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KINEMATIC ANALYSIS OF RING-SHAPE LEAP AFTER STEPPED UP THE LEGS 
AND BACKWARD BALANCE IN ARTISTIC GYMNASTICS 

Liang Cheng, Xi Li and Jihe Zhou  
Department of Sports Medicine, Chengdu Sports University, Chengdu, China 

Through three-dimensional video analysis and comparative analysis, a study on two 
artistic gymnastics skills has been done. Results revealed the kinematic characteristics of 
these two movements. The findings provided useful reference information to coaches for 
improving the efficiency of scientific training. 
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INTRODUCTION: The degree of difficulty of body movement is a basic feature of artistic 
gymnastics and an important criterion for the technical level of the athletes. The quantity of 
body movements, the level of difficulty, and the types of body movement difficulties chosen 
are the important factors which decide the technical value of movement arrangement (Cao & 
Yang, 2005). There have been some studies on training and movement arrangement of 
artistic gymnastics (Guo, 2000; Li, 2003; Zheng, 2004). However kinematic analysis of 
artistic gymnastic movements has not been reported. In this study we performed a three-
dimensional video analysis for two body movements with high degree of difficulties. 
 
METHODS: Two elite teenager artistic gymnasts performed two body movements with high 
degree of difficulties (ring-shape leap after stepped up the legs and backward balance) were 
recorded with two synchronized video cameras (BASLER A6) at 100Hz (Figure 1), two 
repetitions for each movement. A radial frame with 24 control points was used to calibrate 
the space. Nineteen body marks (top of head, neck, both shoulders, elbows, wrists, 
fingertips, hips, knees, ankles, toes and the midpoint of hips) were manually digitized with 
video processing software (3D-SignalTEC V1.0c). The raw data were smoothed by a low-
pass filter with cutoff-frequency of 6Hz. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Measurement setup. 

their complex nature (Putnam & Dunn, 1987) with greatest transfer occurring when segments 
are at right angles to each other, which is not achieved in the golf swing (Putnam, 1993). 
Velocities at the wrist did show a statistically significant difference between conditions, which 
did not result in desired increases in ball velocity. The movement of the body segments have 
to be converted into clubhead velocity by the “wrist release” of the club prior to impact. The 
timing of release has to be performed correctly in order for maximum clubhead and ball 
velocity to be produced. Small deviation from the optimum release can lead to loss; previous 
research reported a 4.6% loss in ball velocity due to late release (Sprigings & Mackenzie, 
2002). This may have cancelled the extra velocity gained by the body. Wrist release was not 
reported in current study with further research needed to show the importance of wrist 
release in trying to increase situation specific distance. Technique adaptations were 
observed due to the influence the task constraints imposed on the player. Future research 
should incorporate other performance characteristics such as shot accuracy, the interaction 
of which with distance will be an important consideration, as well as clubhead velocity. In 
addition a wider range of performers and use of more detailed analyses (e.g. segmental 
interaction and musculoskeletal work) will develop understanding the underlying 
mechanisms.   
 
CONCLUSION: Differences in the segment positioning and velocities indicated the subject 
was able to impart a change in technique to perform the task demands of the second 
condition (to gain distance). Technique differences were most evident in X-Factor and X-
Factor stretch. No increases in ball velocity were observed between conditions. As such 
condition two was neither detrimental nor beneficial to ball velocity. Further development of 
the methodologies and analyses presented here will aid coaches and performed with 
informed shot selection.  
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Table 1 
Kinematics data for Ring-shape leap after stepped up the legs 

Variables 
 gymnast 
 A B 

Angle at the maximum amortization before take off (°) 
knees 147.29 149.78 
ankles 110.57 134.21 

Swing velocity of hands at take off (m/s) left 6.25 5.03 
right 21.09 10.36 

Swing velocity of toes at take off（m/s） left 23.2 10.9 
right 17.5 8.5 

Max. bending rate (K) of trunk   0.60 0.74 

Ankle joint angles at the max. height of flight (°) left 167.91 163.46 
right 168.30 166.65 

Knee joint angles at the max. height of flight（°） left 173.13 171.06 
right 172.54 169.69 

