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ABSTRACT

The purpose of this study was to provide data to increase the success rate of penalty kicks through quantifying the shape of
skilled kicks by performing a kinematic analysis on the change of movement during the kicking phase which the goalkeeper uses
as a vital clue. Three high definition video cameras(GR-HD1KR, JVC, Japan) were used for the study and 18 reflective markers
were attached to the body joints. Corners of the goal, difficult for goalkeepers to block, were set as aims and 1 m by 1.2 m targets
were installed. Each subject had five sets of kicks at random, and the analysis was done on the movements that hit the target. Time,
speed of the right lower limb’s center of mass, joint angle, and angular velocity were chosen as factors and the results of the
analysis showed statistical significance. The player taking a penalty kick should train to avoid leaning one’s body towards
the kicking direction and change the angle of the right foot right before the impact to decide the direction of the ball. The
goalkeeper can increase the save success rate by studying the angle of the kicker’s body and the right foot as well as the
timing of the kick.
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Table 1. Characteristic of the subjects

Age Height Weight Career

(years) (cm) (kg) (years)
M 22..00 178 77.33 10.25
SD 4.00 9.27 14.26 3.30
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Figure 1. Experimental equipments
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Figure 2. Phases and events
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Figure 3. Angle of segment

Table 2. Temporal parameters (Unit: s)
T1 T2 T3 T4
M 0.13 0.12 0.12 0.12
Phase 1
D 0.02 0.01 0.01 0.01
M 0.05 0.10* 0.07 0.07
Phase 2
D 0.01 0.03 0.02 0.02
M 0.07 0.11 0.10 0.10
Phase 3
D 0.01 0.03 0.02 0.02
*p<.05
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Table 3. Velocity of right thigh CM (unit: m/s)
Tl T2 T3 T4

Table 4. Velocity of right shank CM (unit: m/s)

T1 T2 T3 T4

X M 1.50 296 -0.01 1.82
SD 1.08  0.61 1.00 0.69
Y M 3.16 3.6l 3.86 3.51

AP
SD 0.63  0.62 0.31 0.44
zZ M -0.39  -0.05 -0.41 -0.12
SD 030 0.18 0.06 0.60
X M 0.65 2.50% 0.35*  1.68°
SD 0.60 028 0.47 0.18
LD Y M 451  3.75% 4.78 4.64
SD 099  0.17 0.12 0.43
V4 M 0.17  -0.04 0.20 0.09
SD 0.02 038 0.08 0.20
X M -0.54  0.10 -0.87 0.69
SD 026 053 0.60 0.79
P Y M 2.85%  2.44% 3.57 3.74°
SD 0.11 0.42 0.21 0.28
zZ M 0.51*  0.66*  0.04**  0.19
SD 0.18  0.07 0.11 0.20
X M -0.19  -0.09 -0.27 0.28
SD 049 027 0.40 0.17
FT Y M 239 177 3.45 2.84

SD 021 045 0.44 0.42
V4 M .10 1.09 0.01 0.04
SD 0.59 040 0.47 0.06

Note. *significant difference between T2 and the others, “significant
difference among T1, T3 and T4. *p<.05
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X M 0.51* 021  -1.04 0.89
SD 149 250 0.72 0.76
Y M 2,61 041* 349 294

AP
SD 0.13 1.35 0.19 0.19
V4 M 224 250 1.78 2.09
SD 0.11  0.15 0.12 0.29
X M 3.80* 541  1.86** 3.70
SD 0.13 1.02 0.38 0.15
Y M 9.08 741 8.95 7.72
LD SD 042 201 0.19 0.16
V4 M -1.59  -093  -131 -1.17
SD 0.10  0.29 0.44 0.35
X M 0.60* 206 -0.77% 276"
SD 0.19  0.81 0.16 0.40
P Y M 820 697 782 8.47
SD 0.19 180 0.58 0.34
V4 M 044*  1.19* _013% -0.57°
SD 022 053 0.05 0.37
X M 264 -180 -1.60 -0.77
SD 0.19  0.60 0.77 0.16
T Y M 317 342 3.02 3.71

SD 076 0.8 0.64 0.92
V4 M 253 297  -0.01* -0.03
SD 1.04  0.56 1.00 0.01

Note. *significant difference between T2 and the others, “significant
difference among T1, T3 and T4. *p<.05
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Table 5. Velocity of right foot CM (Unit: m/s)

Table 6. Angle of segment (Unit: deg)

