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Abstract: The purpose of this study was to evaluate the content and construct validity and between-
sessions reliability of four agility tests requiring ball dribbling in football players with cerebral palsy
(CP) with implications for classification and training. A sample of 35 football players with CP from
three different countries took part in the study. They performed four tests in two sessions 72 h apart:
i) 20 m in a straight line, ii) forward slalom with short changes of direction, iii) forward slalom with
wide changes of direction and iv) square course. The Kappa coefficient was used to test content
validity, obtaining moderate to almost perfect agreement results. Construct validity was also
demonstrated with very large to almost perfect correlations between tests and sessions. Good
reliability was found using intra-class coefficients (>0.86), standard error of measurement (<10.8%)
and Cronbach’s alpha (>0.86). The comparisons between CP profiles (i.e. sport classes)
demonstrated that those with mild impairment performed faster, and those with impairment of
ataxia and dyskinesia performed worse. The four tests could have applications in classification, but
may also be applied by the CP football coaches to improve athlete agility and football skills.
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1. Introduction

Football for individuals with cerebral palsy (CP football) is played by para-athletes with a
minimal impairment criterion of ataxia, hypertonia, or athetosis (i.e. three impairment types that are
most commonly associated with individuals having neurological impairment). Being eligible to
compete in this para-sport means presenting motor control impairment of a cerebral nature, causing
a permanent and verifiable activity limitation [1]. This brain injury may be due to cerebral palsy (CP),
stroke, or traumatic brain injury, compromising the function of the lower limbs and constraining the
performance of specific skills, such us jumping [2], sprinting [3], changing directions [4], or dribbling
skills [3]. Therefore, athletes competing in CP football have an impairment that leads to a competitive
disadvantage, and, consequently, requires a system that minimizes the impact of impairments on
sport performance, ensuring that the success of an athlete is determined by his/her skills, fitness,
power, endurance, tactical ability, and/or mental focus [5]. This system is called classification.

Classification is a defining feature of para-sport. It is defined as grouping athletes into sport
classes according to how much their impairment affects fundamental activities in each specific sport
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or discipline, and that those classification systems should be evidence-based and sports-specific [6].
In CP football, during the last three decades (i.e. since its introduction at the 1984 Paralympic Games),
a functional system was applied in this para-sport, developed by the Cerebral Palsy International
Sports and Recreation Association [7]. The system comprises eight functional classes: the first four
groups (classes 1-4) correspond to athletes who need a wheelchair to perform any sport, while the
last four groups (classes 5-8) host ambulant athletes, that is, those eligible for CP football. Specifically,
those with moderate spastic diplegia where the function of lower limbs is limited by bilateral
spasticity are grouped in the sport class FT5; those with a moderate ataxic or athetoid profile
involving the four limbs and trunk in the sport class FT6; those with moderate hemiplegia where one
side of the body (right/left arm and leg) is affected by spasticity belong to the sport class FT7; and
those with mild involvement of diplegia, ataxia/athetosis or hemiplegia, also called minimal
impairment criteria to be eligible in this para-sport, are allocated in the sport class FT8 [8].

Athletes who practice football should have basic movement patterns such as running, jumping,
sprinting, crouching, changing direction and rhythm [9], requiring players perform several actions
that utilize strength, speed, power, agility, stability, flexibility, and endurance [10]. This intrinsic
complexity and the multiple skills required in a team sport like this is a challenge when the sport is
played by people with brain injury. More specifically, players with hypertonia have an abnormal
increase in muscle tension and a reduced ability of the muscle to stretch, those with ataxia exhibit
impaired coordination of muscle movements and those with athetosis usually exhibit unbalanced
and involuntary movements due to constant changes in muscle tone and difficulty maintaining a
symmetrical posture. These impairments can hamper player performance on the field, reinforcing
the desirable link between impairment and activity limitation for classification purposes. In addition,
football is a sport modality characterized by intermittent motor actions of short duration and high
intensity, as well as moments of longer duration and lower intensity [11,12] characterized by the
requirement of short races, rapid acceleration, and decelerations, turns, jumps, and changes of
direction [13]. During a football match, players make changes of direction every 2 to 4 s [14] or
perform between 1200 and 1400 times during a match [15]. Change of direction (COD) ability can be
described as the ability to change direction while sprinting over a pre-planned course [16], so linear
and change-of-direction speeds are essential qualities for athletes who play field sports, such as
football [17,18]. In our para-sport, a recent study by Yanci et al. [19] demonstrated that football
players with CP covered less distance at high-intensity running and sprinting, performing a smaller
number of moderate- and high-intensity accelerations and decelerations, had a lower player load and
performed fewer CODs in official matches as compared with conventional football players as
reported in other studies. In addition, it has been demonstrated that those players with lower
impairment (FT8) covered more distance at high-intensity running (13.0-18.0 km-h-1) and sprinting
(>18.0 km-h-1), and they performed more accelerations, decelerations, and CODs at a high intensity
in matches than did other players (i.e. FT5/6 and FT7 groups) [20].

