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INTRODUCTION 

The movements in hammer throw are a complex, and include 

linier and angular movements [1]. A previous study suggested 

that the distance of throw is governed by four main factors; 1) 

the speed, 2) the height, 3) the angle of release and 4) the air 

resistance [2]. However, the height of release is somehow 

dependent on the thrower’s height and the effects of air 

resistance of a hammer on the distances thrown are almost 

negligible [3]. Therefore, the techniques to improve the speed 

and optimize the angle of release in determining the distance 

achieved in hammer throwing have been the focus of studies.   

However, most current studies have not investigated what 

biomechanical factors might contribute to a hammer thrower’s 

performance. Therefore, this study compared the 

biomechanical characteristics of the movements of high level 

hammer throwers and related them to their distances in order 

to understand the biomechanical contributors to their 

performances.  

 

METHODS 

For the study, four high-level male hammer throwers (height: 

183±4.69cm, weight: 104.3±12.45kg) were recruited. Each 

thrower throws six throwing after warm-up trials. For each 

thrower, the best among six throws was selected for 

biomechanical analysis. A system of five video camcorders 

(Sony, Japan) was used to capture thrower’s movement in a 

capture volume; a height of 2 meters, a width of 4 meters and 

a length of 5 meters. The kinematic data was calculated with 

KWON 3D software (Visol Inc. Korea). Centrifugal forces 

were calculated with Matlab software (MathWorks, USA). 

Each thrower’s performance was divided into ten events for 

further comparisons (Figure 1).  

   

RESULTS  

At the release an average velocity of 24.21±0.92m/s and an 

average height of 1.69±0.08cm were found. Also, an average 

angle of 40.2±1.59º and an average distance of 56.9±5.49 

meters were observed (Table 1). Thrower A performed the 

best distance (64.9m) among the four athletes.  

 

 Table 1: Characteristics of projectile factors in four throwers. 

 Velocity 

(m/s) 

Height 

(cm) 

Angle 

(º) 

Distance 

(meter) 

A 25.53 1.76 39.4 64.9 

B 24.04 1.61 39.8 55.8 

C 23.80 1.63 39.1 54.5 

D 23.45 1.76 42.6 52.4 

 24.21±0.92 1.69±0.08 40.2±1.59 56.9±5.49 

      A: 188cm, 117kg, B: 182cm, 98kg, C: 177cm, 90kg, D: 185cm, 112kg,    

 

Thrower A showed a greater increase in centrifugal force 

between LP5 and the release compared to other throwers (A: 

0.67BW vs. B: 0.52BW, C: 0.57BW, and D: 0.47BW). 

Furthermore, Thrower A showed greater trajectory of swing 

and support leg in the anterio-posterial direction during turns 

(Figure 3). 
 

 
Figure 2:  Changes in centrifugal force acting on the hammer 

(Thrower D performed only three turns while the other three throwers 

performed four turns) 

 
Figure 3:  Trajectory of swing and support leg (toe) in the 

transverse plane; the vertical axis indicates medio-lateral 

direction while the horizontal axis indicates anterio-posterial 

direction (A: top left, B: top right, C: bottom left, D: bottom right) 

 

DISCUSSION AND CONCLUSIONS 

The findings suggest that 1) a greater increase in centrifugal 

force during the release and 2) a greater movement in forward 

direction rather than medio-lateral direction during rotation 

would be the key contributors to the horizontal distance of a 

hammer throw. The information would be beneficial for 

coaches and athletes to help improve the techniques that 

determine optimal performance.  
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Figure 1:  Ten events in four turns of the hammer throw 


