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44 The author describes the procedure 
followed in making a kinemalic analysis if 
the men's ami women's discus events al the 
Stufigari Wtirld Championsliips and com
pares the conclusitins wiih those reached in 
prcvioii.s research. His piiipo.se is to deier
mine if such antilyses cttn serve as a basis 
for identifying an 'ideal' leciinique. He con
cludes thai no furiher insights into discus 
icchiUijue can be gained frtmi this type of 
analysis, since it revetits no common tenden
cies hut merely individual varialions. 

Calciilalions rf mechanical work tmd power 
ill differeni varialions tif technique should 
be included, in order lo presenl a fuller pic
ture of an 'itleal' model and help the coach 
to recogni~e what are aclual faults and whal 
are merely variatitms in technicpie. 9k 9k 

I Inlroduction 

Dr A.xel Knicker is scientific assi.sraiil al the 
De/>ar!nieiit tf .Applietl Sports Siiein-es and 
athlelics leciurer at the German Sports 
Universiiy. Cologne. 

He worked in the DLV Research Project 
Team ai die 1993 IAAF Wtirld Champion
sliips in Athletics in Slullgart and was aLso a 
member ofthe IAAF Biomechanies Research 
Project teams 1986-HS. 

On lhc occasion of lhc 1993 I A A F 
World Chcunpionships in Aihletics. Stuttgart, 
the German Athlelics Federation initiated a 
scientific research and service proieci. similar 
to those conducted on behalf of the IAAF al 
former major athletic events. The purpose of 
thc project was to update and increase ihe 
kinematic database of track and field events 
and to give Ihe coaches a fast information 
feedback of their athletes" techniques. It is 
presumed that updating existing kinematic 
daia will shape the performance profile, in 
which kinemalic analyses are only one con
stituent. Mere description of the lechniques 
in terms of kinematic parameters must nol be 
ihe aim. At the very least, an allempi to de
termine the degree of influence on the ath
letes' performances must be made. 

In discus throwing we are faced wiih a 
basic dilemma in regard to the kinematic 
diagnosis of performance. The kinematic pre
requisites of performance are quile well 
known and their relalionship is sufficiently 
understood. Nevertheless It is almosl impos
sible 10 lell a good from a bad ihrow with the 
help of kinemalic parameters, as not enough 
is known about the actual movements which 
produce the ihrows. 

2 Purpose ofthe paper 

This paper intends lo discus ihe possi
bilities and limilalions of ihe kinematic diag
nosis of performance in the discus event. This 
mighl be taken as an example for other ath
letic disciplines. On the basis of a database. 



which inclutles 2iM) throws of world class ath
letes, the applieabiliiy uf iradilional kinemal
ic approaches is called into quesiion. 

3 Methods 

Thc database consisls exclusively ul 
kinematic data eslablished via cimemalogra-
phy. In order to increase the number of ana
lyzed throws, we included data from litera
ture into our database (see BARTI.HIT 1992 
for reference). Our own analyses follow a 
standard procedure, with a standardized cam
era setup, which was also used in Sluitgarl 
and is shown in Figure I. 

Two gcnlocked videocameras (SONY 
DXC 327P). equipped wilh Hi8 video 
recorders (SONY E W 9000P) running with 
a field rale of .SO fps. were focused on the cir
cle. One camera look Ihe ihrow-er from the 
side of his throwing arm (Kl) and the second 
look the rear view, related lo the direction of 
Ihe throw. To ensure unambiguous corre
spondence of events, both cameras w êre syn
chronized by LEDs in fronl of their lenses, 
which could be idenlified in the analysis 
frame, as soon as they were manually 
switched on. Both views covered a width of 
5m related to the centre of the circle. Be
cause of the exceptional lighl condilions. 

Table 1: Body landmarks and definition of the 

EiN 

Figure 1: Camera setup for discus throwing 
(right hand ttirowers) 

shutter speed could he reduced to 1:1000. 
The Hi8 video signal has a resolution o[ 400 
lines and a signal tt) noise relalionship of 
44dB. In order to identify every video field 
during the analysis, a video integraled time 
code was recorded simultaneously. 

Analysis was performed with a PEAK 
PERFOR.MANCE motion analysis system 
(version 5.0). The resolution of the digitized 
image is interpolated to 512x512 pixels. The 
video fields were digili/ed manually. 17 body 
landmarks were taken it) define the locations 
of 12 body segments listed in Table J. 

13 parameters, as listed below, were 
derived from the digitized images and a lime 
analysis. 

segments 

No. 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 

landmark 

tip ot right toe 
righl heel 

nghl ankle 
right knee 
right hip 
lett hip 
right knee 
left ankle 
left heel 
tip of left toe 
right shoufder 
right ellbow 
righl wrisi 
discus 
left shoulder 
left ellbow 
left wrisI 

segments no. 

