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Abstract : The aim of this study was to clarify the point of attention and determine an effective method
for the vertical single-leg rebound jump (VS]) and horizontal single-leg bounding jump (HSJ) in plyo-
metrics by investigating the differences and relationship between the two jumps with respect to take-off
movement and joint kinetics. 11 male track and field athletes performed the VS]J, 50%HSJ, 75%HS]J,
and HS]J. The kinematics and kinetics during the take-off phase were recorded using a high-speed video
camera (300 Hz) for movements in the sagittal plane and force platforms (1000 Hz), and then analyzed.

The results are summarized below:

1. According to a spring-mass model, the vertical velocity of the center of gravity in the VS] was
attained by using shortening-lengthening movements. However, in the HS]J, most of the horizontal
velocity of the center of gravity was due to rotational movement. This velocity increased with
increasing jump distance.

2. The extension torque of the knee and hip joints during the former phase, the negative torque power
of the knee, and the positive torque power of the ankle and hip joints in the HS]J were greater than
those in the VSJ. However, the ankle joint torque during the former phase and the negative torque
power in the HSJ were smaller than those in the VS]J.

3. The jump distance for the HS] was correlated with the RJ-index for the VS]J. Moreover, there was a
correlation between the HSJ and VSJ with respect to negative joint work and joint contribution.

These results suggest that there are differences in take-off movement and joint kinetics between the VSJ

and HSJ; however, both jumps show similarities in the recruitment characteristics of the take-off leg

muscle during the former phase.
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Fig. 1 Experimental tasks in this study.
JD: Jump Distance in HSJ
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Fig. 2 Definitions of the spring-mass model and joint
angles and angular velocity
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Table 1 Takeoff velocity and contact time in various jumps

VSJ 509% HS]J 75%HS] HSJ Difference
Jump height (m) 0.300+0.031 0.267+0.038 0.246+0.024 0.214+0.043 VSJ>50% >75% >HS]J
Jump distance (m) — 1.61+0.11 2.40+0.17 3.20+0.27 50% <75% <HS]J
Takeoff velocity (m/s) 2.41+0.14 3.19+0.15 4.19+0.29 5.57+0.44 VSJ<50% <75% <HSJ
Vertical 2.40+0.14 2.28+0.16 2.19+0.14 2.04+0.21 VSJ, 50% >75% >HS]J
Horizontal — 2.22+0.21 3.50+0.35 5.18+0.49 50% <75% <HS]J

Contact time (s) 0.219+0.022 0.208+0.018

0.193+£0.019 0.183+0.022 VSJ>50%>75%, HSJ

Former 0.099+0.009 0.084+0.011 0.074+0.011 0.067+0.009 VSJ>50% >75%, HS]J
Later 0.121+0.015 0.125+0.014 0.119+0.011 0.116+0.015 n.s.
<, >:p<0.05.
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Fig. 3 Averaged patterns of spring-mass model movement during ground contact phase in various jumps
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Fig. 4 Averaged patterns of vertical and horizontal velocity of the shortening-lengthening and rotation
components during ground contact phase in various jumps
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Fig. 5 Averaged patterns of vertical and horizontal ground reaction force during ground contact phase in

various jumps
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Table 2 Impulse in various jumps

