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Abstract: Background: Classification of athletes in cerebral palsy (CP) football is a key action that
aims to promote the participation of all players by minimizing the impact of their physical disabil-
ities on the outcome of the competition by establishing sports classes. As such, a new research
line has been included in the classification process at an international level; that is, the analysis of
locomotor demands during competition helps classifiers to understand the para-footballers’ profile.
Therefore, the main aim of this systematic review was to summarize the physical and physiological
responses of players with CP in different sport classes during competition. Methods: A bibliographic
search was conducted using PubMed, SCOPUS, and Web Of Science databases following Preferred
Reporting Items for Systematic Reviews and Meta-analyses guidelines using the PICOS strategy.
Results: Six studies meeting inclusion criteria analyzing physical (i.e., total distances, distances
at different speeds, high-intensity and short-term actions, change of directions, etc.) and physio-
logical (heart rate (HR), time spent at different zones of maximum HR, etc.) responses. Findings
revealed that para-footballers with CP and minimal impairment impact covered greater total and
distance above 23.04 km-h~! and achieved higher maximum speeds during match-play. Notably,
no significant differences in physiological responses were observed based on classification. Con-
clusions: The research suggests that para-footballers with CP and lower physical impairment may
exhibit enhanced performance in terms of distance covered and speed during gameplay, highlighting
their potential competence in the sport. In addition, the limited number of studies examining the
physiological response of para-footballers prevents conclusive results and differentiating between
classification groups.

Keywords: para-sport; official matches; performance; exercise; impairment

1. Introduction

Football (soccer) for people with cerebral palsy (CP) is a para-sport regulated globally
by the International Federation of Cerebral Palsy Football (IFCPF). It is a discipline practiced
by football players with central neurological injuries such as CP, head trauma, or stroke [1].
The institution which establishes the rules of the game is the Fédération Internationale
de Football Association (FIFA), but the IFCPF has included some modifications such as,
the match lasts two equal periods of 30 min separated by a half-time of 15 min, the field
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dimensions are reduced to 70 m x 50 m with 2 x 5 m goals, the offside rule does not apply,
and throw-ins are put into play by rolling the ball on the ground [1].

Classification of athletes in para-sports, particularly in CP football, is a key action that
aims to promote the participation of all players by minimizing the impact of their physical
disabilities on the outcome of the competition by establishing sports classes [2—4]. These
sport classes were called C5, C6, C7, and C8 in the first classification system [5] and later
FT5 (usually diplegic), FT6 (usually ataxia or athetosis), FT7 (usually hemiplegic), and
FT8 (minimal impairment). The new classification system developed by IFCPF, based on
scientific knowledge published to date [6,7], reduces the classes to three profiles (FT1, FT2,
and FT3), providing a new setup for competition and including a new minimum disability
criterion and new assessment methods. The new structure of sports classes for players
with CP is organized as follows: (1) based on the level of the impairment impacting on
sport-specific football skills (FT1 = severe impairment; FI2 = moderate impairment, or
FT3 = minimal impairment), and (2) the type of disability and/or affected limbs, i.e., (A)
bilateral spasticity (spastic diplegia), (B) athetosis/dystonia (dyskinesia or ataxia), or (C)
unilateral spasticity (spastic hemiplegia) [1]. The goal of this system is to address the issue
of “cut-off points”, i.e., when the classifiers must decide if a para-footballer has a moderate
or mild form of spastic diplegia, athetosis/ataxia or spastic hemiplegia, in contrast with
mild forms of these types of disability [8]. During the classification process, medical
professionals or physiotherapists carry out the physical evaluation through a battery test to
determine the degree of spastic hypertonia, dyskinesia and/or ataxia. In addition, sport
technical classifiers perform the technical evaluation through tests to assess basic physical
skills (coordination, balance, agility, strength, power, speed) and football-related skills from
the individual point of view (ball kicks, passes, and shots, dribbles and controls, and the
goalkeeper’s technique) and collective (in reduced games) to assign a sport class [1].

Over the last decade, there has been a considerable increase in the number of football
players with CP, as well as the number of events organized at the regional, national, and
international levels. Currently, 88 countries worldwide actively participate in CP football.
Additionally, there are 93 male teams (compared to 84 in 2020) and 94 female teams
(compared to 28 in 2020), according to data Worldwide Participation of IFCPFE. The rise
of this para-sport has also been reflected in the scientific context, with a large increase in
publications on football with CP [8-10]. Research into CP football has extensively explored
various aspects, including specifying the anthropometric and performance characteristics
of the players [11], assessing physical performance through functional tests [10,12-15],
and assessing the validity and reliability of different tests [6,16,17]. Specifically, it has
been shown that football players with CP exhibit lower distances covered (total, high
intensity, and sprint distance) than non-disability players [18] in match-play. However,
they covered a greater total distance (4%), more distance walking (38%), and more distance
in medium-intensity running (5%), and maintained a similar maximum velocity (0.4%) to
conventional F7 players [19]. Additionally, significant differences have been found between
match demands and small-sided game demands (2vs2+Goalkeeper, pitch size 27 x 19 m)
in football players with CP [20]. Understanding both the profiles of para-footballers
with CP and the specifics of relevant tests is essential. Additionally, knowledge of their
responses during match-play is crucial for effective training planning. The availability of
this information would not only aid classifiers in making informed decisions during the
classification process but also assist coaches in optimizing training for competitions.

