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INTRODUCTION
Thesprint from the s[artinﬁ blocks has an important influence on the sprint performance trials in track and
field events. The purpose ol this study was to quaniify the parameters that are commonly used in thisfield of
practice and to identily the variables that influence the sprint start movement by means of kinematic and
dynamic analysis. Statistical analysis of thesevariableswas performed in order to explain the differences that
are observed i the execution of this specilic task amongst three top ranking athletes.

METHODS
Data acquisition was performed by means of an optoelectronic s[ystem SELITE Motion Analysis System,
BTS, Milan, Italy, two 3D cameras, il Hz) and a piezoelectric force platform (Kistler Instruments Ag,

Winthertur, CH, Type 9281b; sampling rate 500 Hz.). The ELITE software packageincludes proE:nams for
the acquisition of, kinematic and dynamic data, 3D reconstruction, filtering, and calculation of kinematic

and dynamic variables.

MATERIALS
Threetop ranking eliteathletes participated in this study (each subject's dataissummarized in table 1).
AGE(years) HEIGHT(cm) WEIGHT(kg) 60M DASH(sec) 100M DASH(sec)
19 182 71 6.69 10.45
22 175 65 7.04 10.94
27 175 64 6.84 10.64

Each subject performed three trials. Statistical analysis(ONEWAY ANOVA - SPSSPC Software Program)
was performed inorder to highlight significant différences lor F 0.05.

RESULTS

Three groups of variables were defined in order to obtain a detailed description of the movement pattern of
sprint starting:
1) linear and joint angular displacement (Table 2); 2) linear and joint angular velocities (Table 3); 3)

ynamic parameters o insguait and push-off from the ground (table 4}.
Thefollowing statistics arelisted in the tables:
1) variable description; 2) general mean value; 3) individua mean value; 4) standard deviation (9 trials
performed by three subjecls); 5) ANOVA Fvalue, 0.05.
High values of hoteootal hip velocity indicate a good performance in the execution of the task. Although al
the sulgscts esbes] wiere op rankmg albdet s, mgmlicgai ildlerenizes were observed in the horizontal ve OCily
of the I{i-p during the three fuadamental phases of the initial starlinE movement, these phases are: release
From thi sisrimg blocks (R5) (F), impact (1) [F), and push off from the ground after impact (PO) (F), these
phases e imalicative af performasce varintdes.

Many factors regarding the position of the body segments in space (linear and anﬂ.:lar displacements) and
ground reaction force components significantly alfect the performance described kw the above mentioned
variables. Therefore, it is interesting to identify the kinematic and dynamic variables, related to the
performance variables, which show significant statistical differences between the subjects.

LINEAR DISPLACEMENT

The distances on the three coordinate axes between selected points of the body are listed in table 1 with
rcference to the following events: ready, release of the peeterior foot (first foot) from the starting block,
release of the anterior foot (second fool{, impact and push-alf during weight bearing.

The distance betwcen the leet at the moment of being "rcady” fluctuates betwcen 21and 30 cm, of which’
the take-olt can be considered a "narrow" type (1,4). The distance between the hand and anterior foot is
between 46 to 63 cm. These two parameters seem Lo be linked to a technical choice of the individual, the
shorter athlete has the starting blocks closer to the body and the taller athlete has agreater distance between
his hands and the anterior foot. It isinteresting to observe the displacement of the hip that occurs almost
equivilent between the 1st and 2nd phase of take-off and between the second phase of take-off and impact
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with a dight priority to the 1st phase (40 versus 37 cm). The vertical displacement of the hips reflects.the
ushing action d the lower extremities and exhibits very low values (2cm  betwecn the take-off of the two
from the blocksand 4 om during the first stride) for the maintenance and increase in horizontal velocity.
Tﬁz elevation of the trunk can be estimated from the verticad height of the markers that are placed on the
shoulder. This occurs very clearly in.the RS phase, with very similar values for al three subjects (mean
30 cm), while in thefollowing }F sses a noticible reduction occurs,6 cm in theflight phase and 7 cm
in the weight bearing phase). The transversal displacement duringefust strideis greater in reference
to the feet {(mean 8 cm) and less evident for the hips(2cm).

JOINT ANGULAR DISPLACEMENT

Thejoint angle vaues o the anterior and posterior lower extremities (hip, knee ankle) were studied in
the positions of RS (release from the starting blocks), | (impact), and PO (push-off from the ground after
impact). The posterior ankle was more open in subject C [tk slowest) during the"ready" phase because of
his more extended body position.
With the exclusion o the platform push-off phase the angular values of the posterior knee did not show
significant differences amongst the three subjects.It is interesting to note that subject C (the slowest in
agonistic performance and 1n horizontal velocity of the hip) demonstrated diverse positions in respect
to the other two athletes as far asthe joint angle of the leg at the "ready” phase and in variousdefined

hases of push-off from theground. Therefore, theaction the other two athletes seems more productive
and efficient.

