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The purpose of this study is to classify discus throwers based on the velocity components 
at release and to investigate their throwing biomechanics. Forty-six male discus throwers 
were classified into 2 groups through cluster analysis. Twenty-two throwers were 
classified into a horizontal dominant group, while the remaining 24 throwers were 
classified into a vertical dominant group. There were no significant differences in the 
throwing distance and resultant release velocity between the groups. The right leg angle 
at release and the displacement of the centre of gravity (vertical direction) were 
significantly greater in vertical dominant group. These results indicated the horizontal 
dominant group drove their right leg forward to increase the horizontal velocity, while the 
vertical dominant group lifted their body upward direction to increase the vertical velocity. 
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INTRODUCTION: In the discus throw, the most important factor affecting the throwing 
distance is the velocity of the discus at release (Bartlett, 1992; Hay & Yu, 1995; Leigh, Gross, 
Li, and Yu, 2008). Among the velocity components of the discus, the horizontal (throwing 
direction) and vertical (upward direction) components have been shown to contribute to the 
discus throwing performance (Tong, Xie, Teh, and Yu, 2001). There are also different views 
on the strategy to achieve higher throwing performance. A study indicated that increasing the 
horizontal component is pivotal (Ecker, 1996), while another emphasised the importance of 
increasing the vertical component of the discus velocity according to the principle of the 
gyroscope (Miyanishi & Sakurai, 2000). Furthermore, previous study examining Asian discus 
throwers stated that it may be possible to classify discus throwers into two types - horizontal 
and vertical dominant, based on the aspects of angular momentum (Miyanishi, Sakurai, 
Wakayama, Togashi, and Kawamura, 1998). However, the details of the types of discus 
throwers and their throwing biomechanics have not been fully investigated. When 
considering strategies to achieve longer throwing distance for each individual thrower, it is 
important to understand potential factors associated with horizontal and vertical dominant 
types. Therefore, this study aims to classify the discus throwers based on the velocity 
components at release and to investigate their throwing biomechanics. 
 
METHODS: The participants in this study were 46 male discus throwers (with throwing 
distance ranging from 40.88 to 59.69 m). All throwers are right-handed. The participants’ 
performance level is from collegiate to national elite. The participants competed in official 
competitions held in Japan. Two or three high-speed cameras (CASIO, EX-F1, Tokyo, 
Japan) were used to record the throwing motion at 300 frames/s with a shutter speed of 
1/1000s or 1/2000s. Cameras were placed behind and alongside the throwers. Throwing 
motion from each participant’s best performance in the competition was used for analysis. 
The three-dimensional DLT method was applied to locate three-dimensional coordinate data 
of the endpoints of 15 body segments. The local coordinate system was expressed with a 
right-handed orthogonal: the z-axis was vertical and pointed in the upward direction, the y-
axis was horizontal and pointed in the throwing direction, and the x-axis was perpendicular to 
the other two axes. The coordinate data were smoothed with a Butterworth digital filter at 
optimal cut-off frequencies (3.0 - 10.8Hz), determined from the residual analysis proposed by 

391

40th International Society of Biomechanics in Sports Conference, Liverpool, UK: July 19-23, 2022

Published by NMU Commons, 2022



Winter (1990). The discus’s velocity, height, and angle at release were obtained 
mathematically from the locations of the discus at the moment of release. In addition, the hip-
shoulder separation angle, the shoulder-arm separation angle, the arm elevation angle, the 
trunk tilt angle, the right leg angle, and the displacement of the centre of gravity (CG) were 
calculated. The definitions of each angle are given in Figure 1. Throwing motion is defined 
into five phases (Figure 2), and the variables at left-foot touchdown (L-on), release (Rel) and 
the changes during delivery phase (DVP) were analysed. Cluster analysis with Ward-method 
was used for classifying the subjects by the velocity components (x, y, and z) at release, 
which were standardised by using mean values and standard deviations. After classification, 
the differences in the variables between classified groups were obtained by Student’s t-test. 
To investigate relationships among some variables, Pearson’s product moment correlation 
coefficient was calculated. The significance level was set at p < 0.05. 