VSJ 50% HS]J 75% HS]J HSJ Difference
Vertical impulse (Ns/kg) 7.03+0.35 6.96+0.37 6.69+0.48 6.10+0.49 VS]J, 50% >75% >HS]J
Former (Ns/kg) 3.40+0.15 3.39+0.19 3.17+0.31 2.90+0.31 VS]J, 50% >75% >HS]J
Later (Ns/kg) 3.58+0.31 3.53+0.27 3.44+0.29 3.14+0.40 VS]J, 50% >75% >HS]J
Horizontal impulse (Ns/kg) 0.43+0.08 0.43+0.09 0.58+0.08 0.86+0.10 VSJ, 50% <75% <HS]J
Negative (Ns/kg) —-0.22+0.08 —0.24+0.12 —0.34+0.08 —0.56+0.11 VS]J, 50% <75% <HS]J
Positive (Ns/kg) 0.21+0.05 0.19+0.08 0.24+0.07 0.30+£0.03 VSJ, 50% <75% <HS]J
<, >:p<0.05.
— HSJ
Ankle Knee Hip —— 75%HSJ
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Fig. 6 Averaged patterns of joint angular velocity, joint torque and joint torque power about the ankle,
knee, and hip joints during ground contact phase in HS]J and VSJ
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Fig. 7 Comparison of mean joint torque and torque power about the ankle, knee, and hip joints during
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Fig. 8 Comparison of joint work and relative joint work done by joint torque about the ankle, knee, and
hip joints during ground contact phase among various jumps
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HSJ (3 VS] & thgg L ¢, BRI/, B
B ciIkERflizml, REM TIPS EE
RLU7z. IEOBEEHTE R JUEBEIC S W T,
BEEEIIC S W TCDOAK EInflizm L7z, E7z, Bk
BIEBE SRR S oN T, BT O & ORI
BB IUEBRE, KRESOEORMETFEL LUEH
HREE I3 A K4 DM % R L7z,

Fig. 91Cid, HSJ O pkiEE#E » VS] © RJ-in-
dex & DEIOMHBEBIfRZ /R L /2. WEORICIE,
FHEMHEIER (r=0.611, p<0.05) RFEDHHN
7z

Fig. 10iCi%, BWIHIC 3s1) 5 HS] OB fift 2
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Fig. 10 Relationships between HSJ and VS] about negative joint work and relative work at the ankle,
knee, and hip joints during ground contact phase
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IN7z (Table 1). KRPFFETIE, TD XD mlE
BRI T 2 BUBIEOMEICOWT, £, &
FEL & RS S FEA LR PO BT T IV
SLiEt L7 (Fig. 3,4). ZOfE%E, B~
DOPFEET)TH 5 VS] Tid, TOETIVBEY)
PESIC L, TOBRMRE T 2 M- hREE
IC & D EERE O BEOSREEE AR S Tz,
—7J5, VSJ 7 550%HS] ~ & KFFH A~ OBE)
BFEAET L &, Eff-HREENC N TET VO
EHEEAREL, ZOEEREBIC L D EOHEE
PEHINT W e TORE, KREEEOESD,
EEERIC S W CHEMHRES LD b KE
ERRENT/. BT, T5%HS], HSJ~ &k
BEFERE DRI, R REENIC & 5 KT
HEBEPHEAL TWALO0, [EFEHIP & [EEs
HEIREL 2D, [EEEENC L 5K TFRELS
FEEFEICHEKRT A2EAIZEDLN. hbDT
G, BE-IRETIVALASL E, HSTIZIZ
VS] TlRALURVEIEEE N FRLE S5 & TK
SO E DR SN, BRI OERIC K X
CEML TWAZ EhAmEni.

2) BUIMS R O 3T hEERIEOIEE

MR )% A% &, FEOERES) A e S &
BIIE IOV Gl - KF, 1999) i3,
BRI B OB AT, BOER S B KLU 5
& LITHAL Tw- (Fig. 5, Table 2). X502,
SRE R TIC B \W T, HSJIX VST &l L <,
ERINT W TEETRFIC s W TR &<, Bhig
HEEEDOBE KT E > TR DBEZIC A AHA AR L
7o HROEMRES)L, BYRIEICIET 50K
A D # BYIHAZ kA 2 & THRET
B. ZDI=OIT, BYIRTIC I % B I % B i
DFIFHE, HS] & VST IZHBWTKEIeHED
BHTENHEINS.