Based on the aforementioned information, the main aim of this systematic review was
to summarize the physical and physiological responses encountered by para-footballers
with CP during the competition according to sport classes.
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2. Materials and Methods

This systematic review was carried out according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) adapted to the guidelines for conducting
systematic reviews in Sports Sciences [21]. Due to the specific requirements in each area
of knowledge, some modifications to the PRISMA declaration are necessary [22,23] to
improve the quality of the main findings. In this study, a review of the scientific literature
was carried out to analyze the physical and physiological responses of para-footballer
players with CP during competition.

2.1. Search Strategy

The search and selection process for this systematic review was carried out through
three specialized electronic databases in the field of Physical Activity and Sport Sciences:
PubMed, SCOPUS, and Web Of Science. All records found were exported in a comma-
separated values (CSV) format to a Microsoft® Excel document and in Research Information
Systems (RIS) formats (PubMed and Web of Science), and directly (SCOPUS) to MENDELEY,
the bibliographic manager used in this review. Keywords and their synonyms (“football”,

a7 o /awi

“soccer”, “para-football”, “football-7-a-side”, “match”, “competition”, “performance”, “ac-
tivity”, “cerebral palsy “ and “cerebral paralysis”) were entered in various combinations
using boolean operators, selected using the PICOS search strategy (i.e., Population, Inter-
vention, Comparator, Outcomes, Study design). Additionally, the bibliography (references)
section of the selected articles was manually reviewed to detect potentially eligible articles
not captured by the electronic searches. The final search strategy was carried out using
the following combination of terms: (“football*” OR “soccer” OR “para-football*” OR
“football-7-a-side”) AND (“match” OR “ competition” OR “performance” OR “activity”)
AND (“cerebral palsy” OR “cerebral paralysis”).

A time restriction between 2000 and 2023 was established for the selection of studies.
This search process was carried out independently by two authors (5.A.-H. and A.R.-F),
and in cases that generated discrepancies, a third author (D.C.) was consulted. The search
was carried out on 31 January 2023.

The results obtained in the different databases were exported in a CSV sheet for
later analysis in Microsoft® Excel (Microsoft Corporation, Readmon, WA, USA), where
the articles were classified by title, author/s, date of publication, and database. This
classification made it possible to detect duplicate/triplicate records (n = 45). A review of
the title, abstract, and list of references for each of the studies was carried out to filter them
and detect potentially relevant articles to include in the review. Subsequently, the complete
versions of the included articles were reviewed to detect those that met the inclusion
criteria established according to the PICOS strategy (Population: para-footballers with
cerebral palsy; Intervention: data registered during an official match; Outcome: measures
of physical and physiological responses; study design: an observational and descriptive
design) (Table 1). Additionally, those studies that were not written in English, as well as
conferences, abstracts, letters to the editor, errata, narrative reviews, systematic reviews,
and meta-analyses, were excluded from our review.

Table 1. Description of the inclusion and exclusion criteria according to the PICOS search strategy.

PICOS Inclusion Criteria Exclusion Criteria
Population Para-footballers with cerebral palsy Footballers without cerebral palsy and
para-athletes for other sports than soccer
Intervention Data during an official match Data during simulated match or small sided games
Comparator - -
Outcome Measures of physical and physiological responses Another nature responses

Study design

An observational and descriptive design -
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The following data was extracted from the selected studies: (a) author(s) and year
of publication; (b) number of participants; (c) sex; (d) age; (e) number of observations;
(f) competition; (g) sport class. In addition, the following variables were recorded for
locomotor responses: total distance covered and distance covered at different intensity
ranges in absolute and relative values, maximum speed reached, accelerations, decelera-
tions, changes of direction, player load, and metabolic power. The following variables were
used for physiological responses: average heart rate (HRm), maximum heart rate (HRmax),
and time spent in different intensity ranges relative to HRmax.

2.2. Quality Assessment

The methodological quality assessment of the studies was determined following the
indications of Palucci Vieira et al. [24] and was adapted from previous studies [25,26] on
sport physical performance and data collection during soccer matches involving foot-
ball players without disabilities (Table 2). The nine questions were: Q1 = Study ob-
jective(s) is/are clearly set out (Yes = 2; Maybe = 1; No = 0); Q2 = Demographic data
(no information = 0 point; only age/age group was informed = 1 point; maturity offset
also measured = 2 points); Q3 = Game rules (0-1 item described = 0 point; 2-3 items
described =1 point; 4-5 items described = 2 points; items: match duration, field size,
players a-side, match type, whether rolling substitute policy was adopted); Q4 = Reliabil-
ity /validity of the time-motion system/equipment is not stated, mentioned (i.e., a citation
of previous studies) or measured under local conditions where data collections took place
(Measured = 2; Mentioned = 1; No stated = 0); Q5 = Dependent variables defined (Yes = 2;
Maybe = 1; No = 0); Q6 = Duration of players recordings/inclusion criteria is clearly in-
dicated (Yes = 2; Maybe = 1; No = 0); Q7 = Statistics are appropriate (Yes = 2; Maybe = 1;
No = 0); Q8 = Results are detailed (description of mean, standard deviation and null hy-
pothesis significance test [p-value] = 1 point; also included effect size/magnitude-based
inferences = 2 points); Q9 = Conclusions are insightful, clear, practical applications, and
future directions (Yes = 2; Maybe = 1; No = 0). Subsequently, a sum of the points obtained
in each question for each study was made, varying the rating between 0 (minimum points)
and 18 (maximum points). Finally, the results obtained were converted into a percentage
(0% minimum and 100% maximum). Studies were considered to have a high level of bias
when they did not achieve a score > 75% [24].
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Table 2. Sample information and scores assigned to each study for the nine quality (Q) questions.

