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Abstract - Aim: The purpose of this study is to verify the association between sprint, lower limb power, and change
of direction speed in schoolchildren. Method: This is a cross-sectional school-based study with a probabilistic sample
(n=1455) of adolescents aged 10-17 years. The variables were: sex, chronological age, body mass, height, skinfold sum,
maturity offset, lower limb power, change of direction speed, and sprint. For the data analyses, we used a t-test for inde-
pendent samples, Pearson correlation, and multiple linear regression. A statistical significance level of 5% was con-
sidered for all analyses. Results: The three variables of physical fitness presented moderate and significant correlations
between them (r = {0.39-0.61}). Three models were tested with sprint (model 1), change of direction sprint (model 2)
and lower limb power (model 3) as an outcome. Predictors tested explain 47% of model 1, 49% of model 2, and 54% of
model 3. The individual predictor's contribution in both models varied between 0.1% to 38%. Conclusions: The evi-
dence suggests that change of direction speed and sprint, together with sex, body mass, and skinfold sum account for
approximately 54% of the variance of lower limb power in adolescents aged 10-17 years.
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Introduction

Long-term athletic development programs should provide
children and adolescents with a variety of training forms
to improve health and performance-related fitness'. In this
perspective, some proposals indicate that holistic develop-
ment of physical fitness throughout childhood and adoles-
cence is the most suitable alternative’. Functional
capacities such as strength, power, cardiorespiratory fit-
ness, balance, coordination, speed, and agility are identi-
fied as fundamental to long-term development in children
and adolescents'.

Among this range of functional capacities, variables
such as power, change of direction speed, and sprint being
among the main physical capacities to good performance
on different intermittent sports*>. Many training programs
are conducted with plyometric exercises, high-intensity
interval training, and specific strength and power exercise
considering this relevance®’. In addition, a good level of
these physical capacities is import for engaging in school
sports® and this engagement can be favorable to high per-
formance in posterior phases.

To these variables to be trained effectively, it is
necessary to understand several aspects related to train-
ability, among them the relationship of physical capacities

to each other. Knowing this relationship is one of the ways
to improve the training's optimization capacity’, regard-
less of age group, skill level, and sporting aspirations®.

The relationship between power, sprint, and change
of direction speed in high-performance adult athletes is
well established in scientific literature®'®!''. A series of
studies suggest a hypothesis of a theoretical model of
associations that approach an adequate optimization for
training, showing that power training, primarily plyo-
metric, has a positive effect on sprint and change of direc-
tion speed”'?. Although this hypothesis is consistent, all
studies about that were conducted with different mod-
alities young athletes. In this way, the association between
these physical capacities is not clear about the adolescent
population, including no-athlete adolescents, adolescents
involved in sports/physical activities for health or school-
sport team.

To collaborate with the understanding of this asso-
ciation, we propose a study carried out with a representa-
tive sample of a school-based population. It should be
emphasized that evidence in the population context is an
important step towards understanding the relationship
between adolescents’ functional capacities. In addition,
we consider the fact that most adolescents engaged in
high-performance sports originally started their sports life


http://orcid.org/0000-0002-3013-1760
http://orcid.org/0000-0002-5749-1512
http://orcid.org/0000-0001-5969-7250
http://orcid.org/0000-0002-6275-0232
http://orcid.org/0000-0002-3013-1760
http://orcid.org/0000-0002-5749-1512
http://orcid.org/0000-0001-5969-7250
http://orcid.org/0000-0002-6275-0232
http://dx.doi.org/10.1590/S1980-65742021012920

at school®, so, we must consider that in these places there
are adolescents with different physical, morphological and
behavioral characteristics. In this sense, this study aimed
to verify the association between sprint, power of lower
limbs and change of direction speed in adolescents.

Methods

This cross-sectional school-based study is part of the
research project entitled “Habitual physical activity and
associated factors in schoolchildren from Uruguaiana —
Brazil” conducted with adolescents aged 10-17, enrolled
in the day shift of the public schools at Uruguaiana, Brazil.
The project was approved by the research ethics commit-
tee of the Universidade Federal do Pampa, under protocol
042/2010.

