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ABSTRACT

The purpose of this study was to investigate the effects of joint kinetics and coordination on within-individual differences in maximum
vertical jump. 10 male subjects aged 20 to 30 performed six trials in maximum vertical jump and with based on jump height the good(GP)
and bad(BP) performances for each subject were compared on joint kinetics of lower extremity and coordination parameters such as joint
reverse and relative phase. The results showed that maximum moment, power, and work done of hip joint and maximum moment of ankle
joint in GP were significantly higher than that in the BP but no significant differences for the knee joint. We could observe a significant
difference in joint reverse timing between both conditions. And also the relative phase on ankle-knee and ankle-hip in GP were significantly
lower than that in the BP, which means that in GP joint movements were more in-phase synchronized mode. In conclusion, mechanical
outputs of hip and ankle joints had an effect on within-individual differences in vertical jump and the inter-joint coordination and

coordination including sequence and timing of joint motion also might be high influential factors on the performances within individual.
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2o f3eo] 2eololols SabATel ¥4 8, 716
z0 5 gokd 2] 9L DeL i A3 Ao
AE}E& B4 odabn SR AN AL A %

AlFolMe] #4812 (Bobbert, Karin, Germitsen, Litjiens &
Van Soest, 1996), ©|A Al-elA9] A4 B9)(Pandy & Zajac,
1991) 5o] ol Fog 9o AAHAT w3 T2
g}o]ur E]]gp:} %ﬂ%oﬂ}q o]x] ) /\xﬂ%—/ﬂ io](Kolhas
Hatzitaki, Papaiakovou & Giatsis, 2001), T2 S{(biarticular
muscle)S 53 99lo] @72 HolBobbert & van Ingen
Schenau, 1988; Pandy & Zajac, 1991), WS 53+ <59
SSC(stretch shortening cycle) 71712 2h-8(Anderson & Pandy,
1993; Bosco, Viitasalo, Komi & Luhtanen, 1982), A% 2~92] &
Q1 &-8(Feltner, Bishop & Perez, 2004; Hara, Shibayama,
Lees, Vanrenterghem & Clercq, 2004; Takeshita & Fukashiro,
20000 59 83150] HuEglon, - A=Y FAA 2
% S4d(Bobbert & van Ingen Schenau, 1988), =9]-9 #H=
of AR A 5 1 Bol®(Pandy & Zajac, 1991) &
24 2 #H9 S (coordination)ol] THE QAEE S
G vAe AR AU o9 FH3| Aragon-Vargas
9} Gross(19972)E 29S¢ rMOi Sk 7iQ17ke] e HlwE
59 avis) 200 984 2k 299 54 B 440
4% 235 AN, 5l o
PARRE, ¥
HHEY A4 1—/‘19} *]{} T4 a3 1% QS frofgk g%
o] Ve kel Baselc
/‘\;d Z—1_L‘4 Ta—geﬂj,} HEg o]
N2 the TEARte] B4 EAa7,
S Hze) FHEAE, W, EEUT H} A7 2
o) AgoiR, BES) AgolR, 54 A £59) AD Bl
2 Hlulo] ofgk Aoltk. spATF 3P A Kinter-subject) o]e]
ek A5 A, 4 i1 2oy AlF, A% T AAH
f2ldl| o8t HJES FAISHA| F35}H(Aragon-Vargas & Gross,
1997b), 98k AL T2 716 HA g A Sl of
S Fa3F A3HH BAE AN = lon, AlAF oy
71E4Q1 Tkl «13} AL 2= 2] Sske SHol
’S‘W‘% 54 74 52 349 ¢4
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Aol 2 4 Aok AU S8t B3l Kim¥} Kim(2009)
< 5Y FAPAY] HuFd HAFYY o] s FZE

9] 10% =2 R, ols 2X= g8 A3 FA]
& & gle zlolt). AT 5Y FFAo ek 2] Hxzo 7Y
IH(within-individual) =22kt o] (variation)ol] et A7
53] ww]g AAo|.