Observations Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Total Score
Reference m Sex Age Sport Class n T  (0-2 (0-2 (02 (02 (-2 (-2 (02 (02 (02 (%) (%)
Boyd et al. [27] 40 M (27200) C5/6,C7, and C8 47 I 2 1 1 0 2 2 2 1 2 13 72.2
(299'16) FT1
Gamonales et al. [28] 12 N 32' 0 65 N 2 1 2 0 2 0 2 2 2 13 722
(3.8) FT2
375
o FT3
Henriquezetal. [29] 87 M (265;3 FT1,FT2,and FT3 92 (462, 46%) I 2 1 0 0 2 2 2 2 2 13 72.2
Reina et al. (2021)[30] 259 N (2651456) FT1, FT2, and FT3 259 I 2 1 1 0 2 2 2 2 2 14 77.8
Reina etal. (2020) [31] 48 M (27300) FT5/6, FT7, and FT8 N I 2 1 0 1 2 2 2 2 2 14 77.8
Yancietal. (2018)[32] 42 M (26300) FT5/6, FT7, and FT8 62 I 2 1 0 0 2 2 2 2 2 13 72.2
Mean 20 10 07 03 20 12 20 1.8 20 132 735
(SD) 00) (0.0) (08 (07) (00) (0.9 (00 (03) (0.0 (06 (37

Note: 1 = players; M = male; N = not specified; T = type; I = international tournament; N = national tournament; ® = moderate altitude group; = sea level group; SD = standard deviation.
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3. Results

Figure 1 shows the study identification and selection process. A total of 167 studies
were identified in an initial search of PubMed (n = 38), SCOPUS (n = 64), and Web of
Science (n = 65) databases. It was found that there were 45 duplicate (or triplicate) records.
Thus, the search decreased to 90 results. After reading abstracts, 71 records were excluded
because they were articles in which footballers with CP did not participate, did not analyze
match-play responses (physical or physiological), or did not fit the topic. Afterwards, a
detailed reading of the 19 resulting studies was made, with 10 of them excluded because
they were articles written in other languages (Portuguese and Korean). They did not
analyze physical or physiological responses during match-play, or they analyzed these
variables in training sessions or assessed functional tests. Therefore, a total of 81 records
were excluded, and finally, 6 of these studies were included in the systematic review.

PubMed SCOPUS Web Of Science

S (n=38) (n=64) (n=65)

=

S l |

o=

=]

=

o

") > Duplicate records

(n=45)
v
Articles after duplicates/triplicates
removed (n = 90)

o

‘e Articles excluded by inclusion/exclusion criteria (n = 81)

g > - 44 records did not fit the topic.

3 - 13 records whose sample did not footballers with CP.
- 22 studies did not analyze measures of physical and
physiological responses in official matches.

- 2 studies not written in English or Spanish.

F Articles excluded by other reasons (n = 3)

3 ——— - 2 studies analyzed the results without differentiating the

& sport classes.

- - 1 study divided the sample according to the time played.

= \ 4

9]

©

% Articles included in the systematic review

£ (n=6)

Figure 1. Diagram flow of the review.

The results of methodological quality and risk of bias in the studies included in the
review are shown in Table 1; the mean score is 73.5 & 3.7%. The highest value, 77.8%, was
reported in two studies [30,31], while 66.6% of the studies reached a methodological quality
of 72.2% (n = 4) [27-29,32].

All the studies fit the inclusion and exclusion criterion analyzing physical respo-
nses [27-32], but only one the physiological responses [27]. Three studies attended to the
new classification FT1 to FT3 [28-30] and three to the old classifications C5/6, C7 to C8 [27],
and FT5/6 to FT8 [29,31]. The number of participants in the studies analyzed was 488, of
whom 4 belonged to C5/6, 29 to C7,7 to C8, 9 to FT5/6, 32 to FI7, 7 to FT8, 64 to FT1, 238 to
FT2, and 56 to FI3; of the remaining 42, it is not known how many correspond to each FT,
since the authors determine and quantify the sample (8 from FT5, 3 from FT6, 42 from FT7,
and 9 from FT8) by the total number of individual observations, n = 62 [32]. Four studies
determined the sex of the sample (all male) and only two did not determine it [27,28,30,31],
but they were men observing the city and the year of the competitions.

Tables 3 and 4 shows the total and distance covered at different speed ranges by players
with PC during match-play, expressed in absolute and relative terms, respectively. The
speed ranges to classify the distance covered were diverse: between 17.64-23.04 km-h~!,
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above 23.04 km-h~1 [27], between 0.6-6 km-h !, 612 km-h~!, 12-18 km-h !, 18-21 km-h 1,
21-24 km-h ™1, above 24 km-h~! [28], below 0.4 km/h, between 0.4-3 km-h~!, 3-9 km-h 1,
9-13 km-h~1 [29,30,32], 13-18 km-h !, and above 18 km-h~1 [29,30,32].