 
Figure 1: Definitions of each angle. 
 

 
Figure 2: Definition of motion phases. 
 
RESULTS and DISCUSSION: A result of the cluster analysis was given in Figure 3. On the 
basis of the cluster analysis performed using the standardised release velocity (x, y, and z), 
all participants in this study were classified into two groups. A total of 22 throwers were 
classified into a horizontal dominant group (horizontal group); all remaining of 24 throwers 
were classified into a vertical dominant group (vertical group).  

 
Figure 3: A result of the cluster analysis (dendrogram). 
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Table 1 demonstrates the throwing distance, release velocity (resultant, the x component, the 
y component, and the z component), release height, and release angle between the two 
groups. There were no significant differences in throwing distance and release velocity 
(resultant and x) between the horizontal and vertical groups. The y component of the release 
velocity was significantly greater in the horizontal group than in vertical group. By contrast, 
the z component of the release velocity, release height, and release angle were significantly 
greater in the vertical group than in horizontal group. 
 
Table 1: Comparison of throwing distance and release parameters between the groups. 

 
These results were reflected the characteristics of each group. The horizontal group were 
characterised by a relatively lower release angle and higher horizontal velocity. In contrast, 
throwers in the vertical group were characterised by a relatively higher release angle and 
greater vertical velocity. These results are in line with previous research findings (Miyanishi 
et al., 1998). Hay (1985) argued that release height is a less influential factor to the throwing 
distance compared to the release velocity and release angle. This is consistent with the 
result of the present study, which there was no significant difference in throwing distance 
between the horizontal and vertical groups although release height and release was 
significantly greater in the vertical than in horizontal group. Release angle was significantly 
greater in the vertical group than in horizontal group. As earlier research showed that release 
angle decreased when the vertical velocity was relatively lower compare to the horizontal 
velocity (Bennett, Walker, and Bissas, 2018). In this study, the y and z component of release 
velocity is significantly correlated with release angle (r = -0.56, p < 0.01; r = 0.86, p < 0.01, 
respectively).  The results of this study confirmed the relative relationship between release 
angle and co-variation of release velocity components. 
Table 2 demonstrates kinematic variables for the entire sample. The right leg angle at 
release and the vertical displacement of the CG were significantly greater in the vertical than 
in horizontal group. There were no significant differences found in the other variables 
between the horizontal and vertical groups.  
 
Table 2: Comparison of each kinematic variable between the groups. 

 

All participants Horizontal dominant group Vertical dominant group Difference (95%CIs) t-value

Throwing Distance (m) 48.17 ± 4.56 49.02 ± 5.44 47.42 ± 3.57 1.60 (-1.07 - 4.28) 1.21

Release Velocity 
(resultant) (m/s) 20.96 ± 0.90 21.21 ± 1.01 20.75 ± 0.75 0.46 (-0.06 - 0.97) 1.76

(x) (m/s) 2.03 ± 1.84 1.55 ± 2.03 2.45 ± 1.58 -0.90 (-1.96 - 0.16) -1.71

(y) (m/s) 16.77 ± 0.98 17.52 ± 0.65** 16.12 ± 0.72 1.40 (1.00 - 1.80) 7.00

(z) (m/s) 12.23 ± 1.04 11.66 ± 1.09 12.73 ± 0.67** -1.07 (-1.62 - -0.52) -3.97

Release Height (m) (m) 1.60 ± 0.12 1.56 ± 0.12 1.63 ± 0.11* -0.07 (-0.14 - 0.00) -2.14

Release Angle (deg.) (deg.) 35.74 ± 2.93 33.34 ± 2.22 37.85 ± 1.49** -4.52 (-5.65 - -3.39) -8.09

