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Abstract

:

Aim: This study aimed to analyze the kinematic characteristics of snatch techniques in a world-class weightlifter who holds the world record in the 73 kg category. Methods: Two high-speed cameras (Sony, Tokyo, Japan, 25 Hz) were used to collect kinematic data at the 2019 Weightlifting World Championships. The SIMI° motion capture system (Simi Reality Motion Systems GmbH, Munich, Germany, 50 Hz) was used to analyze the snatch performance. Results: The lower limb movement during the first pulling stage showed a similar trajectory to elite weightlifters. The athlete showed 5.62° of knee flexion along with continuously increasing barbell velocity (maximal velocity up to 1.90 m/s) in the second pulling. Considering the perimeters of technical stability, the maximal value of the distance between the center of gravity of the human body and that of the barbell was 17.20 cm after the second pull. In addition, the barbell center simultaneously shifted 7.00 cm to the right. Conclusions: These results suggest that the world-record weightlifter possesses special technical characteristics. This personalized technical model provides basic information for the training of other elite weightlifters.
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1. Introduction


Weightlifting has been part of the Olympics since the 1896 Olympic Games in Greece [1,2]. The winner of the Olympic Games and the Weightlifting World Championship is commonly considered to possess the highest level of strength and skill [3]. Analyzing the techniques of the winner would produce a considerable impact on the competitive training of weightlifters. Compared with the clean and jerk, snatch has been regarded as a technical way of lifting weights. Numerous studies using a variety of biomechanical methods have conducted technical analyses on snatch [4,5,6,7], amongst which kinematics analysis is one of the most important methods [8].



Today, the kinematic analysis of snatch mainly applies a series of parameters to analyze the weightlifting performance, such as the tracking of the barbell center of gravity, the human center of gravity, the distance between the human center of gravity, and that of the barbell and the angle of the lower limb joints [9]. Previous studies, using the Cartesian coordinate systems, successfully revealed the relationship between the maximum height of the barbell, the maximum velocity of the barbell, and the success rate of the snatch attempts [9]. Many studies adopting kinematics methods have successfully analyzed the snatch performance [9,10,11] and the maximum mass of the snatch [12,13,14]. For instance, Hasan et al. and Leslie et al. adopted two-dimensional videos to measure the trajectory of the barbells and found that the horizontal displacement of the barbells of elite weightlifters could be divided into the following three movement patterns: Type1 (most energy-efficient pulling pattern), Type2 (relatively stable pattern), and Type3 (least desirable pulling pattern) [5,15].



Some unavoidable deficiencies were encountered despite the promising results of the aforementioned studies for the improvement of weightlifting competitive performance. For example, elite weightlifters had strikingly individual variations of the snatch technique. The authors of the most previous studies overlooked these differences while analyzing the technical analysis of snatch. Thus, conducting technical analysis of elite weightlifters is remarkably meaningful for the practice and training of athletic weightlifting. This study aimed to investigate the technical characteristics of the 2019 Weightlifting World Championship. The world-record weightlifter of this study was analyzed via the three-dimensional motion analysis, and descriptive methods were adopted to confirm the technique characteristics.




2. Materials and Methods


2.1. Participant


The participant of this study is a world-record weightlifter (age: 26 years, height: 1.67 m, weight: 73 kg, BMI: 26.18 kg/m2) He has won in the Olympics, is a world champion in the men’s 73 kg snatch, and has also set 10 world records. He volunteered to take part in this study. The weightlifter signed the informed consent before data collection. This research was approved by the ethics committee of the Research Academic of Grand Health Ethics Committee (RAGH20160318).




2.2. Protocol


The kinematic analysis for snatch was executed at the 2019 World Weightlifting Championships in Pattaya, Thailand. Two SONY DCRHC52E (Sony, Tokyo, Japan) cameras captured the video for whole-body snatch performance. A peak 3D calibration framework was established using the 3D space coordinates of the competition venue on the weightlifting platform. A 3D motion analysis system was then used to analyze kinetic performance. All staff were forbidden to talk to the weightlifter to avoid interfering with his optimal performance during the competition.