Table 3. Results for measures of total and distance covered at different speed ranges extracted from
literature research of studies on para-footballers with cerebral palsy.

Variables e etii”[‘;7l

C5/6 5642 + 674

Total distance (m) g; ggig i g;l

TOTAL 5839 + 668
C5/6 13+2
Distance between Cc7 13+£2
17.64-23.04 km /h (m) C8 12+2
TOTAL 13+2
C5/6 12+ 4
Distance Cc7 12+4
>23.04 km/h (m) C8 15+4
TOTAL 13+4

C8 > C7 and C5/6.
- Total distance.
p < 0.05 between sport - Distance covered > 23.04 km/h.

classes for CP-Football
No differences were observed
between FT5/6 and FT7 classes.

Note: SC = sport class.

Table 4. Results for measures of total and distance covered at different speed ranges extracted from
the literature research of studies on para-footballers with cerebral palsy.

Variables e Gamonales Henriquez Reina Reina Yanci
et al. [28] etal. [29] et al. [30] etal. [31] et al. [32]
FT5/6 - - - - 93.12 + 18.02
FT7 - - - - 92.88 £ 12.49
FT8 - - - 91.57 + 14.48

Total distance

76.81 £11.552
TOTAL - 92.06 4 12.47 ° 84.51 £+ 16.50 - 92.63 £ 13.54
84.43 +14.20 ¢

m/min a
( ) FT1 60.55 4 23.62 gigg :::2 1;:1%2 b 81.26 &+ 15.35 - -
a
FT2 84.24 +17.27 ;g;(é) i: ﬁég b 85.23 +17.05 - -
a
FT3 106.42 4+ 9.59 ggg} i Liéi b 84.75 + 5.13 - -
FT5/6 - - - - 1.17 + 0.64
FT7 - - - - 1.10 £ 0.76
FT8 - - - - 1.08 + 0.19
2.56 +1.052
TOTAL - 1.23 +0.58P 2.68 £1.21 - 1.11 + 0.68
Distance 1.89 +1.08°¢
<0.4 km/h (m/min) a
FT1 - %i; j:: égg b 2.03 £0.85 - -
a
FT2 , igg i é:i; . 1.69 % 0.99 - .
a
FT3 - 2.70 £ 0.96 1.78 £ 1.11 - -

151 +0.82°P
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Table 4. Cont.

Variables sC Gamonales Henriquez Reina Reina Yanci
et al. [28] et al. [29] et al. [30] et al. [31] et al. [32]
FT5/6 - - - - 9.47 +£3.10
FT7 - - - - 8.32 £ 5.66
FT8 - - - - 6.73 £2.33
11.74 £3.73 2
TOTAL - 7.89 +£2.72P 10.16 £ 5.03 - 8.30 +£4.93
Distance between 981 +3.78 ¢
0.4-3 km/h (m/min a
( ) FT1 - 191.6755f22.9870b 12.21 £ 8.32 - -
a
FT2 - 171'1996:?14'92011) 9.92 +4.11 - -
a
FT3 - 15'4837 f 42'(?96b 9.10 + 3.54 - -
Distance between 112% ifgg i g;? : : : :
06-6 km/h (m/min) g 30.80 + 5.08 : - - .
FT5/6 - - - - 40.26 + 4.39
FI7 - - - - 40.15 £ 5.15
FT8 - - - - 39.23 +4.45
38.30 £ 6.742
TOTAL - 4411 +5.67° 42.33 + 8.52 - 40.02 +4.84
Distance between 4120+ 684°
3-9km/h (m/min a
( ) FT1 - ig?; i 233 b 39.45 +9.14 - -
a
FT2 - Zigg i ggg b 42.54 + 8.17 - -
a
FT3 ; e L, 44.40 £8.78 . .
Distance between llgé ;8;21 i }égg : : : :
6-12km/h (m/min) - pps 36,50 + 4.43 - - - -
FT5/6 - - - - 27.28 +11.59
FI7 - - - - 28.40 + 9.08
FT8 - - - - 26.30 + 7.28
14.68 +5.36 2
TOTAL - 2211 +6.90° 19.38 £+ 25.45 - 27.87 £9.18
Distance between 18.39 + 7.19 ¢
9-13 km/h (m/min a
( ) FT1 - }g(l)i i gig b 17.21 £7.32 - -
a
FT2 - ;g;g i zgg b 20.33 + 30.42 - -
a
FT3 - ;32; i ;ib 17.47 £ 6.26 - -
. FT1 5.40 £ 5.95 - - - -
Distance between FT2 10.38 + 6.58 ) . ) }

