5 v oid, BYREO40% T % T
EDETHRE L, ZOHRA DM THR F A%
w7,

Fig. 8C1%, SRJ ® RJ-index ¥ DRJ & RJ-in-
dex & ORIOMBBERE R L /2. WEORICE

HEMHBIBER (r=0.827, p<0.001) RFEDS

2.0 y=2.574x-0.186
l n=12

3 1.8 O r=0.827
2 p<0.001
= 16
w
-
R
T
=
2 1.2

1.0

RJ-index in DRJ

Fig. 8 Relationship between R]J-index in SR]J and R]J-
index in DRJ.
1. represents subject of good SRJ ability

niz. 7xk, Mo RANE, SR] O R]-index 7
&b E Wik (Sub. A: RJ-index; 1.850, Con-
tact time; 0.173 s, Jump height; 0.320 m) & &b
K% (Sub. B: RJ-index; 1.255, Contact
time; 0.243 s, Jump height; 0.305m) Z7/xL T\
% (DUBEORPITR I NS RHI S RFICH - 72).
Fig. 923, SRJ @ RJ-index & Ecc. [FmDOF
¥rovr, Con. REAIDNF¥H Ly, ADFH
W7 IR — 8 LU IO RV 7 /87T — & DRID
FBARIRICOWT, BB XU znZzhIizo
WORL 7. BBFIICIW T, SRJ @ RJ-index
L Ecc. REDFEH NIV E O (r=0.716, p<
0.01) IZHHBARIGR 27RO H 41, Con. R D4
RV LD (r=0.530, p=0.077), O+
W7 N — LD (r=—0.566, p=0.054) IZH
BIBARO B HEM B A BN, S 5IZ, Ecc B
DIV 7 & Con. REIDFE F Ly LD (r
=0.937, p<0.0001), ADFE L7 /N7 — &

(Sub.A). .
“4: represents subject of poor SRJ ability EDN# RV 78T — L DR (r=—-0.757, p<
(Sub.B). 0.01) ICHELMBERERSEO bNsz. Ei, K
O :Ankle(n=12)
Eee Con o:Hip (n=12)
2.0 ~ M 2.0
oo a o
1.8 O :y=0260x+0601 1.8 w W O :y=0236x+0729
r=0.716 r=0.530
L6 o oo p<0.01 1.6 o o_~o - p=0077
o o o %o
1.4 O:y=0139x+1.075 1.4 O :y=0.164x+1215
a 0o, @ r=0.650 o nlﬂ - Q- 20 r=0.595
E 1.2 3 T p<0.05 1.2 4 (i p<0.05
«2 1.0 . . . . . 1.0 .
E 0 1 2 3 4 5 0 1 2 3 4 5
» . "
= Mean joint torque in SRJ (Nm/kg)
= ; s
;.' Negative Positive
.0 2.0
& 2 ¥ yo o
1.8 1.8
O :y=-0.020x+1.089 O :r=0452
L6 o o o . r=-0.566 L6 0.0 © ns.
o O p=0.054 o
14 u 8 d!:) o.-9 L4 o OO O :y=0132x+ L141
[u] 3 o] O:r=-0373 r=0.785
1.2 ﬂg. a OOF.O ns. 1.2 OF, o o p=<0.01
1.0 1.0

0 S5 -10 15 20 25 30

0 5 10 15 20 25 30

Mean joint torque power in SRJ (W/kg)

Fig. 9 Relationships between RJ-index and mean joint torque, mean joint torque power about ankle and

hip joints in SR].

1 : represents subject of good SR]J ability (Sub.A).
4 represents subject of poor SRJ ability (Sub.B).
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BIIIC 5\ Tix, SRJ @ RJ-index & Ecc. B d
S RV SO/ (r=0.650, p<0.05), Con. &
HWONH F V7 E DR (r=0.595, p<0.05), 1E
DFE V737 — LD (r=0.785, p<0.01)
AR HEBBEGRPRD bN, S5, Ecc. H
DOV v 7 & Con. JJEI DV V7 & D
(r=10.920, p<0.0001), ADFH L7 /T —
EIEDFH IV 7 R — LD (r=-0.643, p
<0.05) ICHELMHBEBGRARO SN, ki,
SRJ @ RJ-index & BEBIHi O oL 7 L O
(Ecc.: r=—0.169, p=0.610, Con.: r=—0.186, p
=0573), BXUFHF VI NT—LOH
(Negative: r=—0.092, p=0.782, Positive: r=
—0.047, p=0.887) I AELERKEIRZA LN
Mmoo,