01 

m 
03 

04 
'05 

06 
07 
08 
09 

10 
11 
12 

segment 

right foot 

right shank 
right thigh 

left Ihigh 
lefl shank 

left foot 
throwing arm 
right upper arm 
righl lower arm 

trunk 
left upper arm 
left lower arm 

connected landmarks 

1-2-3 

3-4 
4-5 

6-7 
7-3 

8-9-10 
11-13 
11-12 
12-13 

5-6-11-15 
15-16 
16-17 



List ol parameters: 

01 - heighl of release 
02 - angle ot release 
03 • release velocity 
04 - ballistic flighi distance 
05 - diflerence tieiween ballistic and 

official distance 
06 cJuralion ol entry phase 
07 - duration ol atrtorne phase 
08 - duration of IransHion phase 
09 ' duration ot delivery phase 

Abbreviation 

height 
angle 
vfcly 
d-bal 

d'dif 
d-t-2 
d-i-3 
d-1-4 
d-t-5 

10 - change ol discus velocity in airborne phase d-v-3 
11 ' Change ol discus velocity in transition phase d-v-4 
12 - change of discus velocity in delivery phase d-v-5 
13 - total change ol discus velociiy in transilion 

and delivery phase d-v-end 
14 - official throwing distance 

4 Error estimation 

In order lo estimate possible errors in 
digitizing the images, we assumed an expect
ed maximum velocit)' (discus) of 25m/sec. 
Given a frame rale of 50 frames per sec and a 
field width of 5m. an object at the criterion 
speed would cover a maximum distance of 
0.5m in one field. Il could hardly be idenli
fied accurately in the image. The shutter cho
sen in Slullgarl reduced exposure inlervals to 
O.IXllsec. Within this lime period, thc object 
would Iravel a dislance of ().()05cni and thus 
e(.>uld be clearly identified in the image. 

5 Kinemutic analysis ofthe rmulists in 
Stuttgart 

The kinematic dala for the finalists 
were pul inlo the database ofthe InsUluie for 
Athletics and Gymnastics al thc German 
Sports University in Ctilogne. They increased 
Ihe number of analyzed Ihrows to 26(1, with a 
ralio of female lo male alhleies of 5S : 202. 
Throwing distances ranged Irom 30.22m to 
68.y4m. The following analysis attempts to 
integrale the recenl findings inlo this data
base and compare curreni outcome with ear
lier results. 

5.1 Timing paninietcrs 

In accordance with related literature. 
the movemenis ot the alhletes in the circle 
are divided inlo five consecuiive phases: 

a - preparalion Ph 1 
b-entry Fh 2 
c - airborne Ph 3 
d - transilion Ph 4 
c - delivery Ph 5. 

No general agreemenl exists between 
scientists or coaches aboul the contribution 
of the temporal dislributii)n of these phases 
lo a good technique. BARTI.F.IT 1992 summa
rized the relaled liierature and found differ
ent opinions and suggesiions for the tech-
nc)mi>ior solutions within these phases. One 
reastin for the di\ided opinions of the differ
ent researchers is revealed by the temporal 
data itself as shown in Table 2. 

The analysis of phase durations pro
vides a good indicaiion of the stability of the 
rhythm and timing of the individual move
ments. The greatest imporlance is usually 
given lo the last three phases of the throw. It 
is t rue that the freLjuently formulated 
demand for the shortest possible airborne 
phase can be supported by mechanical con
siderations but the indi\idual varialions iden
lified (see Table 2) show no significant corre
lation between this parameter and Ihrowing 
dislance (r = -.0076, p = ,919) or release 
velocity (r = .0193. p = .syi). The same is true 
for the iransiiion and delivery phases. No sig
nificant correlation to release parameters 
could be identified (see Table.?). If we take a 
closer look at Table 2, this luck of correlation 
can easib be understood. The Slullgarl final
ists produced all possible varialions of the 
lime distribution of the phases. These varia* 
tions occur wilh surprisingly uniform individ
ual liming pallerns. 

Although no significant difference be
tween the women and men Ihrowers could be 
idenlified. regarding the distribution of time 
in the separate phases, there is a tendency for 
the women's delivery phase to be longer Ihan 
their transition phase, while the contrary ten
dency is shown by the men. 