The max. angle between thighs during flight（°）  213.79 197.78 
Duration of flight (s)  0.54 0.38 

 
 

Table 2  
Kinematics data for Backward balance 

Variables 
 gymnast 
 A B 

Average ankle angle during balance (°) 
(supported by left leg) 

left 172.67±2.60 151.58±8.48 
right 173.54±3.03 165.69±4.95 

Average knee angle during balance (°) 
(supported by left leg)  

left 172.65±1.73 5.03 
right 169.38±1.19 10.36 

Maximum angle between thighs during 
balance (°)  213.55 192.02 

Maximum trunk angle during balance (°)  87.25 88.72 

Balancing time (s)  0.28s 0.18s 
 
 
DISCUSSION AND CONCLUSION: Ring-shape leap after stepped up the legs: The 
standard movement of jumping (Code of points for rhythmic gymnastics, 2009) is described 
as high flight height, graceful posture in the air and the angle of thighs being over 180 
degree. Table 1 shows, in the take-off phase, that Gymnast B knees and ankles failed to 
bend adequately, which was caused by insufficient stretching of leg muscles. In addition, the 
slow pre-swing of the limbs and incorrect stopping led to insufficient flight height. The whole 
duration of flight only lasted 0.38 second. On the other hand, Gymnast A’s pre-swing speed 
was comparatively fast and the duration of flight reached 0.54 second. 
The angle between thighs for Gymnast B was 197.78°, yet less than Gymnast A’s angle 
which was 213.79°. Meanwhile, the angles of knees and ankles for Gymnast B were 
comparatively smaller. All above-mentioned figures showed that Gymnast B’s movement did 
not reach the standard. 
The maximum bending of trunk showed that Gymnast B’s trunk bending range was less than 
either Gymnast A’s or the standard trunk bending range. 

RESULTS: Definitions of kinematic variables are shown in Figures 2 to 5. The results are 
presented in Tables 1 and 2. 
The results revealed the main kinematic characteristics of these two movements. 
 
 

  
Figure 2: Ring-shape leap after stepped up  
the legs, in take-off phase. 

Figure 3: Ring-shape leap after stepped up 
the legs, in flight phase. 
 
 
 
 

 
 

Figure 4: Backward balance. Figure 5: Torso length. 
Notes:  
1, 5: knee angle   
2, 3: angle of thighs   
4: trunk angle  
 

Point A. neck    
Point B. the midpoint of hips    
L1: Length of trunk in bending condition 
L2: Length of trunk in normal condition 
Trunk bending rate: K=L1/L2 
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BIOMECHANICAL ANALYSIS OF THE EVADING WITH PUSHING TECHNIQUE 
IN TAI CHI PUSH HANDS 

Hui-Chuan Chen1, Shih-Yu Kuo2 and Kuangyou B. Cheng2 
Footwear and Recreation Technology Research Institute, Taichung, Taiwan1 
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The traditional Chinese martial arts, Tai Chi (TC), include different forms and advanced 
interactive movements called Push Hands. Very few studies on the biomechanics 
analysis of TC push hands have been published. To investigate the characteristics of Tai 
Chi Push Hands, an experienced master was asked to perform the ‘evading with pushing 
technique’ when he was pushed by another person for three trials. The master’s 
movements were videotaped and digitized using a motion analysis system combining 
electromyography and force plate data. The results indicated that the master lowered his 
COG, shifted his body weight to rear foot, twisted his waist to evade the push, and 
pushed back with the strength from the lower limbs. It is concluded that the evading with 
pushing technique is a efficient and effective way to strike back. 

KEY WORDS: Taijiquan, coordination, postural adjustment, martial arts, EMG. 
 

