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Kinematic Analysis According to Age an
Vertical Jump in Youth

Gender During

Kim Mi—=Sun'- Lee Seung—Hun?
Korea Institute of Sport Science'* Catholic Kwandong University®

Abstract

The purpose of this study was to investigate the ground reaction force characteristics according to age and gender of
youth during vertical jumps. 65 youth participated in this study. Participants were asked to perform three vertical jumps.
One force plate were used to measure kinematic data. Sampling was set to 1000Hz. Ground reaction force kinematic
variables include time variables (duration of major negative impulse, duration of major positive impulse, duration from
minimum to maximum force, duration from maximum force to takeoff, duration of takeoff phase, flying time), and force
variables (peak negative force, peak positive force, landing force), and impulse variables (negative impulse, positive
impulse) were calculated using the python program. Two-way ANOVA was performed to verify differences in kinematic
variables. In the time variable, Duration of major negative impulse showed a significant effect for the age, and Duration
from minimum to maximum force showed a significant effect on gender. In force variables, peak negative force, peak
positive force, and landing force all showed significant effects for the age, but only peak negative force and peak
positive force showed significant effects on gender. In the impulse variable, negative impulse showed significant effects
for both age and gender. In older grades, it is believed that there is a need to strengthen lower limb muscles due to the
significant energy loss that occurs in the process of converting elastic energy into kinetic energy. It is believed that

lower grades will need exercises to increase lower extremity joint movement, joint stability, and proprioception.

Key words : Vertical jump, Exercise Performance Abilities, impulse, force plate
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Abilities) 7} BA7F QITH(©]784, 2008). 53], U5 &
g &rok 9", A 5 AHUATE Qlof Aadiat
ofUel 2% ABI A7lell S HeHA Egloldol
ZQasiths o)Ado] WrkCumming et al, 2008; Malina
et al, 2004; Vidal-Linhares et al., 2010; Katzmarzyk,
Malina, & Beunen, 1997; -34S, 2013).

Mz ARG o] gsf ThEofdl Flo] AHo]
goto] WA¥shs HHEES e AAE 350
Oee SRS & o713, 2004), IA F=
7|(take off), 557I(fight), 2F*]7|(landing)Z LpeTh
dFME 4 HZe U A (skill-related
physical fitess) Z42] 7]i2o] e F2tolcthDavis,
Briscoe, Markowski, Saville, & Taylor, 2003; Hertogh &
Hue, 2002; ¥4 & ©]7]d, 2004). oigt oz,
sAlo] e 45U ARHoR BAT 4 gl
1)(Aragon-Vargas & Gross, 1997), 3}A] < }9e} 7}
T =& SUHAE 7HAAL IcKMarkovie, Dizdar,
Jukie, & Cardinate, 2004; Sipila et al, 2004). o]2{st
ol HIZe Mol Fagh 7jEsAe
2 W3|u(Adrian & Cooper, 1989), o8] AFZ=xo|A
A 2ES e ) go] -85 k.

TRz gt 7]E AT dEE SA Al ol
gk aclof sl wol7t AAHEAE Fopy] 98
=] ek Genuario} Dolgener(1980) 121l Tomika
20012 FAHLIE dubd o o] o g3F
o] ¥ Aoz Yot Al ofshd =

llo oft

3} okolekal RSt Aragon-Vargas 5(1997)2 |
o o] Az 4B HYA 24 e vkl
2 wulEe e} L AR nork vt
R, Fool iRt FFL AR Akl i
Chung2006)2 31 QFgel S44ZE 57] 9i3)

e F27] FoA F47] o] A€t 1
I E-_L—_o]

3, ZH5A0 72 4ug
o] Fohi WIS oY% SHoR
7] fleiM= s2F ol
T} dit) Weko g 2ol HlHE(countermovement)O|
UERATHBobbert, Karin, Gerritsen, Litjens & Van
Soest, 1996; 788, 2005). 121l $AH[ET T 27
= 599 9 Bo] ¥ 422 (Kim, Koh &
Cho, 2012), 22| A| 241} Aol 2ufell ] 7ef o
ZZdo| YAE T Mizahi & Susak, 1982; Gross &
Nelson, 1988; Kellis & Kouvelioti, 2009). ¢ J&& &
d% % b, SAAme) $aRe £55 - S5olE
201 Foll sl #e-Em, IFolA E-5sH Hl
o8 AW, 4% 5= €9
ok oA ® AHRFEE ARESE $9HE0] o] FolHANE
frade fiies g A gk Ao, Jut
Moz Zxal 4 Loljump heighte} o) 3}
(peak powen)= FEAQ 3 FEHE Fsh= HIA
T THsket SEsHAl 4 4 At Mizuguehi,
2012).
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FAaES] FAHL A AT Aol w2 Edsty B4 dF 53
LAl g TR & E 1. ACHMiel Y
bk (=5)
Classification weight(kg) Age(yr)
Az g 18 30.72+5.48 8.00+0.00
e o 15 29.52+6.75 8.00£0.00
sy @ 18 53.15+13.67 12.00+0.00
HGO o 14 50.38+8.29 12.00:0.00