If we compare the men medallists, we 
find a high consistency in the individual 
movemeni pallerns. as far as liming is con
cerned. I he duralion of the delivery phases I 1 



Table 2: Phase durations of Ihrows of the medallists 
(women and men) in Stuttgart 

5^ Release 
Characterislics 

Name 

Bufova 

Costian 

Min 

Riedel 

Shevctienko 

Schul i 

D is tance 

63.28m 
67.40m 
65.80m 
67,06m 

X 

63,90m 
64 78m 
64.66m 
65.36m 
55,12m 

X 

52,16m 
61,88m 
65.26m 

X 

64.16m 

56.24m 
67.72m 
60.54m 
64,94m 

X 

67.34m 

61.58m 
61.54m 

X 

63,94m 
66.14m 
66.90m 

64.32m 
66.12m 
63.32m 
62,84m 
64.46m 

X 

entry 

0.45s 
0.44s 
0.45s 
0.45s 
0 44s 

0.47s 
0.43s 
0.48s 
0.49s 
0,46s 
0,46s 

0.42s 
0.47s 
0.45s 
0.46s 
0.45s 

0.44s 
0.45s 
0.38s 
0 42s 
0,44s 
0.40s 

0,34s 
0.37s 
0.37s 
0.37s 
0.36s 
0,36s 

0.43s 
0.44s 
0.44s 
0.43s 
0.41s 
0,44s 

a i rborne 

0,13s 
0.10s 
0.10s 
0.12s 
0,11s 

0 12s 
0.11s 
0.11s 
0.10s 
0,10s 
0,12s 

0,14s 
0,11s 
O i l s 
0 08s 
0.10s 

0.13s 
0.12s 
0,10s 
0 12s 
0.13s 
0.12s 

0.07s 
0.02s 
0.00s 

-0.02s 
0.05s 
0.02s 

0.08s 
0.09s 
0.08s 
0,09s 
0.10s 
0 08s 

t rans i t i on 

Q.16S 
0.17s 
0.15s 
0.15s 
0 15s 

0.15s 
0 16s 
0 15s 
0.16s 
0.16s 
0.15s 

0.10s 
0.16s 
0.13s 
0.13s 
0.13s 

0.16s 
0 20s 
0,19s 
0,15s 
0.17s 
0.15s 

0.20s 
0.22s 
0.24s 
0.25s 
0,20s 
0.21s 

0.25s 
0.23s 
0.24s 
0.24s 
0,22s 
0,21s 

del ivery 

0.16s 
0.16s 
0.17s 
0.16s 
0 17s 

0.16s 
0 17s 
0 16s 
0.16s 
0.18s 
0,18s 

0.19s 
0,18s 
0.19s 
0.22s 
0.19s 

0.17s 
0 16s 
0.14s 
0.15s 
0.14s 
O I S s 

0.17s 
0.17s 
0,15s 
0,17s 
0.17s 
0.15s 

0,13s 
0.16s 
0 14s 
0.13s 
0.14s 
0 17s 

of Riedel and Schult are almosl ideniical but 
Schull e.xecuies a markedly shorter airborne 
but a longer transition phase. 

Shevchenko. on Ihe other hand, shows 
an exiremely short airborne phase and is 
sometimes able to a\(iid it completely and 
planl his left foot even before his right foot 
has lost coniaci with thc ground. 

5.2.1 Retease velociiy 

Of all release parame
ters velocity of release ap
pears lo be the mosi impor
lani. The assumption thai 
there is a direct linear rela
tion between release velocity 
and ihrowing distance cannot 
be niainiainei.1 on the basis of 
the existing dala. Applying a 
quadratic regression calcula
tion reveals a much more 
realistic inierrelation of the 
two parameters. The courses 
of Ihe regression lines indi
cate an area for optimum 
release velocilies and not. as 
could have been expected. 
for maximum velocities. This 
tibservation can be support
ed by results from the analy
sis of ind i \ idua l perfor
mances repor ted earl ier 
( K N K K L K lyyOb). It also 

accounts for different details 
of correlalion coefficienis for 
release velocitv and ihrowing 
dislance. Sc-HLL'i-THR/Nix-
uoRi (1984) found correla

tions as high as r=,87 whereas KNICKER 
(1990b) calculated a correlalion of only r=.41. 
If we summarize all data available on release 
velocity and throwing disiance. the correla
tion lurns out to be r=.53. Correcting throw
ing dislance for Ihe influence of wind and cal
culating ballistic distance, using the release 
parameiers. increase the correlatitui only lo 
r=.90 (see Table 4). The negalive coefficieni 

Table 3: Correlation matrix of phase duration and release parameters 

angle o l release 

airborne r = -.2553 p = .091 

transition r = ,2784 p - 064 

delivery f = - 2841 p = .059 

height of release 

r - - 0381 p = ,791 

r = .1424 p = ,319 

r - 0258 p - 657 

release velocity 

f = 0193 p = .891 

r = .0012 p = .993 

r= -.1065 P - . 4 4 8 

ofiiCial distance 

t : .1528 p = , l 0 4 

r = - . 2 0 6 9 p = .02 

r = -.0009 p= ,992 
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Figure 2: Official distance - release velocity diagram with quadratic regression lines inserted 

for velocity and the difference between bal
listic and official distance! r=.b4) indicates a 
decreasing influence of aerodynamic factors 
with increasing release velocities. 

