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Introduction

unning speed is a basic human mo-
tor capability and part of the perfor-
mance structure in many sports dis-

ciplines. It is notoriously hard to develop as it 
is substantially conditioned by heredity on the 
levels of the central nervous system, the struc-
ture of muscle fibres and the energy systems, 
all of which are difficult to influence through the 
process of sports training. 

However, the period of the so-called “sensi-
tive phase” in the development of children (9-13 
years) is very suitable for the development of 
sprinting potential. The central nervous system 
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is being developed, particularly the formation 
of the myelin nerve sheath of the nerves, which 
serves as a transporter of neural impulses from 
the central nervous system to active muscles. 
In this period, the speed of transfer of such 
impulses, which generate the speed of move-
ment, can be influenced. For this reason, early 
identification of talent for sprinting and recogni-
tion of the kinematic parameters that influence 
this capability are very important. Ideally, the 
coach should understand those parameters of 
running velocity that are relatively independent 
of age and demonstrate high individual devel-
opment, or ontogenetic, stability and thus can 
be used as predictors of sprinting ability.

The zone in a 100m race where sprinters 
achieve their absolute maximum velocity is 
very limited. In principle, the best sprinters can 
sustain this phase for 10 to 20m. This zone 
is located somewhere between 60 and 80m 
in top-level men and between 50 and 70m in 
elite women. It seems that the basic kinematic 
characteristics of running during the maximum 
velocity phase are: momentary and average 
velocity, stride frequency and stride length, 
duration of the support and flight phases of 
the stride and the efficiency index, which is 
defined by the ratio of the durations of the sup-
port phase and the flight phase of the stride. 

In the maximum velocity phase, both the 
frequency and the length of the strides are 
relatively constant and the balance between 
the duration of the contact or support and the 
flight phases of the strides is also stabilised. 
Maximal velocity is always a product of opti-
mal stride length and high stride frequency: re-
search has shown that there are no differences 
in the stride lengths between elite and sub-elite 
sprinters and that performance differences are 
the result of differences in the stride frequency 
(DONATI, 1996; MACKALA, 2007; SEAGRAVE, 
MOUCHBAHANI & O`DONNEL, 2009). Stride 
frequency during the maximum velocity phase 
is a stable factor in the population ontogenesis 
and it can be influenced only by appropriately 
oriented, specialised sport preparation (KOR-
NELJUK & MARAKUšIN, 1977). 

Studies about the kinematics of sprinting 
are usually focused on high-level athletes and 
these have found that the most important gen-
erator of sprinting stride efficiency is the ex-
ecution of the support phase, especially the 
ratio between the breaking phase and propul-
sion phase of the stride (ĆOH, šKOF, KUGOV-
NIK & DOLENEC, 1994; ALCARAz, PALAO, 
ELVIRA & LINTHORNE, 2008). To ensure maxi-
mal sprinting velocity, the force impulse must 
be as small as possible in the breaking phase, 
which is achieved through an economic place-
ment of the foot of the push-off leg as close as 
possible to the vertical projection of the body 
centre of mass on the surface.

It has also been found that there is a lin-
ear independence between running veloc-
ity and support phase duration (BOGDANOV, 
1974; TJUPA ET AL., 1978; KAMPMILLER & 
KOšTIAL, 1986). This finding shows that it is a 
substantial criterion for determining the maxi-
mum running velocity of humans. Interestingly, 
the duration of the support phase in 13 to 16 
year-old youths presents a stable factor in 
terms of ontogenesis (TABAĆNIK, 1979; SIRIS, 
GAJDARSKA, & RAĆEV, 1983). 

The aims of this study were:
•	 to determine basic kinematic parameters 

of the running stride over 10m in cross-
sectional age samples of boys and girls; 

•	 to point out the ontogenetic stability of 
stride frequency, stride length, support 
phase duration and flight phase duration;

•	 to determine basic measures of location 
(mean) and of variability (standard devia-
tion) in one-year intervals in samples of 
boys and girls.

Methods

The subjects were 7 to 18 years-old stu-
dents from elementary and high schools in 
Bratislava, Slovakia. There were 1,299 boys 
and 1,288 girls in the samples. We used no re-
search procedure that might have harmed the 
children either physically or psychologically 
and we made special efforts to explain the ac-
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tivities to the parents and be sensitive to any 
indicators of discomfort in the children.

The subjects were asked to run at maxi-
mum velocity over 25m. The velocity for the 
final 10m (after 15m flying start) was record-
ed using timing gates in standard conditions 
(gymnasium, sports hall).

