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ABSTRACT

In the article author’s present results of longreesearch aimed at the maximal running speed cl@wveint
with use of the supra-maximal speed means. Thegesded to establish the optimal pulling force (200—
N) that enables to reach 105 — 108 % of the maxiomaling speed. In this speed the kinematical patars
between maximal and supra-maximal speed do nardifinsiderably and this secures their optimalsfean
into competition activity. Authors proved that theran be different effects on sprinters accordtimgudus
magnitude of supra-maximal speed, but also accgrdtwlividual specialities of adaptation sprinters
reaction.
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INTRODUCTION

At present the development of speed abilitiesery vopical problem of the sport theory and practic
During speed abilities development we must redhis¢ “speed is mostly developed by speed.” Thatig
the most effective and most frequent method ofsfieed abilities’ development is the repetitive rodtin
maximal intensity. One of possibility for the maxihrunning speed development is the use of therasint
method, substance of which deals in the intentichahge and combine (natural, easier, more diffiail
the speed exercises’ performance.

The creation of easier condition for the motciivéty realisation is enabled by changing of sever
parameters which is manifested in reaching highan tmaximal speed in natural conditions. We talbuab
over maximal at present termed like over limitedsopra-maximal speed. The sport practice confirthed
reliability and efficiency of the use of the supnaximal speed means, but in parallel demandedkionase
exactly ways for its application. From the positioh supra-maximal speed means’ use there is a valid
recommendation of Chomenkov (1974), Naglak (1974) some others, that easier conditions can be done
only up to the level that enable to reach such eedpwhich is the runner able to reproduce in nhtura
conditions in the short period.

There was confirmed (Holland, 1984; Bosco — Vittd©986; Mero and all, 1987; Kampmiller —
Sedl&ek, 1988; Mero — Komi, 1990; Dintiman and all, 19¥&anderka, 1998; Sediék et all 2004) the
different dynamism of kinematical parameters chardyging the running increase of speed. For example
the running speed rise share stride length andestéte but in higher velocities their relationstifanges at
undesirable way.

Many researchers and coaches confirmed the po#itiveence of supra-maximal speed means’ use
for the maximal running speed changes. But there i said that the sport practice has not till now
available rounded-off, scientifically justified nhetdology of the supra-maximal speed means’ apdicat

PURPOSE
The purpose of research is to explain kinemasitracture changes of running in supra-maximal
speed level and on this basis contribute for ma&iptimal methodology of stimulus application.
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METHODS
Regarding the variety, demands and logical linkefipasks solution we had to work with several
groups in longer period.

Groups differed in quantity, the level of theieparation and sport performance. Members of groups
(n = 57) were short distance runners (100 — 400wh}) were in the phase of special and top-levettspo
preparation. Their age ranged from 14 to 31 and g@sformance in 100 m from 11,90 s to 10,90 s.

Tests were performed in relatively stable condgiohBratislava indoor stadium.

The maximal running speed was learned in the ru@0ah flying start with 20 m approach. On the
same distance the sprinters passed the supra-masqi@ad run. The reach of it was enabled with lo¢lp
pulling appliance known as SPEEDY (fig. 1). Therren“pulling athlete” by the force of his pull abg the
mean of a single pulley quickens the partner wiaehies double velocity. The substitution of fixedtzor
by mobile enabled us later to regulate pulling éorthe pulling forces of 20, 30, 40 and 50 N wegliad.

For detecting and processing basic kinematics cteniatics of sprinters motor activity during the
maximal and supra-maximal speed running we emplogedl measuring instrument “Locomometer”
(Kampmiller — Hotek — Selinger, 1993; Selinger — Kek, 1993). The system works on-line, and basic
parameter processing is available 1 min. afteslfimg tested run.

We worked with following parameters:

- average and immediate running speed,

- stride rate and length,

- time periods of single steps, their contact anoh@\times,

- derived parameters for example technique stability expoedse variance and standard deviation of
measured values, effectiveness given as a ratging fand contact time, activity given by ratestfide
length and lasting of contact time etc.

During processing of the parameters we used logiedhods, and methods of mathematical statistics.

Reached empirical research results were confrowitid other authors’ results as well as practicahato

experience.

RESULTS AND DISCUSSION
1. Changes of kinematics parameters of sprinter motoactivity during supra-maximal speed running

We performed 143 measuring in natural and 85 ireeasnditions. The use of the pulling appliance
with fixed anchor did not enable us to define atabitise the pulling force. That is why runners wer
reaching the different level of the supra-maxingeed.

