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The aim of this study was to describe the differences of kinematic characteristics of 
movements of the arm with a discus in delivery phase between standing and rotational 
discus throws. For this purpose, four male throwers performed three standing discus 
throws and three rotational throws. All trials were high-speed videotaped. The results of 
3-D analysis indicated that discus descends lower and its release angle is less in 
standing throw. 
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INTRODUCTION: The technique of rotational discus throwing was many times in the focus 
of scientific studies (Bartlett, 1992; Atlmeyer et al., 1994; Ariell et al., 1997 and others). The 
results of such investigations gave an opportunity to state the optimal values of main 
characteristics in the technique of discus throwing, allowed to write grounded 
recommendations of teaching the technique of discus throwing and its improvement. 
However in teaching and improving the technique of discus throwing as well as in improving 
different aspects of physical training there were used not only the rotational discus throw but 
also standing throw. It allows the entry-level sportsmen to master the technique of one of the 
most important elements of discus throwing faster – the technique of movements in delivery 
phase in learning process and to focus on final movement in the improving process with 
sportsmen of higher qualification level. It’s evident that it concerns the identity of techniques 
of movements in delivery phase in standing discus throw and in rotational throw. 
Meanwhile the peculiarities of technique of standing and rotational discus throwing still 
remain the byways of learning. So there are only the data of high level qualification of 
sportsmen differences gained while discus throwing without discus (Nemtsev, 2006). At the 
same time data of presence or lack of differences in the technique of standing and rotational 
discus throwing could give the basis for evaluation of level of specialized standing throwing 
relatively to the full throw, become objective basis in decision making about usage of this 
training tool in any periods of sport career and training cycle. 
Aforesaid stated the aim of the study was: to compare kinematic characteristics of 
movements of the arm with a discus in delivery phase between standing and rotational 
discus throwing. 
 
METHOD: To elicit the peculiarities of the technique of standing and rotational discus 
throwing the 3-D video analysis was used. During the record there was used the system of 
motion analysis Qualisys including six cameras ProReflex with the frame frequency of 120 
frames per second (Figure 1). The treatment of such cameras was made with the help of 
three-dimensional tracking Qualisys Track Manager (QTM) of 1.8.225 version. Data 
smoothing was done with the help of the filter Butterworth of the second order with 20 Hz 
frequency. 
The following characteristics of marker movements fixed on the discus centre on the thrower 
hand were analyzed: minimal height over the sector in delivery phase (hmin), height over the 
sector in the release instant (hrelease), release velocity (vrelease), difference between height in 
release instant and minimal height in delivery phase (hrelease – hmin), release angle, time from 
the release instant to the lowest position (trelease – t hmin), time of "velocity gain" (trelease – t0, 
Figure 2). 
Four discus throwers took part in the experiment (height 1.82±0.03 m, weight 85.3±13.40 kg, 
age 20.7±1.57 years old, discus throwing result 36.3±2.08 m).  

 

Two differences, however, are that in fencing the lead knee is extended to yield a greater 
step distance whereas in sprinting the knee flexes in preparation for the next step and in a 
sprint start the lead leg provides the majority of the thrust rather than the trail leg in fencing 
attacks. 
  
CONCLUSION: Fencing is a very unilateral and unique sport. It relies heavily on the trailing 
leg as its main power supply during the lunge, the sport’s primary attack. In the lunge, most 
of the power comes from the plantiflexors of the rear leg, followed by power from the knee 
extensors and then the hip abductors. The fleche was a more complex attack with power 
coming from moments of force of both legs. We conclude that fencers wanting to improve 
their attack effectiveness should focus primarily on their plantiflexors, as well as hip 
abductors and hip and knee extensors. This is because ankle plantiflexors and knee 
externsors contributed the larger amounts of power to both movements and were the primary 
sources of power for the lunge, the more common attack. 
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throwing. Time of "velocity gain" was stated significantly higher while standing discus 
throwing than while rotational discus throwing. 