Although noticeable steps have been made to describe the relationships between impairment
and activity limitation in this para-sport [21], relevant questions remain to be solved for the
development of a sports-specific, reliable, and evidence-based classification system in CP football.
First, recent and relevant research on this topic has considered para-athletes with the brain
impairments of ataxia, athetosis, or hypertonia as a unique group, so the relationships between
impairment and limitation of activity would be biased. Second, the identification of the relationships
between impairment and sport performance presents another particular challenge in team para-
sports [22], because there are several performance factors occurring at the same time [21].
Furthermore, the inclusion of the ball when the relationships between impairment and limitation of
activity are studied may also influence testing reproducibility [3].

Because football players with CP lack a repertoire of motor skills to perform the varied skills
that football requires, and CODs have a prominent role during a football match, there is a need to
develop a valid and reliable test to evaluate this. This study aims to explore the validity and reliability
of a test battery [23] to assess CODs, together with ball dribbling in para-footballers with CP. More
specifically, the study aims to validate the content validity through evaluation by a panel of experts
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in the field of CP football to analyze the reliability of the test battery in relation to its internal
consistency (i.e., construct validity), intraclass correlation index, temporal stability, and association
between the tests. In addition, the performance outcomes by players with different CP profiles (i.e.,
spastic diplegia, athetosis/ataxia and spastic hemiplegia) and levels of impairment (i.e.,, ambulant
individuals with moderate vs mild CP) are also discussed.

2. Materials and Methods

2.1. Participants

Thirty-five male football players with CP from three different countries (Brazil = 12, Spain = 10
and Portugal = 13) participated in the study. The total sample was characterized according to age
(24.8 + 6.3 year), body mass (67.5 + 8.2 kg), height (173.3 + 7.1 cm), and body mass index (22.5 + 2.4
kg/m?), and descriptors per sport class appear in Table 1. Thirty-three para-athletes (94.3%) had a
diagnosis of CP, and the remaining two para-athletes (5.7%) had traumatic brain injury and stroke,
respectively. Five of the para-athletes (14.3%) acquired their brain injury in adulthood, and thirty
para-athletes (85.7%) had a congenital deficiency. The inclusion criterion included the eligibility for
CP football according to the IFCPF classification rulebook [1] and having a valid sports license for a
national competition when the data collection took place (i.e., sports season 2017/18). As an exclusion
criterion, goalkeepers did not take part in the study considering that the purpose was to evaluate
movements with specific CODs during a football match. Participants were informed that
participation was on a voluntary basis and they were recruited through an invitation letter that was
sent to relevant sports clubs in each of the three countries. Written informed consent was obtained
from participants and their trainers, and data collection was conducted in each of the three countries.
The study was approved by the Institutional Review Committee of the Miguel Hernandez University
(reference number DPS.RRV.01.14) and complied with the recommendations of the Declaration of
Helsinki.

Table 1. Characteristics of the para-footballers with CP.

Bilateral Spasticity Dyskinesia or Unilateral Spasticity Mild
or Diplegia Ataxia or Hemiplegia Impairment
Sport Class FT5 FT6 FT7 FT8
N 5 8 19 3

Age (years) 21.6£28 245140 252+73 28.0+£11.1

Height (cm) 175.3£7.3 170.6 £ 8.1 1758 £7.8 172.9+87
Body Mass (kg) 674+95 60.6+5.3 69.7£129 723£5.0

BMI (kg/m?) 21.8+£22 21017 22.8+3.3 244+24

N =number of participants, cm = centimeters, kg = kilograms, BMI = body mass index, M + SD.
2.2. Measurements

2.2.1. Test #1. Ball Dribbling in a Straight Line

In a defined area of 3 x 22 m, the athlete dribbles the ball over 20 m (Figure 1a). The athlete must
run across the two cones (1-5 m apart) 2 m after the finish line, and the test is invalid in the case of
the ball passing one of the lateral boundaries.



Brain Sci. 2020, 10, 74 4 of 11

. 15m s o )
a 4
I o = Finish line :
A Y A N :
2m | -
NS 1 : a 15m a -
Finish line 1 €rnranns > F—N
4 Finish line A
I 4. :
I imsa
1 +
1 15m i A A :
: 1 ; '-> a «— i26m
20m : : i22m R a2 :
: : [} - -,
! : S : d 4 \ 2)
1 : N : e -\ . a
° : -\ :11m - F—s y N
. H ~ v
: _ ’| P4 8m Jereemernesn, »,
: A 7 A 5m ~ 4m ¢
° : ¢ s ! ;, ................ > ~ s,
: LS
v AT : N
-
. ;\\ m 15m NS
1 - 64 ?4 e ’ \\
- m - ’
. | o b .{; : . fam : Start/lesh‘ an S~
. Pom 1 - ) - Start m . : H Cone m Mys -
Startline ¥ dia— ' __Jh ¥ Startline da_> k¥ A line - A -l -
emrereeennnaeanneananip e > ¢lm tmm e m—m————
- 3m € eerereieiarnnaes s > ()
Test #1 Test #2 Test #3 Test #4

Figure 1. A schema for the four change of direction (COD) tests: ball dribbling in a straight line (1a,
#1), slalom with short CODs (1b, #2), slalom with large CODs (1c, #3) and square (1d, #4).