The final segment of the run was carried out 
on a contact platform that was 17m long and 
consisted of two conductive layers separated 
by non-conductive elastic grading. During the 
contact of a foot with a surface, the platform 
worked as an electric circuit switch, during the 
flight phase, the circuit was disconnected. 

The contact platform was used in combi-
nation with the measuring device “Lokomom-
eter”, which through computer technology 
evaluates basic kinematic parameters of the 
running stride in the 10m section (velocity, 
stride frequency and stride length, duration of 
the support and flight phases and the efficien-
cy index, which is defined by duration of the 
support phase and the running phase ratio). 
Stride length parameters measured by “Lo-
komometer” were calculated according to the 
method of šELINGER & KAMPMILLER (1994).

Measuring of the time variables was carried 
out with 0.001 sec accuracy, length variables 
with ± 0.005m accuracy, body height with 
± 0.005m accuracy and body weight with ± 
0.5kg accuracy. The age of the subjects was 
determined with 0.1 years accuracy. 

The study participants were divided into 
sample groups according to age with one-year 
gaps between the groups, on average from 6.5 
to 17.5 years old. Means and standard devia-
tions were calculated. Ontogenetic tendencies 
were represented graphically and by means of 
significance of difference by two-sample sta-
tistical t-test of middle values of inter-annual in-
crease. Statistical significance was evaluated 
on 1% and 5% level. In addition, a correlation 
analysis was made with the IBM SSP program. 

Results

In Table 1 and Table 2, basic statistical char-
acteristics of the observed parameters can be 
seen. Figure 1 gives a course of average run-
ning velocity, which shows parallel and linear 
growth from 6.5 to 13.5 years of age in both 
boys and girls. Later on, velocity in boys in-
creases steeply but stagnates in girls. A simi-
lar trend shows on Figure 2 (average stride 
length). The stride frequency (Figure 3) shows 
a very stable tendency with slight decrease at 
the end of observed period. This parameter 
changes significantly only during pre-pubes-
cence and at the beginning of the pubescent 
period (from 10.5 to 14.5 years of age). 

The duration of the contact of a foot with a 
surface (Figure 4) displays a course similarly 
stable to stride frequency. As a result of bio-
logical changes, this support phase duration 
lengthens between 10.5 and 13.5 years of age 
and gradually returns to the values the values 
seen at 7 years of age. This parameter of the ki-
nematic structure of the running stride also dis-
plays high level of ontogenetic stability, which is 
proved by interannual t-test values in Table 1, 2. 

Values of the flight phase duration can be 
studied on the Figure 5. Their course is parallel 
in both boys and girls with duration showing 
a lengthening tendency until 12.5 years of age 
followed by slightly shortening tendency until 
17.5 years of age. Similar is the course of the 
efficiency index in Figure 6. It is clear that these 
parameters duration of the support phase 
and the flight phase, flight phase and support 
phase ratio and frequency) confirm a high level 
of ontogenetic stability (compared to unstable 
parameters, such as running velocity and stride 
length, which are dependant on age.

Relationship analysis in the form of Pear-
son correlation coefficients, which are shown 
in Table 3, confirms the statistically significant 
dependence of running velocity, indicators of 
decimal age, body height, body weight, dura-
tion of the support phase and the flight phase, 
stride length and stride frequency (girls); rela-
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Table 1: Statistical characteristics of Age, somatic and kinematic parameters of the maximal velocity sprint-
ing stride over 10m after a 15m flying start and significance of difference between the variables - Boys
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Table 2: Statistical characteristics of Age, somatic and kinematic parameters of the maximal velocity sprinting 
stride over 10m after a 15m flying start and significance of difference between the variables - Girls
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Figure 1: Average maximum 
sprinting velocity (over 10m 
after 15m flying start)

Figure 2: Average stride 
length at maximum sprinting 
velocity (over 10m after 15m 
flying start)

Figure 3: Average stride fre-
quency at maximum sprint-
ing velocity (over 10m after 
15m flying start)
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Figure 4: Average support 
time at maximum sprinting 
velocity (over 10m after 15m 
flying start)

Figure 5: Average flight time 
at maximum sprinting veloc-
ity (over 10m after 15m flying 
start)

Figure 6: Efficiency index - 
defined by duration of the 
support phase and the run-
ning phase ratio – at maxi-
mum sprinting velocity (over 
10m after 15m flying start)
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tive velocity, relative frequency and efficiency 
index (boys). The results show that, for both 
sexes, the structure of the sprint stride chang-
es drastically in connection to the stride length 
and frequency, the ratio between the support 
and the flight phases and the vertical force on 
the surface. The correlation coefficients show 
that the duration of the support phase, the rel-
ative stride frequency and the vertical force on 
the surface are good indicators of the sprinting 
potential of young runners. 