 
Table 1  

Kinematics data (MeanS.D.) of the marker fixed on the discus thrower hand while standing 
and rotational discus throwing 

Kinematics data Standing Rotational t (p value) 

Vrelease (m/s) 14.6  1.36 15.4  1.07 -3.46 (<0.05) 

Release angle ()  35.2  4.67 40.1  4.46 -5.43 (<0.05) 

hrelease (m) 1.48  0.078 1.50  0.096 -0.47 (>0.05) 

hmin (m) 0.89  0.083 0.81  0.051 3.64 (<0.05) 

hrelease – hmin (m) 0.59  0.022 0.69  0.137 -2.33 (>0.05) 

trelease – t hmin (s) 0.127  0.022 0.119  0.008 0.93 (>0.05) 

trelease – t0 (s) 0.452  0.097 0.254  0.037 4.43 (<0.05) 
 
Two of the participants had higher height of the marker fixed on their hands in the release 
instant in standing discus throwing and the two others – lower than in rotational discus 
throwing. This stipulated the absence of significant differences of this index and also the 
difference between height hand in release instant and minimal height in delivery phase while 
standing and rotational discus throwing in the whole group. No significant differences of 
movement time from the lowest position to the release instant were found out. 
It should be also pointed out that qualitative difference in the change of velocity of the discus 
thrower hand in the delivery phase while standing and rotational discus throwing. So if while 
rotational discus throwing the velocity began to gain strongly after the long stabilization period 
(Figure 3) or some reduction (Figure 2) and also from non-zero value, the velocity gain while 
standing discus throwing was made after the full stop of the discus. 

0

2

4

6

8

10

12

14

16

18

0 33 67 10
0

13
3

16
7

20
0

23
3

26
7

30
0

33
3

36
7

40
0

43
3

46
7

50
0

53
3

56
7

60
0

63
3

66
7

70
0

73
3

76
7

80
0

83
3

86
7

90
0

Time (ms)

Ve
lo

ci
ty

 o
f a

 h
an

d 
w

ith
 a

 d
is

сu
s 

(m
/s

)

Standing Rotational 

Release 
instant 

 
Figure 3: Velocity of hand with discus while standing and rotational throwing. 
 

 

Figure 1: Placement of the cameras. 
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Figure 2: Method for the determination of the time of "velocity gain". 
 
Every participant had three attempts standing and three attempts rotational discus throwing 
(2 kg discus). Kinematics characteristics of the best attempt (by distance of throw) in every 
style of discus throwing were taken into consideration. 
Significance of differences between indices taken into consideration was determined with the 
help of a "repeated measures" t-test. 
 
RESULTS: According to the analysis of data from Table 1 release velocity while standing 
discus throwing was lower than while rotational throwing. It allows considering that 
participants effectively used rotation for creating of discus velocity and taking the right 
position for movements of delivery phase. It was also stated that while standing discus 
throwing participants threw it with the lower angle dropping the discus lower than in rotational 
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throwing. Time of "velocity gain" was stated significantly higher while standing discus 
throwing than while rotational discus throwing. 
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Kinematics data (MeanS.D.) of the marker fixed on the discus thrower hand while standing 
and rotational discus throwing 

Kinematics data Standing Rotational t (p value) 

Vrelease (m/s) 14.6  1.36 15.4  1.07 -3.46 (<0.05) 

Release angle ()  35.2  4.67 40.1  4.46 -5.43 (<0.05) 
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Two of the participants had higher height of the marker fixed on their hands in the release 
instant in standing discus throwing and the two others – lower than in rotational discus 
throwing. This stipulated the absence of significant differences of this index and also the 
difference between height hand in release instant and minimal height in delivery phase while 
standing and rotational discus throwing in the whole group. No significant differences of 
movement time from the lowest position to the release instant were found out. 
It should be also pointed out that qualitative difference in the change of velocity of the discus 
thrower hand in the delivery phase while standing and rotational discus throwing. So if while 
rotational discus throwing the velocity began to gain strongly after the long stabilization period 
(Figure 3) or some reduction (Figure 2) and also from non-zero value, the velocity gain while 
standing discus throwing was made after the full stop of the discus. 
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Figure 3: Velocity of hand with discus while standing and rotational throwing. 
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Figure 2: Method for the determination of the time of "velocity gain". 
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(2 kg discus). Kinematics characteristics of the best attempt (by distance of throw) in every 
style of discus throwing were taken into consideration. 
Significance of differences between indices taken into consideration was determined with the 
help of a "repeated measures" t-test. 
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throwing participants threw it with the lower angle dropping the discus lower than in rotational 

Direction of 
throwing 



350ISBS 2011 Porto, Portugal

Vilas-Boas, Machado, Kim, Veloso (eds.) 
Biomechanics in Sports 29

Portuguese Journal of Sport Sciences
11 (Suppl. 2), 2011
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AGED 12-13 