2.3. Motion Capture


The equipment for motion capture included two cameras placed 15 m away from the lifting platform to capture the snatch performance, and these cameras were fixed at 45° of the left and right sides of the lifting platform. The two cameras maintained a focal length, with a synchronous collection of the complete snatch movements of the weightlifter. The camera position, focal length, and other capturing conditions were maintained during the calibrated shot process (Figure 1).




2.4. Analysis of the Snatch Performance


The video of the third snatch technique of the weightlifter was analyzed using a SIMI°-motion 7.5 3D motion software (Simi Reality Motion Systems GmbH, Munich, Germany). The sampling frequency was 50 Hz, and the low-pass filtering method was 6 Hz and used to smooth the original data. DLT was also utilized to calculate the spatial coordinates [16]. The X-, Y-, and Z-axes of the 3D coordinate system were the sagittal, coronal, and vertical axis directions, respectively.



The biomechanical model of the weightlifter was built from the SIMI°-motion 7.50 3D software, which requires the establishment of 17 motion centers of human joint links. These markers were manually determined frame-by-frame. These markers included the following: head (midpoint of the line connecting the left and right acoustic meatus), left shoulder, right shoulder (the upper arm including the acromion as spherical geometry; its center is approximately defined as the shoulder motion center), left elbow, right elbow (distal humerus medial/lateral epicondyle), left wrist, right wrist (horizontal midpoint of styloid process height), left hip, right hip (vertex of greater trochanter), left knee, right knee (femoral medial/lateral epicondyle), left ankle bone, right ankle bone (fibula lateral condyle or medial malleolus), left toe-tip, right toe-tip, and left and right endpoints of the barbell (Figure 2). The joint angle consisted of the relative angles of two adjacent segments, which is consistent with the study by Liu et al. [16]. The center of gravity, barbell center of gravity, joint angle, and joint angular velocity were calculated by the software.




2.5. Movement Phase Division


The snatch phases were divided into six phases according to the barbell trajectory and the angle movement of the extremity limb joints, considering different research purposes [3,4,17,18] (Figure 3).




2.6. Parameter Definition


Spatial and temporal parameters of barbell and the variation of lower limb joints were selected in the current study. Specific variables include the following: time of each stage (DT, s), vertical height of the barbell at the end of each phase (HB, cm), maximal vertical velocity of the barbell in each phase (VB, m/s), flexion and extension angles of the hip (HA, deg), flexion and extension angles of the knee (KA, deg), flexion and extension angles of the ankle (AA, deg), angular velocity of hip joint (HV, deg·s−1), angular velocity of the knee joint (KV, deg·s−1), angular velocity of the ankle joint (AV, deg·s−1), the center of gravity of the human body (CGH, cm), the barbell center of gravity (CGB, cm), distance between the center of gravity of the human body and that of the barbell on the sagittal (DHB-X, cm), and distance of the barbell center on the coronal (DB-Y, cm).





3. Results


3.1. Vertical Trajectory of the Barbell Center of Gravity


The barbell kinematic data are presented in Table 1. The result demonstrated that the duration times of M1 and M2 were respectively the longest and the shortest (DTM1 = 0.38 s, DTM2 = 0.12 s). The duration time of M3 was 0.16 s and that of M4 was 0.26 s after the first two phases. Considering the parameters of the barbell, the first peak value of HB appeared in M4 (HBM4 = 125.10 cm), and the value of HBM4 accounts for 73.59% of the weightlifter’s height. The vertical drop distance of HB was 14.7 cm (HBM4 = 125.10 cm, HBM5 = 110.40 cm) during the M4–M5 stage. VB continuously increased (VBM1 = 1.21 m/s, VBM2 = 1.50 m/s, VBM3 = 1.90 m/s) in the M1–M3 stage. VB increased the first peak value (VBM3 = 1.90 m/s) in the M3 phase. Meanwhile, VB reduced the first valley value (VBM5 = −0.61 m/s) in the M5 phase.