The results of our research can be used 
as background for assessment of talent for 
sprinting. An individual can be considered tal-
ented if he or she achieves parameters of two 
standard deviations above mean values in in-
dicators such as stride frequency, duration of 
the support phase and running velocity. It may 
contribute to a better understanding of the fac-
tors responsible for sprint performance in the 
population of athletes who are not top-level 
sprinters, i.e. they may be useful to PE teach-
ers, coaches who work with novice athletes 
and physical conditioning coaches who work 
in other sports than athletics, to get a more 
thorough insight into the sprinting efficiency 
mechanisms.

Discussion

Stride frequency shows as a very stable 
parameter. Significant changes are only seen 
during the pre-pubescent period and these 
can be explained by deterioration of coordina-
tion, which is a result of increase in body height 
and weight. Moreover, ĆOH, JOšT, KAMP-
MILLER & šTUHEC (2000) found that the de-
velopment of maximal velocity is not constant, 
but has certain oscillations, particularly in the 
adolescence period, when morphological and 
motor characteristics of youth change. Due to 
acceleration of longitudinal parameters, stride 
frequency and stride length change; stride 
length increases and the stride frequency de-
creases significantly. Stride frequency does 
not change only as a result of morphological 
changes, but also due to disruption of proprio-
receptive mechanisms for movement control. 

The biggest differences in the development 
of maximal velocity in both genders occur be-
tween the ages of 12 and 14. We found that 
this coincides with a rapid reduction of the du-
ration of the support phase in boys after the 
age of 12. This finding is in contradiction to 
BRAĆiĆ et al. (2009), who determined that the 
improved velocity in boys is mainly due to de-
velopment of strength. However others (MERO 
et al., 1986 and 1992) consider support phase 
duration as one of the main criteria for select-
ing young sprinters.

Our results are comparable to earlier re-
search by KAMPMILLER & KOšTIAL (1986) 
- which was carried out with smaller samples 
and modified methods at school stadiums, 
where it was not possible to achieve a high 
level of standard conditions of measurement - 
but are influenced by the new methods used. 
For example, the support phase duration is 
0.02 sec longer than measured in the previous 
study. Our findings are likewise comparable 
with the values of the parameters of the sup-
port phase found by ĆOH et al. (1994), who 
also used the Lokomometer and identified the 
most important kinematic-dynamic param-
eters, their developmental trend and their influ-
ence on efficiency in maximal running velocity 
for sprinters of both sexes from eleven to eigh-
teen years of age.

We also determined that stride length and 
stride frequency are negatively correlated in 
maximal velocity running, which is the result of 
a positive correlation between skeleton dimen-
sionality and stride length, on the one hand, 
and of a negative correlation between skeleton 
dimensionality and stride frequency, on the 
other. As far as we know, research has dem-
onstrated integrally the mechanism of mutual 
relationships between subcutaneous fatty tis-
sue, skeleton dimensionality, explosive power 
and kinematic parameters BaBiĆ	 &	 DizDar 
(2010).
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Conclusions

The results of our research on the kinematic 
characteristics of the running stride in the pop-
ulation of seven to 18 year-old youths allows us 
to present following conclusions:

Running velocity measured over 10m with a 
15m approach (flying start) has a linear growth 
tendency in the male population until 13 years 
of age, followed by phase of even steeper in-
crease. In the female population after 14 to 15 
years of age there is observable stagnation of 
the running velocity. Similar age dependence 
was detected while assessing the length of the 
running stride. 

A high level of ontogenetic stability and inde-
pendence from age was determined in kinemat-
ic parameters (stride frequency, support phase 
duration, flight phase duration, and partly in the 
efficiency index). These indicators can be con-
sidered predictors of maximal running velocity. 

Partial deterioration of the kinematic param-
eters occurs in pre-pubescent and pubescent 
period. 

Practical Recommendations

Based on our findings, we suggest that 
coaches and others involved in talent identifi-
cation evaluate children and youths for sprint-
ing talent on the basis of stride frequency 
and support phase duration. If an individual 
achieves values in aforesaid parameters that 
are two or three standard deviations higher 
than the population averages, as determined 
in our research, he or she should be consid-
ered as talented and directed to an appropri-
ate programme of training and development.

Please send all correspondence to:

Doc. Mgr. Marian Vanderka

vanderka@fsport.uniba.sk
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