Population and sample

The study population, according to Brazilian Basic
Education School Census'?, was 15,210 adolescents in our
focus age group. The sample calculation to estimate pre-
valence was carried out based on the following criteria: a)
population of 15,210 adolescents; b) prevalence of physi-
cal inactivity estimated at 70%; c) 95% confidence inter-
val (95% CI); d) sampling error of 3 percentage points; ¢)
delineation effect (deff) equal to 1.5; and f) an increase of
15% to cover possible losses and refusals. With the adop-
tion of these criteria, the need to evaluate 1,398 students
was estimated.

The sampling criterion adopted was probabilistic in
multiple stages. The municipality was divided into five
geographical areas, four in the urban area and one rural
area. The number of schools and students enrolled in each
area was identified. From this, nine schools were selected
in the urban area, three in one of the urban areas and two
in each of the remaining three areas. For rural adolescents,
it was necessary to select, among all the schools in this
area, only one school. All students, of the proposed age
group, were invited to participate in the study and during
this occasion, the objectives and procedures of the study
were presented, and the terms of free and informed con-
sent and consent were given.

The inclusion criteria were a) being enrolled in the
public school system in the municipality; and b) present
the free and informed consent form signed by parents or
guardian and express a willingness to participate (by sign-
ing the consent form). Adolescents outside the age group
of interest and those with any type of disability that placed
them as outliers in the results of physical tests were exclu-
ded from the analyzes. In these cases, with proper author-
ization, adolescents participated in data collection but
were not part of the present study. Therefore, after all pro-
cesses, the study has data about 1,455 adolescents.

Sprint, lower limb power and change of direction speed

Data collection procedure

Data collection was performed from 2011 April to
September. Detail about data collection procedure has
been described previously'®. The variables used in the
present study were sex, chronological age, body mass,
height, skinfolds sum (>_SS), maturity offset, lower limb
power, change of direction speed, and sprint. The research
project data were collected in the schools’ gymnasiums
and sports courts by previously trained evaluators (3 pro-
fessors and 12 graduate students of the institution where
the study was conducted). The team of evaluators was
composed of researchers and graduate students of Physical
Education with previous training. Data collections occur-
red during the school shift and the order of collections
was: 1) application of questionnaires (1 professor and 1
graduate student); 2) anthropometric assessments (1 pro-
fessor and 1 graduate student); 3) physical tests (1 pro-
fessor and 10 graduate students).

Anthropometric variables were measured as descri-
bed prevously.'> The measurements occurred three times
and the average value was considered for the analyses.
The body mass measurement was performed with a digital
scale (Plenna, Brazil) with a capacity of 150 kg and an
accuracy of 100 grams. Skin folds were collected using a
scientific plicometer (Cescorf, Brazil) with an accuracy of
1 mm. The values of tricipital and subscapular SS were
added, and the sum of skinfolds (D SS) was created.
Anthropometric assessments were carried out by two
members of the team on all research subjects. For maturity
offset calculation were used the equation recommended
for Moore et al.'®. This equation uses height and decimal
age to estimate the peak growth velocity, in this way, were
used equation:

for boys (—7.999994 + (0.0036124 x (age X height)))
for girls (—7.709133 + (0.0042232 x (age x height)))

The physical tests are part of Projeto Esporte Brasil bat-
tery'’. The 20-m run test and horizontal jump have inter-
national validation with good evidences'®'® and 4x4m
run (square) test was used in 8000 children and adoles-
cents Brazilian sample?’.

The power of lower limbs was assessed by the hor-
izontal jump test, performed with a measuring tape fixed
to the ground, perpendicular to a starting line. The adoles-
cents were placed immediately behind the line, with feet
parallel, slightly apart, knees semi-flexed, trunk projected
in front. At the signal, the adolescents should jump as far
as possible, landing with both feet simultaneously. The
adolescents performed the test twice and the evaluator
noted the best performance in cm to one decimal place.

The change of direction speed was assessed using
the square test. For the test, a four-meter square is marked
on the side with a cone at each angle. The student started
from the standing position. At the signal, the student



Mello et al.

should move at full speed and touch the cone located on
the diagonal of the square. Then, you should run to touch
the cone on your left (or right) and then the other diagonal.
Finally, it should run towards the last cone. The appraiser
was positioned slightly beside the start/finish cone. The
adolescents performed the test twice and the evaluator
noted the best time in seconds to two decimal places.