3.2. Angular Change of the Lower Limb


The kinematic data of the three joints of lower limb are presented in Table 2. In the M1 phase, the maximal value of KV was larger than that of HV and AV (HVM1 = 188.78°·s−1; KVM1 = 215.84°·s−1; AVM1 = 76.19°·s−1). The movement of HA maintained a continuous extension (HAM1 = 82.90°, HAM2 = 100.07°, HAM3 = 152.48°) during the M1–M3 stage. However, the movement of KA consistent with AV demonstrated extension–flexion–extension (KAM1 = 108.11°, KAM2 = 102.49°, KAM3 = 147.52°; AAM1 = 106.74°, AAM2 = 101.67°, AAM3 = 137.20°). The M2 phase demonstrated the flexion of joint angles (KAM1-M2 = −5.62°, AAM1-M2 = −5.07°) and a slight decline in joint angular velocity (KVM1-M2 = −52.24°·s−1, AVM1-M2 = −122.22°·s−1). The angular velocity of the three joints of lower limbs reached the maximum (HVM3 = 409.04°·s−1, KVM3 = 393.96°·s−1, AVM3 = 257.55°·s−1) during the M3 phase. The three joints presented different flexion degrees of angle (HAM4-M6 = 108.34°, KAM4-M6 = 110.68°, AAM4-M6 = 43.62°) and maximal value of angular velocity (HVM4-M6 = −563.86°·s−1, KVM4-M6 = −603.26°·s−1, AVM4-M6 = −464.01°·s−1) during the M4–M6 stage.




3.3. Shifting of the Barbell Center of Gravity


CGB always remained in front of the CGH, and DHB-X maintained a positive value during the entire stage of the snatch (M1–M6) (Figure 4). The value of DHB-X maintained sustained growth and the maximal value appeared in d–e (17.20–12.70 cm) during barbell raising (M1–M4). In another stability parameter of DB-Y, CGB always shifted into the right side and maintained a positive value. The maximal value of DB-Y was 7 cm during the second pull (c–d).





4. Discussion


This study is the first to use a 3D kinematic technique to analyze the characteristics of snatch for a world-record elite weightlifter in a real competitive environment. The results showed the kinematic characteristics of the technical details in snatch.



4.1. Analysis of the Barbell Centre of Gravity


The weightlifter pulled the barbell from static to moving in the first pull. Thus, additional time is needed for the weightlifter to pull the barbell in the ML phase. As reported, there are two barbell speed curves observed for the elite weightlifter [19]. The first pattern is that the VB continuously increased in M1–M3. Another pattern is that the VB dropped in M2. Compared with the second pattern, the first pattern has more optimized energy consumption through simplification of the weightlifter’s body. The VB in the present study is consistent with the first pattern (Figure 3a), this indicates that the successful snatch has maximal energy output and efficiency in the second pull [19]. A previous study indicated that the maximal value of VB decreased when the weightlifter lifted a barbell with the great heavy weight [20]. Elite weightlifters in the maximum vertical velocity are 0.3 m/s faster than the sub-elite group (elite: 1.74 ± 0.10 m/s, sub-elite: 1.44 ± 0.28 m/s) [16]. In the present study, we found that the maximal barbell velocity of the weightlifter reached 1.90 m/s during lifting of the extreme barbell weight, suggesting that the weightlifter most likely has more power capacity than the elite weightlifters in previous studies.