CIs: Confidence intervals, *: p < 0.05, **: p < 0.01 

All Subjects Horizontal dominant group Vertical dominant group Difference (95%CIs) t-value

Hip-shoulder separation at L-on (deg.) -47.52 ± 18.30 -43.42 ± 17.90 -51.13 ± 18.24 -7.71 (-18.36 - 2.93) -1.46

Hip-shoulder separation at Rel (deg.) -18.64 ± 12.32 -21.68 ± 11.91 -15.96 ± 12.29 -5.72 (-12.85 - 1.41) -1.62

Change in hip-shoulder separation (DVP) (deg.) -66.16 ± 18.40 -65.09 ± 17.18 -67.09 ± 19.72 -2.00 (-12.93 - 8.94) -0.37

Shoulder-arm separation at L-on (deg.) -23.68± 13.84 -24.63 ± 16.43 -22.84 ± 11.38 1.79 (-6.68 - 10.25) 0.43

Shoulder-arm separation at Rel (deg.) -07.24 ± 9.08   -5.09 ± 9.71 -9.13 ± 8.22 -4.04 (-9.31 - 1.22) -1.55

Change in shoulder-arm separation (DVP) (deg.) -16.44 ± 13.21 -19.54 ± 15.62 -13.71 ± 10.23 5.83 (-1.84 - 13.50) 1.53

Arm elevation at L-on (deg.) -16.90 ± 10.64 -17.38 ± 9.670 -16.48 ± 11.61 -0.90 (-7.23 - 5.43) -0.29

Arm elevation at Rel (deg.) -06.30 ± 10.62 -06.08 ± 10.02 -06.50 ± 11.32 -0.43 (-6.75 - 5.89 -0.14

Change in arm elevation (DVP) (deg.) -23.21 ± 14.18 -23.46 ± 14.50 -22.98 ± 14.18 0.47 (-7.97 - 8.91) 0.11

Trunk tilt at L-on (deg.) -28.92± 5.35 -27.99± 6.080 -29.74± 4.600 1.75 (-1.39 - 4.90) 1.12

Trunk tilt at Rel (deg.) 0-9.26 ± 4.95 -7.82 ± 5.10 -10.54 ± 4.540 2.72 (-0.11 - 5.55) 1.94

Change in trunk tilt (DVP) (deg.) -19.66 ± 7.74 -20.17 ± 9.30 19.21 ± 6.23 0.97 (-3.63 - 5.57) 0.42

Right leg at L-on (deg.) -78.50 ± 6.23 -77.55 ± 6.27 79.34 ± 6.20 -1.79 (-5.46 - 1.88) -0.98

Right leg at Rel (deg.) -68.91 ± 5.37 -66.83 ± 4.70 70.74 ± 5.33* -3.91 (-6.88 - -0.94) -2.65

Change in Right leg (DVP) (deg.) 0-9.59 ± 6.27 -10.72 ± 4.89 --8.60 ± 7.22 -2.12 (-5.80 - 1.56) -1.16

Displacement of the CG_y (DVP) (m) -00.31 ± 0.05 -0.30 ± 0.06 --0.31 ± 0.04 0.00 (-0.04 - 0.03) -0.29

Displacement of the CG_z (DVP) (m) -00.18 ± 0.05 -0.17 ± 0.05 --0.20 ± 0.05* -0.03 (-0.06 - 0.00) -2.35