The sprint was assessed by the 20-meter run test.
The track was marked with three parallel lines on the
ground as follows: starting line, timing line (20m), and
finishing line (2m after the second line). The third served
to avoid the deceleration before the timing line. The
appraiser was positioned slightly beside the timing line.
The adolescents performed the test twice and the evaluator
noted the best time in seconds to two decimal places.

Statistical analysis

Initially, the normality of the distributions was tested
using the Kolmogorov-Smirnov test. As all variables show
themselves to be parametric, the mean and standard devia-
tion for both sexes were used to describe them. For com-
parisons between sex, the t-test for independent samples
was used. Levene's test was used previously and for all
variables the equality in variances was considered. To
identify associations between physical fitness variables,
Pearson's correlation test was chosen, considering r
between 0.3 and 0.6 as a moderate correlation and r> 0.6
as a strong correlation®'.

Subsequently, to identify the adjusted associations,
we opted for multiple linear regression with the stepwise
method, adjusting for sex (dummy variable), chron-
ological age, body mass, and ) SS and maturity offset.
These analyzes were performed first with the sprint as the
outcome (model 1) of the regression model (tested theore-
tical model). Subsequently, the variables change of direc-
tion speed (model 2) and lower limb power (model 3)
were tested as an outcome in separate models. This way of

testing the different models is justified by the moderate
correlation found between the variables in the entire sam-
ple. All analyzes were stratified by sex and with 95% con-
fidence interval was taken into account. All data were
analyzed using the IBM SPSS Statistics 20.

Result

The first analysis shows that all variables have a nor-
mal distribution. Information related to each variable ana-
lysed across the group and stratified by sex is shown in
Table 1. Only chronological age did not show a statisti-
cally significant difference between the sexes. The boys
showed greater height and body mass, and better perfor-
mances in the three tests of physical fitness. The girls had
a higher >_SS. Regarding somatic maturation, girls pre-
sented, on average, 1.4 years after the growth peak,
whereas boys, on average, are 0.5 months before the
growth peak.

The correlation analysis between the physical fitness
variables indicated that, without stratifying the sample,
there is a moderate correlation between sprint and lower
limb power and change of direction speed and lower limb
power. A high association was found between sprint and
change of direction speed. So, the less time it takes to run
the 20m sprint, the greater the distance reached in the hor-
izontal jump and the less time it takes to perform the
square test. The coefficient of determination between
sprint and change of direction speed, between lower limb
power and sprint, and between lower limb power and
change of direction speed suggests that the explanation of
the variance of one variable by the variance of the other is
approximately 38%, 30%, and 34%, respectively. When
the analyses are performed by sex, the magnitude of the
correlations remains moderate (Table 2).

Regarding the multiple linear regression analysis,
the theoretical model tested (model 1) was significant and

Table 1 - Description of the analyzed variables and differences between the sex of adolescents aged 10-17.

All sample Boys Girls

n X SD n X SD N b SD
Chronological age (years) 1455 13.56 2.02 714 13.55 2.02 741 13.57 2.02
Height (cm)t 1372 157.82 10.60 684 159.73 12.45 688 155.92 7.95
Body mass (kg)* 1374 52.77 13.82 685 53.61 15.18 689 51.94 12.27
>SS (mm)“~ 1273 40.28 17.75 674 35.06 17.12 599 46.16 16.57
Maturity offset (years)‘~ 1372 0.7 1.8 684 —0.05 1.7 688 1.4 1.6
CDS (s)“ 1098 7.10 0.90 562 6.62 0.68 536 7.60 0.83
LLP (m)” 1111 141.52 32.61 565 159.36 31.55 546 123.06 21.56
Sprint (s)” 1097 4.06 0.61 562 3.78 0.49 535 4.36 0.59

n: number; X: average; SD: standard deviation; Y _SS: skinfolds sum; CDS: change of direction speed; LLP: lower limb power; cm: centimetres; kg: Kilo-
grams; mm: millimetres; s: seconds; m: meters;

p<0,05;
p<0,01.