2.2.2. Test #2. Ball Dribbling with Short Slalom CODs

In a defined area of 3 x 11 m, the athlete dribbles the ball between seven cones with 1.5 m
separating each cone and 1 m from/to the start/finish lines (Figure 1b). The test is invalid in the case
of the ball passing one of the lateral boundaries or the athlete floors a cone during the course.

2.2.3. Test #3. Ball Dribbling with Long Slalom CODs

In a defined area of 8 x 26 m, the athlete dribbles the ball between five cones with 6.4 m of
separation (i.e., diagonal distance) (Figure 1c). The test is invalid in the case of the ball passing one of
the lateral boundaries or the athlete floors a cone during the course.

2.2.4. Test #4. Ball Dribbling in a Square

In a defined area of 4 x 4 m, the athlete starts at the bottom left cone (Figure 1d) and (1) runs a
diagonal course to the front cone, (2) performs a COD towards his left side and runs to the opposite
cone, (3) changes the direction towards his right-side to run again the diagonal of the square and (4)
changes the direction towards his left-side again to run towards the same cone where the test began.
The testis invalid in the case of the athletes losing control of the ball or the athlete floors a cone during
the course.

All the measurements were conducted on artificial grass with an official football ball (Nike Strike
5, Oregon, USA), and three stopwatches (Casio HS-3V, Tokyo, Japan) were also required for data
acquisition. All performance outcomes were recorded and expressed in seconds (s). All the athletes
performed the tests properly equipped with clothing and boots suitable for practicing the sport.

2.3. Procedures

2.3.1. Expert Consultation

Because the battery of test proposed by Martins [23] has not been previously applied to para-
footballers with CP, prior to the study, an expert consultation was conducted. Four experts with deep
knowledge of CP football (two national coaches, the IFCPF head of classification and one university
professor with expertise in adapted physical activity and para-sports) were consulted about the
content validity of the test battery. The principal investigator of the study interviewed the four
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experts, asking them the following four questions regarding to the four tests used in this study: i)
about the understanding of the tests and its procedures with four possible responses (very easy, easy
to understand, hard to understand or very hard to understand), ii) about the applicability of the tests
(i.e., space and material required) with the same four possible responses, iii) whether the tests
reproduce similar demands as in a CP football match with four possible responses (yes, they
reproduce very well; yes, it is possible to see proximity; no, proximity is not visible; or no, it has no
proximity), and iv) whether training with these tests would improve agility, COD, coordination,
balance or football technique with two possible responses (yes or no).

2.3.2. COD Performance

In general, all the tests were applied under the same conditions across the different countries
and groups of para-athletes. As the four COD tests aim to reproduce the movements made by the
para-athletes during a football match and they must perform them in the shortest possible time, a
warm-up was conducted prior to data collection sessions to increase the athletes” preparation for
subsequent efforts and maximize their performance [24]. An active warm-up was performed,
consisting of 15 min of running with and without the ball and passing the ball with a goal to increase
muscle temperature, blood flow and metabolic responses, allowing for better performance in each
athlete [25]. All the para-athletes and their coaches received the testing protocols prior to the first
testing session.

The four tests were conducted in a single-day session, always following the same order of
execution; that is, straight ball dribbling, ball dribbling in short and long slaloms and ball dribbling
in the square area. The athletes were instructed to use their dominant or preferred foot for ball
dribbling, but there were no restrictions for using both feet. The athlete started the test at the “Ready,
set, go” commands provided by one of the observers. Every test was performed three times, having
3 min of rest between trials and a minimum of 5 min between tests [26]. Every trial was measured by
three independent observers equipped with a stopwatch, and the outcome of the trial was the mean
value of the three records. All the timekeepers who collaborated in each of the countries were
properly instructed on handling the timers and had prior knowledge about the testing protocol and
how they should act. The best trial per athlete per tests was used for data analysis.

Three days after the first test session, a retest session was performed following the same protocol.