The average time of the maximal speed running2yB87 s and the supra-maximal speed 1,936 s. It
means that sprinters reached on the flying 20 mmr@asier conditions in average better time 080,82 that
is they were faster at 10,66 % like in the maxisgded running.

The statistical characteristics of kinematics paters of running in natural and easier conditemes
presented in table 1. In the supra-maximal speadlitons can be seen considerably, statistic highly
significant changes of all parameters apart froectically not changed stride rate. It means thghéni
speed was reached with runners only by stride lteimgrease.

Further by the mean of the pair correlation arely® were looking for the coherence between
running speed and other parameters (fig. 2, In4he natural conditions we did not confirm thgrsficant
relations of running speed with lasting of contacflying phases, even with stride rate (fig. 243, Very
small relationship we founded only between the aigJjoand length of running stride. In easier coiodis
there is a clear tendency that faster sportsmea Bhwrter contact time (fig. 3) and closest retesiop can
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be seen between the velocity and stride length 4ligexcept this we founded only insubstantiahtiehship
between the velocity and stride rate (fig. 4) amelrielationship of the velocity with time of lagfiof flying
phases did not reach statistic significance (fjg. 2

On the basis of positive changes of contact anohdlyimes and stride length and vice versa
practically unchanged stride rate as well as onhtheis of relative high correlation between theraup
maximal speed and stride length, we suppose thaasrer conditions runners were passive. The reach
higher quality in several parameters we explaimigady the activity of outer force: pulling apparat

The pulling appliance on one side enables coradieiincrease of running speed but the kinematical
structure of running is changed from the pointiefwof higher level of speed — strength co-ordiati
abilities in undesirable way. So called “live podi’ with the help of fixed anchor indicates variqgusling
forces and at the same time with the supra-maxienal speed increase (higher than optimal) becomes
deeper the negative character of the several péeshehanges of movement activity (for examplalstr
length).

2. Optimising of pulling force by the supra-maximal sgeed running application

In the first part of the solution of this problenewecided to apply the different approach from the
view if finding trends of changes of selected kiaical parameters of running at various levelsugira-
maximal speed.

With the members of the second group (5 compstibbmaster and first performance stage in short
distance running) we performed 45 measurementatural and 26 measurements in easier conditions.

On the figures 5 and 6 can be seen trends of kitiesnparameters’ changes of the maximal and
supra-maximal speed running. On axis x there isesged running speed of sprinters during 20m flying
on axis y stride length and rate (fig. 5) and tagtf their contact and flying phases (fig. 6).

In natural conditions increases the running sgead 9 to 10 m.3 in such a way that stride rate
manifests from the start mild decrease and thampbkhaises, the stride length has opposite tendency
(increase and than decrease), contact phase she@menflying phase has increasing and than deogpasi
course.

In conditions of running with pulling apparatudiem runners get into the zone of the supra-maximal
speed 10 — 11 m’sbecomes significant change - stride length irsgeand the tendency is permanently
graduating. Stride rate does not change at all, stasile character. Lasting of contact phase sislyou
decreases and flying phase rises in the same way.

From the levels and tendencies of single kinerabparameters changes of running by their mutual
comparison in natural and easier conditions conugh®ir controversial character. We confirm aghiat
the supra-maximal running speed with the pullingpaaptus is reached by substantial stride rise with
simultaneous keeping the stride rate that pressmtgoversial tendency in the comparison with ragnn
natural conditions. This fact gives rise the questf from the point of view of motor learning atite theory
of motor abilities development applied methodolofyhe supra-maximal speed running is effectivaair

In the second half of this problem solution wetsthto regulate the magnitude of pulling force by
the use of the frictional mechanism with the hdlghe weight in the pulley “Speedy” applianceefbers
of the third group (26 sprinters in age 14 — largewith the performance 11,9 — 11,0 s in 100 n) ru
passed except others 6 — 8 runs on 20 m from flgtag in the supra-maximal speed with four inceeas
pulling forces (20, 30, 40, 50 N).

The condition of making the pulling force optimalconnected with parallel creation of conditions

for stride rate increase. From the methodical pofntiew we consider as a decisive not to pull spenter
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by too high force in order to be able to do movetnertively with higher frequency on the whole aede
distance. This way enables to improve co-ordinabanhigher speed level of single extremities ars th
centre of gravity. According performed measureménsgems to us that such an active choice inmuulli
conditions are able to realise sprinters at pulfimge magnitude 20, 30 and sometimes 40 N. Hiftree
application negatively influences demanded strate rise, disproportionately lengthens stride, eaubke
passive tread-down and forces runners to keeptiatteto a safe realisation of movement activity.