A At BA9h Bedste] Yoond} Challis(2005)= %
S5 G HRJAE] NI ¥ o] (variability) HEE AlA]
slgom, F23 ukel ATE Amgon-Vargas & Gross(1997b)=

34,

s0519] W) 54 ol vhg AALAS Bl SHEY
B9 39l0] T el e 48 o2 mae A}

WA B9 3 Jﬂr -ﬂr—‘HS’Jr 817 Aragon-Vargas 9} Gross(1997a)
O] ANRIZE A AN Fofgh a9 2 A ¢F
S UG S Tﬂa 58102 Ryt kAR
MRS} gt F %A B S A oR vt

A= ok AA 1S 93k o] ofmgt 281 ofsf o]
FolEA At ﬁliﬂ%-‘lol AR AZsA 2ok s
Kim¥Z} Kim(2009)= 20942 o2 3 dtollM F53 949
W] ggA F8L o] F23 7|95 ARt QI
Hol7} 22 ot AR FRAelE FES XA Kgk vhd
WY Aghy Zgo] QY At Fadh JEks
Ada Bussdeh kAT Kim¥ Kim(2009)9] Aol e
Aragon-Vargas$t Gross(197b)7} 783 &A= A S 3
& T wRle] FE3LA| itk

T2 Hro] FEe EA9) g uet 2% dle] gkl
g J=H), Al body) FFAME IA oA Al RS

0|9} o)A & ofaf ZgHrt sAT 24 B BH F
50| FH(integration)H|o] AAFHS] HEEE FrstalBobbert

& van Ingen Schenau, 1988; Riewald, 2011) 35302 43=&
ARk HE T Hek ARl A Aue 2
2 B89 $55 2 $5INA 2] 22 5 9L Aol
= 317 7} B 98ty @0l3} 0|59 A5 Zhgo

S 3 Ej% FEE ARele a7 2dlo]
Fol 323 BEA F3 Bl
44 5o %ww Aoz ABEE Holds} Aol
(Aragon-Vargas & Gross, 1997a; Aragon-Vargas & Gross, 1997b,
Bobbert & van Ingen Schenau, 1988; Pandy & Zajac, 1991, van Ingen
Schenau, 1989). EPIEAE -9 A7{Bobbert & van Ingen
Schenau, 1988; Pandy & Zajac, 1991, van Ingen Schenau, 1989)°1| 41
FEHAY AW T FEWE, BEFE] AR AHEE 2
F-21919] A1 52 A (proximal-to-distal sequence)©] 3] ©]
FAoleta Husioiort A A £43h Aragon-Vargas o
Gross(1997b)& 2] A% TA7E frefgh a<lo7le siAe
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Abemethy & Neal, 1993; Haml]l, van Emrner]k, Heiderscheit & Li,
1999; Irwin & Kerwin, 2007; Kelso, 1995; Kurz & Stergiou, 2004;
Seifert, Leblanc, Chollet & Delignieres, 2010; van Emmerik &
Wagenaar, 1996). 9132 #Ee] Ztwdl ZEer FAEE
B H(phase plane)®] 415 T3 TEAL]Y] $Ate] A7)
o} Fejo) AEFsle B3l BT AZH(coupling)®] BEE AT
$HCH(Heiderscheit, Hamill & van Emmerik, 1999; Trwin & Kerwin,
2007, Wb oleld Auslde Fa %A BAE 54 R
F29] Bt Beol e Az F2o] B ol

ol 2 ATdME BE Adkjoint kinetics)?+ B4e] 217
CERERECRE ER EE EDELECEEDRDY
A VA 9L A Pk o) 98 2 Ajele)
A0t Hood  pafomance GRS AASHHEad
performance: BP)ollA LRt 4otz 5445 v, B8kt

Io. 97443

L a7 d=

£ Afele 47149 #E EFold 2 2030t ¢]
Auk GA 1090l 273148 yis, A 1769482 cm, zﬂ
71.1+108 kg)o] FH3lSich. F7iat B Z=AA Hgho| §l
W Gde= JJEH 3 (maximum effort)2] 2] UZTE: T
3 olE2 BT APHOH Ao =27
3 }tﬂ-x%__i =
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J& WA o}
7(

= Hd R 71 dzn s EIM
11‘33_%‘%‘71 ol #ks] A ApAA ofel WFOR v
Eofehe HREHEE AARIT) A &@_
2 A7l A e dF= Alotst
7] 90" A= :Lzﬂ Ve ol € A w8
7 IR A& %Zlé}ﬂd A @7 ol== skt
zAo= Hlf’r%z AR F
Tl 3 AAe] SR SN E=S
st *17}45—‘@— BF 6 A7wmahe] Ao e} whEi=
= ANsIET 2 A7) APl 1 Ak ﬁr@%
of w HAGA} £elo] ] 3ho] o]FoIAA] egkriar e

