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Objective: The purpose of this study was to investigate the kinematic sequence patterns according
to movement times during Karate choku-tsuki.

Method: Ten Korea national Karate athletes participated in this study. Participants asked to

perform jodan and chudan choku-tsuki. 30 infrared cameras were used to measure angular
kinematic of elbow, shoulder, trunk, pelvis, hip, knee, ankle.
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Results: The two-way repeated measures ANOVA revealed significant effects for the joints
(p<.05). But no significant effect for the movement time and interaction of joints x movement
time existed for the kinematic sequence variables.

Conclusion: For karate kumite players to reduce the movement time of punch, it is necessary
to train kinematic sequences that allow each joint to rotate at a relatively similar timing.
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Figure 1. Movement description and phase definitions of the choku-tsuki.
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(Kistler 9286BA, Kistler, Switzerland)& AX|5l0 20| 8 H SEEEC MZE A7t 71 B2 =2 H™SIGICt
= HSFUN LiELE +AX[HEE gloz fE S0 Ojf S| 2QAIZH0| 7+ B2 SEES FAST, 7t
10 N Ol&} TO|[= =7tez MG, UE »7t2 F T g SEE SlowE 2R3, EgAZtE Mes &
TYAZOIM LIEILHE 2FSHH A[EAE HuEY SHACE
(Table 1)
Table 1. Average + standard deviation of the movement time
of choku-tsuki and paired #test results (unit: sec) 4. EAXa
Choku-tsuki Movement time Paired £test
SLOW FAST tvalue (p-value) 5 7K SE"A|ZHmovement time)2| XIO|E SAHE 2
slolsly| Q8 HeEE AN (pai ftach 2 AIAISIS T
Jordan 0.50£0.07 0432012 3.280 (.010) 2 EQIst7| QI8 LIS EE + A (paired ttestyS MA[SIFH D,

hud 0525006 0422008 2358 (002) YetExy 2AZXM(two-way repeated measure ANOVA)
udan 520, 14240, .358 (. . N . " .
£ AMAISH FE 1 'Movement time'Zt F&E1t Joint, 12|10

Table 2. Average + standard deviation of the kinematic variables and results of two-way ANOVA with repeated measure during the
jodan choku-tsuki in karate kumite

Mean + standard deviation Fvalue (p-value)
Variables Main effect 'MT' Post hoc
SLOW FAST Main effect "Joint'

Interaction 'MT' X 'Joint'

Maximum angle (deg)

Pelvic rotation 514116 446+13.0

Trunk rotation 89.4+180 84.8+155 2870 (.125) SLOW:-P <T/S/E
i 19.847(.000) FAST:P<T/S/E

Shoulder flexion 93.3+159 88.9+16.1 2.300 (.100)

Elbow extension 101.2£17.6 102.6+14.8

Minimum angle (deg)

Pelvic rotation -14+28 -14+34
SLOW:E/S<P/T
- SLOW: 9.292 (.002) < SLOW < FAST
Shoulder flexion -9.6+89 -36+3.9 FAST: 7.099 (.008) E: SLOW < FAST
Elbow extension -12.1+79 -8.6+7.1
Maximal angular velocity
(deg/s)
Pelvic rotation 303.1£58.6 297.2£63.2
112.027 (.000) s
Shoulder flexion 4609+147.5 452.9+1405 373 (654) FAST.P <S/T<E
Elbow extension 1236.5+180.7 1262.3+195.0
Timing of maximal angular
velocity (ms)
Pelvic rotation -19.7+3.6 -20.7+49
Trunk rotation -16.6437 -15.7+4.8 017 (900) SIOW-P<T<S<E
; - _ 70.887 (.000) FAST: P <T<S<E
Shoulder flexion 10.6+2.3 11.3+4.2 1.565 (.241)
Elbow extension -73+24 -7.0+2.1
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Table 2. Average + standard deviation of the kinematic variables and results of two-way ANOVA with repeated measure during the

jodan choku-tsuki in karate kumite (Continued)

Mean + standard deviation

Fvalue (p-value)

Variables

Main effect 'MT' Post hoc

SLOW FAST Main effect "Joint'
Interaction 'MT' X 'Joint'
Initiation timing of angular
velocity (ms)
Pelvic rotation -38.9+99 -36.8+84
Trunk rotation -35.8+74 -33.9+6.3 094 (766) SLOW: P / T<S<E
: : ) 14.145 (001) FAST:P/T/S <E
Shoulder flexion 26.6+11.2 28.1+12.0 864 (405)
Elbow extension -17.1+7.44 -18.0+8.6
Maximal angular acceleration
(deg/s?)
Pelvic rotation 3802.8+1060.0 3930.0£705.3
156.843 (.000) ;
Shoulder flexion 9173.6+2647.8 8781.4+2209.7 360 (782) FAST.P/T <5 <E
Elbow extension 18614.5+3484.3 18268.2+2862.3
Timing of maximal angular
acceleration (ms)
Pelvic rotation -25.9+40 -264+55
Trunk rotation -253+39 -25.1+5.5 014 (908) SLOW: P / T<S<E
- 149.868 (.000) FAST'.P /T<S<E
Shoulder flexion -14.6+4.4 -15.1+£5.0 387 (657) :
Elbow extension -10.9+2.1 -10.6+2.2

Note. Bold: a significant difference at p<.05, MT: movement time, P: pelvis, T: trunk, S: shoulder, E: elbow