2.4. Data Analysis

The results are presented as means + standard deviations. Regarding the content validity of the
data reported by the experts, the Kappa coefficient was used with the following interpretation: 1.00-
0.81 as almost perfect agreement, 0.81-0.61 as substantial, 0.41-0.60 as moderate, 0.40-0.21 as fair,
0.20-0.01 as none to slight and <0 as no agreement [27]. Reliability between sessions was assessed
using intraclass correlation (ICC) and standard error of measurement (SEM) as metrics of relative
and absolute reliability, respectively. ICC values >0.90 were considered excellent, 0.75-0.90 as good,
and < 0.75 as poor to moderate [28]. The SEM was calculated using the following formula: SEM =
SD - V1 —ICC [2]. Test reliability was also assessed using Cronbach’s alpha, considering scores over
0.70 acceptable [29]. A t-test of related measurements was used to calculate the differences between
the scores obtained in the two testing sessions.

The relationships between the different tests were assessed using Pearson’s product-moment
correlation (r), with the following scale of magnitudes to evaluate correlation coefficients: <0.1, trivial;
0.1-0.3, small; <0.3-0.5, moderate; <0.5-0.7, large; <0.7-0.9, very large; and <0.9-1.0, almost perfect
[30]. A one-way analysis of variance (ANOVA) with the least significant difference post hoc
comparison (Tukey’s correction) was used to examine the mean differences among sport classes.
Practical significance (i.e. effect sizes) was calculated using Cohen’s d with Hedges” correction (dg)
for (sub)samples below 20 participants [31]. The interpretation of this effect size was made according
to the following values: <0.25 = trivial; 0.25-0.50 = small; 0.50-0.80 = moderate; and >0.80 = large [32].
Statistical significance was set at p <0.05. Data analysis was performed using the Statistical Package
for Social Sciences (SPSS Inc, version 24.0 for Windows, Chicago, IL, USA).
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3. Results

3.1. Content Validity

The four experts who were consulted on the feasibility of applying the test battery in a group of
para-footballers with CP reported that tests were very easy (75%, n = 3) to easy (25%, n =1) to
understand (x = 1.00, p = 0.046). The level of agreement about the applicability of the test in this
population was perfect (100%, x = 1.00, p < 0.001). With regard to the reproducibility of a CP football
match throughout the test’s battery, all the experts agreed “yes”, but 50% (n = 2) reported “they
reproduce very well” and the other 50% reported that “it is possible to see proximity” (i« = 1.00, p =
0.046). With regard to whether the test battery could improve COD, agility, coordination and balance,
75% of the experts responded “yes” and 25% responded “no” (x = 0.43, p = 0.046).

3.2. Test Reliability and Reproducibility

Table 2 shows the scores obtained in testing sessions one and two (i.e., 72 h retest). Considering
the mean values of the best trials in the two sessions, the test (#1) where ball dribbling was only
required in a straight line was the test with the lowest scores (4.68 + 1.25 s), followed by test #2 with
short slaloms (7.87 + 2.29 s) and test #4 with a square course (10.34 + 2.46 s), while test #3 with
demanding wide slaloms was the test that required more time for its completion (19.61 + 4.78 s). All
the tests exhibited good-to-excellent relative reliability (ICC = 0.86-0.97), with percentages of SEM
(i.e., absolute reliability) from 4.6% (test #4) to 10.8% (test #2). However, the performance between
testing sessions significantly improved for all the tests (p < 0.05).

Table 2. Means and standard deviations for tests and sessions and reliability scores.

Session1l Session2 ICCi2 SEM (%) IC(95%) o t p
Test #1 (s) 48+13 46+12 095 0.29 (6.3) 091097 0.95 3.03 0.005
Test #2 (s) 83£25 75+20 086 0.85(10.8) 0.73-0.92 0.86 3,56  0.001
Test#3(s) 20.0+50 192+46 096 098(5.00 0.93-098 096 320  0.003
Test#4(s) 10.5+2.6 102+24 097 047(46) 0.94-098 097 232  0.026

s = seconds, ICC = intra-class coefficient, SEM = standard error of measurement, IC = interval of
confidence, M + SD.

3.3. Construct Validity

To assess the construct validity of the test, that is, if they measure similar football skills,
Pearson’s correlations were conducted between all the tests. Due to significant differences being
obtained between sessions 1 and 2, the correlations were done considering the tests scores in each
individual session (Table 3). The correlations between sessions for each individual test exhibit very
large to almost perfect correlations (r = 0.88-0.97; p < 0.001). Among the tests, similar correlations
were also obtained for session 1 (r = 0.85-0.94; p < 0.001) and session 2 (r =0.72-0.93; p < 0.001).

Table 3. Correlations between tests and sessions.