N & £

1. AMRICETDHRE

RIFFE T 2 Rzl = FE % 2 &I
k-, ZFEMOFR<T 4 7 APDARIEE,
BHWT IV R IV NT —, RO REF
BHDICL T, mABIICTEWMT 5 SR] & DR]
OFFEICBET AHEZH LML LD L. £
DI=dIZ, HEALSR] BLUDR]# L —=
VIZFREL L THWTERD, KERFEChE R
wHE[Y &+ A AERERET I L U BEET A xSRI
L7z, &7, FBREME I 2HEF#HE 5
IKfTHR BT LIk T, WY v HEEERA
BITRELIfTOZERTEL DL, £
OFEHE, ABIFEIC 350 %5 DR] @ Rl-index %, H
W—likE ESELETF 2% & L 7-ffi (Tauchi et
al., 2008) & H#EL CHmE<, BERVEIEIC XS
Bhigm OEn= (Laffaye et al., 2006) 7z Jn%k L
7-{E (estimate value of RJ-index=3.299) & [t
L ChEmWHEZRL 2. RERIC, SRIICOW
Tdh, NAF v FR=IVEFEXHRICSR] D
RJ-index Z# 7R L 728128 (Miura et al., 2010) &t
WL CRWHEERL 7.

LEDZ B3, RFROEEEDL, WY v/
FEENCEBWT [T A2 THTREA/E<, 2o

m BT 5 LV O EERREY, ROTEWY
AR THTNCETL TV BRI HDTH
L. Llch- T, KBHEOERERIT, ZKBH
TEHMid % SR & DRJ T & % He itk OHAE % 5
FTHLDICHELIZFFETOLDTH -7 FE 2 DN
%.

2. DRJ L& M HHF= SRI (CHTHI/INT
* = A0

SRJ (& DRJ & Mg L C, BEUIRFRIG R <, Bk
BEi K EAE /R L7 (Table 1). L22L, M
H1-DTHhBHE, SR] DEki#EE L DR] ©61.4%
Ll Tk GO%LLE), B/ TIEED
FSBS T ENTE HHEEH TH A Z EDBRD
bhc. E/z, SRJ & DRJ & 11C, #EfpkiE T
BLHIEND, FIOPECESL PSR, K
DOBE~NDE N & 572012, K0 Th
TBUIRTEICZ T 1k BT T 3oL — L FERIC
FWC EPHERETE S, S6IC, TS —ig,
SRJ 12 DRJ & H#g L T, Ecc. 3 LU Con. fHH
CEBWTHEBICAKEWT LT DH BN (Fig.
2). L7eh->T, FMB) TAREHEICE,
SRJ I DR] & L T, Ecc. 8 LU Con. F
EHICKRERNT—"FHEL, DRI LD LEW
PEE T EST L L LB, IDEVEIPLE
T 5HMKAEZITIED, G)0RL &h 6k
TfTo> TWB T LRI Nz,

Wi, BUIHO TSN e L /tFICER T
%Y, SRJIZDR] &g LT, KBESICKT S
AR JIUCEORSHTLF & COBERENP KTV &
HERD SN/ (Fig. 5). BBEIL, KEBHON
SR Y OKE iR OB OBHES
SRNEL TWBHT LD, BOBKE R NER
T X DRG0 - BEENRE Y BT 52 LIRS
NTwsb (KFiEs, 1998). ChbHDl &
5, FHEEICTh % SR] i\ BkiEm v R L
s O EGMIE AT CE LT RICIE, KELN
TR TE BRBIMOBBRAAE W &0 D Btk R
WELTWAHIEAELZLNS. THICHLT,
JEBAFITIE, SRJIEDR] LHEE L T, ADLH
DEBRE D/ PN Wl AR L 72 (Fig. 5). U\
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VFEIY v I B W OB YIR R A e A 720
Wi, BESRPHEET— AV FOKEREETM
(BBEE) wB A9, MIFRICKE3N\T —%
FEAH T & HIEENY - BREERVRRE % 3 5 BB O
HMENPKEWC ENPEEICE A Z EDHRINT
W5 (K7 - @, 1995 K7iE7», 1998).
N6 L6, SR OEEYIRFREZ DRI L0 &
7 AERICIE, RESICLABDHFEOERE
NS, IRBAENIC X % Ak LUEDHFEOER
ERAKRED, ThbbRESMAHELETL RS
ﬁ%%&%bf%<%$”&if%%ﬂ ﬁﬁﬁ
TOEBEITICRS D &0 D EEEE SR L
W5 C fkifi%z%ﬂé.