T1 T2 T3 T4

T1 T2 T3 T4

X M -142  -020 -2.88 1.30

M 9.24 6.73 8.95 7.53

Trunk
SD 0.55 1.07 1.39 1.07 SD 3.19 3.25 3.88 1.15
Y M 2.60 1.29 0.65 1.47 M 15259 148.07 15233 161.28
AP R.Knee
SD 1.20 1.06 2.95 0.21 AP SD 9.41 12.64 2.79 8.50
V4 M 6.73 6.28 7.00 5.77 L Foot M 2543 2840 23.60 2227
.Foo
SD 1.55 1.14 1.33 0.60 SD 1.27 9.41 10.15 232
X M 7.18 6.87 3.53* 5.50 R Foot M 9542 99.18 9328 85.99
.Foo
SD 0.60 2.11 225 0.25 SD 10.79  13.66 1934  2.11
Y M 11.55% 724*% 11.19  8.90° M 1793 1746 920 12.89
LD Trunk
SD 1.18 2.66 0.90 0.86 SD 1.53 2.62 2.37 1.28
V4 M 496 292 384 424 RKn M 89.55 81.51 8875 8794
Knee
SD 0.11 1.83 0.64 0.19 D SD 6.37 9.22 331 3.19
X M 3.51 5.53 0.87* 6.14 L Foot M 5779 1431  12.16 10.42*
.Foo
SD 0.56 1.06 1.79 0.49 SD 1.33 11.14 2.63 3.55
P Y M 14.08 11.57* 13.10 12.50 R Foot M 106.59 118.44* 9263 108.74
.Foo
SD 0.73 1.10 1.04 1.16 SD 8.48 6.65 799 2048
Z M -0.53 029*% -127 222 Trunk M 11.67 13.67 537* 1148
run|
SD 0.18 1.31 0.54 0.55 SD 1.53 1.50 2.13 0.84
X M -4.17  -321 -3.03 -1.62 RKn M 13537 13596 134.13 124.39
Knee
SD 0.29 0.34 1.26 0.56 P SD 3.05 4.58 5.67 5.84
Y M 427 443 1.93? 4.19 M 3.24% 9.69 13.07 16.59*
FT L.Foot
SD 1.24 0.56 1.25 2.02 SD 1.68 10.39 5.17 1.97
Z M 3.71* 448 -0.74  -0.12° R Foot M 81.53 102.29* 77.60 100.75
Foo
SD 0.96 0.44 1.75 0.03 SD 2.80 4.59 5.30 8.14
Note. *significant difference between T2 and the others, “significant M 7.79 1487 1030 14.29
difference among T1, T3 and T4. *p<.05 Trunk SD 207 523 1.87 361
RKn M 177.56 17026 169.70 169.62
Knee
fFelstAl S71 3kt T4elX = T12k T3ETh Right foot T SD 109 240 458 528
zto] AA Ugkor} EAF R 2ol QI TH(Table 6). LFoot M 646" 2425 3580 36.49°
.Foo
SD 3.36 1.70  22.89 13.74
4. \EHE 55| 245 HE 80.00 109.26* 6270  98.08
R.Foot

AP AlFeA T27} o2 BT Right knee ZH5%7F
BARCE FolskAl Z7t HIth LD AlFelA T1 T3
7} T29} T4XT} Right foot ZM&=7F BAXCE {25}
Al 2(-)e] WEo =R F718IATH Table 7).

V. = 9|

AZFHERIS AW ER Phase 2 TXHelAE T29] A17HH
ele] Tiofl Hls) EAH2E folahA Z7HAATE. Chae
(2010)S 2] A] BoFg3t A7} Sakslm 73k 2w}
ol71 flsh FHl A ST 5 Jlvk

rr ol
3
i)
o,
o [
i

SD 0.43 1.88 2391  3.60

Note.: Trunk angle: counterclockwise from the Z-axis(+), LeftRight foot
angle: clockwise from the Y-axis(+), *significant difference between T2
and the others, *significant difference among T1, T3 and T4. *p<.05
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Table 7. Angular velocity of lower right limbs  (Unit: deg/s)

T1 T2 T3 T4
M -776.63 30.12* -632.13 -688.46
R.Knee
AP SD  40.76 59495 86.91 205.20
M 680.75 583.86 85097 790.21
R.Foot
SD  16.63 196.34 265.70  300.52
M 327.94* 14026 407.49 163.46*
R.Knee
ID SD 142.08 38047 130.65 171.69
M -698.46** -157.21 -501.94* -343.64%
R.Foot
SD  77.28 323.07 6134 25.97
M  1100.59 969.75 95134 953.54
R Knee
- SD  71.57 12.84 101.59  58.28
M -185.70° 52.73 -103.64 88.96°
R.Foot
SD 10591 14.71 59.52  221.89
M  -61.30° -152.44 -287.72 -193.23*
R.Knee
T SD 5691 134.64 69.94 80.58
M 26236 -651.27 -492.67 -481.11
R.Foot
SD  99.95 466.32 153.00 39.94

Note. *significant difference between T2 and the others, “significant

difference among T1, T3 and T4. *p<.05
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