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ABSTRACT

Purpose. The study compared the change-of-direction deficit (CODD) using the first 10-m sprint of a 40-m sprint test
(CODD iginal)s the 10-m time that precedes the 5-0-5 test (CODDj ¢ 55ar,), and the best 10-m split of a 40-m sprint test (CODD),cy).
Methods. A cross-sectional study design was applied. Twenty elite male soccer players (age: 21.6 + 2.0 years; experience:
8.7 + 2.3 years; body mass: 73.2 * 6.1 kg; stature: 174.8 * 4.5 cm) voluntarily participated in this study. They were assessed
in the following tests: (i) 40-m linear sprint test and (ii) 5-0-5 test with a pre-planned 180° change-of-direction (COD) (left
and right sides). CODD for both sides was calculated as the difference between average 5-0-5 and CODD 4121, COODyeg,
and CODDs_g_sgart-

Results. The time over 10 m during the 30-40-m split of a 40-m sprint test was significantly shorter than the first 10 m of
the same sprint test (best times: p < 0.001, d = -7.077; average time: p < 0.001, d = -1.140) and the first 10-m acceleration
phase of the 5-0-5 test (best times: p < 0.001, d = 9.000; average times: p < 0.001, d = -8.500). No significant differences
were found between the first 10 m of the 40-m sprint test and the 5-0-5 test (best times: p > 0.999, d = 0.133; average times:
p =0.990, d = 0.047). Comparisons of CODD revealed significant differences between approaches (best times: F = 201.7,
p <0.001,n;=0.914; average times: F = 196.2, p < 0.001, ;= 0.912). However, there were no significant correlations between
any CODD outcomes and the 40-m sprint test (p > 0.05).

Conclusions. CODD calculated with the first 10 m and the best 10 m of a sprint test was significantly different; simi-
larities existed between the initial 10 m of a 40-m sprint test and the 5-0-5 test. Therefore, to save time and resources,
practitioners could use the first 10-m acceleration phase of the 5-0-5 since no significant differences were found between
the initial 10 m of a linear sprint test.
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Introduction

During soccer match play, players are often exposed
to fast short accelerations, decelerations, and re-accel-
erations along with changing direction [1-3]. This means
that they must be able not only to produce rapid linear
trajectories, but also to change direction quickly [4].
Change-of-direction (COD) is a multi-dependent ability
that allows athletes to perform manoeuvres such as
cutting and turning to correspond to the challenges of
a match [5, 6]. Previous research has even observed
that rapid COD efforts are among the main actions
preceding a goal in professional soccer [7].

Owing to its importance in soccer match play, COD
is one of the recommended abilities to be included in
aregular testing battery for the assessment of physical
fitness [8, 9]. However, some of the most common out-
comes extracted from COD-oriented tests can cause
bias in the interpretation. For example, the time of the
5-0-5 test (which consists of performing an initial
10-m linear acceleration followed by 5-m 180° COD)
is nearly perfectly correlated with linear sprint at 5,
10, and 20 m [10], implying that the test may lack the
ability to discriminate COD.

However, the issue of COD time may have recently
been mitigated with the suggestion of calculating
a COD deficit (CODD), which is the subtraction of the
linear sprint time and the time of performing the same
distance with COD [11]. The authors found that CODD
assessed during the 5-0-5 in comparison with one’s
10-m sprint time during a 30-m sprint was able to
provide a more accurate measure of COD ability.
Nevertheless, it is still unclear if this methodology is
transferable to multiple athletes or just those that are
accustomed to 180° COD (e.g., cricketers). It is also un-
known if there is any significant difference between
using the first 10 m of a 30-m sprint test and the first
10-m acceleration phase of the 5-0-5 test, or if it is
best to take the initial 10 m of a sprint test or the best
10-m split of a linear sprint test. Understanding if these
differences exist may help practitioners in selecting
their testing battery so as to choose tests that can glean
accurate information on the qualities they are after
without needing additional training time.

