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Objective: The purpose of this study was to determine the factors of successful and unsuccessful movements
through the analysis of kinematics and muscle activity of the Free Aerial Cartwheel on the balance beam.

Method: Subjects (Age: 22.8 + 2.4 yrs., Height: 158.7 + 5.0 cm, Body mass: 54.1 + 6.4 kg, Career: 13 + 2.4 yrs.)

who were currently active as female gymnasts participated in the study. They had no history of surgical
treatment within 3 months. Subject criteria included more than 10 years of professional experience in college
and professional level of gymnastics and the ability to conduct the Free Aerial Cartwheel on the Balance
Beam. Each subject performed 10 times of Free Aerial Cartwheel on the balance beam. One successful trial
and one unsuccessful trial (failure) among 10 trials were selected for the comparison.

Results: It was found that longer time required in case of unsuccessful trial when performing the Free Aerial
Cartwheel on the balance beam compared with successful trial. It is expected to be the result of movement
in the last landing section (i.e. phase 5). In addition, it was found that the center of gravity of the body
descends at a high speed to perform the jump (i.e. phase 2) in order to obtain a sufficient jumping height when
the movement is successful while the knee joint is rapidly extended to perform a jump when movement
fails. In the single landing section after the jump (i.e. phase 4), if the ankle joint rapidly dorsiflexed after
take-off and the hip joint rapidly flexed, so landing was not successful. Conversely, in a successful landing
movement, muscle activity of the biceps femoris was greatly activated resulting no shaking in the last landing
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section (i.e. phase 5).
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Conclusion: In order to succeed in this movement, it is necessary to perform a strong jump after rapidly
descending the center of gravity of the body using the force of the biceps femoris muscle. Further improvement
of the skills on the balance beam requires the analysis of the game-like situation with continuous research
on kinematic and kinematic analysis of various techniques, jumps, turns, etc.
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Figure 1. Camera and Balance beam installation (left) Markers and EMG attachment locations (right).
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Event 3

Table 2. Success and failure of each subject, except for motion

e

Phase

Event4 <«—» Event5 <«—» Eventé
3 Phase 4 Phase 5

Subject No. 1 2 3 4 5 6 7 8 9 10
Success 2 2 3 3 5 5 2 3 3 4
Failure 4 3 4 2 3 1 4 4 3 4
Exemption 4 5 3 5 2 4 4 3 4 2
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RESULTS Table 6. Minimum value of vertical (z-axis) velocity of the center of
gravity in the section (unit: m/s)
2 A7E oAt 7|AME Y M 3 e M= 10 H2 AR Success Failure
HRCHOIN B 8 H @ ZEE7| SXto| HIjo| 2 xj0|S A (M % SD) (M % SD) te
HI| Qs 2t 72t ¥ A A7t MK EAHEA £, SHX|o| A P1 -1.54+0.12 -1.52+0.15 -1.06 (p=232)
b gl Zhs SMC = =M C T =1 F
AE X ASE T BOES 2401020 1 Zds Had 2h P2 -043£0.17 028£012  -336 (p=.01)
M, 77t E AQAZHL MK FASN SEE HmEH OpX|E
N . Tle = o P3 0.26+0.18 -0.2240.15 -1.37 (p=220)
AX| Fziel ps At & RAI”OHH SHXHLE [Fo[gt Xto[7t
9 ME ) o| P5 —_|-'-7|'01|)\‘|(p< 05, Table 4, 5), AlX| 2HZAl0| £|4 PS5 -1.40+0.19 -1.38+0.21 -0.54 (p=60)
HEE HoHEH)Q P2 FIH0M SARCE [Fo|o XHO[7} LIEFRCE *p<.05, Superior: +, Inferior: -
(p<.05, Table 6).
THE AFR A= FEAE Y 4o 44528 AEE
Table 3. Required time for each section (unit: sec) o A|CH QT 20| ps RZHM EAXOZ Q0[5 AH0|7} LIE}
Success Failure SO M(p<.05 Figure 3, Table 7), Z|Cf L5 X FEUH &= 2}
(M £ SD) (M £ SD) te
- - P2 T7k(p<.05, Figure 5, Table 91t P4 TZt(p<.05, Figure 4, 6, Table 8,
P1 0.93+0.30 0.98+0.37 -1.50 (p=17) 100|M EH™o2 0|8t x}0|7} LIEFSCY.
p2 0.20+0.20 0.19+0.02 2.21 (p=.05)
P3 0.1740.01 0.17+0.01 -1.00 (p=.34) , o ,
Table 7. Maximum angle of left hip joint by section
P4 0.18+0.02 0.18+0.01 -0.80 (p=244) (unit: deg)
P5 1.10+0.28 247+0.51 -8.59 (p=.01)’r Success Failure )
Total time 2.58+0.46 400055  -9.18 (p=.01) (M £ 3D) (M £ 3D)
%< 05 P1 108.29+5.84 110.51+4.82 -1.98 (p=.08)
p2 146.84+7.52 144.11+9.16 1.34 (p=.21)
Table 4. Maximum value of left and right (x-axis) speed of the center P3 151.0349.37 149.38+11.21 121 (p=26)
of gravity in the section (unit: m/s) P4 39.13+28.94 35.74+26.31 1.03 (p=.33)
Success Failure to) P5 38.58+9.73 4837+£12.25 -3.11 (p=.01)"
(M £ SD) (M £ SD) P
*p<.05, Flexion: +, Extension: —
P1 0.10+£0.06 0.09+0.03 0.18 (p=.86)
p2 0.18+0.06 0.19+0.04 -0.37 (p=.72) Hi
p
P3 0.11+0.08 0.12+0.05 -040 (p=.70) (deg)
170.0 — Flex m— Success
P4 -0.04+0.07 -0.03+0.02 -0.54 (p=.61) : = Failure
P5 0.08+0.03 0.10+£0.02 -2.42 (p=.04)"