Previous research reported that the first peak value of HB in top-elite weightlifters should reach 70% of the weightlifter’s height. In the present study, the weightlifter reached 73.59%, which indicated that the weightlifter could likely snatch additional weight [16]. However, excessively high maximal values of HB may not be conducive to the completion of catch (M5–M6) [21]. A previous study indicated that the drop distance of the barbell in successful snatch attempts was significantly smaller than that of unsuccessful snatch attempts [9]. There were also significant differences between the snatched weight of the barbell and the drop distance of HB (60%RM = 0.24 m, 80%RM = 0.16 m, 100%RM = 0.13 m) [22]. During the present study, results showed that the weightlifter snatch had a shorter drop distance of HB than the lifted 1RM barbell weight. Therefore, the weightlifter should improve the success rate of snatch by reducing the maximal value of HB.




4.2. Analysis of the Lower Extremity


In the first three phases (M1–M3), the angle hip joint maintained continuous extension, and the angular velocity of the hip continuously increased (Figure 3b). A previous study reported that the power of the snatch relied on the coordination of the three joints of the lower limbs [23]. However, the weightlifter demonstrated flexion in M2 (KA c-d = 5.62°). The value of KA generally had a slight flexion between the first and second pulls. Meanwhile, previous research indicated that the KA variation model of the elite weightlifter was extension-flexion-extension in the first three phases (M1–M3) [2]. The purpose of KA flexion during the M2 phase was to reduce the value of DHB-X and improve force efficiency [20]. Thus, the KA flexion is conducive to generate the maximal value of VB. The technique of KA flexion in a previous study was considered to have optimal energy expenditure [24]. The angle of the elite weightlifter and the angular velocity of the three joints of the lower extremity reached the maximum in the second pull (M3) [25].



The maximal values of KA and HA of the weightlifter respectively appeared in the first and second pulls. These results are consistent with previous findings, wherein the first and second pulling were respectively generated primarily by KA and hip extensions [16]. The three joints of the lower extremity should be rapidly flexed in the catch stage (M5–M6), and the elite weightlifter in this study had faster HV than the sub-weightlifters [20]. Therefore, elite weightlifters have a similar model to the three joints of the lower limbs.




4.3. Analysis of the Lower Extremity


DHB-X and DB-Y were crucial factors considering the success rate of snatch [9]. The maximum value of DHB generally occurs at the end of the second pull. This study found that the maximal value of DHB-X was 17.20 cm after the second pull. From a mechanical perspective, the weightlifter should reduce the DB-Y [5]. However, pulling the barbell should be consistent with the biomechanical characteristics of the human body, and the trapezius and bicep muscle arms required certain initial lengths.



Previous studies revealed that the value of DHB-X should be controlled at 10–20 cm for the group of elite weightlifters [9,16,17,26]. Meanwhile, the CGB should be close to the CGH of the weightlifter, which is necessary to maximize the vertical velocity of the barbells. In future practice, training, and competition, the training of the weightlifter should include additional high pulls and maintain the closeness of the barbell center of gravity to the human body. DB-Y, which represents the offset of the barbell at the left and right sides, is a core factor to determine the stability of the snatch technique. The DBY of the weightlifter shifted 7.00 cm to the right in the second pull. This shift may be due to uneven strength of the left and right arms. Thus, the muscle mass on the left and right sides of the weightlifter will be tested in future studies.





5. Limitations


This study has some limitations. This study only represents the technical characteristics of the weightlifter and only had some reference significance to other weightlifters. Notably, the limitation of the individual case study of the top-elite weightlifter is its unnecessary applicability to all weightlifters. Second, we did not measure the data on human morphology, which leads to some interesting technique points that cannot be clearly interpreted. This would be further investigated in our future study.




6. Conclusions


This study aimed to provide individual technical characteristics using the 3D kinematics method to analyze a world-record weightlifter during a real competition. The results showed that the lower-limb joints of the elite weightlifter in the first three phases have a similar motion pattern of extension-flexion-extension, and the maximum values of DHB-X and VB were 17.20 and 7.00 cm, respectively. However, the VB was relatively faster than in the second pulling. Thus, the performance of VB and HB are a key index to show the ability of the weightlifter to snatch substantially heavy barbells. Notably, all of these results indicate that world-record weightlifters possess unique technical characteristics. Therefore, to scientifically train elite weightlifters, personalized technical models should be adopted.