S8 g, ZUSE F 389 SAUT FHS

A &4 00xFshL Ashd RS9, AL & ARZ|E HloluA] oA &
9 329 187, o] 14 Agt SARE At Ao ARESIGITE Al 199
SITE 1> o5 | AHRE 7| (Kistler, Sweden)S ©o]83}%1, AEHS

g A ARl ¢l shA 1000Hz2 AA3to] Adgsidick 24 AR S5 o
Jog AAsiglcy. A+ L t|o]El= Qualisys Track Manager (Qualisys, Sweden)

TIIHG) SIS of 9o 7|3t W A= YA E(row data)E FE

9
5ol wol AWHUL, 7+ st
9o e 52 5 &

b =2
Python 219 AMGS) AHESlgla, AT 7R

BoAeh I AT WEE = ohem 2elaw 1) $EAZI AREE #7K(The
A&gsict. dhdzl= e & initiation of the countermovement [E1]), & 3 7t

Duration of takeoff phase

Duration from minimum to vqaxifhum force \ N

Duration of major negative impulse

yA Positive impuise
Duration from maximum force to takeoff

\

Negative impulse /
Duration of major positive impulse Flying time
Peak negative force
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Fo

(Peak negative force [E2]), $lo] A|Fo= Foprtal 2|
I 59 &xo) TEst 7HForce returns to body
weight and peak negative velocity is reached [E3]), Z|tf
3] ZH(Peak positive force [E4]), $lo] AFO2 Eolrf
I FHa 9F9 &wof st <7HForce returns to
body weight and peak positive velocity is reached [ES]),
o] Aelol 4 Holzl 47k Takewoff [ES]), A ¥

oA Hdj 9 F7kA9] Al7{Duration from minimum
to maximum force; 24 3 - A 3 A7k [P3)), F
o g gholA o] AwollA "olzl AJZHDuration
from maximum force to takeoff; Hofj 3 - o]FA|7F
[P4]), AR L7} ARt a7bEE o] 2w
o]Z ¢7HDuration of takeoff phase; A ©]FA|7k
[P3]), o] Aol HojZl 3 ThA] AHol| Ei= A

o] AHe| = #IHLanding [E7))C& A5}t ZWFlying time; H|FAZE [PO) R 7hE A st
(Mizuguchi, 2012). 3L 2L F2to] AJRFE= &= AR
7H5E A 244l AlFEY AA AW 7keks ¥ Sy HeRE & 4 A 5 7Rl
< U&= AJ7HDuration of major negative impulse; = 2749 FAH 99l S 77 (Negative impulse)T} OF
=4 AR [P), 3 Az 523 Al AA A9 A =4 A et 7 24 REE 1Y % 24
FHET B2 AS AHo| 7k AlZKDuration of (Positive impulse)<r &A1 5F3{Ch
major positive impulse; % 52 AlZF [P2]), & & g
B 2, G M0l 2 A2 201 24 2}
unit: s
LG HG Total F )4 post-hoc
. . M 0030:0.004  0035:0.007  0.032+0.006 age 179125 047%
?gt‘]"v'; ?;ﬁjszr F o 0029:0005 0035:0.005  0032:0006  gender 1234 467  LG<HG
T 0030:0.005  0035:0.006  0032:0.006  age*gender 075 786
. _ M 0045:0012  0051:0.14  0.048:0.013 age 15163 .160
zu(fitt';r; ?;gg:r F o 00360007 004060007  0038:0.007  gender 51156 088
T 004120011  0047:0.013 00440012  age*gender 276 599
Duration from M 00460015 00470014  0.047:0.015 age 4817 27
minimum to F o 003120009 003440006  0033£0.008  gender 225867  .042%  MF
maximum force T 003950015 004240013  0041:0014  age*gender 092 001
Duration from M 0016:0.004 002420011  0.020:0.009 age 3839 300
maximum fore to F 002060005  0.023£0.005 00210005  gender 317 674
takeoff T 0018:0005 00230009 002140008  age*gender  1.873 176
. M 0078:0013 00910018  0.085:0.017 age 11756 059
D”rauo;?h;’sfe @heoff b 006950011 007960010 00740012 gender 102214 063
T 007420013  0086:0.016  0080:0.016  age*gender 096 757
M 0.043:0.004  0.049:0.007  0.046+0.006 age 10206 193
Flying time F o 0043:0006 00460005  0045:0.005  gender 687 559
T 0.043:0.005 004850006 00450006  age*gender 1328 254

*p<.05, M: Male, F: Female, T: Total, LG: Lower grades students, HG: Hight grades students