12-18 km/h (m/min)  r3 2349 + 6.26 - - . ,
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. Gamonales Henriquez Reina Reina Yanci
Variables SC et al. [28] etal. [29] et al. [30] etal. [31]  etal. [32]
FI5/6 - - - 11.34 £ 5.07 12.21 £5.76
FT7 - - - 11.62 + 4.53 11.64 +4.18
FT8 - - - 13.70 £ 5.35 13.71 £4.95
728 +£4.112
TOTAL - 12.89 £ 5.10° 947 + 5.46 11.87 +4.71 12.00 + 4.52
Distance between 1023 +5.32¢
13-18 km/h (m/min) 6.42 4+ 3.79 a
FT1 - 937 + 474 b 8.08 +4.97 - -
852 +423%2
FT2 - 1455 + 474D 9.81 +5.59 - -
524 +2972
FT3 - 10.82 + 438 9.45 + 5.30 - -
FT5/6 - - - 2.65 £+ 2.09 2.73 +2.09
FT7 - - - 3.23 £ 1.60 3.20 +1.63
FT8 - - - 497 £2.97 453 + 3.01
205+1.622
TOTAL - 3.96 +2.69b 3.05 +2.79 3.38 +£2.01 3.27 +1.96
Distance 3.01+241°¢
>18 km/h (m/min) 14240952
FT1 - 244 +194b 2.04 + 2.09 - -
240+ 1.684
F12 - 454 +287b 3.18 +2.82 - -
1.39 £1.672
FT3 - 355 4+ 217D 356 4 3.11 - -
. FT1 0.96 + 1.76 - - - -
183??(“‘73?(”/"“.‘ ) D2 3.85 + 3.60 - - . ;
m/m/mm) - g 9.87 + 3.65 - - - -
. FT1 0.06 +0.18 - - - -
21[_);S4tince/ﬁe(tw/eer.‘ ) D2 0.54 +0.76 - - - -
R A < K 1.79 + 1.14 - - - -
Distance FT1 0.00 =+ 0.00 - - - -
. F12 0.11 + 0.25 - - - -
>24km/h (m/min) g 0.32 4023 - - - -
FT3 > FT2 > FT1. FT1>FI3=FT2in
- Total distance. distance covered
- Distance covered between FT8 >
between 12-18, 18-21, Does not 0.4-3 km/h. FI5/6 in
and 21-24 km/h. analyze the distance
significant FT3=FT2 >FTlin covered No
FT3=FT2>FTlin differences distance covered >18 km/h. .
. differences
distance covered between >18 km/h.
p < 0.05 between sport were
la for CP-Football >24 km/h. CP-Football No bserved
classes to 00 classes without FT3>FTlin differences befwfeinv: ort
FT3 > FT2 in distance taking into distance covered were Classesp
covered bet-ween account the between 3-9 km/h. observed ’
6-12km/h. place of the between
competition. No differences FT8 and FT7
FT2 > FT1 in distance were observed classes.
covered bet-ween between FT2 and
6-12 km/h. FT3 classes.

Note: SC = sport class; * = moderate altitude group; ® = sea level group; ¢ = overall sample.

Maximum speed variables are shown in Tables 5 and 6, respectively. Table 6 also
shows accelerations, decelerations, impacts, and change directions (COD) values (total and
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in different ranges of intensity), as well as player load and metabolic power, all expressed
in relative terms.

Table 5. Results for measures of maximal speed extracted from literature research of studies on
para-footballers with cerebral palsy.

. Boyd Henriquez Reina Reina Yanci
Variables SC etal. [27] etal. [29] et al. [30] etal. [31] etal. [32]
FT5/6 24.23 £1.58 - - 21.86 +2.04 21.79 £1.92
FT7 25.09 + 2.02 - - 22.94 +1.90 22.81 +£2.41
FT8 27.86 +£1.22 - - 24.41 +1.83 23.96 +2.12
21.96 +2.622
TOTAL 25.74 + 1.62 2322 4+241P 22.58 +3.18 2295 +2.01 22.81 +£2.34
Maaimarllsg)eed 22,59 + 258 ¢
m- - a
FT1 - 5222 i ing 21.28 +2.86 - -
a
FT2 - ;;Zg i ;gg b 22.74 £ 3.05 - -
a
FT3 - ;ggg i 3;? b 23.22 £3.75 - -
FT8 > FI5/6 Does not analyze the FT3 =FT2 > FT1 FT8 > FT7 and
ma;ianrer 1Zed significant . ];nae);znal mafi?i:fsm d diff ljon es
p < 0.05 between sport classes PAMAPEES differences between pees pees v?/eereC
for CP-Football No differences gﬁfgﬁtﬂ;:lgﬁlaisi: No differences No differences observed
were observed account the lice of Were observed were observed  between sport
between FT5/6 the com eItDition between FT2 between FT7 and classes.
and FT7 classes. P ’ and FT3 classes. FT5/6 classes.

Note: SC = sport class; * = moderate altitude group; ® = sea level group; ¢ = overall sample.

Table 6. Results for measures of accelerations, decelerations, player load, metabolic power, change
of directions (COD), and impacts per minute, extracted from literature research of studies on para-
footballers with cerebral palsy.

Variables sC Gamonales Henriquez Reina Reina Yanci
et al. [28] et al. [29] et al. [30] et al. [31] et al. [32]
TOTAL - - 5.07 4 0.9 - -
FT1 - - 4.87 +0.93 - -
-1
Mean speed (km-h™) gy - - 512 +1.02 - -
FT3 - - 5.09 + 0.91 - -
Total accelerati FT1 11.75 + 5.26 - - - -
o E"C;e ‘?“)1 R v 13.91 +2.93 - - - -
/mm FT3 14.93 +2.29 - - - -
Accelerations FT1 9.63 +4.20 - - - -
1to 2 m-seg 2 FT2 10.47 +2.08 - - - -
(1/min) FT3 10.77 4+ 1.74 - - - -
FT5/6 - - - 1.08 + 0.60 1.15 + 0.64
FT7 - - - 0.88 + 0.33 0.98 + 0.52
FT8 - - - 1.29 + 0.83 1.34 £ 0.79
543 +1.572
Accelerations TOTAL - 721+142% 5554381 0.98 + 0.50 1.06 + 0.58
1t02.78 m-seg_2 6.32 + 1.74 :
(n/min) FT1 - 2:;‘2 I }:g‘; b 482+278 - -
a
FT2 - ;'gi i[ i:ﬁ b 5.78+4.14 - -
a
FT3 - 404+ 113 5.29 4+ 3.11 - -