Author Contributions


Data curation, W.C. and L.D.; formal analysis, J.L.; funding acquisition, J.L. and Z.L.; investigation, L.D.; methodology, W.C.; resources, Z.L.; writing—original draft, L.D., J.Y. and Z.L.; writing—review and editing, J.Y. and Z.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and was approved by the Research Academic of Grand Health Ethics Committee (RAGH20160318).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study. The athlete provided written informed consent to publish this paper.




Acknowledgments


We are thankful to the elite professional weightlifter who took part in this study and for his efforts. We are grateful to the Team China of Weightlifting, Beijing, China for providing the opportunity to conduct analysis and motion capture during a real sports competition.




Conflicts of Interest


The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.




References


	



Chiu, L.Z.F.; Schilling, B.K. A primer on weightlifting: From sport to sports training. Strength Cond. J. 2005, 27, 42–48. [Google Scholar] [CrossRef]

	



Kim, S.M.; Lee, K.K.; Lam, W.K.; Sun, W. Weightlifting load effect on intra-limb coordination of lower extremity during pull phase in snatch: Vector coding approach. J. Sport Sci. 2019, 37, 2331–2338. [Google Scholar] [CrossRef]

	



Chiu, H.T.; Wang, C.H.; Cheng, K.B. The three-dimensional kinematics of a barbell during the snatch of Taiwanese weightlifters. J. Strength Cond. Res. 2010, 24, 1520–1526. [Google Scholar] [CrossRef] [PubMed]

	



Vladimir, P.; Viorel, U.M.; Carmen, T.O. Spatial-temporal aspects of the influence of the ability to concentrate on the execution of the snatch style in performance weightlifting. Procedia Soc. Behav. Sci. 2014, 117, 210–215. [Google Scholar] [CrossRef]

	



AkkuS, H. Kinematic analysis of the snatch lift with elite female weightlifters during the 2010 World Weightlifting Championship. J. Strength Cond. Res. 2012, 26, 897–905. [Google Scholar] [CrossRef] [PubMed]

	



Chiu, L.Z.; Salem, G.J. Potentiation of vertical jump performance during a snatch pull exercise session. J. Appl. Biomech. 2012, 28, 627–635. [Google Scholar] [CrossRef]

	



Lyons, B.C.; Mayo, J.J.; Tucker, W.S.; Wax, B.; Hendrix, R.C. Electromyographical comparison of muscle activation patterns across three commonly performed kettlebell exercises. J. Strength Cond. Res. 2017, 31, 2363–2370. [Google Scholar] [CrossRef]

	



Tang, G.; Qian, L.; Wang, D.; Wei, G.; Chang, D.; Wang, C.; Mi, W. Upper limb kinematical analysis of an elite weight lifter in the squat snatch. Comput. Methods Biomech. Biomed. Eng. 2014, 17, 388–394. [Google Scholar] [CrossRef]

	



Nagao, H.; Kubo, Y.; Tsuno, T.; Kurosaka, S.; Muto, M. A biomechanical comparison of successful and unsuccessful snatch attempts among elite male weightlifters. Sports 2019, 7, 151. [Google Scholar] [CrossRef]

	



Gourgoulis, V.; Aggeloussis, N.; Garas, A.; Mavromatis, G. Unsuccessful vs. successful performance in snatch lifts: A kinematic approach. J. Strength Cond. Res. 2009, 23, 486–494. [Google Scholar] [CrossRef]

	



Nagao, H.; Huang, Z.; Kubo, Y. Biomechanical comparison of successful snatch and unsuccessful frontward barbell drop in world-class male weightlifters. Sports Biomech. 2020, 9, 1–16. [Google Scholar] [CrossRef]

	