Table 2 - Correlation between variables lower limb power, change of
direction speed, and sprint from adolescents aged 10-17.

All sample
CDS LLP
r R? P r R? p-
value
Sprint 0.616 0.379 <0.01 —0.556 0.309 <0.01
(n=1075) (n=1083)
CDS —0.582 0.339 <0.01
(n=1080)
Boys
r R’ p r R? p-
value
Sprint 0.495 0.245 (n=553) <0.01 —0.415 (n=554) 0.172 <0.01
CDS —0.392 (n=554) 0.154 <0.01
Girls
r R’ p r R? p-
value
Sprint 0.477 0.228 (n=522) <0.01 —0.423 (n=529) 0.179 <0.01
CDS —0.448 (n=526) 0.201 <0.01

CDS: change of direction speed; LLP: lower limb power; r: correlation
value; R?: Determination coefficient.

presented a determination coefficient of 0.47. In other
words, we can infer that for the studied population, the
variables sex, height, >SS, lower limb power, and change
of direction speed together explain 47% of the sprint
variability (Table 3). The second model tested the change
of direction speed as an outcome (Table 3). The associa-
tions remained significant and the adjustment variables
remained in the model. The variability of lower limb
power and sprint, together with the other variables,
explain approximately 49% of the variability of the
change of direction speed in the population studied.

The third regression model tested (Table 3) was the
best statistical model found. All associations remained, as
well as the adjustment variables. In addition, the varia-
bility in change of direction speed and sprint explained
54% of the variability of lower limb power in the popula-
tion studied, along with the other adjustment variables.
For all models, the R* change indicates the individual per-
cent of explaining for each model variable.

Discussion

This study presents insight into the associations
between the change of direction speed, sprint, and lower
limb power in an adolescent population. Our main results
demonstrate that the model that had the highest predictive
capacity had the change of direction speed and the sprint,

Sprint, lower limb power and change of direction speed

Table 3 - Multiple linear regression models to estimate the associations
between sprint, lower limb power, change of direction speed and adjust-
ment variables (n=1,060).

Model 1: sprint

Model's Variables B CI195% R? change p-
value

Constant 3.648  3.102 —4.194 <0.001

CDS 0.247  0.208 — 0.286 0.380 <0.001

LLP —0.003 —0.004 — 0.065 <0.001
—-0.002

>SS 0.007  0.005 —0.010 0.011 <0.001

Height —0.008 —-0.011 — 0.015 <0.001
—0.006

Sex 0.156  0.088 — 0.224 0.010 <0.001

Model 1
R? adjusted 0.479
SEE=0.44

F=20.375; p <0.001

Model 2: Change of direction speed

Model's Variables B CI195% R? change p-
value
Constant 5270  4.790 — 5.750 <0.001
Sprint 0.538  0.460 — 0.617 0.380 <0.001
LLP —0.007 —0.008 — 0.080 <0.001
—-0.005
Sex 0.402  0.307 — 0.497 0.033 <0.001
Model 2
R? adjusted 0.491
SEE =0.63
F=68.825; p<0.001
Model 3: Lower limb power
B CI195% R*R* p-
change value
Constant 246.32 231.80 — <0.001
260.83
CDS -7.58 -9.64 — -5.52 0.33 <0.001
Sprint -8.52 -11.51 — 0.013 <0.001
—5.54
>SS -1.18 -1.35--1.01 0.06 <0.001
Body mass 0.73 0.59 — 0.87 0.02 <0.001
Sex —15.45 —18.76 — 0.08 <0.001
-12.15
Model 3
R? adjusted 0.544
SEE =22.26
F=31.429;
p=<0.001

R2: Determination coefficient; F: F statistic; p: model significance; SEE:
standart error of the estimate; B: Beta coefficient; CI 95%: Confidence
interval of 95%; 3 _SS: skinfolds sum; CDS: change of direction speed;
LLP: lower limb power.
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together with sex, body mass, and >SS explaining
approximately 54% of the variance of lower limb power.