LT@&%&T&%%%@@%KWEﬂiD%
BFIcoOWTiE, O)SRIZHHEBEYTITH L &
6, EEmMBELS NFMCRLEETDH, Th
ICR T 2 FEEEOME NS W NIFE AT T
W5 &, Qe RSN X A IRABIER S S
H528, QOFMTHREEYRIFT S0, §
HE DREMICE G- 5 107 B 0 R AR
WM HNRAEEENE ST ST L, WRMBZ0 5BE
FIA20WEOBAFHREENPKE N &, UED
CEDHRETES.

9, WOV TE2 %S E, SR OEKEIT
DR XD S EAHFHMICEWTEHEL /ML k5
tEzb6nA. L»pL, SR] & DR]J & DRI,
B R DR IZ & B I DZEAL S 50—/ %2
ZFORESITENIR L, HERARKIIOKE S
ICHAE L T TN SWETHER L Tz, &7z
SR] OFEAFE OB K % HTH K I 5T
i, OFHHORIERK T LD LD TS WET
BolzZ D, WERTIORRED O3 HR
DT, REmE NFEMCARLETHHC &
WCho TEVWHELTWAS LB 2NV, K
@I HOWT, BEIC kT Ak KO MO E E
ODIEE L B L. ZO8E, DRI ICET
LWEOHEELIGEEL, BYREO#I80% %

ECHEB L TWaDIicxt LT, SR] TIdRE
YR DOM10% £ THAICHB T L E R L
7= (Fig. 6). TOZ &, SRI Tk 5lEOHR
REHEPFAREOLDOIEDNEE b S ¢ Th 5

Z b, ThpbLFEMENI AL S8 5S X DI
BEREL, Ecc. MWIICEH W TIIEEEH 1T -
TWal EREEINS. —7F, SRICKT S
TRAHOSRE EOIEREL, BYREDOH0%
FTIEICHERL Tz, 6D &b, SR]
IZB TS HOIEAEEIX, Con. HHIZ B\ Tl
WEDOIRAEYE & I EREIE K A RS/ 5 &
DI < 2 & T, OB L D bR & T w Rl
TELBEE (KT1T, 1998) OEM A A&
<L, mWBkiEmr R CTE/ll LB E LA
5. ZOFME, ROV BTV
T =R ONEO L A THHMEMLZ TH
L. WIZOWTEZ2TADE, SRIKKBT SR
M-V O TEEBERAMAPRES W ERTE
ERITL, BREAMOBEMMPKE <%0, Evbig
EBEERTELIEREZLNS. &k, Qo
T, 2 RIEWEEHENC & & W T\ B RS
OFEDSHM 5 LIIRAETH D, 514,
3RTCHI TR EHNC & & DWW R #4562 &
BB HTHASHD.

DEoZ b, mKREIITITE L2080

ez k<, 2om BT 5] LW EROD
ETEREL TWAICLBH 69, SRIGDR] &

LT, BuBtiEs2ER T L1, LD
BWE FTEPOOHEEZITIED, DKL Ak
HEfEEA T > COWAEETHHZ EHBHL
IZix -7z Fio, BT ERTE L ERIC

X, FHB 0ok TELHEAMPRKENS
b, B NG X A IRABIEIC & - TR E /8
BEHER NEEERTE5E010k5 L b1, &
TUTEE - TN T —RIFICEN TV 5 BRI O Eik
ERPNSL TR, KELNOFBICEN T LK
BAE O BEBRE 75K X < 75 &\ D BB O fEAE
DRI N7z,