Ho, L.K.; Lorenzen, C.; Wilson, C.J.; Saunders, J.E.; Williams, M.D. Reviewing current knowledge in snatch performance and technique: The need for future directions in applied research. J. Strength Cond. Res. 2014, 28, 574–586. [Google Scholar] [CrossRef]

	



Storey, A.; Smith, H.K. Unique aspects of competitive weightlifting. Sports Med. 2012, 42, 769–790. [Google Scholar] [CrossRef]

	



Cunanan, A.J.; Hornsby, W.G.; South, M.A.; Ushakova, K.P.; Mizuguchi, S.; Sato, K.; Stone, M.H. Survey of barbell trajectory and kinematics of the snatch lift from the 2015 World and 2017 Pan-American Weightlifting Championships. Sports 2020, 8, 118. [Google Scholar] [CrossRef]

	



Musser, L.J.; Garhammer, J.; Rozenek, R.; Crussemeyer, J.A.; Vargas, E.M. Anthropometry and barbell trajectory in the snatch lift for elite women weightlifters. J. Strength Cond. Res. 2014, 28, 1636–1648. [Google Scholar] [CrossRef]

	



Liu, G.; Fekete, G.; Yang, H.; Ma, J.; Sun, D.; Mei, Q.; Gu, Y. Comparative 3-dimensional kinematic analysis of snatch technique between top-elite and sub-elite male weightlifters in 69-kg category. Heliyon 2018, 4, e00658. [Google Scholar] [CrossRef]

	



Korkmaz, S.; Harbili, E. Biomechanical analysis of the snatch technique in junior elite female weightlifters. J. Sports Sci. 2016, 34, 1088–1093. [Google Scholar] [CrossRef]

	



Milanese, C.; Cavedon, V.; Corte, S.; Agostini, T. The effects of two different correction strategies on the snatch technique in weightlifting. J. Sports Sci. 2017, 35, 476–483. [Google Scholar] [CrossRef]

	



Ikeda, Y.; Jinji, T.; Matsubayashi, T.; Matsuo, A.; Inagaki, E.; Takemata, T.; Kikuta, M. Comparison of the snatch technique for female weightlifters at the 2008 Asian Championships. J. Strength Cond. Res. 2012, 26, 1281–1295. [Google Scholar] [CrossRef]

	



Kipp, K.; Harris, C. Muscle-specific effective mechanical advantage and joint impulse in weightlifting. J. Strength Cond. Res. 2017, 31, 1905–1910. [Google Scholar] [CrossRef]

	



Mastalerz, A.; Szyszka, P.; Grantham, W.; Sadowski, J. Biomechanical analysis of successful and unsuccessful snatch lifts in elite female weightlifters. J. Hum. Kinet. 2019, 68, 69–79. [Google Scholar] [CrossRef]

	



Hadi, G.; Akkus, H.; Harbili, E. Three-dimensional kinematic analysis of the snatch technique for lifting different barbell weights. J. Strength Cond. Res. 2012, 26, 1568–1576. [Google Scholar] [CrossRef]

	



Zaras, N.; Stasinaki, A.N.; Spiliopoulou, P.; Hadjicharalambous, M.; Terzis, G. Lean body mass, muscle architecture, and performance in well-trained female weightlifters. Sports 2020, 8, 67. [Google Scholar] [CrossRef]

	



Rahmati, S.M.A.; Mallakzadeh, M. Prediction of weightlifter’s motor behavior to evaluate snatch weightlifting techniques based on a new method of investigation of consumed energy. Hum. Mov. Sci. 2014, 38, 58–73. [Google Scholar] [CrossRef]

	



Chiu, L.Z.; Schilling, B.K.; Fry, A.C.; Salem, G.J. The influence of deformation on barbell mechanics during the clean pull. Sports Biomech. 2018, 7, 260–273. [Google Scholar] [CrossRef]

	