LINEAR AND ANGULAR VELOCITY

The linear velocity ok the hip and the velocity from the tips of the feet was evaluated as an index of
performance. The horizontal velocity showed three growing peaksin the phases of posterior take-off (1.70
m/sec), anterior take-off (3.08 m/sec) and Push-off (4.36 m/sec). As mentioned before, these performances
demonstrated significant differences amongst the three subjects in relation to the agonistic performance in
the 60 (r with push off velocity =:92) and 1141 meter dash (r =.90).
The t'ng o the feet horizontal velocity peaks demonstrated asi%nificant difference between the subjects
even if they arc not directly related to the performance (r= .21 .42). The vertical velocity of the hips
privides useful information’on the raisingd the pelvisafter the push-off phase.
The observed athletes demonstrated different behaviors during the elevationof the hipsin two moments:
-push-off of the anterior leg from thestarting block

-push-off on the weight bearing leg after impact.
Subject A tended to rise up more quickly from the starting blocks while the other two subjects did in the
successive phases.
The angular velocities of the three lower extremity articulations can give useful information about the
extensor action and flexion which favorsthe recovery of the limb during one stride.
As far asthe peak angular velocity of the hip it can be observed that the significantdilferences between the
three subjects in relation to their performances are the extension of the anterior lc% that takes-off from the

starlin% blocks (r=.90) and its successive flexion (r=.89). The peak angular velocity of the hip at the
take-olf Of the weight bearing leg after impact also wassignificantly different amongst the three subjects and

seem to bein relation to the performance [r =.92).
As far as the pesk velocity of the knee, significant differences were noted only in the extension movement
during thestride phase.
DYNAMICDATA OFWEIGHT BEARING AFTER IMPACT.
In this phase, as proposed by Mero (2), there are two distinct phases: impact and push-off. In the
hr?nmnllal component impact graphs of two subjectsit isobserved force vectors opposite to the motion of
the athletes. [
In vertical and transverse directions, in the same point in time, force vectors are observed to be oriented in
the same direction as to those of the push-off phase. These peaks were considered to be a dampening
phase that prepares for the successive push-off. In theimpact phase the following was measured:
~— the maximum peak valuein Newton or the percentual valuein respect to body weight;
— the mean force value (N);- the forceimpulse (N*sec);- the duration of the impact phase (sec); - the
delay of the peak in respect to the impact {(sec).
In the push-off phase the same variableswere evaluated whiletaking into consideration two peak forces:
The first being characterized by arapid increase in valuesand the second, with aless pronounced increase
in which maximum values are reached. Out of the 62 dynamic and temporal values evaluated, 26 showed
significant differences between the athletes.
The impact phasc showed values that were s(ifgniﬁcanlly diverse betwecn the subjects evaluated in the three
components and in the torque with the ground. The valueswere superior for the fastest athlete.
The horizontal push-olf force was significantly different amongst the athletes only pertaining to the fust
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TABLE2 - Linear distances and displacements of themarkersand joint angular displacements

VARIABLE NAME WEN, | STanp- | MEAN | MEAN MEAN | F<
LINEAR VELOCITY !
Horizontal Velocity (m/sec) 1 !
Hip:1st Take Off 1,70 014 1,76 166 168 | ns.
Hip:2red Take Off 3,08 [EE] 3M 269 | 3 0
Hip:Toe Touch down 323 0,26 3,08 303 | 358 001
Hip:Platform.Take Off 43 049 543 39 ( 440 { 0,0003
Front Toe:Peak Velocity 930 0,80 9,20 8,50 10,10 0,045
Back Toe:Peak Velocity 7,60 0,40 7,10 750 | 810 0,0004
Vertical Velocity (mysec) I |
B2 2val Take Off 0,17 032 | 059 0,02 009 0,001
Hip:Platform Take Off 0,5 06l | 4w | 144 | 073 0,000
| HIP Peak omt angular velocity (degsec) | | I ]
Ant. Hip Esmen_Belore 26d Take Off 369 113 513 | 283 310 | 0005
| Ant. Hip Flex:After 2nd T O. 648 252 | 979 | a4 521 0,002
Post. Hip Flex :bux After 19t T O. 565 122 ] 401 655 639 0,0007
Post. Hip Exten Before Aat T.O. 64 195 L 450 903 649 0,001
KNEE Peak joint angular velocity (deg/sec.) ]
Ant.Knee Exten.:Before 2nd Take Off 623 3B ; 634 593 642 _ns.
AntKnee Flex.:Max After 2nd T.O. 827 % . o | 783 752 00055
Pos.Knee Exten .Before touch down 570 89 | 518 | 676 517 0,025

Tab3- Linear velocity of markersand peak joint angular velocity.
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Tab. 4- Farees during impact and push-off of first stride.

peak. In every case, subject A (with the best performance) showed superior dynamic valuesin com arisoa
tothe other subjects inthe three directions and also pertaining to the torque with the ground. The&ration
of the push-off phase which wes ssgeilicantl  different amoagst the subjects seemed to be inversly related
r=-4]) to thew performance. This final Hta leads us to think that subject A utilizized the rapid fibers
ter and exhibited the shaertest durations of weight bearing phase and the highest peaks for rapid
propulsion coming up from the starting blocks.
CONCLUSION
By means of the method used it is possible to quantig' spatial parameters (Egear and angular), of static
sition and of the principic phasesof movement durs ‘f the "break-away” from the starting blocks.
romn a study of three subjects it has kezen demonstrated how the "ready" position can influence the
successivemovements.
The different performances in respect te-hip horizontal velocity during the main phases of sprint startii
can be explained with the different results obtained by the athletes through the use of kinematic
dynamic parameters that have been proposed in thisstudy.
The method alows the study of individual subjects or the comparison_of a grogF of individuals. T o
this matter it is possible to observe that many dynamic andcommon kimematic data is in accerdance
with the data obiained by Mero (2) and Schnaber and Singer (3). For a complete evaluation it is not
enough to mmly take into account dynamic and kinematic parameters since these are related with
other spatial (linear and angular) and temporal parameters that after all are more utilized and well
known m the field of practice.
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