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Biomechanics of shot put
Three dimensional analysis of throwing motion in third TAAF world
championship in athletics —
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The movements of the body and the put in the trial of the final event of shot put in third IAAI® world championships
in athletics in 1991 were analyzed from both kinematical and mechanical view points. Three dimensional film analysis
technique (DLT method) was utilized to record and to analyze three dimensional movements of thrower's body and put.
The results indicated that most dominant mechanical factor ditermining the performance in shot put was the initial veloc-
ity of the put at release even though there were little defference in throwing distance between throwers in the highest
level event. Other mechanical factors such as angle of release and release height did not affect the throwing distance. All
the mechanical parameters measured in throwing motion did not change between subjects except for direction of move-
ment of C.G. and direction of force suggesting that the patterns of force or power exerted were very similar in these
high level throwers. Although there existed a significant correlation between initial velocity and throwing distance no
clear relationship was recognized between force or power exerted to put in throwing motion and throwing distance. This
might be due to the variation of combination of mean power and duration time exerting power to put; one thrower exerted

high power in short duration time and another low power in long duration time.
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Table 1. Characteristics of subjects.

Personal

Subj. Rank Age Height Weight  Record
GN 1 30 202 126 22.75
AN 2 28 189 113 20.86
NL 3 26 191 107 20.49
KL 4 21 193 112 20.37
BD 5 25 200 130 21.06
NK 6 24 189 122 21.35
Mean 26.0 1950 1176 21.11
S.D. 2.9 5.2 8.2 0.79
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Fig. 1. Top view of throwers body,put (O) and
the center of gravity of throwers body (X) for
two throwers (upper : Gunthor,lower Nilsen) .
Stick pictures are drawn by connecting the body
points in the following order ; hand,elbow,
shoulder in the right hand side and shoulder,
elbow ,hand in the left hand side.

Fig. 2. Deviation angle ().
Deviation angle is defined as the angle between
the direction of the trajectory of put and the line
passing the center of the circle and release point
(see Lext) i

Table 2. Best record and record in analyzed trial,initial conditions at release for each subjects.

Rank 1 2 3 4 5 6
Subject GN AN NL KL BD NK  Mean S.D.
Best Record [m] 21.67 2081 20.75 20.34 20.10 19.98 20.61 0.56
Analyzed Record [m] 21.67 20.75 20.75 2014 20.10 19.93 20.56 0.59
Initial Velocity [m/s] 1417 1398 13.73 13.81 1355 1339 13.77 0.26
- Horizontal [m/s] 11.31 1119 10.69 10.77 10.56 9.87 10.73 0.47
- Vertical [m/s] 8.53 8.38 8.62 8.65 8.49 9.05 8.62 0.21
Angle of Release [deg] 37.0 37.0 38.9 38.8 38.8 42.5 38.8 1.8
Release Direction [deg] 45 -157 1.7 -6.6 -6.5 0.2 -3.7 6.7
Release Height [m] 2.29 2.21 2.24 2.32 2.29 2.22 2.26 0.04
Release Length [em] 15 15 8 15 1 -4 8.2 7.6
Deviation Angle [deg] 4.4 14.4 18.1 11.9 4.4 15.0 11.4 5.3
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Fig. 3. The changes in velocitv of put during throwing motion.
Horizontal (top) ,vertical (middle) components and absolute value (bottom) of put,elbow and shoulder are
shown for two throwers (left : Gunthor,right : Nikolayev) .
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Fig. 4. Force exerted to put during glide phase Fig. 5. Power exerted to put during gride phase
and throwing motion for two throwers (upper : and throwing motion for two throwers (upper :
Gunthor,lower : Nikolayev) . Gunthor,lower : Nikolayev) .
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Table 3 Maximum horizontal velocity in gliding phase and mechanical parameters throwing motion.

TAMNIENT DOINL F AH =7 A

Rank 1 2 3 4 5 6
Subject GN AN NL KL BD NK  Mean S.D.
Velocity of C.G. [m/s] 2.22 2.11 2.36 2.35 2.32 2.19 2.26 0.09
Duration Time [s] 0.33 0.31 0.27 0.29 0.31 0.28 0.30 0.02
Maximum Power [W] 4829 4561 4633 4247 4373 4422 4511 189
Average Power [W] 2245 2281 2510 2381 2141 2334 2315 115
Maximum Force [N] 596 564 577 595 560 595 581 15
Average Force [N] 310 316 345 319 306 331 321 13
- horizontal  [N] 198 199 206 210 185 184 197 10
- vertical [N] 238 246 277 240 243 275 253 16
Inclination of Force [deg] 50.2 51.0 53.4 48.8 52.7 56.2 52.0 2.4
Direction of Force  [deqg] 44 177 2.8 59  -1141 2.4 -4.2 8.2
Direction of C.G. [deg] 4.7 4.8 -3.6 -3.0 4.7 1.5 1.5 3.6
Difference F - C.G. [deg] 0.3 225 6.3 3.0 15.8 0.9 8.1 8.3
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