With these methodological questions on mind, the
aim of this study was to compare CODD using the first
10 m of a 40-m sprint test (CODDyiginat) vs. CODD
using the 10-m time that precedes the 5-0-5 test
(CODDs.._551ar0) vs. COOD using the best 10-m split of
a 40-m sprint test (CODDy,.y). We hypothesized that
non-significant differences would be found between
10-m time speed between applying a linear sprint test
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and the 10 acceleration meters of 5-0-5. Moreover,
we hypothesized that CODD would be significantly
different between the first 10 m and the best 10 m of
a linear sprint test.

Material and methods
Study design and setting

This study followed a cross-sectional design. All as-
sessments were performed on a single day, between
3:00 p.m. and 6:00 p.m., on a outside synthetic soccer
turf pitch. The average temperature during testing was
8°C, with a relative humidity of 56%. The wind reported
was 21 km/h, and no raining conditions occurred.

Participants

Overall, 20 male soccer players (age: 21.6 = 2.0
years; experience: 8.7 + 2.3 years; body mass: 73.2
6.1 kg; stature: 174.8 + 4.5 cm) voluntarily partici-
pated in this study. Convenience sampling was applied
as an approach for nonprobability sampling strategy.
Players of the same team were invited to participate
in the study protocol. The eligibility criteria were: (i)
not being injured or ill in the previous 3 weeks before
the physical fitness assessments; (ii) not being sub-
jected to any drug or special supplementation in the
previous 3 weeks; and (iii) not participating in struc-
tured exercise in the 48 hours preceding the assess-
ments. The athletes were informed about the study
design and protocol.

Context before physical fitness assessment

Before anthropometric and physical assessments,
information regarding hours of sleep, days of rest before
physical assessment, and time of latest meal was col-
lected. Moreover, total quality recovery in a 10-point
scale was applied [12]. To the question ‘How recovered
are you right now?,” the players could choose between
0 (‘very poorly recovered / extremely tired’) and 10 (‘very
well recovered / highly energetic’), as in the original
scale. This scale was confirmed for the ability to de-
tect changes in performance [12]. All those questions
were collected 30 minutes before starting the physi-
cal fitness assessments. Additionally, the individuals
were verbally asked about the hour of sleep and the
hour of wake-up (aiming to obtain the number of hours
of sleep) of the night before the assessments, as well
as the time in which the last meal was consumed on
the day of the assessment.
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The participants reported their latest meal to be
4.5 = 0.8 hours before the assessments, slept 8.5 +
0.9 hours the previous night, had 2.4 + 0.5 days of
rest before the assessments, and felt 8.0 = 0.8 in the
total quality recovery (which means ‘well recovered /
somewhat energetic’).

Anthropometric measurement

The players were firstly measured for their stature,
body mass, and leg length. They were instructed to
perform anthropometric measurements barefoot, wear-
ing a T-shirt and shorts. Stature was measured with
a stadiometer (SECA 213; Germany) with a technical
error of 0.13 cm. Body mass was determined with
a digital balance (Tanita BC 418 MA analyser; Tanita
Corp., Tokyo, Japan). The leg length was evaluated from
the anterior superior iliac spine to the medial malle-
olus on each side, by using a tape.

Protocol for physical assessment

After anthropometric measurements, the partici-
pants followed the FIFA 11+ standardized warm-up
protocol (level 2), which is described in previous pub-
lications, as well as confirmed as effective for improv-
ing COD performance in soccer players [13, 14]. After
finishing the warm-up, a 3-minute rest was conceded.

After random selection, half of the players per-
formed the physical fitness assessment in the follow-
ing order: (1) linear 40-m sprint test; (2) 5-0-5 test
braking with left foot; and (3) 5-0-5 test braking with
right foot. The other half performed testing in the in-
verse order: (1) 5-0-5 test braking with right foot; (2)
5-0-5 test braking with left foot; (3) linear 40-m sprint
test. The athletes performed 3 trials for each of the
tests, with a 5-minute rest between tests.