Nevenheless. it is evident that similar 
disiances can be achie\ed wiih different re
lease \elocilies and il may sometimes happen 
that the discus velocity is too high for a long 
throw. It must be assumed ihat these occur
rences depend on the athletes' limiled motor 
abilities to cc)ntrol the discus wilhin ihe high 
speed silualion. Thus, increasing ihrowing 
distance by increasing release velocity is pri
marily an intra-individual problem of move-
Table 4: Correlation matrix of flight 

distances and release parameters 

distance 

velocity r = ,5532 

p= .000 
angle r = .0560 

p= ,622 
height r= .0814 

p= 487 

d-bal 

r= .8989 
p = .000 

r= .4510 
p = .000 

r = -,0338 

p= .783 

d-dit 

r = -.6380 
p = .000 

r= -4630 
p = .000 

r= ,0882 
p = .471 

ment co-ordination on a high speed level, 
This is also true for Ihe oiher ihrows and 
even for the jumps. 

Release parameters for the finalists in 
Slullgarl arc summarized in Table 5. The 
given values l\)r angles of release, height of 
release and release velocilies are within the 
ranges reported in relaled l i terature. As 
there are no comparable dala for Ihe analy
sed alhletes. it is not possible to give a per
sonal classification of Ihe parameter patterns. 

Again there are no considerable differ
ences in the parameter patterns of men and 
women ih rowers . despi le the different 
heights of release {Figure 3). which depend 
directly on the athletes' anthropometric dala. 
The release heights of the women are related 
to their generally smaller segmental lengths. 

5.2.2 Ctmrse of discus velocity 

According to earlier studies, the course 
of discus velocilv is given as ihe change of 
velocity within the separate phases. In princi
ple, we can distinguish four different course 
patterns: 13 
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Figure 3: Boxplot of release parameters (median, quartile deviation and ranges) 

1. The discus velocity is continuously rising 
from entry to delivery: 

2. The discus velocity increases unlil the end 
of the entry phase, decreases wiihin the 
airborne phase and increases again from 
the beginning of the transilion up lo the 
delivery. 

3. The discus velocity decreases in bolh the 
airborne and the transition phase and 
increases again in the final double sup
port phase: 

4. The discus velocity rises until the end of 
the a i rborne phase, decreases during 
transition and increases again in the deli
very phase. 

None <it the four options can be recom
mended as the opiimum solulion. for there is 
no significant correlalion belween the chan
ges of velocity and the release velocitv of ihe 
discus. In the pasl. individual styles proved lo 
be fairb repeaiable and typical for a specific 
athlete. Concerning Ihe analysed trials of the 
finalists in Sluitgarl. option no.l is evident in 
ihe majority of the women's Ihrows, An ex

ception to ihis is shown by Chunfeng Min. 
vvith a decisive gain of discus velocity in the 
transition phase and a poor increase in the 
delivery phase (see Table 5). 

Olga Burova. Barbara Echevarria and 
like Wyludda are Ihe only women to perform 
option 2. with a decrease of velocity in the 
airborne phase, Table 5 reveals ihal Wyludda 
achieves the highesi increase of discus veloci
ty in the deliverv phase. 

The male athleles include representa
tives of all five variations, with option 2 the 
most prevalent. Jürgen Schull demonstrates a 
remarkable veU>cilv pattern with conlinuous 
increases, even in ihe airborne phase (- 1.52m/s). 
By Ihe beginning of the delivery phase, his 
discus has already reached 50% of its release 
velocilv. Therefore, the gain in the deliverv 
phase is relalively small ('l.''vl3m/s). 