3. DRI L& M DKz SRI (CI(TEENE
D

SR] (2 DRJ & L €, BEBIENIC B 5 g

HHEP NI EWSEMERFEARDOON

(Table2). L& L, #ialL7=XS5iC, SRIiZ

DRJ &t L C, IBIAIOIE ORI R IT R &
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, BUOBHERZHEEL T/ T EB8ROLRNT
W5, COBEOMLFIIEM E DO 2EHIC X
DEHSNTWS. LaA- T, BESOMEER
KEL -7/ LY, ABERMIC X 5Tk
, REGENBREIN TS L, I bE
BT BT OREIDFEEL I ENEZLN
%. —7J, SRIWEDRJ &ML <, ik 3EafN
OJE MM IE A X2 -7 (Table 2). DRJIC¥
WG, MABIT [ CEAH2THUNEAHE<,
POELBES 5] L\ o EERREA ER T S
DITIE, BYIREIC 33\ C IR OB EHFH %
NS FTHTE, BRI, BREMOEBE A KX <
LWl ERFHTHALZ & (KT - &L,
1995), JE3s kU BERAAT O i dly i 25/ S 7 p
LALMREHIEAZ K& I LT ENRERNTHL &
(K+F - @, 1996) 7w EpHEINn 5. 2
NHOWYIEEDL, AP DR] OEEICE]
HREFR L L —HKL TWwWizh, SR DEEIL X
NERTS/12HDTH -7z (Table2). ThnbHD
HOBIER BN SR, ERO@TRL A
SRIWCEF BB O%E Fm s BEARMD
KEWTEBFEL QDL EEZLNS. b
5, SR CIXEMEFEAZAKE <Y, SV F
BICLLHROESTINF—%BET 5700
2, AOBiItHEAHA (Fig.5) LTwasIE
NHEIND.

4. DRJ LDOHBEMOLMT-SRIICHTFSB ML
TEIV ML INT —FEBREMN

BRI IER T 2 L7 F L AR, £
BEfIC K & 7 e Rl 5 C S ICHFI sy -
BREMEE B35 (KF1Eh, 1998). 2D
OIZ, WY ER WU NNV FRIY % /T
i, RBEEIARIET A PV B XU RV T —
MAKEWT ERME SN TS (Bobbert et al.,
1987a, 1990). A#7ED DR]J, S HIT SRJICE
WA EITIRGE L RIS, RS 2 R v
78XV T — 3B OBET & Mg L CEEE
ICk&E,o7 (Fig. 4). Thool kix, DRJ
&SR] & 112, RRESAEVEB A R EE)T
AL L HRETLHLDTH-72. FDXDIe—

BRI DWW TEE L 75 5, SR] & DRJ
s+ A &, REFIONE PV ICEERER
AOLNLPolcb DD, SRIBZABIUIEDF
BWEILZ NI —BREBICERWEZRL 7= (Fig.
4). PRI =G PV L AEEONEIC X
STHHEINL T EpE, TOZ LITFERFO
BB LCILEOAEEDMENC ERFEL TW5 &
%z bh5 (Fig. 3). REHOEDHEENRE
BIEI R SR O MR S & S L T 5 S RGE
% &, SRJZDRJ & Hmg L C, & BYAIICE BB
DOMEEREMENC L AR IN L. [HRKE
M T OV F —DRFE & BAIH 7% & o SSCHEE)
IC & TNT =R HEROKNT, B
DHEEEDOKE IICHELZT 5 EPHES
1T\ 5% (Cavagna et al., 1968; Aura and Komi,
1986). L7225 7T, SRITIEZDR] kv, B
B R AR ds L OV 7 U ABEIC F51) 5 SSCHEH)
ONBREFIFHTER N EBEZLN, O
Z &, SRIICET 5RO ADERE DK
T, BURFREOMKICHEL TW 5 LRI N 5.
—77, IKBIHITiZ, SRJ I DRJ &L T,
Ecc. BEICKIT AFEH V7 B8 LU ADFEY T
V78—, Con. JwEIZIITBFH L7 A
BICKEWHEEZR LA (Fig. 4). SRJIZDRJ &
HEg LT, RBASOMRHIFE 2 IS S WEE
Rl & (Table2) #%fE+ 5 &, SRIICE
AR OBEtRERIREL -2 12, K
BIFIOMBE T L7 DOREIDPEEL TS EE 2
bns. FTabbh, SRICEKIT ARBEHEHE T
W h, FHEB 720 OKE Bk OBRICHE
TRIEL T/ ERHEEINS. L 2AT, K
PHED & 5 Ikt L O HOIRATFICHIFR 2 n 2
TWwizWEEICE, KREEMR L7 OKRES
%, IRABEIC L ARELYZ T AFREEDOD 5 C
L (Feltner et al., 1999; Hara et al., 2006) 73k
HXNTW5. Hara et al. (2006) i khid, M
TiRiAds O L CHRBARIHSE LD LA LY
(FBICTERT ABME PV &, RICIER S
HRBEBENICE > THRBEOELE D ICE < F v
) DA R L THRBICIER L, KRB R
ISR S AEMMBEE S S & TR R R
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W3 %720, FOTT—EERRD O R HE
V7MY 5] EFBEhTWA. 22T,
Bl U 72 & 2 1CABF9E T4 Hara et al. (2006) O
FiFild £V, Bk X UHOIRAEESKES
iR PV 7 IS RIE T B OW TR L. %
OFER, ABRLTiifEsE LS 5 MV 7iE, B
DIRIAT L5 DI SRJIZ B W T Y R O
30% 725, DRIICEWTH20% 7 5580% £ C
ELTWABT &, BIUSRIICKT 5 HDOHRA
& B LD0FBYREOM40% £TEL TV 5
ZEhmans: (Fig. 7). ThbDl Enb,
I OYRAEEIL SR] & DRJ & 412, FE I Con.
JHENC 3500 % B Bami R F Lo @iﬁk CREL
HOIRAENEIL, SRIIZIT % Ecc. /{jHE D KES
Bl oLV 7 OMERICEE A KIT L T Al EE:
DRI N/. UL, THHORFE’ICOWT
i, 4%, WY vy AW TRABER HIFR 4
LB E L EVEABEORK TS 2 Ik -
T, HHENCL T ERHLEEZLNA.