INTRODUCTION: Tai Chi (TC) includes two kinds of practice, i.e. forms and Push Hands. 
The former are basic routines performed by a single person, while the latter are more 
advanced movements requiring an opponent to practice with. Although Tai Chi was 
developed from traditional Chinese martial arts, it has become a popular exercise worldwide, 
especially among the elderly. Proficiency in Push Hands will lead to abilities to feel the 
incoming force (Ting Chin), to know the appropriate reaction (Tung Chin), and to deal with all 
kinds of attacks with poise (Omnipotence). 
TC exercise has been shown beneficial for the elderly in preventing falls due to enhanced 
proprioception, which is the afferent information involving conscious sensation, joint stability, 
and postural equilibrium (Lephart, Pincivero, Giraldo & Fu, 1997). Xu et al. (2004) indicated 
that people practicing TC had better proprioception than other sport groups. The center of 
gravity (COG) has been shown to remain low with well coordinated joint motions during TC 
push movements (Chan, Luk & Hong, 2003) in performing routines. Compared to normal 
gait, TC gait has less single-support duration, and direction of motion is changed more 
frequently. Moreover, larger plantar pressure was found at the first metatarsal head and the 
great toe in TC exercise during single-support (Wu, Liu, Hitt & Millon, 2004). Although both 
forms and Push Hands are important in TC exercises, far researchers focused extensively on 
the analysis and effects of the former. When encountering a push or other kinds of attack, TC 
masters are capable of maintaining their balance (Cheng, 1985; Chen, Cheng, Liu, Chiu & 
Cheng, 2010), but the technique of defending while attacking back remains unclear. Thus the 
purpose of the present study is to investigate evading the attack with pushing techniques in 
TC Push Hands. 
 
METHODS: A TC master (age 69; height 1.60 m; weight 70 kg) participated in the study after 
given written informed consent. He has been practicing the TC form (Cheng Tzu’s style) and 
Push Hands for 40 and 30 years, respectively. 
Eight Eagle video cameras (Motion Analysis Corporation) at 200 Hz, two Kistler Type 9281B 
force plates at 1000 Hz, and a MA-300 EMG System (Motion Lab Systems, Inc.) at 1000 Hz 
were synchronized during data acquisition. Helen Hays Marker Set (with 25 markers) was 
used to indicate anatomical landmarks. 
Two force plates obtained kinetic data on each foot of the master. Surface electrodes were 
placed on the right side of the upper body muscle groups including the triceps, deltoid, 
latissimus dorsi and erector spinae, and on both sides of lower body muscle groups including 
the rectus femoris, semitendinosus, and the medial head of gastrocnemius. 

Backward balance analysis: The standard movement of balance (Code of points for 
rhythmic gymnastics, 2009) is described as having the angle of thighs over 180 degree, the 
posture is graceful, stable and kept for enough time. Table 2 shows that the angles of the 
knee and ankle joints of Gymnast B’s supporting leg were too small, yet the swinging leg 
kept a comparative good posture, which suggested that Gymnast B need further training on 
muscular strength of her legs. On the other hand, all the angles of Gymnast A’s knees and 
ankles approached 180°. 
During the whole balancing process, the stability of Gymnast B’s balancing time (0.18 
second) was shorter than Gymnast A’s (0.28 second) . Furthermore, the angle between her 
legs was insufficient and the body failed to keep straight. The data showed that Gymnast B 
should make an extra effort to increase the strength training, especially on the legs and trunk 
muscles.      
In conclusion, the findings of this study provided useful reference information for coaches to 
improve the efficiency of scientific training. 
 
REFERENCES: 
Cao, P.J. & Yang, X.Q. (2005) Gap between the practice specifications and new regulations of China 
rhythmic gymnastics player’s body movement difficulties in 2004. The Journal of Shan dong Institute 
of Physical Education, 12, 93-95. 
Code of points rhythmic gymnastics (2009). Rhythmic Gymnastics Technical Committee. 
Guo, X.W. (2000) Analysis for rhythmic gymnastics’ individual body movements’ difficulty of 13th 
Asian Games in 2000, Journal of Normal University, 36, 96-98. 
Li, W.D. (2003) The competitive prospect and main characteristics of new regulation changing of 
artistic gymnastics in 2003, China Sport Science And Technology, 39,13-17. 
Zheng, Y.P. (2004) Analysis of status of scientific research on rhythmic gymnastics of china in 2004, 
Journal of Shanghai Physical Education Institute, 28, 33-36. 
 