We mean that in easier conditions is adequatedtoeity 5 — 8 % higher than the maximal running
speed. The aim of this training is even with hefpraatively small pulling force to create fasten-c
ordination connection of neuromuscular apparatastins create dispositions for overcoming speeddrar
But even in optimising of pulling force we foundén-individual differences. As a significant we sater
fact found that further stride rate increase inraupaximal conditions are able to realise only ¢hggrinters
who dispose its high starting value as well astsindime of stride contact phase. Stated problepnabably
close connected with the level of special co-oritimaabilities. We manifest it on the example ofotw
runners. L.B. (fig. 7) had during natural condisorunning stride rate 4,66 Hz and during supra-maki
speed conditions, with individually optimized patii force 30 N, was able to reach it until 5,07 Rarther
pulling force increase (40 N) led also at this @i to negative phenomenon in running structuag ith
expressed by frequency decrease. On the contréyba(fig. 8) with the higher pulling force theide rate
mildly but fluently decreased — from 4,14 Hz to@&9z by pulling force 50 N.

On the basis of above stated facts we considexr aghtful the demand to respect at the supra-
maximal speed application also individual spedifiof sportsmen. We suppose that for the sprintién w
lower frequency abilities, the application of thigthod can have even negative influence on thelmique.
This is only hypothesis that ought to be verifinditure research.

CONCLUSIONS

1. Kinematics characteristic of supra-maximal speeth véxtremely high pulling force has different
character of changes comparing natural conditiSpsinters in easier conditions act passively, tiedy
themselves on the outer pulling force’s functiongher velocity is reached by practically unchanged
stride rate, exclusively by stride lengthening. &lége trend of changes of selected movement agtivit
parameters is deepened with supra-maximal speeshise.
Mentioned facts indicate that there is a need dimgaoptimal the stimulation from the point of viesf/
motor abilities’ development especially speed-gjterand co-ordination.

2. Making more effective the application methodolodysopra-maximal speed requires to make optimal
the pulling force magnitude with parallel creatmincondition for runner activity increase in orderbe
able to perform movements with higher frequencyrduthe whole run.

For optimising the function contributes signifidgnthe possibility of stimulus intensity regulation
(magnitude of pulling force) of supra-maximal spéleat is enabled by use of friction mechanism with
help of weight in pulley appliance of accelerat@ptedy.” Regarding the character of movement
activity structure’s changes and the individualirgers’ specialities (mainly stride rate magnitude
natural conditions) we consider as optimum pullfogce 20 — 30 N, sometimes even 40 N, that is
manifested by reaching 105-108% of maximal runngpged. Higher force influence negatively
demanded stride rate increase, causes passivel®tep lengthen inaccurately stride and takes away
runners’ attention for the safe of movement agtivétalisation from the view of possibility of injur
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Fig. 1 Running methodology and supra-maximal dpeeasuring

Tab. 1 Statistical characteristics of kinemagiasameters of maximal and supra-maximal speedingnn

Leg
end:
*% p
<
0,01
*p
<
0,05

Maximal Supra-maximal

PARAMETERS x1 - x2

x1 sl X2 s2
Speed [m.s]| 9,23 0,27 10,33 0,39 -1,100**
Contact time [s] 0,113 | 0,008, 0,105 0,008 + 0,008**
Flying time [s] 0,114 | 0,008, 0,121 0,007 - 0,007**
Stride length [m] 2,10 0,10 2,34 0,11 - 0,240**
Stride rate [Hz] 4,41 0,18 4,43 0,17 - 0,020
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Fig. 2 Dependence of running speed and flying pludistride at maximal and supra-maximal running
speed
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Fig. 3 Dependence of running speed and contasepbiastride at maximal and supra-maximal running
speed
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Fig. 4 Dependence of speed, stride length andatateaximal speed running
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Fig. 5 Regression of kinematical parameters chaagggmximal and supra-maximal running speed
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Fig. 6 Regression of kinematical parameters chaagggmximal and supra-maximal running speed
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Fig. 7 Trends of running speed changes and staigeat different pulling forces (runner L.B.)
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Fig. 8 Trends of running speed changes and staieat different pulling forces (runner K.S.)
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