$a40 £AUE A A o] BE LHsH BH AT 55
4. XI2ZE U 2EA diH 4 9-Ff 3 AZKDuration from minimum to
maximum foree):>- Hgof wetde FAHCR #9
AR o] mhe AHwhy 5k Wl g Apol= LEIA] oRQIATL HAfoto7) offoto] i
Aol ATl fls ol HFEA(Two-way o HksS 71 Sfs A ol d deoz d
ANOVA)Z A8, A4 o a =052 B 28 Aol 71 Aoz Uegth(p<05). i &
A8k -0]&A|7HDuration from maximum force to takeoff)
ARG A 2T SAHCE {7t Aot vyt
2] ookt AA| o] FA|7HDuration of takeoff phase)
m. 23} ARG A BT SAHCE {oRt Aot vyt
A ket A7k Flying time) AR Y W
1. A|ZHH QoI SAMLCE {7t Aol7h ehA] sttt E=3E =
4 AR & 54 AR A - Y AR A
A=zl Ado] ma A7k ol 24 Azk o H - OIFARE AFAIRE AAHOIFARY HE 9F
27 A7h Ak 3 - A 3 AL A 3 - o)z I AE Ao AEAE Bike EAEHA de AL
AZE AFARE AA olSARDE ARt SRg = HENH
A= Thedt A<t 2.
2 %2 A]7KDuration of major negative impulse)> 2, & 2¢l
ashdo] Aehdrh FAKCE FoeiA Az
=2 A Ao 7l Fe 253 A7) ) 71 Al AR ol whE @ 8AE&Y 9, A 9, #
7He 2= AoE UepgAuhp<05), Ado] geps Al B Alete] S dike o gk 3.
EAAo=Z 20l3t 2oz} UElA] ko) oF 27 e 771 fl8 w2 Sl Pske 7GR
A]7HDuration of major positive impulse)> A%y} A 715 ofulshs 2|4 9(Peak negative force)e A3t
RE EAMom 903} zjol Uehta] okoketh do| wshdrt} SAXCR [OslA A VR
3. ggn g e § 20 B4 Zat
unit: Nkg
LG HG Total F p post-hoc
M 0.505£0.130  0.455£0.158  0.479+0.145 age 19133.260 .005*
Peak negative force F  0.459+0.080  0.409+0.115  0.435+0.100 gender  16317.204 .005* Lf;HFG
T 048450111  0436£0.141  0460:0.128 age*gender 000 991
M 226580210 218740262  2.225+0.238 age 215.141 .043*
Peak positive force ~ F  2.437+0300  2347+0.272  2.393+0.285 gender 832.752 022% LI(\idng
T 234320265 225440274  2.299+0.271  age*gender .008 929
M 6.035t1.086  4.943+0.885  5.475£1.120 age 207.534 .044*
Landing force F 54671311 421240815  4.861£1.255 gender 63.678 079 LG>HG
T 577741209 46330920  5205£1212  age*gender  1.00 753
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unit: N/kg * s

LG HG Total F p post-hoc
M 0.761+0.184 0.979+0.330 0.873+0.287 age 85157.911 .002*

Negative impulse ~ F 0.803+0.145 1.02040.205  0.908+0.205 gender 3060.081 .012* L;ZI;G
T 0.780£0.166  0.997+0.281  0.889+0.253  age*gender .000 990
M 28710318  3.395+0489  3.140+0.487 age 46.527 093
Positive impulse ~ F 285940406  3.248+0319  3.047+0.411 gender 1415 445
T 2.866+0.355 3.333+0.425 3.099+0.455  age*gender 468 497

*p<.05, M: Male, F: Female, T: Total, LG: Lower grades students, HG: Hight grades students

SIS Tp<05), Ajolols} oiololnet
ot A LeetTip<05). MBS SlE 2
o 2712 ofulsh Fch F(Peak positive force)® A
shdo] mstylnth BAZOR folsA aA v
p<05), FAjotoluict elsjolol st folaHA A 1f
ebthp<05). 217 F(Landing force) & #}elo] w3}
dol uls) BAMOR fofshl A UehtAw
(p<05), APe] webiE EAACRE Sofat Ko7t
UrehbA) gtk B A W, B2 8 A4 g B
5 Qlejh 4 Aolo] HEAE AL A %

Aoz ekt

3. 4E 29l

Ayt o] mE T4 8= TE8H ¥ &
A Agale] 248 Ane oL 2k 4

S ZZZH(Negative impulse)> #shdH T} 18H0]

offt

Adozm fo8HA & & FAFS HEUL
05), HAfofo|Ht} ojzjoto]7h foetA 2 = F
FS YeRN At p<05). 9 =27 (Positive impulse)

AR} A B AR {3t 2jol7} Let
A sl B & A% o 4% mE Y
o g Aolof AuAg aike EAEH] e AL

2 Uk

X

flo 1M
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% % o W Hols}
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AT} o] w2 fAHE F2F A AT 9, 34

Ty o

2020). 3 AlAERKstretch reflex)@} FlEo] A2

+ EHoflUX|(elastic energy)S Z-83f FUH wYE

Ags HojErolad & £31%, 2020; Cormie,
McGuigan, Newton, 2011; £31%, 7}49%, 743,
2020). Ly frdr] gy o] AlAIA dEe] glof
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SN Zu R A FHAT A
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