A3 EE Joint X Movement time

Ar oM
1x o
O rjo

2
Bonferroni corrections A A|SH0] 2&SE A|FAE
ULt O|YAEHERF 2AHRM At 43EE0| LEE
SLOWSt FASTE 233810 291 Joint'0f CHst LS
SMEMS AAISI, AA=EEHS HAISHRALE O|m SPSS sta-
tistics 23 (IBM, USA)E A3, Rol+=F2 a=052 4
SRt

oM
Ho

Al
0z

RESULTS
1. &¢h X]|27|(jodan choku-tsuki)

ot X27|0Me A0 2k, 20 455, 55 AIKA

7h AT} 24T WHAIZ, A 2AotAE, Al 27tsE wH

J

2|
A|ZHM ASEEE Joint X Movement time'dt 21 'Move-
ment time'®l| CHSE F[St XHO|= LIEILEA| 2 HHH, ==&

1

IF Joint'0| F2let XtO|E LIEFH 1 (p<.05), At=dH
(Table 2)01 MIAISHRACE EEo XA 20N = &2
X Movement time'S LIEHH T (p<.05), 29! Joint'Of CHet Ht
=5Y LAUHTEHS HAIS 2 SLoWet FAST 25 R2
b XIO|E LtEFRCHp<.05). At ZAut= (Table 2)0f HA|
tACE

-
o

ot J

OF

2. STt X|27|(chudan choku-tsuki)

SH X270 2O 2, ZOf Z5E, 2455 AFHA|
Zh Z[Cf b WA E|Of Z0tEE, A|Of 20t W
AZHoIM A= 2 Joint X Movement time'dl &1t 'Move-
ment time'0ll CHSH 9|8t X}O|= LIEILIX| QS HIH =g
It YJoint' 0l FLlBt AHO|E LIEHH 1 (p<.05), At HE A=
(Table 3)0f MAISHRACE EEB £|& 240N = &= EHE Yoint

X Movement time'S LIEH:H T (p<.05), 29! Joint'Of CHet Ht
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Table 3. Average + standard deviation of the kinematic variables and results of two-way ANOVA with repeated measure during the

chudan choku-tsuki in karate kumite

Mean + standard deviation

Fvalue (p-value)

Variables Main effect 'MT' Post hoc
SLOW FAST Main effect 'Joint'
Interaction 'MT" X 'Joint'
Maximum angle (deg)
Pelvic rotation 51.5+124 50.0+9.3
Trunk rotation 983193 100.7+11.8 640 (444) SLOW:-P<S<T/E
: 23.868 (.000) FAST:P<S<T/E
Shoulder flexion 81.2+228 75.9+14.9 553 (.533)
Elbow extension 105.9+154 103.7+15.0
Minimum angle (deg)
Pelvic rotation -2.1+£35 -0.5+09
SLOW:S<E<T/P
Trunk rotation -2.9+35 -14+16 28.895 (-000) FAST:S <E<T </P
SLOW: 22.139 (.000) <. éLOW < FAST
Shoulder flexion -19.7+8.0 -15.8+10.1 FAST: 15.469 (.000) E: SLOW < FAST
Elbow extension -109+74 -8.3+6.9
Maximal angular velocity
(deg/s)
Pelvic rotation 3034+67.1 295.1£62.9
175.062 (.000) s
Shoulder flexion 430841210 4242+112.1 095 (887) FASTP<S/T<E
Elbow extension 1315.4+150.0 1293.6+104.9
Timing of maximal angular
velocity (ms)
Pelvic rotation -215+54 -18.8+4.8
Trunk rotation -17.0+42 -15.7+45 3.025 (116) SLOW-P<T<S<E
: : : 65.480 (.000) FAST.P <T<S<E
Shoulder flexion 10.2+34 9.9+25 3.241 (071)
Elbow extension -6.9+1.6 -6.0+1.3
Initiation timing of angular
velocity (ms)
Pelvic rotation -37.316.2 -39.5+6.2
Trunk rotation -337+6.7 -36.7+8.8 1.990 (.192) SIOW: P <T<S<E
i - - >1.484 (.000) FAST:P/T<S/E
Shoulder flexion 18.6+24 19.8+3.6 228 (.806)
Elbow extension -15.2+4.0 -18.8+9.7
Maximal angular acceleration
(deg/s?)
Pelvic rotation 3541.1+955.3 3504.4+896.5
Trunk rotation 5678.5+2271.3 6132.7+2006.9 .008 (.930) SLOW:P<T<S<E
183.928 (.000) N
Shoulder flexion 92950421252 8911.1+1786.1 382 (767) FASTP<T<S<E
Elbow extension 19258.2+3218.1 19336.3+2543.6
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Table 3. Average + standard deviation of the kinematic variables and results of two-way ANOVA with repeated measure during the

chudan choku-tsuki in karate kumite (Continued)

Mean * standard deviation

Fvalue (p-value)

Variables Main effect 'MT' Post hoc
SLOW Main effect ‘Joint'
Interaction 'MT" X 'Joint'
Timing of maximal angular
acceleration (ms)
Pelvic rotation -28.1+5.6 -25.3+3.7
Trunk rotation -256+4.8 -25.0+32 1.751 (:218) SLOW:P/T <S<E
; 147.205 (.000) FAST‘.P /T<S<E
Shoulder flexion -14.2+5.2 -14.6+39 2.093 (.168) :
Elbow extension -104+1.7 -9.5+1.6

Note. Bold: a significant difference at p<.05, MT: movement time, P: pelvis, T: trunk, S: shoulder, E: elbow
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