Test #1s2 Test#2s1 Test#2s2 Test#3s1l Test#3s2 Test#4sl Test #4 s2

Test #1 s1 0.950%* 0.846** 0.780%** 0.942** 0.928** 0.898** 0.885**
Test #1 s2 0.766** 0.715** 0.894** 0.882** 0.832** 0.815**
Test #2 51 0.877** 0.887** 0.925** 0.919** 0.902**
Test #2s2 0.813** 0.854** 0.815** 0.852**
Test #3 s1 0.963** 0.942** 0.937**
Test #3 s2 0.954** 0.934**
Test #4 s1 0.966**

s = session, ** p <0.001.
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3.4. Between-Group Differences

To assess between-group differences, the scores of session 2 were used because better
performance scores were obtained in that session. The ANOVA only showed overall between-group
differences in test #2, including the pair comparison of FT6 (i.e., moderate ataxia/athetosis) vs FT8
(i.e, minimal impairment criteria) sport classes. However, Table 4 shows that para-athletes with
athetosis and ataxia (i.e., FT6) are those with the worst performance in all the tests, while those with
minimal impairment criteria (i.e, FI8) obtained the best scores. In addition, para-footballers
belonging to class FT8 had large effect sizes when compared with the other sport classes in all the
tests (dg = 0.82-1.75, large).

Table 4. Between-group comparisons according to para-athlete sport class.

Pair Comparisons (ds)

Test Class M+SD F p

FT5 FT6 FT7 FT8
#1 FT5 4509 146 0.246 - -0.50 -- 0.99
FT6 52x15 -- 0.55 1.08
FI7 45+1.1 -- 0.82
FT8 3.6+05 -~
#2 FT5 75+26 3.31 0.033 - -0.49 0.11 1.02
FT6 8.8+24 -- 0.83 1.64*
FI7 73+t14 -- 1.66
FT8 50x0.1 --
#3 FT5 20651 1.58 0.214 - -0.11 0.36 1.15
FTé6 21.1+4.0 -- 0.50 1.58
FI7 18.8+4.7 -- 0.82
FT8 15.0+1.3 -~
#4 FT5 10.8+29 1.63 0.202 - -0.12 0.27 1.13
FTé6 11.1+£2.0 -- 0.42 1.75
FI7 10.1+£24 -- 1.01

FT8 77+£04 -
FT = sport class, dg = effect size, * p <0.05.

4. Discussion

The aim of this study was to evaluate the content and construct validity, and the reliability of
four agility tests requiring ball dribbling in football players with CP. The previous research in this
population demanding sport-specific skills is scarce [3], so this study provides new evidence about
the feasibility of its implementation for classification or training purposes. Apart from this, this is the
first time that the test battery [23] has been applied to para-footballers with CP after an expert
consultation verifying that the test battery was feasible and pertinent for this population. Therefore,
anew group of tests to assess CODs in para-footballers with CP is now available with good reliability
(o0 =0.86-0.97), increasing the recent evidence for the Illinois Agility Test (IAT) or the Stop and Go (S
& G) test [3], unique evidence on this topic to the best of the authors knowledge. The study by Reina
et al. [3] investigated the effect of the ball dribbling when performing the abovementioned agility test
and a 40 m straight sprint, with and without ball dribbling. This cross-sectional study involved 82
international para-footballers with CP, but the measurements were done in a single session. As a
result, the between-session reliability was not explored (as our study did). The IAT with ball dribbling
had an ICC value of 0.84 and an SEM of 6.3%, while the S&G test had an ICC of 0.48 and an SEM of
9.8%. The three tests of this study requiring CODs (#2, #3 and #4) had better ICC and SEM values,
except the SEM of test #2 (SEM = 10.8%).

Although test #1 does not really demand a COD due to it consisting of a straight-line sprint with
ball dribbling, this study reports its reliability when ball dribbling is required in a shorter run as
compared with the study by Reina et al. [3], where para-athletes had to run 40 m with partial
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measurements at 10 m and 25 m. Our study exhibits better ICC values (0.95 vs 0.84 at 10 m, 0.76 at 25
m and 0.73 at 40 m) and similar SEM values (6.3% vs 4.5% at 10 m, 6.2% at 25 m, and 6.5% at 40 m).
The 20 m sprint has been recently used to explore the relationships between performance and match
load using GPS technology [21], but without involving ball skills during the test. Therefore, this study
provides new evidence about the feasibility and reliability for implementing a sport-specific test that
better replicates the demands of the real game [19-21].

Test reproducibility deserves a special mention, as significant differences were found between
test and retest sessions. This is the first study reporting between-sessions reliability in para-athletes
with CP, suggesting the potential bias of a learning effect. The IPC Position Stand on Classification
in Paralympic Sport [5] identifies and describes several criteria for a valid measure of impairment:
measures should be objective, reliable, precise, specific to the impairment of interest, parsimonious
(i.e. account for the greatest possible variance in sports performance) and, as much as possible, be
resistant to the effects of training (i.e. when athletes undertake rigorous, sport-specific training, pre-
training measures of impairment should not be significantly different from post-training measures
of impairment) [33]. Although our tests assess performance when sprint/CODs with ball dribbling
are required and not the impairment, the improvement in performance after 72 h from the first
session is a remarkable finding for classification purposes. Current methods of classification include
both novel motor tasks (i.e. tasks that are unlikely to have been practiced by the athlete in the usual
course of training for his or her sport) and sport-specific activities (i.e., tasks that are likely to have
been frequently practiced by athletes training for the sport), so a familiarization with the classification
protocols would be recommended to avoid bias in the decision-making of classifiers, that is, the para-
athlete exhibits more limitation of activity than really he/she has due to unfamiliarity with the tests.