A5ole AEHe A7l ALEdtt AES As
28312 eka gEA slefuks e A AFe Wrlsiick
F39] oA dolele 8tiY] 7hWleiOqus 50008+ ET &
ZE|o|(Qualisys Track Manager 24)Z TAE G7|SA2~H
(Qualysis System, Sweden)S ©]-&-3l] 100 HzZ EQ331%oH,
T o] A 7)(AMTI OR6-7, USAYS o|-8-3le] < Hloﬂ =}
Sshe AddE ARE 1000 Hz2 27 -8k A9
F03 e Yo A7 1520 mme] ¥F HkAlulF(static
trial 767), dynamic trial 587])& F-23le] 1A A9 5 4

2 Qtd) A8,
3. A2 A7 2 24

) 534 HlY &

FPI7IEA2H O R ¢ 5‘?& npA ] 3kl kel AHuk
ARE 3d Y= ¥ T Ardy 2 JAEH=zz
Visual 3D(C-Motion Inc. USA)E 53l E4516tk Ao #
7} A 9] 329 Fake AHF4cut-off frequency) 7.0 Hz
o] 9% e (butterworth lowpass filtering) &2 =0]2E
AAT F AR-EA] ARSI a8t wiAE o] 8sf &
$ =9] #Nfoot), 3}E|(shank), THE](thigh), }Q(upper arm), A
PH(forearm) 7 ZHk(pelvis), A (trunk), #2l(head) T F 13719
% ]'xﬂi Ut%la]o}giotq HZ‘]A 7<1ak 11%/\17%] J,]-/H
E 59 QAASHEBSP)= Dempster(1955)%] AEE ©]
. 3 e d ] $418 Bell, Pedersen¥} Brand(1990)

ZAMPHS #83) CODA(Chanwood Dynamics Inc, UK)¥H2]
o7 FE3 dEFHA] FAle B WS 93 F2E
U}ﬂ 4 midpoint® Z}7} 2H=}3Th.

7EEE Yol gl A-3kxREH(finite different method). S
2 *J-%%}‘%igﬂi, WY Ao FPAA - Uyl - 9] 7
A9 Cardan 3)3W40 2 AH=sh FARIEA (joint coordinate
system)l] 2J8] T-81tHGrood & Suntay, 1983). H<ets] A 2}
Aoxe) wE ne2 s ojuybgo] eyt Zkz o0°, 180°, 180°9]
s AR, #E 459 IViE ASFH(plantar
flexion) 7} 4 ?ﬂ’é‘]: 29)s, A% 7Hae viE 23 dorsiflexion)

3 23§29 Jrlaes se.
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31 #H- 9 T E(net joint moment)= G4 E} A HYH
X%E’ o]xﬂﬁ] =3 E o].&l—cs]- OﬂEOﬂ?ﬂ- H“(lnverse dynamics)
o AZSiGlet, BEWEY ASIIRUES 75 9 9
Qo] NHRHES K+l oz Aot w3 #4d
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Ao el Qe ARSI Cquion 2. BARAE, 9
X

9], dEe A Fol| WE S mys| Al Ago = 3
F3AZH
Pi=M; - w, (Equation 1)
t .
W, = f P;(t)dt (Equation  2)
t

3 4 P& QY =

B AT s A -5l
xo] F2 545 s Y sHAW(ntralimb) 7
(inter-joint coordination)l] 538194t} o]& 3l 3
G541 A7) 9 (continuous relative phase)S F3ko]
A7 32 st thKelso, 1995; Kurz & Stergiou, 2004).
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Figure 1. Phase plane and definition of phase angle(())

%E&«l HAZolN 54 ARelMe] Amet A& v
F9d WA ﬁwl o= 147} (phase angle)S E%ﬂ
UkFigure 1, Equation 3> ©]% ¢4 HwS B3 el 2t
ez A= diedE ekt AR B4 of
Zroll tiste] 100% Al7E3Est & AR el 29

