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Neural Control of Movement
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Abstract - Aim: To determine whether the change of direction (COD) deficit can represent the time of the change of
direction in professional under 17 years old (U-17) soccer players. Methods: Sixteen young soccer athletes performed
the adapted 505 agility test with the stationary stance (2 straight lines of 5 m) and the 10 m linear running test (LR). In
both tests, the partial and total times were recorded every 2.5 m by time gates (0-2.5 m; 2.5-7.5 m; 7.5-10 m). The best
performances were recorded and used to determine the COD deficit (difference between the time for the LR and 505
tests). The paired t-test compared the initial acceleration (0-2.5 m) time, the COD time (2.5-7.5 m), and the COD deficit
among the tests. Results: Times in the LR test were significantly shorter in the initial acceleration phase (0-2.5 m), and
the change of direction deficit was also lower than the change of direction time (2.5-7.5 m) for both sides (p = 0.005).
Conclusion: When an athlete is aware of an upcoming change of direction, a lower initial acceleration results in biases
for determining the change of direction deficit. Therefore, acceleration capacity might not be suitable to assess using the
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505 agility test.
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Introduction

The ability to decelerate, reverse or change movement
direction, and reaccelerate in a new direction, widely
known as change of direction (COD)", is considered fun-
damental for performance in many sports®. Considering
the speed and agility components involved in COD per-
formance, Nimphius et al.* proposed the measure of COD
deficit, defined by the difference between the time of a
COD test and the time for a linear running test covering
the same distance. This difference would represent the
time needed to perform the change of direction. This
assumption relies on the observation that only the time
spent to complete a pre-determined trajectory, including at
least one COD, would not adequately represent the COD
ability. Nimphius et al.” showed that only 31 % of the time
in the 505 test represents the time needed to change direc-
tion, while the remaining 69 % is spent running. In the
past years, the COD deficit was adopted as a measure to
express the ability to change direction™®. While aspects
related to validity and reliability of the COD test still are
discussed in some papers’*®, there are questions about the
use of COD deficit as an indicator of speed performance,

mainly because of the differences in the acceleration pro-
files for linear running tests and running with a change of
direction”'’.

For instance, if an athlete reaches a speed of 6.0 m/s
covering the first 2.5 m in a 10 m linear running test, and
the same athlete reaches a speed of 5.0 m/s when running
the first 2.5 m of a 505 test with a stationary start, despite
the same distance being covered, there will be a difference
between the two recorded times, even before the athlete
starts changing direction. It leads to confusion in applying
the results from the COD deficit as performance in the
change of direction because the COD deficit might not
capture changes in the specific phase of acceleration
(between 0-2.5 m). Considering the previous argument,
verifying whether athletes adopt different strategies to
cover the same linear distance in different tests (linear
running test and running test with COD) can improve the
understanding of this issue. Furthermore, it seems neces-
sary to verify whether the deficit COD values (i.e., an
indirect measure of the ability to change direction) differ
from the COD values measured directly.

Therefore, we set out to determine whether the COD
deficit represents the time of the change of direction in
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professional U-17 soccer players. We hypothesize that a)
the initial acceleration (0-2.5 m) is higher for a linear run-
ning test compared to a 505 running test, and b) that there
is a significant difference between the time of the change
of direction (2.5-7.5 m) and the COD deficit.

Methods

Experimental approach to the problem

This cross-sectional study evaluated whether the
change of direction deficit represents precisely the time of
the change of direction in a 505 test. Soccer athletes per-
formed a 505 test with a stationary start and a 10 m linear
running test. The partial times, corresponding to the initial
acceleration (0-2.5 m) and final acceleration (7.5-10 m),
were recorded and compared between the 505 test and
10-m linear running tests. The change of direction time
(2.5-7.5 m) was also compared to the COD deficit.

Participants

The sample size required for a paired Student t-test
(error = 0.05, and power = 0.80) was determined using
Gspower 3.1 software (Heinrich Heine University, Diis-
seldorf, Germany) and data from previous studies’®
resulting in a sample size of 13 participants. To anticipate
any sample loss, 16 participants were included. The 16
participants were male football players (age: 17.2 +
0.6 years old; body mass: 66.5 + 7 kg; height: 1.76 +
0.07 m), playing soccer in a professional club, disputing
the first division of the Brazilian Football Championship.
All volunteers had completed at least four years of sys-
tematic training experience in this sport, had at least four
training sessions and one official match per week, and not
rehabilitating from any injury. The local Ethics Committee
approved this study (CAAE: 57344016.0.0000.5149), and
all volunteers and their respective legal guardians agreed
with the participation and signed an informed consent to
participate.

Procedures and instruments

All participants performed two running tests: the 505
agility test (stationary start)”'® and the 10 m linear run-
ning test (LR)’. The starting position was standardized,
with the front foot aligned with the first photocell and the
athlete determined the starting time for the tests to mini-
mize the influence of reaction time. The times were mea-
sured with two or four photocells (Hidrofit, Belo
Horizonte), and the data were processed using MultiSprint
software, version 3.5.7 (Minas Gerais, Belo Horizonte). In
the 505 tests, the time to run from 0 to 2.5 m (initial accel-
eration), 2.5-7.5 m (change of direction), and 7.5-10 m
(final acceleration) were recorded. Six repetitions were
performed alternately for each test, three with the left foot
in front and with the change of direction performed with
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the same foot after the 5 m line, and three with the right
foot in front at the starting line and with the change of
direction performed with the same foot after the 5 m line.
A 5 min rest was administrated between the tests, and the
best performance obtained in the three repetitions was
used for data analysis. The criteria for invalidating the
tests were: 1) the athlete performed the COD before run-
ning 5 m; 2) the athlete performed the COD two feet after
the 5 m line. In the linear running test (10 m), four photo-
cells recorded the partial times (0-2.5 m; 2.5-7.5 m; 7.5-
10 m) and the total time (0-10 m), with the starting posi-
tion and athlete positioning being the same as for the 505
test. Three repetitions were performed with 5 min rest in
between. The best performance was used for data analysis.
Figure 1 illustrates the experimental design.