The construct validity of the test battery has also been demonstrated, with very large to almost
perfect correlations found between tests and testing sessions (r = 0.72-0.97), so the tests measure
similar components of agility. These correlations are higher than those obtained in other studies with
this population, correlating the IAT with the S&G test (r = 0.35, p < 0.01) and the straight sprint at 10
m (r=0.35, p <0.01), 25 m (r = 0.50, p < 0.01), and 40 m (r = 0.34, p < 0.01) [3]. The correlations in this
study are also higher than those obtained in a study with 99 international para-footballers with CP
[4], where the relationship between the IAT (without ball dribbling) and the Modified Agility Test
was explored. Whereas the study by Reina et al. [3] demonstrates a higher variability in sports
performance when agility tests performed while ball dribbling is required, our study increases the
options for testing agility in para-footballers with CP with shorter courses and time requirements for
its completion, especially in tests #2 and #4.

Regarding the between-group comparisons, our results should be interpreted with caution due
to the number of players per sport class. It should be mentioned that the sport class distributions
obey the para-sport rules, where two players of the sport classes FT5/FT6 must be on the field of play
and no more than one FT8 player would be included in the line-up. Nevertheless, the large effect
sizes when comparing FT8 para-footballers with the other three sport classes demonstrated that those
with a lower level of impairment exhibit better sports performance [2—4,8,19,21,34]. In addition, it
was found that FT6 players performed the worst in all the tests, reinforcing the idea that those with
dyskinesia or ataxia would be those para-athletes in which brain injury may affect, to a higher extent,
sports performance (i.e., limitation of activity) when multiple skills are required. Para-athletes who
have ataxia (involuntary movements and impaired coordination), athetosis (involuntary contractions
of the muscles) or dystonia (repetitive torsions and movements or abnormal postures) are individuals
that have general problems with balance and performing departures, stops and turns during a race
[35]. Accordingly, a recent study conducting a biomechanical comparison of the initial sprint
acceleration performance and technique in an elite athlete with CP of this profile and able-bodied
sprinters demonstrated the impact of this type of CP on performance in a competition-specific
acceleration movement [36]. Therefore, when the ball is included during testing, driving it makes it
more difficult to accomplish the task, constraining their motor control, and they take longer than the
other sport classes.
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FT5 players have been considered the other “low sport class” sub-group (i.e., more impaired for
the real game) [21], and they were the second sub-group with lower performance (i.e., after the FT6
sport class), except for tests #1 and #2, with scores similar to FT7 para-footballers. Athletes of class
FT5 are individuals with spastic diplegia, that is, they present with spasticity in their legs, hips, and
pelvis. This high abnormal muscle tone causes impairment in the voluntary and passive movements
of the legs, rotational ankle abnormalities followed by poor pelvic alignment [37]. These compromises
cause difficulty and reduced steps for athletes to move around, consequently making them take
longer to make a COD. On the other hand, those in class FI7 are para-athletes with spastic
hemiplegia, so it is common to observe limitations in gait, increased limb asymmetry or reduced
stride length [38]. Therefore, knee and hip control are also affected by spasticity and possible loss of
range of motion due to muscle contraction. However, the similar results in tests #1 and #2 (i.e. the
two tests with no or shorter CODs) would be explained by the compensatory strategies that para-
footballers may use. That is, those with spastic diplegia have shorter strides but may use both feet for
better ball control, while those with spastic hemiplegia usually use the dominant or unimpaired foot
for ball control. The differences between these two sub-groups slightly increased in tests #3 and #4,
where CODs are more remarkable, so those with spastic hemiplegia can use the unimpaired leg for
better stabilization when pivoting to perform the required COD.

Some limitations should be mentioned. First, the number of participants per sport class
constrains the between-group comparisons. However, the study has been applied with participants
from three different countries, which have national teams participating at an international level.
Second, not all the participants had international experience, or they could not be considered well-
trained para-athletes, being a potential factor that explains the differences in performance between
testing sessions. However, classification is a process that is applied at local, regional, and
international stages, so the level of training or the familiarization with the tests must be considered
in further research.

5. Conclusions

The results of this study show good values of reliability and validity for all tests where ball
control is required: ball dribbling in a straight line (#1), forward slalom with short CODs (#2), forward
slalom with wide CODs (#3), and square course (#4). Tests #3 and #4 show the best reliability results,
and they would be recommended to assess agility and COD in para-footballers with CP. In addition,
the four tests may also help CP football coaches to monitor their player's performance, which will
help the physical, tactical, and technical conditioning of players.