 
Flora Panteli, Apostolos Theodorou and Athanasia Smirniotou 

 
National and Kapodistrian University of Athens – TEFAA Greece   

 
This study examined whether young non-expert long jumpers showed at the long jump 
approach (LJA) similar pattern of variability in footfall placement across trials as adult 
expert athletes. The LJA of 51 competition jumps performed by 17 athletes, aged 12-13 
years, were analyzed. A stride regulation pattern emerged on the 5th and 4th stride prior 
to take-off and at a mean distance of 8.7m (males) and 7.2m (females) from take-off 
board. TBD variability reached a maximum value of 32.1±19.9cm and 37.4±29.9cm and 
was finally reduced to 10.6±16.1cm and 15.6±14.4cm for males and females respectively. 
The striding pattern was similar to that reported in the literature for adults. However, 
beginners were found to be less consistent over the initial phase of the LJA than adult 
athletes and made more dramatic step length modifications during the final two strides.  

 
KEYWORDS: visual regulation, approach run, long jump. 

 
INTRODUCTION: During target directed locomotion in a track & field setting, stride cannot 
be uniform and consistent but has to be regulated based on perceptual information in order 
to achieve satisfactory foot placement and/or negotiate obstacles (Lee, Lishman, & 
Thomson, 1982). Specifically, in long jump, subtle individual changes (varied level of 
confidence or fatigue) and external factors (wind speed) between jumps preclude an exact 
stride replication from one jump to another. The Long Jump Approach (LJA) is a demanding 
motor skill consisting of spatio-temporal constraints. It requires precise regulation of stride at 
near maximum running velocity so that foot placement is as close as possible to the front 
edge of the 20cm takeoff board. To ensure precise foot placement, long jumpers visually 
regulate their stride pattern during their run-up. Visual regulation of target-directed gait is not 
a specially trained skill as much as it is a natural means of controlling gait (Berg, Wade, & 
Greer, 1994). The use of visual regulation has been observed in elite (Bradshaw & Aisbett, 
2005; Hay, 1988; Lee et al., 1982), adult long jumpers of various expertise (Montagne, 
Cornus, Glize, Quaine, & Laurent, 2000), young high school athletes (15-18 years old) (Berg 
et al., 1994), and non-long jumpers (Scott, Li, & Davids, 1997). Literature reports a very 
similar pattern of footfall variability (ascending – descending trend of SD of toe-board 
distance) between elite and “novices” (high school) athletes. 
Up today there is limited information regarding the use of visual regulation in young (12-13 
years old) non-expert long jumpers. Taking into consideration the cognitive, developmental 
and physical characteristics of the particular age group, the present study investigated if 
young beginner long jumpers demonstrate a pattern of stride variability similar to that of adult 
and higher level of expertise athletes. 
 
METHODS: Seventeen (11 males and 6 females) beginner athletes (aged 12-13 years; 
mean performance: 4.30m ± 0.58 and 4.05m ± 0.37 for males and females respectively), with 
less than 3 years experience in a multitasked track & field training program, participated at 
the study. Recording took place during an official competition. In accordance with the 
national athletics association’s regulations for that age group, all athletes performed three 
long jump attempts. 
The set up of the experimental procedure was according to the protocols described by most 
visual regulation studies so far (Berg et al., 1994; Bradshow & Aisbett, 2005; Hay, 1988; Hay 
& Koh 1988; Scott et al., 1997). Either side of the runway was marked with white markers 
placed at 1m intervals lying parallel to the runway’s long axis, in order that the horizontal 
distance between the toe and take-off board (toe-board distance) be calculated. The 
approach phase of each long jump was recorded using a high definition digital video camera 

DISCUSSION: Differences of release angle as one of the characteristics stating the range of 
discus and also the minimal height of the marker fixed on the discus thrower hand in the 
delivery phase as one of important indices of the discus throwing technique allow speaking 
about great differences in technique of standing and rotational discus throwing. 
Data of great differences of the lowest discus height in the delivery phase while standing and 
rotational discus throwing prove the study results when two highly qualified discus throwers 
simulated discus throwing (Nemtsev, 2006). Meanwhile it was stated that highly qualified 
discus throwers (unlike in the real study) also showed significant differences of height discus 
in release instant (in the moment of marker fixed on the discus thrower hand was reaching 
the maximal velocity) while standing and rotational discus throwing. 
 
CONCLUSION: The study results give the reasons to believe that there are great differences 
in the technique of the delivery phase while standing and rotational discus throwing. 
The peculiarities of techniques of standing and rotational discus throwing contributes to 
byway of learning and thus be useful as a training tool. 
The following studies in this direction may be pointed at the study of kinematics peculiarities 
of standing and rotational discus throwing made by highly qualified discus throwers with 
more stable technique. 
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