The 40-m linear sprint test

Players performed 3 trials of the 40-m linear sprint
test. Between the trials, a 3-minute rest was conceded.
The individuals were instructed to start in a staggered
stance position, with their preferred foot in front. They
were positioned 0.3 m from the first pair of photocells
(located at the starting line), with the single-beamed
photocells (SmartSpeed; Fusion Sports, Sumner, Aus-
tralia) positioned 60 cm from the floor. Three pairs of
photocells were used: 1 pair at the starting line (0 m),
1 at 30 m, and 1 at the finish line (40 m). The partici-
pants were specially instructed to run as fast as possible
from the start to the end of the of the 40-m track and

to decelerate only after crossing the 40-m line. The split
times (s) of 0-30 m, 30-40 m, and 0-40 m were col-
lected for each trial. The best trial (0-40 m) and the
average of trials were considered for calculating CODD.

The 5-0-5 test

The 5-0-5 test consists of an initial acceleration of
10-m split, followed by a 5-m deceleration and 180°
COD before the final 5-m acceleration. The players
were familiarized with the test in a previous session
(1 week before the data collection), which aims to re-
duce the bias associated with the learning of the test.
The participants were instructed to start in a stag-
gered stance position, with their preferred foot in
front. Moreover, they were asked to perform the COD
off a specific foot (e.g., left or right) on the basis of the
randomization established and described above. The
athletes were positioned at 0.3 m from the first pair of
photocells (located at the starting line), with the single-
beamed photocells (SmartSpeed; Fusion Sports, Sum-
ner, Australia) positioned 60 cm from the floor. Three
pairs of photocells were used: 1 pair at the starting
line (O m), 1 at 10 m (beginning and end of the 5-0-5
test), and 1 at the COD line (15 m). The players were
instructed to run as fast as possible from the start and
to only decelerate after crossing the finish line. The
split times (s) of 0-10 m, 10-15 m, and 15-20 m were
collected for each trial of the left (3%) and right (3%)
foot. The best trial (5-0-5 time) and the average of
trials were considered for calculating CODD for the left
and right feet (while braking).

CODD

CODD was calculated with the subtraction of the
10-m sprint time and the 5-0-5 time [11]. However, the
10-m sprint time was also obtained and used for calcu-
lating CODD in the following ways: (1) CODD yiginai:
using the first 10 m of the 40-m sprint test; (2) COOD),:
using the best 10-m split in the 40-m sprint test; and
(3) CODDs.g._55tar: using the 10-m time that precedes
the 5-0-5 test (for the left and right sides).

Monitoring peak speed

During peak speed measurement, the players wore
a Polar Team Pro device (Polar Electro, Kempele, Fin-
land) sampling at 10 Hz in a specialized pocked on their
upper backs. For each trial of the 40-m sprint test and
5-0-5 test, peak speed was obtained and collected.
The concurrent validity and reliability of detecting peak
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speed with these devices was described in a previous
publication [15].

Statistical procedures

Descriptive statistics are presented in the form of
the average and standard deviation. Within-test vari-
ability of data (between the trials) is shown as the per-
centage of the coefficient of variation. Data were tested
for the assumptions of normality and homogeneity by
using the Shapiro-Wilk and Levene’s tests. After check-
ing the absence of significant outliers and the confir-
mation of normality (p > 0.05) and homogeneity (p >
0.05) of the sample, repeated measures ANOVA was
conducted to analyse the variation of COD performance
between CODD yigina, COODyes, and CODDys g sggare-
Partial eta squared () was executed to calculate the
effect size. The Bonferroni test was used as the post-hoc
test after repeated measures ANOVA, with Cohen’s d
applied to calculate the effect size between pairs with
the formula with pool standard deviations. The mag-
nitude of effect size (d) was considered on the basis of
the following thresholds [16]: 0.0-0.2, trivial; 0.2-0.5,
small; 0.5-0.8, medium; > 0.8, large. The comparisons
between COD left and right were made with the paired
t-test. Correlation between outcomes and performance
in sprint time and COD time were tested by using the
Pearson-product moment correlation. The magnitude
of correlation was considered on the basis of the fol-
lowing thresholds [16]: 0.0-0.1, trivial; 0.1-0.3, small;
0.3-0.5, medium; and 0.5-1.0, large. The statistical
procedures were executed in the SPSS software, ver-
sion 28.0.0.0 (IBM, USA) for p < 0.05.