Author Contributions: conceptualization, L.F.D., J.L.G. and T.B.; methodology, L.F.D. and R.R.; software, L.F.D.
and R.R;; validation, L.F.D. and R.R; formal analysis, R.R.; investigation, L.F.D.; resources, L.E.D., ] 1.G. and R.R.;
data curation, L.F.D.; writing—original draft preparation, L.F.D. and A.R.; writing—review and editing, R.R,,
J.I.G. and A.R,; visualization, R.R.; supervision, R.R. and T.B.; project administration, L.F.D.; funding acquisition,
R.R. All authors have read and agreed to the published version of the manuscript.

Funding: Data collection in Spain was supported by the IFCPF.

Acknowledgements: Authors would like to thank all athletes, coaches and staff of the para-sports division of
Futebol Clube do Porto of Portugal, the Mogi and CENDEF teams from Brazil and the Hercules Paralimpico and
Levante Club de Futbol from Spain for their participation in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. International Federation of Cerebral Palsy Football (IFCPF). Classification Rules and Regulations, 2018.
Available online: https://www.ifcpf.com/about-classification (accessed on 12 December 2019).

2. Reina, R;; Iturricastillo, A.; Sabido, R.; Campayo-Piernas, M.; Yanci, J. Vertical and horizontal jump capacity
in international cerebral palsy football players. Int. ]. Sports Physiol. Perform. 2018, 13, 1-23, 597-603.



Brain Sci. 2020, 10, 74 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

Reina, R.; Sarabia, ].M.; Caballero, C., Yanci, ]. How does the ball influence the performance of change of
direction and sprint tests in para-footballers with brain impairments? Implications for evidence-based
classification in CP-Football. PLoS ONE 2017, 12, e0187237.

Reina, R.; Sarabia, ].M.; Yanci, J.; Garcia-Vaquero, M.P.; Campayo-Piernas, M. Change of direction ability
performance in cerebral palsy football players according to functional profiles. Front. Physiol. 2015, 6, 409.
Tweedy, S.M.; Vanlandewijck, Y.C. International Paralympic Committee position stand--background and
scientific principles of classification in Paralympic sport. Br. |. Sports Med. 2011, 45, 259-269.

International Paralympic Committee (IPC). IPC Athlete Classification Code, 2015. Available online:
https://www.paralympic.org/classification-code (accessed on 12 December 2019).

Durstine, ].L.; Moore, G.E.; Painter, P.L.; Roberts, S.O. ACSM s Exercise Management for Persons with Chronic
Diseases and Disabilities, 3rd ed.; Human Kinetics: Champaign, IL, USA, 2009; pp. 343-349.

Reina, R; Elvira, J.L.L; Valverde, M.; Roldan, A.; Yanci, J. Kinematic and kinetic analyses of the vertical
jump with and without header as performed by para-footballers with cerebral palsy. Sports 2019, 7, 209.
Anastasiadis, S.; Anogeianaki, A.; Anogianakis, G.; Koutsonikolas, D.; Koutsonikola, P. Real time
estimation of physical activity and physiological performance reserves of players during a game of soccer.
Stud. Health. Technol. Inform. 2004, 98, 13-15.

Bloomfield, J.; Polman, R.; O'Donoghue, P. Deceleration movements performed during FA premier league
soccer matches. J. Sports Sci. Med. 2007, 10, 6-11.

Stelen, T.; Chamari, K.; Castagna, C.; Wisleff, U. Physiology of soccer: An update. Sports Med. 2005, 35, 501—
536.

Reilly, T. Energetics of high-intensity exercise (soccer) with particular reference to fatigue. J. Sports Sci. 1997,
15, 257-263.

Wisloeff, U.L.R.IK.; Helgerud, J.A.N.; Hoff, ]. A.N. Strength and endurance of elite soccer players. Med. Sci.
Sports Exerc. 1998, 30, 462—-467.

Davids, K.; Lees, A.; Burwitz, L. Understanding and measuring coordination and control in kicking skills
in soccer: Implications for talent identification and skill acquisition. J. Sports Sci. 2000, 18, 703-714.
Bangsbo, J.; Norregaard, L.; Thorso, F. Activity profile of competition soccer. Can. J. Sport Sci. 1991, 16, 110-
116.

Brughelli, M.; Cronin, J.; Levin, G.; Chaouachi, A. Understanding change of direction ability in sport: A
review of resistance training studies. Sports Med. 2008, 38, 1045-1063.

Lockie, R.G.; Murphy, A ].; Spinks, C.D. Effects of resisted sled towing on sprint kinematics in field-sport
athletes. J. Strength Cond. Res. 2003, 17, 760-767.