BUImiEIcE 4 5 &, HSJIZVS] &g
T, MBI X RBEEIIC B A ME NIV Iid k&
<, OB WAA IV TRESNTEY, b
PEHEOBERICHE > TR VBEZIC > T 2R
BN/ (Fig.6). SNHOZ &, WA
IR AME L7, KEHERICHT A
BT, WBEAEOREIMAIIHEIL, Bk [EEmE

B fetEd 5 EICHEL ThWAE T EhEZLN
L. 22T, AD NIV Y —0 B OB TS,
HEWEICEHEE 5 &, HSJIT VST & HifgL <,
R B\ TR & infli a3 25, BT ORIA
f£5, BEREICS i/ sl Eerm L Tk

0, COMEFIIBHEIEBE ORI - Tl 0 g
75 RN (Fig. 6,7, 8). KB
FLAOTRNE, KERNERES S LICEME
R RS A 3 5 72010 (1A, 1998),
VST Tid BB & 25 i dh i PR 2 iR L 72 8 H K &
REDHEEZETL, NEHIIOVF—DOWRIUC
Hik L T\ 5 (Fig. 6 ; AjliE», 2012 ; 2013).
LarL, A7V v FESCERE AW HS]
LEBIVREOELL L 70N VT 4 T s E DK
F BN OBEREBNC 3\ TE\ O KB 2 fe 5§
H72ITlE, BEOK S R A IR E
IR/ & (Muraki et al., 2008), RS 172
YIRS O CREBIAT & S R TR SR 5 2
(FTILIZE 7>, 1986 ; R#iE2, 2001) HEETH
LT EnG, BUEMmEORBIF ORI A S
KR E A JEART A 72 DIII AN & 26
N5, Inbicmz T, BB TIZIED ML 7S
T =R IC K AR, BEBES RSV &
(Fig. 6, 8) »»OL¥IMr4 5 &, VS] » 56 HSJ A~ &
BRI EE O I - ¢, WRESENE IEFER R T
WE—DORITIE %L, TOREAE D EEA L
BLTWD T ENMETE D, ZDOIT, K
e ORISR L 7x A HS] TiE, MBS A
FIHW T ROV F — % W3 5 FE 7B & L TR
BELTWAIEREZLNS.

—7J7, RS S JOBEE B D, K
Tk < 550 % HSJ, 75% HSJ, HSJ 1% VS] &
s U RSO IS B0 AR RV 27 239N S UMl
FRlL, &5, AD VT —, AOBHITL
FHIUCEBREL NS W ELZRL A (Fig. 6,7,
8). BBIMICIEM T AMBL LU T+ ARt
%, BEREICKE R/ $ 5 SICEFITRE
R - EREEREE A AT S (RTED, 1998).
ZDI=DIT, SHEFHFAANDOI NIV FY %/ T T
i, WY, FEBUICEb LY, B XUR
RIS & e L CRBE O HEREC L B LU T
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W7 INT—PRECZ EBRRINTWS (Fig. 6,
7, 8; Bobbert et al., 1987 ; EiMiEH, 1989). L
ML b, HS] % & 3 X TOKNFphigE T
g, BEIETEIC W CORBEET & D b BRI s u»
TRERPVIZBIUAD L7 NT —pRES
Nz, SREHRANDOU NIV EY v/ TITE
WG, BN E A RE B EE D )25 o - 7B
i, RESOTERESHEAL, BURHZAHEK
LCLED ZEhHESIN TS (Bobbert et
al., 1987 ; m#MZ A, 1989). T &L HSJ I
BWTLRABETH Y, HSJICB W TR
JREIFH A & WA 1T, BiRoEEES) & BHE
LCLES T EBFHISINS. DO LD,
VS] kD K& EH T R IVF—ICRINT 5 0E
D% HSJ (Table 1) Tid, BYHFICEHEWT,
RS LD A RERTERIES S L ITEM K
BAM-C MBI (KIF1E 2, 1998) Ik - CKE
TRHIE R NSRS L, S RO BIEES) A H#EE L T
Wh I EDBHEE IS,

—75, BgEIC BT, HSJd VST &k
BLC BRBIUKBEMICETRKERED L
780 — R pER S /- (Fig. 6,7). HSJ T
i, VST LD AEOARTFHEESMSE, S OICHEW
IR 3o\ TS YIE S AT S N B 72801,
C ORI B\ THLE ) % 15 3 % 72 D1Cid,
FOECBEEOMBEESERSIN S ERTFHR
Tx5. T EBE, OB LD & ACHE
BEAE < 72 5B VEBhE T BV, mV AR
2, &RV oNT —RESFER SN (Fig. 6,
7). RSN RE E 2 OB AL — 2 & LT
BY, RIS AR S 5 S RO Tk
LEE-S JUEEE— AV F S (BT,
1996). ZD7zic, RBAfIE Z O L 5 7RI
BT b B AR & R L\ O ERE AR
EMEAL TWD I ERMEEZETE L. kD
LB, HSJICRT AU T, RBIES,
FRCRBBMICRB\WT, IO KREE LI NNT—%
RIS 5 & CHIRIR DE R L, HEOEERE
BICEHBRL TWAI EREZLND.