Ao| Ve AFe=A hVds d3T<Bquation 4>. T

L
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Q

>4

ox
dr o

4 3t M] 74;3_] <
<Equation 5>. "W-‘H e T B @94 A= el ez 0°
o 7k 7% 7 #do] Y $(nphase) IAZ AU
oJulata, 180 °ofl 77k Ak Wl 914 out-phase) A9
298 YEPATKBurgess-Limerick et al,, 1993; Kurz & Stergiou,
2004). A= e 7 #Eho] Y 9] SA1A(in-phase
synchronization) =2lelA] Gvh Hlofw-ups Uehlle Ao
Z(Burgess-Limerick et al., 1993), T ¥do] B4 7tol A 43
elde] Azt Hafo] A 7% 7 B #3%do] Ho} &
A A FAR o] FoARE Smgitt.

B AFlA el A AN ol xjske AR
of AA 2t} vkl Qs AAFA ] Fo|7k Hsldl Ao
A o]AskE AIRZIAI S0 kel iste] 242t Akt

1 wjoint

¢= tan )

(Equation 3)

joint

¢prozimal joint
(Equation 4)

07'elative phase = ¢distal joint

N .
MARP — Z |relatzv;phase| (Equation 5)
i=1

E U2 3% 99 WeloE wE TE gundel A%

Fe] w0l HiSEIOAN ASETT e FdlA AHez
2%} Qt Al (reversal time)S AAFAS =o]7F Aol o]

B MRS 7IEeR Ak

4 T2 4 AAF AR AT

A AN FAe) Eolsh meF F HHel o] A2 2
=3 Az l-:o]E E.aﬂ zL7].;<}——,] zr 6§]~/] AEH /‘\;d H=
7hedl AT =ol7k AU S Hhd, o7t A

EVENT Start
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Figure 2. Definition of events and phases
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Aol S HAG3Yo 7 2zt AA3te] BA5K9TE F8 H Table 2. Joint kinetics in good & bad performance
A oMERE ofdz FHoIH TS ARk “AIFAA Variables GP BP
ST AAFAE] Fol7k HAdl| o] & “FZ AH(PO)”, A

o2nE oIS o] AUTOPS ARHLEH AR %4;"5;“;;1‘;;‘ Ankle 1471 £ 0131 1.388 + 0,159
W FAADIAE IR B, A oA noment K0 1642048 LA 04
NA7AE 27 PO PHOE o5l t<Figure 2>. Nkg) g 2114 + 031 187 + 0318’
e AT w2 2 WRle} RS cubic spline FE o8- . Ankle 084 + 0264 0756 + 0437
s} Al AN oA ARAAS 100 %2 B AksEs oo
(imenomlizaton) 5 AT A425 226 dsie] & i Knee 1491 £ 0578 1,582 + 0,605
- 8Hensemble average)3te] A ST (Nmyke) Hip 2053 + 0292 1792 + 0278
Dok Power ATl 13372 + 2177 13458 + 2,098
4. A A in P(\g/kzl;ase Knee 12401 + 2.633 12207 + 2407
7} A7) Huds) J/} HAR)Z=8)o] Mo thate] = Hip 5.954 + 0.898 4985 + 1.069°
A gk W RFHEAE AAEIYeH, deHE 4 Ankle 1.189 + 0.189 L1 +0177
Bpaired  #es) - 43@34 ARegelde HTE Aolg ot hme 1626 + 0378 1,788 + 0.344
ARSI BAEA )= PASW Statistics 18.03 ©]-8-3}%].0.0, (ke) .
Hip 1174 £ 0172 0997 + 0251

o FE2 a=052 3.

Note. *signiﬁcant difference between GP and BP at p<.05, ° PO means
push-off event at the lowest point of whole-body COM, Measured
values presented with AeantSD