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the scien-
tific council of Escola Superior de Desporto e Lazer
(approval No.: CTC-ESDL-CE002-202).

Informed consent
Informed consent has been obtained from all indi-
viduals included in this study.

Results

Table 1 presents the descriptive statistics of the play-
ers’ performance in the 40-m sprint test and 5-0-5 test.
The coefficient of variation of the pooled outcomes (con-
sidering the 3 trials performed) exhibited values be-
tween 1.63% and 6.65%, which suggests good quality
of data and reliability.

Table 2 depicts the repeated measures ANOVA with
the consideration of the best 10-m time recorded dur-
ing the 40-m sprint test (0-10 m and 30-40 m) and
5-0-5 test (first 10-m acceleration phase). Significant
differences were found between the outcomes for the
best times (F = 358.2; p < 0.001; = 0.950) or the av-
erage times (F = 439.4; p < 0.001; = 0.959). The time
of the 10-m split during the 30-40-m portion of the
40-m sprint test was significantly shorter than the first
10-m time of the same sprint test (best times: p < 0.001,
d = -7.077; average time: p < 0.001, d = -1.140) and
the first 10-m acceleration phase of the 5-0-5 test (best

Table 1. Descriptive statistics (mean, standard deviation, and coefficient of variation) of 40-m sprint and 5-0-5 tests

. Trial 1 Trial 2 Trial 3

Test Split and measure (mean + SD) (mean + SD) (mean + SD) CV%

40-m sprint test 0-10 m (s) 1.70 £ 0.10 1.71 = 0.09 1.71 £ 0.11 3.05 = 2.86
40-m sprint test 30-40 m (s) 1.21 + 0.04 1.24 + 0.16 1.21 = 0.04 2.35 £ 6.42
40-m sprint test 0-40 m (s) 5.44 + 0.17 5.45 +0.13 5.51 = 0.20 1.63 +1.32
40-m sprint test Peak speed (km/h) 29.33 £ 0.83 28.883 + 0.90 28.89 = 0.67 1.80 = 1.09
5-0-5 test (L) 0-10 m (s) 1.73 £ 0.09 1.74 £ 0.10 1.84 + 0.08 2.26 £ 2.05
5-0-5 test (L) 10-15m (s) 1.29 = 0.07 1.28 = 0.12 1.37 £ 0.09 5.14 = 3.53
5-0-5 test (L) 15-20 m (s) 1.35 = 0.07 1.36 = 0.10 1.50 = 0.14 6.65 + 4.23
5-0-5 test (L) 10-20 m (s) 2.64 + 0.10 2.64 + 0.16 2.87 £ 0.18 5.39 = 2.98
5-0-5 test (L) Peak speed (km/h) 19.00 £ 0.91 18.84 + 0.65 18.58 + 0.65 2.36 £ 1.29
5-0-5 test (R) 0-10 m (s) 1.74 = 0.09 1.73 £ 0.08 1.72 £ 0.10 2.69 + 2.29
5-0-5 test (R) 10-15m (s) 1.37 £ 0.14 1.37 £ 0.14 1.39 + 0.16 4.11 £ 3.75
5-0-5 test (R) 15-20 m (s) 1.39 + 0.12 1.39 £ 0.15 1.38 + 0.23 5.71 = 4.50
5-0-5 test (R) 10-20 m (s) 2.76 + 0.18 2.76 + 0.23 2.77 + 0.31 4.40 + 3.60
5-0-5 test (R) Peak speed (km/h) 18.82 = 0.82 18.93 = 0.61 18.70 = 0.58 1.97 + 1.12

L - braking with left foot, R - braking with right foot, CV% - coefficient of variation as percentage
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Table 2. Descriptive statistics (mean and standard deviation) of the best and average 10-m time of the 40-m sprint test
(splits at 0-10 and 30-40 m) and the first 10 m of the 5-0-5 test