693+ 1.160




Appl Sci. 2024, 14, 3812 11 of 19
Table 6. Cont.
. Gamonales Henriquez Reina Reina Yanci
Variables S¢ etal. [25] etal. 291 etal. [30] etal. [31] etal. [32]
Accelerations FT1 1.67 £0.97 - - - -
2to3 m-seg 2 FT2 2.46 4+ 0.85 - - - -
(n/min) FT3 2.67 £0.80 - - - -
FT5/6 - - - 0.03 £ 0.03 0.03 £ 0.04
FT7 - - - 0.06 £ 0.05 0.07 £ 0.06
FT8 - - - 0.15+0.11 0.14 £0.10
1.09 £0.382
Accelerations TOTAL - 1.3240.39P 1.08 £ 0.66 0.07 £ 0.07 0.07 £ 0.07
>2.78 m-seg > 120+ 040°¢
. a
(n/min) FT1 - ggg j:: 8;_4)8 b 0.87 £+ 0.64 - -
a
FT2 ; i;? i gég b 1094059 - ;
a
FT3 - igg I gzg b 1.26 £ 0.90 - -
Accelerations FT1 0.36 +0.29 - - - -
3 to 4 m-seg 2 FT2 0.77 £ 0.43 - - - -
(n/min) FT3 1.12 + 0.36 - - - -
Accelerations FT1 0.08 £ 0.11 - - - -
4 to 100 m-seg 2 FT2 0.21 +0.15 - - - -
(n/min) FT3 0.38 +0.10 - - - -
TOTAL - - - - -
Total decelerations FT1 10.28 £ 5.29 - - - -
(n/min) FT2 12.14 +2.83 - - - -
FT3 1197 £2.13 - - - -
Decelerations FT1 8.58 £4.35 - - - -
—~1to —2 m-seg > FT2 9.39 +2.01 - - - -
(n/min) FT3 8.44 £1.50 - - - -
FT5/6 - - - 0.86 £ 0.28 0.95 £ 0.36
FT7 - - - 0.89 £0.32 0.99 + 0.44
FT8 - - - 1.37 £ 0.71 1.36 £ 0.65
420+1.26°
Decelerations TOTAL - 577 122 449 +3.15 0.95 £ 0.42 1.03 + 047
—1to —2.78 m-seg 2 4.99 + 1.46:
(/min) FT1 ] éjﬁi j_f ?izg . 3894238 - -
a
FT2 - éég I }8; p  4.69+3.44 - -
a
FT3 - :;;LZ i ?;f p 424+233 - -
Decelerations FT1 1.30 £ 0.80 - - - -
—2to —3 m-seg > FT2 1.91 £0.75 - - - -
(n/min) FT3 2.36 £ 0.62 - - - -
FT5/6 - - - 0.05 £ 0.03 0.08 £ 0.11
FT7 - - - 0.12 £ 0.08 0.13 £ 0.09
FT8 - - - 0.14 £ 0.09 0.15 £ 0.09
0.74+0.30%
Decelerations TOTAL - 096 035> 076 +0.72 0.11 £ 0.08 0.12 £ 0.09
>—2.78 m-seg > 0.85+£0.35¢
. a
(/min) FT1 - 8:?3 i[ 811? b 0554042 - -
a
FT2 - ?gg I 8;; b 0.80 £ 0.81 - -
a
FT3 - 0.74 £0.35 0.79 £ 0.54 - -