2. HSJ & VSJ (&2 @S LELE

INETORERP L, HSJ & VS] i3 [alfxEE)
IZBE5-4 5 B U1 O T AR IS K & T HE M
TETHIEDRREINZ. LELERD, 2O &
XY v v T OMERY R I PN O
L CTWAbIFTidzw. HSJ & VST iE, 2o
EOMENFEAES 5 —F7T, &LITH BN
BWTEfTIN TSI L, SHICEE-ThT
TV 2 7-BRICid, 5EME — fPREE D NAE L T
WhEWS s AR T A LAk S (Fig.
3). Thbb, INLOZ LEWY v VIO
(U] & 2 DRFISBA TR AFAE T 5 "B A 7R3
HHDCTH5.

AL TIE, ZOMREEICOWT, EFMY v
VT DEITEE ) e BT % HS] O PR IR RE &
VSJ @ RJ-index & OB OBIFRMEIZ DWW TR L
7oA, ENTNOMICIIBE B GRDOH
LT BN/ (Fig. 9). 2O Lk, &
BHY Y VTICENSEIIKTEY v VI END
CEEERLTEY, MYy TOFRTICEE T
LEEEEICHELMEOD D 2 LA RBET 5O TH
5. COBBREOWRICHAERICOWT, WY
VA S 1 N N e e gk gL ) R X
L EBRE OISR R iRt L7z (Fig. 10). %
OFER, HSJ & VS] Oflicid, EOMEICEIL T
I3RS OB & BEREE I I\ THIBIRI R A
BOOLNAIHEE 7DD, AOEIZEL Tid
3RO TE, Ml X UCBRBEESOEREIC K
WTENZN AR BB GR D L < 1IZHEBEE RO
AONAMEFDRIN, WY vV T ORICITEEY)
BPPIC B 2 BBUCRISEROB 5 2 PRI
7o RHFETHWICY v v ST, BUHICE
% R S A A L & ISR R S h,
ZDHBFEMT 5, MR-y A 7 )L (Stretch-
Shortening Cycle: SSC)#HEHZ & D K X787 —
REAIREL LT 5. COKF & LT, ik
B A ROMRIIC 50 2B O TSR R EH,
1991) RO BME T %IV F — D7 (Komi
and Bosco, 1978) 7z ¥ RZF SN, BEUIRIHEIC
BIBHIDOED RS H SSCHEB D /8T
F NV ANBEENICEET L2 EAmb Ty
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%. IBIC, HS]O & S5 mlEsEs) 75 0k S &g
BRI W T, HROEEEE) % (24 L K = 708k
IR A S 3 A 72012, BYIRRRIC RS A BY)
HOIRLDENPEBEIC /5 2 EAREINTED
(Lees et al., 1994; Muraki et al., 2008), BkiE 51
B b 6V v v BN B B IR OEE
WA iEfMT 52 LKA, DT EnD,
HSJ & VST #EBFEORES R bV v VT
HETEIDHL DD, SSCHEBD/INT 5y —<
A EEWNC AT 2B PIRIRIC U 5 T IRWitE
OFBEFRHIC W T ELUMEDOB S 2 RSN
7=