5. SRIDEITERNCHEZRETHREN
e

NETOKEREMSL, SRIIEDR] &g L
T, REAFO L7 8T = L BB O v
JBICAD IV I —=RKEVEHTH S
ERREIN/. LarL, TOZEIE, SRIICE
V% BRI /N — R P BB O, %
bHbENT R]-index # R § 57 OICEHE Tl
WIEEERL TWA DI Tl DRIICE
TiE, REEIC BT 5 /87 —Z i3 R]-in-
dex ICHE A FIT+ T ERREEINTVWS (KT
X7, 1995; Yoon et al., 2007). %7z, SRJ &
DRJ & & ic3E L T, Ecc. 838X Con. JHHICE
5 FIV7, ABLTIED PV 78T — ¢ 12,
JERARNINE S JUMRBIAT L D A K E L, HRIC, b
W7 R =22V, BB TR DK
EWVEVOEHMPEDLN TS (Fig. 3 and
4). iz, KFROMER, S SR] O R]-index &
DR]J & RJ-index ORICITH B2 HBARI MR (r=
0.827, p<0.001) 2 Hh7- (Fig. 8). Th
LD Eik, WHEUICENSEFL, BN

LENTVWAZ EEFRTHIOTHD, MY
VT OBEITREINC BT 5 IR ELUL T 5
ClERBTALDOTHALEEZLNS. UV
Z2% &, SRIICEWTH BB N2 /NT —F
BPEETHL L ERBETHLDTHA.

COREEHEIC D\ TR L 7o R, EBIANIC s
W, SRJ @ RJ-index & Ecc. REIDFHE + L7
LD (r=0.716, p<0.01) ([ZHBIRARAZD 5
1, Con. BEOFH L7 LM (r=0.530, p
=0.077), BEDOFEH LIV 7T =L DR (r=
—0.566, p=0.054) (CHIBIBIR D & % 17 25 A
5N, 612, Ecc. FHEIONE F V7 & Con. &
A F v 7 Lo (r=0.937, p<0.0001),
BRIV 78T — L IEOF RV 78T — &
DR (r=—0.757, p<0.01) & ORNCH S HES
BRARD b1, KBEIFNIC W THIZIERROME
MR D N7 (Fig. 9). £72, SRJ O RJ-in-
dex Bl b EWIiEE AL, RLEVHFEHRE B
F04, BRESOFHFLVIZBLU V78T —
(Fig. 9) @27 k&<, £-EBHOEBE
PPz DEL > TWhH I EHRDLNT (Fig.
10). oo kid, SRJIICKWT4 DR] &
FREIC, BN LUy — R, ErH
ISR S A R A - O ORITRE IS E S
FIFLTWAS T &, SBIC, RESO L7 B X
P77 =3, FE3E&OH TR/ I W
fETHAHIC bbb bd, B & FEERIC SR]
DOFITRINCEE S RIFL TWAZ L RETH
LbOTH5H. b &b, SRIICEWTHE
RN B B S & 15 A 72O DB TREINC
NI2FEONFIEEME, KPFECTRL TE/ ik
HJ7z DR] D%, Stz 5 &, RO &
DRELI2 D KD e JIRMEFFHEICEEIL T A 2
LRI N

6. FEEADRE

RO RN S, HABSITEMT % SR
DRI EBICIEL T, BBESICKIT ST
INT —REHRKECBEEE) TlEd 5 DD, 1]
Ve VT L 7oA 11d, DR] S EBIETIE
JEFIRED /ST —F IR A B I S HEAT - IR HERE T
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Negative B Hip

100 . ] Knee
ot [,...I | Il Ankle
60

40

20
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Positive

100
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Relative joint work in SRJ
(o)

60
40
20

0

Sub.A

Sub.B

Fig. 10 Comparison of relative joint work done by
joint torque during takeoff phase between
Sub.A and Sub.B in SR]J.