0.93+0.34b
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Table 6. Cont.
. Gamonales Henriquez Reina Reina Yanci
Variables s¢ etal. [28] etal.[29]  etal. [30] etal. [31] etal. [32]
Decelerations FT1 0.30 £ 0.22 - - - -
—~3to —4 m-seg 2 FT2 0.60 + 0.33 - - - -
(n/min) FT3 0.85 +0.18 - - - -
Decelerations FT1 0.11+£0.10 - - - -
—4to —100m-seg™2  FT2 0.25 + 0.14 - - - -
(n/min) FT3 0.32 £ 0.15 - - - -
FT5/6 - - - 10.86 = 1.83 10.76 £+ 2.02
FT7 - - - 10.39 £ 2.57 10.55 £+ 2.39
Pl load FT8 - - - 10.46 £ 1.43 10.55 + 1.35
( Aa%e; oa ) TOTAL - - 9.85 +2.26 10.49 + 2.28 10.56 + 2.19
o FT1 - - 10.05 + 1.77 - -
FT2 - - 9.87 4+ 2.40 - -
FT3 - - 9.53 £ 2.10 - -
FT5/6 - - - 106.91 + 47.25 106.74 £+ 42.43
Metabolic Power FI7 - - - 117.84 + 36.31 114.64 + 35.75
(W/min) FT8 - - - 11351 + 37.48 108.57 + 37.41
TOTAL - - - 115.16 £ 38.04 113.21 + 36.94
FT5/6 - - - - 0.50 + 0.14
Low-intensity COD FT7 - - - - 0.69 +0.43
forward (n/min) FT8 - - - - 0.46 + 0.13
TOTAL - - - - 0.62 + 0.38
FT5/6 - - - - 0.77 £ 0.39
Low-intensity COD FT7 - - - - 1.03 £ 0.41
backward (1/min) FT8 - - - - 0.67 £ 0.29
TOTAL - - - - 0.94 + 041
FT5/6 - - - - 3.87 £3.84
Low-intensity COD FT7 - - - - 2.38 + 0.83
left (n/min) FT8 - - - - 2.08 + 0.55
TOTAL - - - - 2.64 +£1.82
FT5/6 - - - - 3.35+3.14
Low-intensity COD FT7 - - - - 3.35 4+ 1.37
right (1n/min) FT8 - - - - 281 £0.77
TOTAL - - - - 327 £1.73
Medium-intensity FT5/6 - - - - 0.11 £ 0.09
COD f d FT7 - - - - 0.18 £ 0.11
( /Or.w)ar FT8 - - - - 0.18 % 0.07
/i TOTAL - - - - 0.17 £ 0.10
. . . FT5/6 - - - - 0.26 £ 0.16
Vedim intensity 1y - - - - 0.35 + 0.17
" pai V;’ar FT8 - - - - 0.37 £+ 0.13
i TOTAL - - - - 0.34 +0.17
FT5/6 - - - - 0.48 +0.30
Medium-intensity FT7 - - - - 0.40 £ 0.23
COD left (1/min) FT8 - - - - 0.39 +0.15
TOTAL - - - - 042 +0.24
FT5/6 - - - - 0.48 +0.35
Medium-intensity FT7 - - - - 0.53 +0.24
COD right (n/min) FT8 - - - - 0.52 +0.21
TOTAL - - - - 0.52 £ 0.26
FT5/6 - - - - 0.08 £ 0.09
High-intensity COD FT7 - - - - 0.08 = 0.06
forward (n/min) FT8 - - - - 0.11 £ 0.06
TOTAL - - - - 0.09 £ 0.07
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Table 6. Cont.

Variables e Gamonales Henriquez Reina Reina Yanci
et al. [28] etal. [29] et al. [30] etal. [31] et al. [32]
FT5/6 - - - - 0.17 £0.17
High-intensity COD FT7 - - - - 0.13 + 0.09
backward (n/min) FT8 - - - - 0.17 £ 0.14
TOTAL - - - - 0.14 £0.11
FT5/6 - - - - 0.11 + 0.09
High-intensity COD FT7 - - - - 012 +£0.12
left (n/min) FT8 - - - - 0.08 £ 0.07
TOTAL - - - - 0.11 +£0.11
FT5/6 - - - - 0.11 £0.10
High-intensity COD FT7 - - - - 0.13 +0.09
right (n/min) FT8 - - - - 0.17 + 0.08
TOTAL - - - - 0.13 £ 0.09
FT1 45.45 + 40.24 - - - -
Total impacts (12/min) FT2 76.75 + 39.22 - - - -
FT3 94.95 + 45.77 - - - -
Impacts FT1 38.97 £ 34.81 - - - -
. FT2 69.35 4 34.21 - - - -
2t05G (n/min) FT3 83.10 + 42.36 - - - -
Impacts FT1 5.34 £5.37 - - - -
. FT2 6.29 +5.91 - - - -
Sto7G/min) gy 1015 + 3.68 . - - -
Impacts FT1 0.67 £ 0.58 - - - -
. FT2 0.65 + 0.58 - - - -
7t08G (n/min) FT3 1.06 £ 0.12 - - - -
Impacts FT1 0.22 £0.19 - - - -
. FT2 0.25 +0.27 - - - -
809G (n/min) FT3 0.35 £ 0.11 - - - -
Impacts FT1 0.11 £0.12 - - - -
. FT2 0.11 +0.12 - - - -
110G (/min)  prs 0.12 + 0.04 . - - -
Impacts FT1 0.13 £0.12 - - - -
. FT2 0.11 + 0.09 - - - -
1010 100G (n/min) - s 0.17 + 0.09 . - - -
FT3 > FT2 > FT1.

-Accelerations 2 t(_)23 Does not 'FT3 >FT1 FT8 > FT7 and FT8 > FTZ
and 3 to 4 m-seg™~. analyze the in accelera- FT5/6 and FT5/6 in
bé&;:rller_a;gls_ 3 significant :; r71§ - Accelerations >a2C;ZIf;1tzorlsz

differences ) >2.78 m-seg 2. ' &
and —3 to —4 m-seg~~. .
m-seg—2 between - Decelerations —1 FT5/6 > FT8
p < 0.05 between sport ’ CP-Football to —2.78 m-seg 2. .
lasses for CP-Football classes No and FT7 in
¢ FT3 = FT2 > FT1. ithot differences low-intensity
—Acceleratlonle to taking into were No differences COD to the left.
100 m-seg . account the observed were observed
-Decelerations —1 to between FT7 > FT8 in
2 place of the between FT7 and ; :
—100 m-seg™~. competition FT2 and FT5/6 classes low-intensity
-Total impacts. P " FT3 classes. ' COD backward.
-Impacts 2to 5 G.