Rossi, S.J.; Buford, T.W.; Smith, D.B.; Kennel, R.; Haff, E.E.; Haff, G.G. Bilateral comparison of barbell kinetics and kinematics during a weightlifting competition. Int. J. Sports Physiol. Perform. 2007, 2, 150–158. [Google Scholar] [CrossRef]








[image: Applsci 12 09679 g001 550] 





Figure 1. Schematic of the motion capture setup with two high-speed cameras. 
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Figure 2. Experimental setup of the three-dimensional motion analysis. 
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Figure 3. Analysis definition of the phase division in snatch (M1 (a,b) is from start position to the instant of first maximal knee extension angle; M2 (b,c) is the instant of the knee angle from maximum to minimum; M3 (c,d) is from the end of M2 to the maximal vertical rising velocity of barbell; M4 (d,e) is from the end of M3 to the maximal vertical height of the barbell; M5 (e,f) is from the end of M4 to the maximal vertical falling velocity of the barbell. M6 (f,g) is from the end of M5 to squat position). 
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Figure 4. Changes of the velocity of the CGB and the lower-limb joint angle in a different phase (the left plot is the velocity of the CGB at different phases, the right plot is the description of the lower-limb joint angle at different phases). 
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Table 1. Kinematic performance of the barbell during the snatch (M1 was from the start position to the instant of the first maximal knee extension angle; M2 was the instant of the knee angle from maximum to minimum; M3 was from the end of M2 to the maximal vertical rising velocity of barbell; M4 was from the end of M3 to the maximal vertical height of barbell; M5 was from the end of M4 to the maximal vertical falling velocity of barbell; M6 was from the end of M5 to squat position. DT is the time of each stage, HB is the vertical height of the barbell at the end of each phase, VB is the maximal vertical velocity of the barbell in each phase, HA the is flexion and extension angles of the hip, KA the is flexion and extension angles of the knee, AA is the flexion and extension angles of the ankle, HV is the angular velocity of hip joint, KV is the angular velocity of the knee joint, AV is the angular velocity of the ankle joint).
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Index

	
Phase




	
M1

	
M2

	
M3

	
M4

	
M5

	
M6






	
DT (s)

	
0.38

	
0.12

	
0.16

	
0.26

	
0.08

	
0.38




	
HB (cm)

	
52.50

	
68.40

	
95.80

	
125.10

	
121.50

	
110.40




	
VB (m/s)

	
1.21

	
1.50

	
1.90

	
0.00

	
−0.61

	
0.00




	
HA (°)

	
82.90

	
100.07

	
152.48

	
70.62

	
51.15

	
44.14




	
KA (°)

	
108.11

	
102.49

	
147.52

	
52.61

	
43.81

	
36.84




	
AA (°)

	
106.74

	
101.67

	
137.20

	
94.02

	
93.37

	
93.58




	
HV (°·s−1)

	
188.78

	
295.43

	
409.04

	
−563.86

	
−488.06

	
−56.85




	
KV (°·s−1)

	
215.84

	
−52.24

	
393.96

	
−603.26

	
−230.11

	
−76.27




	
AV (°·s−1)

	
76.19

	
−122.22

	
257.55

	
−464.01

	
114.44

	
−63.78
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Table 2. Technical stability of the snatch (DHB-X is the distance between the center of gravity of the human body and the barbell on the sagittal plane, DB-Y is the distance between the center of gravity of the human body and the barbell center on the coronal plane).






Table 2. Technical stability of the snatch (DHB-X is the distance between the center of gravity of the human body and the barbell on the sagittal plane, DB-Y is the distance between the center of gravity of the human body and the barbell center on the coronal plane).





	
Index

(cm)

	
Movement Phase




	
a

	
b

	
c

	
d

	
e

	
f

	
g






	
DHB-X

	
4.90

	
0.90

	
6.10

	
17.20

	
12.70

	
5.50

	
3.00




	
DB-Y

	
0.00

	
4.00

	
7.00

	
6.00

	
1.20

	
3.00

	
1.10
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