.
M2 P9, A4 G459 B WAL <Table 250
] AN v} Pk AAFA 327 BAE ApldEmE
TR R R A% 7%, TERH((9)=2932, p<05)3 FETE1(9)=2.89, p<.05)°]
HAn2g7 HA4e HLo] 25 EAHOLL <Table 1>0] A= FHdigdo] Ao vl FoJatAl E=A Ukt v
UlERd sl 2k A AHdstanding position)9te] Wz A 1w oacl HMAARAES Hrids AASAel feofet
HE ol H1Z8)0] 47.1 cmZ 419 cm®] AAZ3o] 13| 2ol 7 YeRYA] OLOLE}(l@)—-l 183, p=.267).
oF 52 em A T3 AL UERFTH(9)=7.300, p<001). ©| AR FA 0] A o]2e] FXE AZslE 321 AAHPO)
ke olA) wtelne) ARFA) Eolahe o 2 amiGp 180 V1o HARAEANE UEAA)08T, p a4t T
23 cm vs BP 160 * 28 em)@ A7 Holxe] ok 3g ol &  SUO=0723, prA88)NNE el Aelrh uEhA wgko,
OB, 0l UFIA o e ol 3 A mer  STRRGAE HAALART Hohraol) felsA 71315
2 0l % olA] A] EORE(©)7435, pe00)e] llg 7 02895, pe0S) R T SRl Huielel s o

s mb, s

o= e %&fﬁ(t(‘9)--0.247, =810 F-274(19)=0.587, p=572)°1A4
ol Zpo|7F ehtA] agtoyt JPdeMe ool
Table 1. Basic characteristics in good & bad performance A relshAl =2 SH97E e THA9)=3.542, p<0D).

22 ZHAA 7 o] B IFE 37 AL Ao

Variables GP BP
AARwES) Hujsiele] Azel FARBH Uehkth ek
Jump Height(cm)* 411 £172 419 £ 77 (t(9)=1.835, p=.100)7} F-2HE(1(9)=-1.716, p=120)2] Lz
Verical Velocity & 310 om0 pmo s gpsy AT ARG feld Aok A ek w9
Take-off () B AAFART Hojeae) o] fejalA 71
Ve{“ﬁﬂg?gg;’;l a 180 + 2.3 160 + 2.8 A2 UEPATH((9)=2.531, p<.05). ©]9k 20| WH s} Adds)

Ao 2= A3 Al A 98+A == (mechanical
Note. * significant difference between GP and BP at p<.05, Measured I - :j_EHTg z] _° dee] ﬂi: Eﬁ(L s
values presented with Mean + SD, T means measures with relative to output)ol AAFPRT 713 Aow Ueiston], waddl]
the standing position of whole-body COM A AZFIFRAET} HoiGaolA =4 Vbt
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2. 34 ¥

Hulgs HAgee] B4 & 0l-& <Table 3>9 A|A]

g vkl 2 Holgse JMT@ now a2 #A9 2l
e %E*H-r——%ﬂ‘i HAY FAME o]Fo] Hom, o] 7k
U dudde AAFAle] 9 Wake g FHshks Al o)X
)‘\_];ﬁo] /\];Q—‘Q_ qu_ K= H]—E_ JJrZJO z] /\]xd o]‘o‘ 7-/\1
o] 9 WEFo R olFshe 7hedl 4lHe] o]Fo] Atk FAF
°F F FYoxe] 31A] 7t o] %%1011*1 ARoz gy
© MRS Bl B9, ARl Helde o] 3 AE
71Eo R WEREY A HAGFYRTG Hulgdo] F71 Al
el frefatAl 7k 202 JERd ¥HA(((9)=-2.976, p<.05)
SHHY Ade AR HAGeo] 71 Ao g
RO 2 VEPFTH1(9)=2.667, p<.05). A BAL] A1A AL A
a7 HAGFPA frefgt ato]7F UehbA] 4T(19)=-1.956,
=082).

o

o

Table 3. Coordination parameters in good & bad performance

Variables GP BP
Ankle 0076 £ 0039 0.130 + 0073
Joint Reversal .
Time Knee 0038 £ 002 002 + 0018
(sec)
Hip 0040 £ 0019 0021 + 0,039
AnkleKnee 21575 + 4890  27.389 + 9,005
Relative Phase
in All Phase KneeHip 16051 + 4095 16759 + 4.929
(degree)
AnkleHip 24020 + 5529 24492 + 5954
Relative Phase ATKleKnee 18209 + 6071 26150 + 10.923
in Propulsi .
n Plola?se VO Knee-Hip 15980 £ 4545 16109 + 5.053
(degree)  pldeHip 24976 + 7.59 28823 + 8.369°

Note. * significant difference between GP and BP at p<.05, Measured
values presented with Mean + SD, Joint reversal time is relative to
the lowest instant of whole-body COM