Dawson, B.; Hopkinson, R.; Appleby, B.; Stewart, G.; Roberts, C. Player movement patterns and game
activities in the Australian Football League. . Sci. Med. Sport 2004, 7, 278-291.

Yanci, J.; Castillo, D.; Iturricastillo, A.; Reina, R. Evaluation of the official match external load in soccer
players with cerebral palsy. J. Strength Cond. Res. 2019, 33, 866-873.

Yanci, J.; Castillo, D.; Iturricastillo, A.; Urban, T.; Reina, R. External match loads of footballers with cerebral
palsy: A comparison among sport classes. Int. . Sports Physiol. Perform. 2018, 13, 590-596.

Reina, R.; ITturricastillo, A.; Castillo, D.; Urban, T.; Yanci, J. Activity limitation and match load in para-
footballers with cerebral palsy: An approach for evidence-based classification. Scand. |. Med. Sci. Sports
2019, doi: 10.1111/sms.13583.

Tweedy, S.M.; Mann, D.L.; Vanlandewijck, Y.C. Research needs for the development of evidence-based
systems of classification for physical, vision and intellectual impairments. In Training and coaching the
Paralympic athlete; Vanlandewijck, Y.C.; Thompson, W.R., Eds. John Wiley & Sons, Ltd: London, UK, 2016;
pp. 122-149.

Martins, F.M. Proposicado e validacdo de uma bateria de testes para avaliar as habilidades técnicas em
jovens jogadores de futebol. Doctoral Dissertation, Universidade Federal do Rio Grande do Sul, Porto
Alegre, Brasil, June, 2012.

McGowan, C.J.; Pyne, D.B.; Thompson, K.G.; Rattray, B. Warm-up strategies for sport and exercise:
Mechanisms and applications. Sports Med. 2015, 45, 1523-1546.

Bishop, D. Warm up I. Sports Med. 2003, 33, 439-454.

Mayhew, J.L.; Prinster, J.L.; Ware, ].S.; Zimmer, D.L.; Arabas, J.R.; Bemben, M.G. Muscular endurance
repetitions to predict bench press strength in men of different training levels. |. Sports Med. Phys. Fitness
1995, 35, 108-113.



Brain Sci. 2020, 10, 74 11 of 11

27.

28.

29.
30.

31.
32.

33.

34.

35.

36.

37.

38.

Landis, J.R.; Koch, G.G. The measurement of observer agreement for categorical data. Biometrics 1977, 33,
159-174.

Portney L.; Watkins M. Foundations of Clinical Research: Applications to Practice; Prentice Hall: Upper Saddle
River, NJ, USA, 2008.

Nunnally, J.; Bernstein, L. Psychometric Theory; McGraw-Hill Higher, Inc.: New York, NY, USA, 199%4.
Hopkins, W.G.; Marshall, S.W; Batterham, A.M.; Hanin, J. Progressive statistics for studies in sports
medicine and exercise science. Med. Sci. Sports Exerc. 2009, 41, 3-13.

Hedges, L.V.; Olkin, 1. Statistical Methods for Meta-Analysis; Academic Press: San Diego, CA, USA, 1985.
Cohen, ]. Statistical Power Analysis for the Behavioral Sciences; Routledge Academic: New York, NY, USA,
1988.

Tweedy, S.M.; Beckman, E.M.; Connick, M.]. Paralympic classification: conceptual basis, current methods,
and research update. PM & R 2014, 6, S11-5S17.

Boyd, C.; Barnes, C.; Eaves, SJ.; Morse, C.I; Roach, N.; Williams, A.G. A time-motion analysis of
Paralympic football for athletes with cerebral palsy. Int. ]. Sports Sci. Coach 2016, 11, 552-556.

Antunes, D.; Rossato, M.; Kons, R.L.; Sakugawa, R.L.; Fischer, G. Neuromuscular features in sprinters with
cerebral palsy: Case studies based on paralympic classification. J. Exerc. Rehabil. 2017, 13, 716-721.
Bezodis, I.N.; Cowburn, J.; Brazil, A.; Richardson, R.; Wilson, C.; Exell, T.A.; Irwin, G. A biomechanical
comparison of initial sprint acceleration performance and technique in an elite athlete with cerebral palsy
and able-bodied sprinters. Sports Biomech. 2018, 1-12.

Simon, A.L.; Ilharreborde, B.; Megrot, F.; Mallet, C.; Azarpira, R.; Mazda, K.; Pennecot, G.F. A descriptive
study of lower limb torsional kinematic profiles in children with spastic diplegia. J. Pediatr. Orthop. 2015,
35, 576-582.

Unnithan, V.B,; Clifford, C.; Bar-Or, O. Evaluation by exercise testing of the child with cerebral palsy. Sports
Med. 1998, 26, 239-251.

© 2020 by the authors. Licensee MDP]I, Basel, Switzerland. This article is an open access
@ @ \ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