40-m sprint test 40-m sprint test 5-0-5 test

Result (0-10 m) (30-40 m) (0-10 m) Flpl
Best times (s) 1.66 + 0.09" 1.20 + 0.04% 1.65 + 0.06" 358.2 | < 0.001 | 0.950
Average times (s) 171 + 0.8" 1.22 + 0.06% 1.73 + 0.06" 439.4 | < 0.001 | 0.959

* significantly different from 40-m sprint test (0-10-m best)
> significantly different from 40-m sprint test
¢ significantly different from 5-0-5 test (0-10-m best) at p < 0.05

Table 3. Descriptive statistics (mean and standard deviation) of CODD

Result CODDoriginal (L) CODDbcst (L) CODDS—O—Sstan (L) CODDon'ginal (R) CODDbcst (R) CODDS—O—Sstan (R) Fl p |

Best times (s)  0.94 = 0.15”%¢ 1.39 + 0.14*°* 0.45 + 0.06**¢ 1.01 + 0.19>¢ 1.46 + 0.19*¢/ 1.02 + 0.21"* 201.7 | < 0.001 | 0.914
Average times (s) 1.02 + 0.17 1.52 + 0.14*%%/ 0.99 + 0.14>°  1.08 + 0.22> 1.58 + 0.21*>%% 1.05 = 0.20** 196.2 | < 0.001 | 0.912

CODD - change-of-direction deficit, L. — braking with left foot, R — braking with right foot
CODD iginat — CODD using the first 10 m of the 40-m sprint test (best value among trials)
CODDy,s, — CODD using the best split (30-40 m) of the 40-m sprint test (best value among trials)
CODDs__5tar — CODD using the 10-m acceleration step of the 5-0-5 test (best value among trials)

Values significantly different from:* CODD g0 (L), > CODD)ey (L), © CODDg_ 550 (L), ¢ CODD ,i4ina1 (R), ¢ CODDy,g (R),
fCOI)I)S—(%SSlarl (R) at p <0.05

times: p < 0.001, d = 9.000; average times: p < 0.001,
d = -8.500). However, no significant differences were
found between the first 10 m of the 40-m sprint test and
the first 10-m acceleration phase of the 5-0-5 test (best
times: p > 0.999, d = 0.133; average times: p = 0.990,
d = 0.047).

Comparisons between 5-0-5 COD time perfor-
mance with COD with the left and right legs were also
performed. The best 5-0-5 COD left times were 2.59 +
0.12 s, while the average times of the trials equalled
2.73 £ 0.12 s. The best 5-0-5 COD right times were
2.66 *= 0.17 s, while the average times of the trials
equalled 2.78 + 0.18 s. The paired t-test revealed
significantly better performance in left leg COD than
in right leg COD (best times: ¢t = -2.095, p = 0.050, d =
-0.468; average times: t = -1.902, p = 0.072, d = -0.333).

CODD was calculated for the left and right legs COD
by using the 40-m sprint test (0-10 m and 30-40 m,
best times) and the 5-0-5 acceleration phase (0-10 m,
best time). The results of repeated measures ANOVA
and post-hoc comparisons can be observed in Table 3.
Significant differences were found between particular
CODD calculations (best times: F = 201.7, p < 0.001,
=0.914; average times: F=196.2, p < 0.001, = 0.912).

Table 4 presents the correlation coefficients between
CODD outcomes and the performance at the 40-m
sprint test and 5-0-5 time for COD with the left and
right feet. All the CODD results were independent of
the 40-m sprint performance (p > 0.05).

Table 5 depicts the descendent ranking of players,
which can provide information about the real impact of
considering different approaches while calculating
CODD.

Discussion

The results of this study revealed that the time col-
lected in the first 10-m acceleration phase of the 5-0-5
test produced similar results to the initial 10-m time
of the 40-m linear sprint test. This indicates that there
is no need to run 2 tests for calculating CODD as pre-
viously reported, but the CODD calculated from a 5-0-5
test can provide an accurate measure of COD perfor-
mance.