T OE 8 Bl A& AR Hde A A
AollA olRsk AFZEAS] AA| s AAFAH o] HA]
ARl A o] AR 270wl thste] A ATt HAl
M= HrERA ZanAe] At T A 7k 49
gk zto7h Vb, Harse] Adrielde] AArdEY v
A YERttH19)=-2.39, p<05). WHH F-E-JFH(19)=-0.385,
=09 B OTE-JE Y] A 19=0382, pm11DdME
Husaa ARG 1] T 2po|7t ERA] FStTh
RS A 3 SN E Huge] A
ool HAFH dield Bok fofsiAl Bl Ve

OO
1_.1__

(49)=-3.082, p<.05). Fg+ A =He] Az} D] F31 FHo|
AMe g2 duwdo] AT F 24 7k W,]al 2}
o7F vebgtetl RE-FEA e Anel FdsHA Hadol
A frofstAl B el U TH19)=-3.137, p<.05). 34|
ol D2 ogid o] AL A =me] Ankel SAEH
3 FHNE Hurdat HAFoll e {5 2fo)7} 1t
ERR] SRkt (19)=-0.061, p=.953).

V. = ¢

159 54 2 %3 99

B

T4 93l B 59 B8-S FAHCE H 4
oflAe] QI Faiate] 93y als ?f”éé}i%} Eis
A 7kt 109 Hurgn HAge of
A2 Btk ol AT Hzzold oF 123% OEOH 3
3k ZAo|H, Kim¥ Kim(2009)°] ®a1gk 10%) 7H 32}
o} Ak Aot & 4 Qink F A7y AR B o Hole
o] 2 HzA] ¢ 10% o)de] TR HATS &+ A
<, ole 2x=@FA A7gd s 1A F e &
olog Z8sl Aog AlgHTh

TAHOZ oAF EOF o], F o|AA] H& 8%l gt
o7k AA FHar] ok ©2%(32 cm)oll AFEH R
38%@2 cm)= O|A|A] AAFAY] FolAL 719 6}— Ao
ERiTh S o]x] £7te] AT FolAtet ok ke
S ToF Folxke Holgso] HAdd Hl 6H %ﬂr 12.4%,
122% Z7}3F Ao 2 AA Zo|zxke] 27} vl& 12.3%9 FAISH
AoZ UEpth U7t 8ol gk thE-Ee] dAellxe A
7_:11 _7,4_7do] }61-0]‘@- 5 L& o]OH /dzﬂ Cok h;o]_E; 7:124 }._
oj7] &=} HAH QRlo FEsh= ZAao] Wk AR Al
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Figure 3. Angle mean ensemble curve for the joints of lower
extremity. Joint angles was normalized with the 100 %
time-interval from start to take-off and vertical dashed lines
represented the lowest instant of whole-body COM. Vertical
arrows represented joint reversal from flexion to extension
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represented the lowest instant of whole-body COM

<Figre 4> 517 2 WAze] USRS ehha Sl
Ao} AL A Ao R 050,
.ojrigide] e Adum, T
P} 30 AREHSE BAYS WA FEAIS P
% Qo8 o 93 Rt R 9o FE-ua)
ASINE vhehka gk ol Aelge) Relh 2
32 AR HE Ae v 7 Bo] 22014 ’\VLE
Al Ao, & wo] AAOE HIH Wl T2



Effect of Joint Kinetics and Coordination on the Within-Individual Differences in Maximum Vertical Jump 313

A} 20 ehde
Joltjeke @ Bo] vjz) Adso] 244

=
£ el A4 A&t a4 ge A%

W3} HAgoe) ATl ol A 87 2 B

A7 Eol7 WY WA AV ¥ 4 otk o B2

3} 9uRd, BEg Eudel 214 (o] Axsaud 4

5l Atk Ane Husas AA5BlN) A

shel Rolst AFHT Yok AZ B4 7 BEo] Aoz

A8 A7 AL FH TP 5 ) B4
AR Aol A FHH

v

4
o
Lo

i

tlo X
oS,
lo,

> rir
oo o
-
gl
poc)
oL
2
o o>
ot

7]

N
p
o
Of
tlo

)
o &
o K
Eml.u:

23
=

P
i

1

fr

W, 314 A AH A9k 1 g
R} Ao 34 H9shes F
29-A9B8e #AH A4 ¢

7

ro ox

Mo

4
i

ko o
r_?l', ol

(o3
el
ol

Fo oft

l-fO
> o

T
B g

N
Fi

o
3o

e lo

N

Jr

ol

i

0.