CIs: Confidence intervals, *: p < 0.05, **: p < 0.01 
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These results indicated that the throwers in the vertical group emphasised lifting motion: 
driving their right leg and body towards vertical direction rather than driving their right leg 
toward throwing direction compared to those in the horizontal group. Hay (1985) stated that 
one of the methods to increase the vertical component of the discus velocity was driving off 
the right leg and rotating toward and upward over the left. In contrast, Yu, Broker, and 
Silvester (2002) argued the importance of driving right leg forwards and rightwards during the 
DVP based on the analysis of ground reaction force. 
The results of this study regarding the right leg angle and the vertical displacement of the CG 
in the vertical group supported Hay’s opinion. On the other hand, the horizontal group drove 
their right leg towards throwing direction rather than upwards. Therefore, the horizontal group 
would have emphasised the throwing motion demonstrated by Yu et al. (2002). The results of 
this current study also indicated that there were no significant differences in other kinematic 
variables in trunk between the horizontal and vertical groups.  
From these results, the right leg motion during the DVP would be a key variable of the 
throwing biomechanics when classifying discus throwers based on the velocity components 
at release. The mechanical relationship of how right leg motion may cause multi-segment 
dynamics changing CG displacement and release parameters, however, cannot be clariid by 
this study. Therefore, further research is warranted to investigate details of the mechanics 
and or kinetics in each group. 
 
CONCLUSION: The aim of this study was to classify discus throwers based on the velocity 
components at release and to investigate their throwing biomechanics. The results of this 
study indicated that there were two types of the discus throwers based on the velocity 
components at release: horizontal and vertical dominant. The throwers in the horizontal 
dominant group increased the horizontal component of the discus velocity at release by 
driving their right leg forwards, while the throwers in the vertical dominant group increased 
the vertical component of the discus velocity at release by lifting their body upwards. The 
right leg motion during the delivery phase was identified as a key factor affecting release 
angle and release height. 
 

REFERENCES 
Bartlett, R.M. (1992). The biomechanics of the discus throw: A review. Journal of Sports Science, 10, 
467-510. 
Bennett, T., Walker, J., & Bissas, A. (2018)  Biomechanical Report for the IAAF World Championships 
LONDON 2017 Discus Throw Men’s．2017 IAAF World Championships Biomechanics Study，
https://www.worldathletics.org/about-iaaf/documents/research-centre#collapse2017-iaaf-world-
championships-biomechanics-st． 
Ecker, T. (1996) Basic Track and Field Biomechanics (Second edition). Tafnews Press: Los Altos. 
Hay, J.G. (1985). The Biomechanics of Sports Techniques (Third Edition). Prentice Hall: New Jersey, 
pp. 487-502. 
Hay, J.G. & Yu, B. (1995). Critical characteristics of technique in throwing the discus. Journal of Sports 
Sciences, 13, 125-140. 
Leigh, S., Gross, M.T., Li, L., & Yu, B. (2008) The relationship between discus throwing performance 
and combinations of selected technical parameters. Sports Biomechanics, 7 (Suppl.2), 173-193. 
Miyanishi, T., Sakurai, S., Wakayama, A., Togashi, T., & Kawamura, T. (1998) A three-dimensional 
angular momentum analysis in the Asian top discus throwers. Japan Journal of Biomechanics in 
Sports Exercise, 2 (1): 10-18, (in Japanese). 
Miyanishi & Sakurai (2000) Angular momentum analysis of men’s discus throwers in 1998 USA track 
& field championships. Proceedings of XVIII International Symposium on Biomechanics in Sports, 
806-809. 
Tong, E., Xie, W., The, K. C., & Yu, B. (2001) Technical characteristics of elite male and female discus 
throwers. Proceedings of XIV International Symposium on Biomechanics in Sports, 375-378. 
Winter, D.A. (1990) Biomechanics and motor control of human movement, (pp. 41-43) New York: John 
Wiley and Sons. 
Yu, B., Broker, J., & Silvester, J. (2002) A Kinetic Analysis of Discus-Throwing Techniques. Sports 
Biomechanics, 1 (1), 22-45. 

394

40th International Society of Biomechanics in Sports Conference, Liverpool, UK: July 19-23, 2022

https://commons.nmu.edu/isbs/vol40/iss1/94


	CLASSIFICATION OF THE DISCUS THROW TECHNIQUE