3. ML—=JHBADORE

TIAFTA RN 7 ACBWT R —o v 7w 5
EHEE T A7y, FU—Z VT FBELTH
WSEENIC BT A TIHO F L7 R bvy NT —
T EDBEMAFRIC RS (H - fA, 2005
Taube et al., 2012; Young et al., 1999). HSJ &
VS] &, ZOPkg G OME M EEL L,
ZENENDOBRRIT I A~SHG L 7o AR — Y #E B I8
By b V=2V 7 FREL THYONAC &0
L\ KO R P H1d, HSJ 13 VS] &g
LT, iKUK MRGTIC T 58
U —FEBRKEVLOD, EBINIKE RO MR
PEIARIC £ % /8T =RV NS W ERFED B
7. LU, VS] Tl EBESERMBRICET S
fPaEIE INHE, I 704> b SSCIEB) % £ - 72 BB
DT —FRIPKE 0 &\ o TR S Nz,
HSJ & VS] % @R F BBRICiE, TnbHO TR
BIC B AHEICOWTHMEL T JEAEE
THAh.

COLDMHENFRLETSH—TT, HSJ &
VST, BUIEEIC B0 5 TSR OB Btk
HICHELEOD S Z Edrnans. VST, H
AN M 7 HS] #8189 2 Wi O RN 085 A
FERELTHWAZ EPRESINTED (Rad-
cliffe and Farentinos, 1999 ; XF, 2012), T O
KO ICHMLFBED DEM R TFBRABEIICRAT
THILICEHST, PLV—oVZDFEANEL TD
BN BEM) SRR SE 5 C

ERTES. COEBREEYEBET S L, £
VSI W/ TS AT ALV 7 AFE KL, %
DFETHENZB/BO L LT, HSJIZH T 58]
AR OB U OB B4 &3 L, HS] OFfT
ENE@mD TV CEDPBETTHE EEZBN
L. ZO XD EREMERERICOWTE, 4,
FEERIZ V-2V ERFERL, TETFVATRD
TR HHE L TW LS LER D S5, RIFFEORER
i3, COOOMEREHETIVORBEICEL T
Al meiRit+ 540 ThH%.

V ¥ & &

AFFE T, BUMICHT B8 Lo v
787 —, BAEiEE: & b A e T
#20ic, KJm (Horizontal Single-leg
bounding Jump: HSJ) & 4#8E i (Vertical Sin-
gle-leg rebound Jump: VS]) O U /N By
oV ATHT HHLE EFPEICOWTH L TL,
HS] &L VS] TS5 A XA+ Y 7 AFEELTH
WABO-ESICOWTKRF T2 2 L HINE L
7o BE RS OB LOBREER 2 HM L 5
HEM11AZ K5I HS] & VS], = BICBkEERR
BED 72 550%HS], 5% HS] %1772 %, Th
ZNORIRIIC BT HBUHOF R~ T 1+ 7 A%
JUFRT 4 7 ZAWEREZHH L. TORE,
LIFOHNBRRI NI,

1) BE-ERETNVTBYFOT R/

&, VSIFE T IV OFME—iREE) O A T
HOSREEE PR SN Tz, KFEHIRE
NOBEHBFES & HS] Ti3E 5 )L O [E iz E
BRRAEL, S OICHHERREOM I - T
TSIV OEEREP s L O sl E A AL,
C OEESEENC X > TR & 2B LR E 25
BEIN V.

2) HSJF VS] &R L T, FICEIRTEIC
B HER LUKRBEIOME RV 7 B EW
T EREINTz. IBIC, BBEEOED RV
77—, BB IUCKEHOED FIL 7S
T—PKENT ERRSIN, #IC, BYIEE
ICB1 5 RBEMOERE Ly, AD V7N
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J—ldhE W PRSI N
3) HSJ OBk - VS] @ R]-index & DFfH]
ICEE BRI RD NIz &, &AD
BAffiftEr & Z T K A EBEIC S W TR Y +
V/ENZHBARAGR OB % C & PO BT,
L EDfERD 6, HSJ & VST Tla Bk J7 i\ 2
75 5 72 DI BN 351 B EEC TR 28
KREL BB, BUWIFIC R0 5 TGO
BRAEICIZELMOD 5 2 P RBE SN, KiF
TEOMERITL, BEHRMORL DY NV FY
¥V Tk, TIAFT A7 AFEE L TERT
LEOFERTMATH 5.
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