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ABSTRACT

This study was analyzed the characteristics on the stability of posture while conducting a through two and half rotation technic of
penche in rhythmic gymnastics. Two rhythmical gymnastics player(LKH and SSJ) who is a member of the national team were selected,
and for obtain the kinematic and kinetic variables were used a ProReflex MCU 240 infrared camera(Qualisys, Sweden) and a
Type9286A force platform(Kistler, Switzerland). The mechanical factors were computed by using Visual3D program and Matlab R2009a.
During the landing and rotation phase the results showed following characteristics; 1) In medial-lateral and horizontal displacement of
the support foot, LKH showed smaller movement than SSJ, but SSJ showed smaller movement than LKH in swing foot. LKH showed
bigger movement in medial-lateral axis of COP and vertical axis of COG, but SSJ showed bigger movement in horizontal axis of COP
and medial-lateral axis of COG. 2) SSJ showed bigger maximum horizontal and vertical velocity at P1 and P2 than LKH. 3) In the
inclination angle of COP and COG, SSJ showed smaller change than LKH, but within medial-lateral tilt of the shoulder, LKH
performed rotation motion in horizontal position than SSJ. There was no differences in each force components during rotation, but on
landing phase, the results showed a characteristic that SSJ exerted bigger breaking force and vertical force than LKH.
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Table 1. Characteristics of subjects

Height Weight Age Career
(m) (kg) (yrs) (yrs)
A 167 47 20 10
B 162 46 2 12
2. 439 A
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Matlab R2009a$} Visual3D Z2I1HE o] 83t BEAslth

Table 2. Experimental equipments

Equipment Product Manufacturer
Camera ProReflex MCU240
NLT 130* 440 type
Marker Reflection Marker
Instroment Computer PentiumIV
Force plate Kistler Type 9286A
. Track Manager
Anlysts Program Visual3D
Matlab R2009a
3. A9 dx
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Table 3. Each phase displacement of support and swing foot (unit: m)
Support foot Swing foot
LKH SSI LKH SSI
X Y Z X Y Z X Y Z X Y Z
P1 0.03 0.01 0.03 0.02 0.01 0.04 0.01 0.11 0.02 0.04 024 0.06
P2 0.11 0.07 0.04 0.10 0.14 0.04 1.14 111 175 1.17 120 170
P3 0.16 0.13 0.03 023 0.14 0.03 0.85 0.81 0.16 0.95 093 0.09
P4 0.07 0.13 0.03 0.12 0.13 0.03 1.04 1.46 112 0.85 1.33 0.63
P5 0.00 0.04 0.04 0.01 0.00 0.04 048 1.14 171 0.34 1.08 097
total 0.16 027 . 023 031 148 217 179 1.44 202 1.81
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Figure 3. 3D trajectory of swing foot Figure 4. X-Y plane of COP
Table 4. Each phase magnitude of COP and COG (umit: 1)
COP COG
LKH SSJ LKH SSI
X Y X Y X Y Z X Y Z
P1 0.03 0.06 0.10 021 0.10 0.38 0.17 0.10 022 0.14
P2 0.16 0.11 0.07 0.06 0.09 0.23 0.13 0.09 0.19 0.15
P3 0.10 0.08 0.09 0.16 0.07 0.15 0.02 0.06 0.18 0.03
P4 0.13 0.11 0.10 0.13 0.09 0.03 0.11 0.09 0.07 0.09
P5 0.07 0.01 0.03 0.04 0.04 0.01 0.02 0.02 0.02 0.05
total 021 0.29 0.20 0.32 0.12 0.63 0.22 0.15 0.63 0.19
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Table 5. Fach phase components maximum velocity of swing foot (unit: mys)

Swing foot
LKH SSI
X Y Z X Y Z

+max 026 013 109 062 005 364

& -max 067 316 012 010 -557 012
+max 477 5.65 540 423 643 6.78
” -max -550 361 025 472 469 038
+max 347 330 013 342 373 025
" -max -286 360 046 303 268 -037
+max 229 566 062 350 253 026
" -max -331 367 38 277 -14 510
PS5 -max 066 367 262 -178 -381 522
Table 6. Tilt angle (unit: deg)
COP and COG Shoulder
LKH SSI LKH SSI
El 68.8 75.1 0.1 21
E2 744 723 09 42
E3 71.8 73.1 238 42
E4 78.1 74.6 33 -4.4
E5 733 703 43 55
E6 705 747 55 8.1
E7 73.6 737 04 27
E8 76.1 74.5 03 09
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