The highesi final accelerat ions are 
shown by Vladimir Zinehenko(+19.38m/s). 
Cosiel Grasu ('lS.17m/s) and Lars Riedel 
(.17.8Sm/s), 



Table 5: Values of release parameters for Ibe finalists In Stuttgart 

Name 

Burova 
Coslian 

Mm 
Marten 
Gundier 

Echevarria 
Dielzsch 

Wyludda 

Riedel 
Shevchenko 

Schuft 

Ubanas * 

Grasu 
Zinchenko 
Sweeny 

Kaptyukh 

official distance [m] 

67.40 
65,36 

65.26 

64,62 
62.92 

60.16 

62.02 

60.42 
67.34 

66.90 
66.12 

63.98 
65.24 

62.02 

61.26 
61.64 

angle of release [ ) 

34.6 

35.3 

36.8 

38.9 

37.8 
40.0 

33.1 
36.4 

35.0 

36.0 
36.7 

37.3 

34.5 
31.4 

39.5 

39.0 

height ot release [m| 

1 49 

1.51 

1.58 
1.67 

1.54 

1.60 
1.77 

1.75 
1.65 

2.05 

1.66 

1.98 

1.96 
1,65 

1.70 

1.36 

release velocity [ms ) 

24.5 
24.4 

23.9 

23.9 

22.2 

23.9 

23.3 
23.7 

25.5 

26,3 
24.9 

26 8 

26.1 
26.7 

23.8 

24.7 

' disqualified lor drug abuse 

6 DiNcusKion 

This kinematic analysis of discus throw
ing has increased lhc existing database of the 
discipline. Timine characteristics show ex

treme inter-individual variability bul high 
intra-individual consislency. with no signifi
cant relation lo Ihrowing distance. None of 
the timing varialions can he recommended as 
the best solution. 

Table 6: Changes ol discus velocity during Phases 2 to 5 

Name 

Burova 
Costian 

Mm 

Marten 

Gundier 

Echevarria 

Dietzsch 
Wyludda 

Riedel 

Shevchenko 

Schull 

Ubanas * 

Grasu 

Zinchenko 
Sweeny 

Kaptyukh 

official distance [m] 

67.40 

^.3,6 

65.26 

64.62 
62.92 
^ . 1 6 

es.02 
60.42 

67.34 
66.90 
66.12 

63.9,3 

65.24 

62.02 

61.26 
61,64 

d-v-2 [ms'] 

-^2.79 

-^1.21 

-Hi,31 

-2.05 

-H4,50 

-h4,26 

4-2,93 
-^2.97 

*2.57 

-(-0.97 

+1.99 

-4.4.80 
•K5,54 

4-4,89 

-1-4.42 
-1,04 

d-v-3 [ms'] 

-1.39 
4-0.04 

-^1.77 

-^2.05 
-fl.84 

-2.76 

-^0.19 
-0.79 

-0.88 

— 
-hi .52 
-0.70 

-0.08 

-1.23 

-0.61 

4-0.45 

d-u-4 [ms'] 

-^4.57 

+2.48 
+11.80 

+0.91 
+2.54 

+3,02 

-0.40 

+ 1.62 
+2.23 

+2.44 

+3.07 

+ 1.22 

-0,70 

-2 38 

+0,32 

-0-92 

* disq 

d-v-5 [ms'] 

+ 13,54 

+ 16,00 

+3.15 

+15.39 

+ 10.98 

+ 14.03 

+ 16.88 

+ 16-91 
+ 17.88 

+16.72 

+13,13 
+17.41 

+18.17 

+ 19.33 
+16.00 

+ 16.77 

uallfied Ior drug abuse 
15 



Thc release parameiers revealed no 
furiher insights into Ihrowing lechniL]ues. As 
release velocity ctmlribules aboul N0% lo the 
variance of the ballislic disiance. it is the 
most important release parameter. The effect 
of the wind appears lo decrease slatislically 
with increasing release velocity but il does 
not reveal a higher correlation belween re
lease velocity and ihe official dislance. Re
gression analysis revealed that release veloci
ty must ralher be optimized than ma.ximized. 
This may be related lo the individual alh
lele's ability to control Ihe discus release al 
high velocities. 

The record of the acceleralion of the 
discus, described as change of discus velocity 
during the crucial phases of the turn, again 
revealed inter-individual varialions. wilhoul 
showing a common lendency. or even whal 
could be called a best solution. 

Il must be questioned whether a kine
matic analysis of the lechnique of Ihe top 
level athletes leads to furiher insights inlo the 
discipline itself. The kinematic data are noth
ing else Ihan a description of the athletes' 
movements in a more objective way. These 
analyses have not yel idenlified the ideal 
technique. Only a very individual perfor
mance diagnosis, including calculations of 
mechanical work and power in differeni vari
ations of the lechnique. will contribute to an 
improvemenl in personal performance. Thus 
an ideal lechnique e.xisls only for one specific 
athlete and cannol be generalised. This pre
sents a dilemma for the c<.)ach. as he has no 
criteria to help him separate actual faults 
from individual variations of technique. 
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