Utilizing CODD has become well-accepted in the
strength and conditioning community, namely because
the outcome presents trivial correlations with linear
sprint in short (e.g., 10-m) and medium (e.g., 30/40-m)
sprint distances [5, 17, 18]. This means that CODD
mitigates the bias promoted by COD time (typically
used in COD test), which is highly influenced by linear
sprinting in specific COD tests with some distances
[10]. In our study, CODD (independently of how it was
tested) was isolated from the 40-m sprint test, which
confirms that any of the CODD measures can be applied
as an independent evaluation of COD performance.

Our research tested the methodological approach of
not using 2 tests (sprint test and COD test) for extract-
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Table 4. Correlation (r) coefficients between CODD outcomes and performance at 40-m sprint test and 5-0-5 COD time
(for averages and for the best times)

40-m sprint test

5-0-5 COD time (L)

5-0-5 COD time (R)

Measurement Outcome (best times) (best times) (best times)
r=0.067 r=0.858 r=0.365
Best times CODD yiginat (L) [-0.388; 0.494] [0.658; 0.940] [-0.101; 0.691]
p=0.779 p <0.001** p=0.113
r=20.105 r=10.963 r=0.525
Best times CODD,, (L) [-0.356; 0.521] [0.904; 0.985] [0.094; 0.780]
p = 0.659 p <0.001** p=0.017**
r=0.090 r=0.175 r=-0.117
Best times CODDs.__551ar (L) [-0.370; 0.510] [-0.294; 0.570] [-0.530; 0.346]
p=0.707 p =0.460 p =0.624
r=0.019 r=0.456 r=0.915
Best times CODDiginat (R) [-0.428; 0.457] [0.005; 0.742] [0.785; 0.965]
p =0.938 p =0.043* p <0.001**
r=0.043 r=0.480 r=10.983
Best times CODDy,. (R) [-0.409; 0.475] [0.035; 0.755] [0.955; 0.993]
p =0.859 p =0.032* p <0.001**
r=0.016 r=0.405 r=0.958
Best times CODDs.__51art (R) [-0.430; 0.455] [-0.057; 0.713] [0.889; 0.983]
p =0.947 p=0.077 p <0.001**
40-m sprint test 5-0-5 COD time (L) 5-0-5 COD time (R)
Measurement Outcome . . .
(average times) (average times) (average times)
r=-0.143 r=0.871 r=0.635
Average times CODD gyiginat (L) [-0.548; 0.323] [0.685; 0.946] [0.252; 0.836]
p =0.548 p <0.001** p =0.003**
r=-0.165 r=0.936 r=0.709
Average times CODDy, (L) [-0.563; 0.303] [0.835; 0.973] [0.373; 0.872]
p = 0.487 p <0.001** p <0.001**
r=-0.231 r=10.906 r=0.697
Average times CODDs._g_551ar (L) [-0.607; 0.241] [0.764; 0.961] [0.352; 0.866]
p =0.327 p <0.001** p <0.001**
r=-0.056 r=0.711 r=10.938
Average times CODD yiginat (R) [-0.485; 0.398] [0.376; 0.873] [0.840; 0.974]
p=0.814 p <0.001** p <0.001**
r=-0.059 r=0.714 r=10.985
Average times CODDy,. (R) [-0.487; 0.395] [0.381; 0.874] [0.960; 0.994]
p = 0.806 p <0.001** p <0.001**
r=-0.099 r=10.659 r=0.960
Average times CODDs._55(art (R) [-0.517; 0.361] [0.290; 0.848] [0.895; 0.984]
p=0.678 p = 0.002** p <0.001**

COD - change-of-direction
CODD - change-of-direction deficit, L. - braking with left foot, R — braking with right foot
CODD,igina1 — CODD using the first 10 m of the 40-m sprint test (best value among trials)

CODDy, — CODD using the best split (30-40 m) of the 40-m sprint test (best value among trials)
CODDs_.55tarc — CODD using the 10-m acceleration step of the 5-0-5 test (best value among trials)