*p<.05, Right: +, Left: -

Table 5. Minimum value of velocity before and after the center of

gravity (y-axis) in the section (unit: m/s)

Success Failure to)
(M £ SD) (M =SD)

P1 0.21+0.19 0.19+0.19 1.36 (p=.21)

P2 1.29+0.20 1.31+0.21 -0.51 (p=.62)

P3 1.37+0.20 1.36+0.23 0.14 (p=.89)

P4 1.25+0.18 1.27+0.21 -0.53 (p=261)

P5 0.13£0.19 -0.15+0.10 3.57 (p=.01)"

*p<.05, Anterior: +, Posterior: -

118.7 —

Angle

67.5

16.3
0.0

-35.0

0.0 1.0 20 3.0 40 (9

Time

Figure 3. Hip angle.
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Table 8. Maximum angular velocity of the left ankle joint by section Knee
(unit: deg/s) (deg/s)
300.0 -1 Flex. m— Success
Success Failure === Failure
(M + SD) (M + SD) £
£ 1000
P1 295.56+81.10 295.56+82.01 0.00 (p=1.00) 8 o I
p2 88.36+37.20 89.80+£39.52 -0.38 (p=.72) g -100.0 —
z )
P3 146.32+65.77 150.26+74.50 -0.26 (p=.80) L;
()]
P4 91.38+35.86 135.79+63.75 -2.45 (p=.04)" & -300.0
P5 221.10£110.54 205.89+52.92 0.63 (p=.55) b
*p<.05, Dorsi flexion: +, Plantar flexion: - 2000 ! ' ’ ! ' (s
0.0 1.0 2.0 3.0 4.0 5.0
Time
Table 9. Maximum angular velocity of the left knee joint k}isﬁsgzg/s) Figure 5. Angular velocity of the knee joint
Success Failure £
(M + SD) (M + SD) P "
p
P1 400.97+67.75 392.09+54.64 -1.32 (p=.22) (deg/s)
p2 -23.08+45.17 -45.28+48.43 -2.29 (p=.05)" 500.0 7 Flex. - :"_:“”
= Failure
P3 141.40+£61.13 160.02+68.93 0.85 (p=42) 2
‘S 250.0 —
P4 165.31+59.86 167.04+54.45 0.20 (p=.84) o
[7]
P5 118.29+60.96 120.39+38.09 0.13 (p=.90) : 0‘0_5
*p<.05, Flexion: +, Extension: — ‘—;
(o))
C -250.0+
<
Table 10. Maximum angular velocity of the left hip joint per section Ext
(unit: deg/s) -500.0 - T T T T T (s)
0.0 1.0 20 3.0 4.0 5.0
Success Failure £ Time
(M + SD) (M + SD) P
P1 273.12+51.09 5719143833 0.13 (p=.90) Figure 6. Angular velocity of the hip joint.
p2 223.04+60.46 208.96+42.21 0.90 (p=.39)
P3 125.52+117.35 138.94+104.82 -0.65 (p=.53)
ORISfoR P7H Y 2 BHES MHED, AT g2z, U
P4 267.93+74.85 326.87+81.22 -2.44 (p=.04) = Zpmx| a0 4 BMTOME EXFoE 9 X[0|7} LIEFLIR|
P5 530.84+6826 544735939  -0.77 (p=46) OFOIX|TH(p< 05, Table 11, 13), Y% WCta|SZe a0 2 YL ps
*p<.05, Flexion: +, Extension: - TN SAMSZE Fo|5H XIO| 7t LIEFGCH(p<.05, Table 12).
(deg/s) Ankle . . .
1008 9 — Success Table 11. Muscle activity of the left rectus femoris by section
~T|pF — Failure (unit: MVIC %)
2 1875 Success Failure £
T (M + SD) (M + SD) P
= £
g 250 ¥ & ¥ 3 P1 84.73+£61.74 89.64+66.21 -1.07 (p=31)
£ 007 3 . P2 138554¢80.39  122.18+52.97 1.20 (p=.26)
)
é .187.5 P3 163.23+58.08 169.73+92.24 -0.36 (p=.73)
P4 95.84+31.51 113.84+54.38 -1.25 (p=.24)
PF.
'350-000 110 - T P5 44.42+21.95 4336+24.98 0.19 (p=85)
Time

Figure 4. Angular velocity of the ankle joint.
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