B

o

i

o

oft

>

)

o
N
o2
(o3
-
ol
o,
=
ro,
= rlo
ol
ol
Y
of
ook
o -
o o
W.‘
pocs
H
=
Auj
3L
mw

v.4 &

r2
3
rir

o)
i
g
o

Sljoint kinetics) 2} 49 HE FH W
2 Bel Yehls e} e
] A Q& st gt ols

10085 tes AAg 6319 Hd 2 H=
7He 71 ol Axd Ao b vl dzd A

E

Y

1 e )

1
3 2 Hze] Ay £} BAE 09
4 o8 291 JREas wERd tehdth Ao
ARHE, o AReNe] AARAE, Aradsie, 71
W) U SN Aunselie JRuEs 9uH 2
ARzl Hls) RIS B Ao Uepgtor], weg
o HAPAAERES HuFPolr) FolsA B ek

eH Y2 WA A 5

N

e}
5
o
e
i)
lo
M
R0
2
[40
[
2
K=Y
I
o
b
rO
2=
=)

7} Po]
e 52

Po] A

ity
ol
oo
1o
ol

% welel Aejshalals Al 2ol thah 3
B geshaoln] Ansae] A45Y ek §
& Rog vehgor, 321 A olA A7

o & B>
z -
pi
ity
o
>,
[
i
rir
>
k)
1o,
~
i
i
0%
o
i)
l-un‘.
1

o U
o iy
=
W
ity
1o

a
4 Az Ao
[e) E}j}/}\-‘g‘ ’ O]Oﬂ E
st A 3 ge5 ToME A 4 Az S

29 2k ohjzh Askn ARl B B 599 7

Anderson, M. A, Gieck, J. H, Perrin, D. H., Weltman, A., Rutt,
R A, & Denegar, C. R(1991). The relationships among
isometric, isotonic, and isokinetic concentric and eccentric
quadriceps and hanstring force and three components of athletic
performance. Journal of Ortliopaedic & Sports Plysical Therapy;
14(3), 114-120.

Anderson, F. C., & Pandy, M. G.(1993). Storage and utilization
of elastic strain energy during jumping. Journal of
Biomechanics, 26(12), 1413-1427.

Aragon-Vargas, L., & Gross, M.(1997a). Kinesiological factors in
vertical jump performance: Differences Among individuals.
Journal of Applied Biomechanics, 13(1), 24-44.

Aragon-Vargas, L., & Gross, M.(1997b). Kinesiological factors in
vertical jump performance: Differences Within individuals.
Journal of Applied Bionrchanics, 13(1), 45-65.

Bell, A. L, Pedersen, D. R, & Brand, R. A.(1990). A comparison
of the accuracy of several hip center location prediction
methods. Journal of Biomechanics, 23(6), 617-621.

Bobbert, M. F, Karin G. M, Gerritsen, M., Litjens, C. A, &
Van Soest, A. 1.(1996). Why is countermovement jump
height greater than squat jump height? AMedicine &
Science in Sports & Exercise, 28, 1402-1412.

Bobbert, M. F, & Van Ingen Schenau, G. J.(1988). Coordination in
vertical jumping. Journal of Bomechanics, 21(3), 249-262.

Bobbert, M. F, & Van Soest, A. J.(2001). Why Do People Jump
the Way They Do? Exercise & Sport Sciences Reviews,
29(3), 95-102.

Bosco, C., Viitasalo, J. T., Komi, P. V., & Luhtanen, P.(1982).



314 Yong-Woon Kim * Jung-Suk Seo * Dong-Wook Han

Combined effect of elastic energy and myoelectrical
potentiation during stretch-shortening cycle exercise. Acta
Physiologica Scandinavica, 114, 557-565.

Burgess-Limerick, R., Abemethy, B., & Neal, R. J.(1993). Relative
phase quantifies interjoint coordination. Journal of Bomechanics,
26(1), 91-94.

Dempster, W. T.(1955). Space requirenents of the seated operator.
WADC technical report, Wright-Pattern Air force Base,
OH, 55-159.