* significant at p < 0.05, ** significant at p < 0.01
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Table 5. CODD (using the best times) descendent ranking of participants regarding the different methodological

approaches tested

CODDoriginal (L)

CODDbes{ (L)

CODDS-O-Sstart (L’)

CODDoriginal (R)

CODDbest (R)

CODDS-O-S start (R)

ID CODD() ID CODD() ID CODD() ID CODD(s) ID  CODD(s) ID  CODD (s)
D002 071 IDO02  1.09 IDO19 035 IDOOS 079 IDO07  1.21  IDO07  0.68
D004 078 ID003  1.16 ID020 036 IDOI0O  0.82 IDO03  1.22  IDO03  0.82
D008  0.78 IDO05 1.26 IDO03 040 IDO15  0.83 IDO08  1.28 ID0O0S  0.86
D012 079 IDO12 126 IDO06 040 IDO12  0.85 IDO05 131 IDO10  0.86
D003 0.80 IDO08  1.27 IDOOS 042 IDOO3  0.86 IDO12  1.32 ID0O02  0.87
D005 0.81 IDO04 1.28 IDO15 042 IDO05 0.86 IDO15  1.33 ID0O05  0.88
D015 082 IDO15 132 IDO11 042 IDOI1 087 IDOI0 133 IDO09  0.90
D011 0.84 IDOI1 136 IDO12 042 IDOO7 090 ID0O02  1.34 IDOI12  0.90
D018 087 IDO13 137 IDO05 043 IDO09 090 IDO09 135 IDO15  0.91
D001 090 IDO18 142 IDOIS 043 IDO02 096 IDOI1 139 IDOI3  0.95
D006  0.94 IDO07 143 IDO09 045 IDO04 098 IDO13 140 IDOI1 097
D010 095 IDO01 144 IDO13 045 IDO14  1.02 IDO16  1.46  ID004  0.98
D014 1.01 IDO06  1.44 ID002  0.47 IDO16  1.08 ID0O04 148 1IDO16  0.98
D009 1.05 IDO10 146 IDO10 047 IDOO1  1.08 IDO19  1.58 IDOO1  1.04
D019 1.06 IDO19 146 IDO16 048 IDO13  1.10 IDO14  1.60 IDO14  1.10
D013 1.07 IDO09 150 IDO17 049 IDO06  1.14 IDOO1  1.62 IDO19  1.23
D017 1.1 ID020 150 IDO04 050 IDO19  1.18 IDO06  1.64 IDO06  1.24
D007 1.12 IDO16 158 IDO14 050 IDO18 122 IDO18  1.77 IDO17  1.29
D020 1.14 IDO14 159 ID007 053 IDO17 130 IDO17 178 IDO18  1.34
D016 120 IDO17 159 IDOO1  0.58 IDO20  1.50 ID020 1.86 ID020  1.50

CODD - change-of-direction deficit, L. - braking with left foot, R — braking with right foot
CODD i4ina1 — CODD using the first 10 m of the 40-m sprint test (best value among trials)
CODDy,s, — CODD using the best split (30-40 m) of the 40-m sprint test (best value among trials)
CODDs_ 55arc — CODD using the 10-m acceleration step of the 5-0-5 test (best value among trials)

ID - code number of the player

ing data to calculate CODD and applying only a single
test. In this case, and along with the previous research
design, we employed the 5-0-5 test since it has a pre-
liminary 10-m acceleration phase, which is a good point
to collect data of linear sprinting. Moreover, as in a 20-
or 30-m sprint test, the 5-0-5 test does not stop after
crossing the first 10-m barrier, which means decelera-
tion it unlikely to occur and compromise the maxi-
mum linear effort performed. This expectation was
confirmed in our results as there were no significant
differences found between the 10-m time of the 40-m
linear sprint test and the 10-m acceleration phase of
the 5-0-5 test for best or average times.