The correlation between lower limb power and
change of direction speed found was moderate, as well as
previous studies carried out with young athletes of the
same age group as the participants in this study''~*?*.
Regarding the correlation between lower limb power and
sprint, the study by Marques et al.>> presented a lower
correlation (r=0.29) than that we found. However, in the
study by Bojikianet al.>, the correlation was high, but
when the analysis was controlled by age, the correlation
becomes moderate. It is noteworthy that only the study by
Alemdaroglu'' did not use the horizontal jump and that all
of the aforementioned studies presented different proce-
dures for measuring and evaluating the change of direction
speed and sprint.

This divergence between the results demonstrates
the complexity in predicting the lower limb's power from
the sprint and the change of direction speed (model 3 of
regression). We must consider that the performance in
these variables is determined by different factors asso-
ciated with rapid energy transfer, a predominance of fast-
twitch muscle fiber, increased motor neuron excitability
and nerve conduction speed, development of concentric
strength, time of contact with the ground, and condition
training®*2°.

One of the aspects common to the performance of
lower limb's power, sprint, and change of direction speed
is the use of elastic energy, produced by the stretching and
shortening cycle to produce strength®’. Although this
cycle has a greater emphasis on lower limb power, this
characteristic in common may partly explain the high R?
change of each physical capacity in both association mod-
els (e.g. model 2: sprint had 38% [R? change = 0.380] of
explaining to change of direction speed variance).

Our results are consistent with the litera-
ture'??>28 " furthermore, mechanically, physical cap-
abilities that involve muscle power have strength and
speed as components>’. Thus, it becomes coherent to rea-
lize that change of direction speed is a physical component
with a strong association with lower limb power, due to
the mechanical component involved in the action of the
two tests (square test and horizontal jump).

The physical fitness performance analyzed here is
primarily related to the biological structure of the adoles-
cents'"*®. The improvement of these factors will occur
according to the stimuli offered, which are related to life-
styles, participation in physical activities, physical exer-
cises, eating and sleeping habits, but an important variable
that can change the fitness levels is biological maturation.

Therefore, as physical fitness is multifactorial, it is
important to highlight that the sample selection procedure
constitutes a strong point of this study, as it is consistent to
assume the existence of variability, both in lifestyles and
in biological characteristics among study participants.

This attributes precision to the results found. Considering
these characteristics, the determination coefficients pre-
sented in the three regression models (47%, 49%, and
54%) are considered high.

Regarding the applicability of these findings in the
scope of school sports, the results suggest that any of the
variables can be worked or tested in order to develop or
identify the performance of the others. Still, as normally in
school and initiation sports, the volume and frequency
with which training (classes) take place are reduced and
the technical, tactical, and practical aspects of the sport
itself occupy a high percentage of time during activities.

The teacher or coach can optimize physical training
by working one physical capacity per training, especially
considering the associations presented in the regression
model 3. In high-performance sports, mainly youth, the
theoretical model (model 1) must prevail for the optimiza-
tion of training. In this case, it is convenient for the coach,
after a high level of performance, to develop skills such as
sprint and change of direction speed from power training,
such as plyometric training”.

This study has some limitations and strengths that
need to be highlighted. The limitations are 1) not to use
important confounding variables in the association mod-
els, such as biological maturation and physical activity; 2)
not to define in the sample the adolescents who are or are
not sports practitioners or athletes; 3) the technical mea-
surement error of the evaluator in the anthropometric vari-
ables was not registered by researchers; and 4) the 4x4
square test for change of direction speed measurement
have no validation parameters published. These limita-
tions need to be taken into account when interpreting the
results. However, the strengths are 1) a study conducted
with a representative sample, which ensures that the data
can be extrapolated to the adolescent population; and 2) a
study that addresses a theme that is widely disseminated
with specific groups of athletes for the population of ado-
lescents, mainly schoolchildren.

Conclusion

Our results demonstrate a moderate correlation
between the physical capacities of students aged 10-17 in
both sexes. The model that had the highest predictive
capacity had the change of direction speed and the sprint,
together with sex, body mass, >SS, and chronological
age, explaining approximately 55% of the variance of
lower limb power. Despite the lower percentage of expla-
nation, the regression models that considered sprint and
change of direction speed as outcomes were also sig-
nificant and can be considered in the sports initiation in the
school context.
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