DWFHFITH LT, SRJ i3 B BE & & i i D /X
7 —FH A T 4 Bl o R HERE D O I
L TR s T V—ov 7 F B b7 B TREVE VR
Sh/e. 7o, SRIBHOIRIABIEIC & - T
T IR BRI )L 7 K 5 72 O DAl T
RN OYEEICH WLV —o vV I FRELS
WREME bR I NI, Tk, MMOR T RS A
ERSOFrmy TV TR, EEHEEGL T
BEOB 2 B MO /N—=TF IV % v T & ) IS
PIOBKEGET) T, APFFRIC K > THLRIC L7
SRJZ NAE S % Bl 0 T FE IR I & R AR O Fe
RFEHAFEL TWA I eATHESH, TROY
FGAF ALY v 7 AL L THWABEOHEE R
REVEFIEIZ DWW THE 2 5856 OFIRFHRHC 75
LT LEBEZLNS.

vV = #9
ABFETIE, 2 SOLEt A FIR S 5 C LI

£ T, BHEHOF AT 4 7 APDAIHE,
BEHENE PV TRV T NT —, (EEH DRI

WaFERPOICL T, FEBYZ Rz Ty
R #l > % /7 (Single-leg Rebound-type Jump:
SR)) LG /DN REIY 5
(Double-leg Rebound-type Jump: DR]) 2 Xk AH
BRI S E LIS, TNTENETIRO TS5 A4
FAF Y v 7 AL THWABEOEE SRR
HFAEICOWTHLPMCT A LA EL
7o BE LB O®RER S JOBEER 2EHM L 4
L HM124 % %51 SR] & DR] #f77ebhH¥, %
NZNOFRIREIZB T BF AT 4 7 AR LUF
T 7 AMERTHEH L/, 7xd, DRJICE
WL, B0 OfEwE 3 5 7 DICHIE X
NTF—=2%X51CL, TNBHEMOFXRT 4 7 A
MEEOFEHIZ AW/, FaERE, UromD
ThH5b.

1) SRJWEDR] & H#EE L T, Ecc. b kU
Con. Bifi & b ITK &7 M7 — & F6 48
L, GVWBlEE A ERTES L hIT, KD
BOWESIPOLE P T AH KT RO TS
HGHHE CH 5 Z EHRRD BN

2) SRJIZDRJ Ll T, EEHIC L5 A
DOEFOBEBEN NS L, REMICL 5B
FUOEDHFROBEBENKENWC EHBDHH
Nic. SO EHRFEL T, SRIFK&EXk
LA ZIT L RE R NEAESL Ta<Bks
CLIITE AN, FERECOERZETICIES
B &S B A RO C LA VRS .

3) SRJEDRJ tI#EL T, FHBD D%
TEREHEAMARIVI & &, R &
LIRABIER D D & L IT & - TIBAEHE -
V7 BEEK L, KERSRE K % #5C
EHI LD, EROEBFEICEEL TW5
AIEEME R S .

4) DRJ OZATRENITEN 53T SR] OZT
BENICDENTWS T ERFEDON. s,
SRJICKITHREBLIUKEGO MV Ik
O V78T —F64E1E, BRI BV B S
LR T L7 DOFITRRINICEEZRITL T
W5hHC EDPRD BN

KPFZEOFER A 5, DRJ (3 & B8 7 B O

IS =R AT T B Bl O IR AR D dERIC
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® LT, SRIGIZBAM RGO /NNT —FiE A
B 2 Hili o JIRIHAE S DRI L THERN %
FU—Z VT FRE BRI SN/ &
512, SRIGHOIRABIEIC & - THuE XTI =
BBAEN L7 2 BEK S & 5 72 b DRl S FE iR
HOBEEIZH S T V—2 V7 FB L AR BEME
LRI N/, THHOHMRR, THROT7S5A4%
AUy 7 Ak EY DO E SRR T
FAEICOWTEZ L5568 OHMMENC 25 & 2
bN5.
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