Feltner, M. E., Bishop, E. J., & Perez, C. M.(2004). Segmental
and Kinetic Contributions in Vertical Jumps Performed
With and Without an Arm Swing. Research Quarterly
for Exercise & Sport, 75(3), 216-230.

Grood, E. S, & Suntay, W. J.(1983). A joint coordinate system for the
clinical description of three-dimensional motion: Application
to the Knee. Jourmal of Bonechanical Figineering, 105, 136-144.

Hamill, J, Van Emmerik, R E A, Heiderscheit, B. C, & Li,
L.(1999). A dynamical systems approach to lower extremity
running injuries. (linical Biomechanics, 14(5), 297-308.

Hara, M., Shibayama, A., Takeshita, D., & Fukashiro, S.(2006).
The effect of arm swing on lower extremities in vertical
jumping. Journal of Biomechanics, 39(13), 2503-2511.

Heiderscheit, B. C., Hamill, J., & Van Emmerik, R. E. A.(1999).
Qangle influences on the variability of lower extremity
coordination during running. Medicine & Science in Sports
& Exercise, 31(9), 1313-1319.

Hubley, C. L., & Wells, R. 0.(1983). A work-energy approach to
determine individual joint contributions to vertical jump
performance. European Journal of Applied Physiology;
50, 247-254.

Hudson, J. L.(1985). Coordination of segments in the vertical
jump. Medicine & Science in Sports & Exercise, 18(2),
242-251.

Irwin, G,, & Kerwin, D. G.(2007). Inter-segmental coordination in

progressions for the longswing on high bar. Sports Bonechanics,

6(2), 131-144.

A. S.(1995). Dynamic Patterns: the self-organization of

brain and behavior. Cambridge, Mass: MIT Press.

Y., & Kim, Y. J.(2009). Biomechanical comparison of

good and bad performances within individual in maximum

vettical jump. Korean Journal of Sport Bomechanics,

19(3), 489-497.

Kollias, 1., Hatzitaki, V., Papaiakovou, G., & Giatsis, G.(2001).
Using principal components analysis to identify individual

Kelso, J.

Kim, Y.

differences in vertical jump performance. Research
Quarterly for Exercise & Sport, 7X(1), 63-67.

Kurz, M. 1., & Stergiou, N.(2004). Applied dymantc systens theary for
the analysis of novenent In Stergion, N. (Ed), Innovative
Analysis of Human Movement. Champaign, IL: Human
Kinetics, 93-119.

Lees, A., Vanrenterghem, J., & Clercg, D. D.(2004). Understanding how
an arm swing enhances performance in the vertical jump.
Journal of Bomechanics, 37(12), 1929-1940.

Pandy, M. G, & Zajac, F. E(1991). Optimal muscular coordination
strategies for jumping. Journal of Bonechanics, 24(1), 1-10.

Riewald, S. A.(2011). Applied biomechanics of jumping. In
Magee, D. J, Manske, R. C.,, Zachazewski, J. E, &
Quillen, W. S. (Eds), Athletic and Sport Issues in
Musculoskeletal Rehabilitation, 234-264. St. Louis, MO:
Elsevier Inc.

Seifert, L., Leblanc, H, Chollet, D., & Delignieres, D.(2010).
Inter-limb coordination in swimming: Effect of speed and
skill level. Hunmn Movement Science, 29(1), 103-113.

Sparrow, W. A.(1992). Measuring changes in coordination and
control. In J. J. Summers (Ed.), Approaches to the
Study of Motor Control and Learning. Amsterdam:
Elsevier Science.

Tomika, M., Owings, T. M, & Grabiner, M. D.(2001). Lower
extremity strength and coordination are independent
contributors to maximum vertical jump height. Journa/
of Applied Biomechanics, 17, 181-187.

Turvey, M. T.(1990). Coordination. American Psychologist, 45,
938-953.

Yoon, S. K., & Challis, J. H.(2005). The variability of maximum
vertical jumps. Journal of Hunmn Movement Studies, 48,
147-156.

Van Emmerik, R E. A, & Wagenaar, R. C.(1996). Effects of
walking velocity on relative phase dynamics in the
trunk in human walking. Journal of Bomechanics,
29(9), 1175-1184.

Van Ingen Schenau, G. J.(1989). From rotation to translation:
Constraints on multi-joint movements and the unique
action of bi-articular muscles. Hurmn Movement Science,
8(4), 301-337.