The construct of comparing the 10-m initial accel-
eration phase of a linear sprint test and the initial 10-m
acceleration of a test with a COD (e.g., 5-0-5 test) was
also aplied in the previous research that initially pre-
sented the concept of CODD [11]. Although our study is
comparable (e.g., comparing the initial 10-m accelera-
tion of a linear test and initial 10-m acceleration of

a COD test), we also tested the hypothesis of using the
best 10-m split in the 40-m linear sprint test. In this
case, the split was significantly different (and smaller)
than the 10-m initial acceleration of both tests. This
unsurprisingly impacted on the final results of CODD
since CODD igina and CODDj 1 55arc Were significantly
smaller than CODDy,; (which used the best 10-m split
in the 40-m linear sprint test). Naturally, the kinemat-
ics of sprinting allows a better performance in 30-40 m
than in initial 10 m since in the former case, the peak
horizontal propulsive force, stance phase, and swing
phase are significantly larger than in the acceleration
phase [19]. Thus, considering that in a COD test like
the 5-0-5 test, the participant spends around 31% of
the time changing directions [20], it is expected that
there would be a gap to the linear sprint time and larger
CODD calculation during the best 10-m split. However,
it is expected that faster players will also present greater
CODD, a hypothesis based of a previous study [21]. In
this study, the authors found that players with greater
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acceleration in initial 10 m were the same as those
with greater CODD [21]. Nevertheless, in this study, the
best players were not always included in the top-five
among the different approaches. As an example, player
ID002 was the bestin CODD jgina left and CODDy, left,
but not in the top-5 of CODDj_g_sstare left, CODDyyiginal
right, or CODD,,, right, which indicates that faster
athletes were not always those with greater accelera-
tion. This further supports our results suggesting that
calculating CODD by using the first 10 m and the best
10 m of a sprint test is quite different and that CODD
should be calculated with either the initial 10 m of
a 40-m sprint test or the 5-0-5 test.

Our research also revealed that COD with the left
or right foot does not result in the same final outcomes.
As previously demonstrated, COD asymmetries are
natural and present in players [18], with both sides rec-
ommended to be tested and used when calculating
CODD. The differences between feet can be due to the
laterality profile of athletes and the greater ability to
produce force or perform a task on one of the sides of
the body [17, 22]. Therefore, CODD will be different
for the left and right COD, which influences the final
CODD calculation when using the 5-0-5 test.

There are limitations for this study that should be
acknowledged. While previous research investigated
cricketers, our study population were soccer players,
which confirms the results in different populations.
However, both studies only utilized one 180° COD. This
may mean that CODD may only be specific to this an-
gle of directional change. Future research should in-
vestigate CODD over a variety of angles and continue
to determine CODD with the 5-0-5 test in different
athletic populations. It is also still unknown what in-
fluence both the acceleration technique and COD tech-
nique have on CODD. This study looked to add to the
current literature and provide further practical infor-
mation for testing and training practitioners. The study
originality consists in identifying that the 5-0-5 test
can be used for assessing 10-m acceleration and COD
performance simultaneously. This will provide coaches
with confidence about using the 5-0-5 test for moni-
toring CODD without adding a linear sprint test, which
means time efficiency. Future research should inves-
tigate relationships between CODD and entry and
exit velocities when changing direction in athletes to
gain more detailed technical information.

Conclusions and practical applications

The originality of this study lies in showing that
the 5-0-5 test can serve as a single-to-use test to calcu-
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late CODD, which means that there is no need to assess
the first 10-m sprint in a linear sprint test. The first
10-m acceleration phase of the 5-0-5 can be used for
calculating CODD since no significant differences were
found between the initial 10 m of the linear sprint test
and the 10-m acceleration phase of the 5-0-5 test. For
the right leg COD, no significant differences were ob-
served between CODD using the original methodo-
logical approach or using the 10-m linear time of the
5-0-5 test. However, large differences were revealed
for calculating CODD with the first 10 m or the best
10 m of the 40-m linear sprint test. If practitioners want
to compare COD time with the best sprint time, it is
recommended to collect the split time of the 30-40-m
test for an integrated CODD calculation.
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