The time in LR was subtracted from the 505 test
time to calculate the COD deficit’.

Data analysis

The statistical analysis of this study was performed
using the Statistical Package of the Social Sciences ver-
sion 22.0 (SPSS Inc., Chicago, Illinois). A descriptive
analysis of partial (0-2.5 m; 2.5-7.5 m; 7.5-10 m) and the
total time of both tests were performed. The Shapiro-Wilk
test verified data normality. The reliability of the measure-
ments was assessed by the intraclass correlation coeffi-
cient and the standard error of measurement (SEM)'. The
time for the initial acceleration of the tests (0-2.5 m), the
difference in the COD time (2.5-7.5 m), and the COD
deficit were compared using paired #-tests. Cohen’s d was
used to determine the effect size.

Results

The time in 505 test for both sides and the 505 par-
tial times for the right side showed good reliability
(ICC = 0.62 and 0.71, respectively); 505 partial times for
the left side showed excellent reliability (ICC = 0.87). The
SEM values for all measures indicated a small random
error (< 0.05 s), with only a small variation between repe-
ated test measures being expected’.
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Figure 1 - 505 test adapted to 10 m.
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Initial acceleration time in the 505 test was lower
than in the linear running tests for right (p = 0.001;
d = 1.13) and left sides (p = 0.024; d = 0.85). COD time
(2.5-7.5 m) was higher than COD deficit for the right
(p=0.001; d = 3.14; Figure 2-A) and left sides (p = 0.001;
d=2.96).

The acceleration data from the COD test (2.5-7.5 m)
for the right and left sides shows that athletes assumed a
strategy to slow down in the 505 test. In the linear running
test, the athletes continue to accelerate, while in the 505
test, they decelerate (Figure 2-B).

Discussion

This study determines whether the COD deficit cor-
responds to the COD time in a 505 agility test (stationary
start). To confirm that the COD deficit represents the time
needed to perform the COD, no difference in the time
referring to the initial acceleration of the tests (0-2.5 m)
nor a difference between the start time where the COD
occurs within the test trajectory (2.5-7.5 m) and the COD
deficit would be expected. The lack of difference would
support the use of these two parameters theoretically mea-
suring the same phenomenon. However, we found a sig-
nificant difference between the measures. The COD deficit
does not consider the distance to change of direction. Still,
it assumes that any time difference between running a
straight line and running with a change of direction would
result from the change of direction. Therefore, the COD
deficit does not capture possible changes in strategy from
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other parts of the test, such as the acceleration phase
(between 0-2.5 m) or the direction change phase itself.

A time difference between the tests indicates parti-
cular acceleration strategies assumed for each test. It
seems that when the athlete is aware of an upcoming sud-
den change of direction (180 °) after running linearly for
5 m, starting acceleration is lower. It is unclear how the
athlete makes this decision, but increasing the speed
before the change of direction will require greater braking
impulses and stability to accelerate in a new direction’.
Before, during, and after the turn move, the overall speed
regulation is the most important factor determining COD
performance'?. In contrast, in a linear running test, the
athletes do not have to consider decelerating as they can
accelerate as much as possible during the test until the end
of the distance.

A change of direction is a multi-step action, where
deceleration is necessary to reduce time, especially when
the change of direction involves larger angles'''*. In this
study, the partial time corresponding to 2.5-7.5 m distance
in a 505 agility test (stationary start) was assumed as the
COD time. With this metric, the athlete had 2.5 m to
decelerate and adequately position himself. Subsequently,
another 2.5 m are available to accelerate towards the new
direction. Theoretically, this time might represent the time
the COD deficit should measure. Therefore this significant
difference indicates that the COD deficit might not repre-
sent an accurate measure if the initial speed of the COD
and linear tests are not similar. In this sense, the COD
deficit cannot precisely obtain the essential strategies
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Figure 2 - A) Time (s) obtained by the COD time in the 505 right test (0-2.5 m) and the linear running test. * p-value < 0.05; B) Acceleration between 2.5

and 7.5 m in the 505 right test and linear running test. * p-value < 0.05.



adopted by athletes, such as decelerations (Figure 2-B).
Therefore, despite the COD deficit providing an important
advance in the literature, caution is necessary to interpret
COD deficit results from developing athletes or physically
active individuals.

We recommend recording partial times during COD
and linear running tests to compare the performance since
COD information obtained by the COD deficit can be
insufficient to guide coaches and physical trainers in iden-
tifying COD deficiencies. The use of COD deficit out-
comes to guide training prescriptions requires caution, as
it might not be a precise measure if the starting accelera-
tion is different between the two tests. Among the limita-
tions of our study is that it is still unclear if individual
capacities, such as training level, affect this difference
regarding COD deficit assessment. Further study is needed
to verify if training level could differentiate the accelera-
tion strategies adopted at the beginning of the two tests.

Conclusions

Comparing the adapted 505 agility test and the 10 m
linear running test, we conclude that when an athlete is
aware of an upcoming change of direction, a lower initial
acceleration results in biases for the change of direction
deficit determination.
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