Note: SC = sport class; n = number; COD = change of direction; A.U. = Arbitrary units; ® = moderate altitude
group; P = sea level group; © = overall sample.

Finally, Table 7 shows the physiological responses recorded by the players with CP
during the competition.
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Table 7. Results for measures of physiological responses extracted from literature research of studies
on para-footballers with cerebral palsy.

. Boyd
Variables SC etal. [27]
C5/6 196 + 18
. C7 194 + 11
Maximum heart rate (bpm) cs 200 £ 6
TOTAL 197 £ 12
C5/6 161 +£2021157 £19P 1153 +£ 191158 + 18 4
b d
Average heart rate (bpm) Cc7 164 + 1421166 + 13b 1159 + 14 €1160 £ 13
Cs 170 £ 521171 £ 721168 £ 71169 =+ 10
TOTAL 165+ 1321165 + 13P1160 + 131162 + 14 d
) ) C5/6 353145P|56¢|8,04d
T 75% M
ime < 75% Maximum c7 23311.8%136¢12.74d
HR (min) b d
Cs 1.0211.6°11.9¢12.9
) 0 C5/6 442147°150¢13.94
Time between 75-85% c7 602160P168¢17.44
Maximum HR (min) b d
Cs 39214.0b150¢13.7
a b c d
Time > 85% Maximum C5/6 7.1215.8 ; 14.4¢13.3 ‘
. Cc7 6621710144148
HR (min) b d
Cs 10.4219.4%18.0¢19.0

No differences were observed between sport
classes for maximum or mean HR.

p < 0.05 between sport classes for CP-Football ~ C8 > C7 and C5/6 in time spent > 85% Max HR.

No differences were observed between C5/6
and C7 classes.

Note: SC = sport class; ® = between 0-15 min of the match; b = hetween 16-30 min of the match; ¢ = between
31-45 min of the match; ¢ = between 46-60 min of the match.

4. Discussion

Analyzing match responses in footballers with CP has a two-fold purpose. On the
one hand, coaches and strength and conditional coaches can design training drills that
allow replicable competitive situations, under-stimulated or over-stimulated; and on the
other hand, help classifiers to make decisions when assigning a player to a certain sport
class. Therefore, the aim of this systematic review was to summarize the physical and
physiological responses encountered by para-footballers with CP during the competition
according to sport classes. To our knowledge, this is the first review that analyzes these
locomotor and physiological responses in CP players during official matches. The main
results showed that players with less physical impairment cover greater total and distance
at high speeds, perform greater high-intensity acceleration and deceleration per minute,
and achieve greater maximal speed. However, the physiological responses do not seem to
be influenced by the sport class assigned.

To gain a comprehensive understanding of the responses of football PC and to optimize
performance, it is necessary to consider not only locomotor responses but also the physio-
logical responses of players during match-play [33]. Only one study included in this review
analyzes the HR, dividing the sample by sport classes [27]. In the selected study, maximum
HR values range from 200 & 6 to 196 £ 18 bpm, and average heart rate values range from
153 £ 19 to 171 £ 7 bpm. These values were obtained by the sport classes with the least
impairment (C8) and the maximum values obtained by other studies which the sample is
not divided are similar [34,35]: the values of maximum and average heart rate have been
shown 194 + 13 and 154.4 &+ 22 bpm, respectively. This similar physiological response
during matches can be attributed to several factors. On one hand, it may be due to the
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great variability existing among players in terms of muscle glycogen, free fatty acid levels,
insulin levels, and so forth, during a game [36]. On the other hand, it could be because CP
players with less physical impairment have higher levels of physical fitness [37]. Therefore,
despite demonstrating higher physical performance (i.e., covering greater total distance
and distance at high speeds), their physiological response during matches is similar, as
occurs in non-disabled soccer players [38]. However, the relationship between physical
fitness and match running performance was shown to be playing position-dependent [39]
and, therefore, more studies with CP players are necessary to analyze this aspect.

Only one study included in the review analyzes the total distance covered in ab-
solute terms dividing the sample by sport classes [27]. This study indicates that total
distance covered was 6343 + 551 m, 5642 + 674 m, and 5532 + 814 m for classes C8,
C7, and C5/6, respectively [27]. The highest values of total distance covered in rela-
tive terms in para-footballers were 106.42 + 9.59 m-min~!, 95.56 + 11.05 m-min~!, and
60.55 + 23.62 m-min—! for FT3, FT2, and FT1, respectively [28,29]. Therefore, the total dis-
tance covered seems to be related to the degree of physical impairment of footballers with
CP [27-29], as the para-footballers with minimal impairment are the ones who complete
the greatest total distance in absolute terms and per minute of play. Among the players
classified according to the previous classification system (C5/6-C8) there are significant
differences between sport classes regarding the total distance covered in absolute terms,
the same as occurs with the players classified according to the current system (FT1-FI3)
with respect to the total distance covered in relative terms. These differences between sport
classes could occur because C5/6, FI5/6, and FT1, regardless of the classification system
used, are the sport classes with the greatest physical impairments to move due to diplegic,
hemiplegia, ataxia, athetosis, dyskinesia or dystonia, unlike C8, FT8, and FT3, which are
the sport classes with the least physical impairment and the greatest locomotion capacity.

In relation to the distance covered in different speed ranges in absolute terms, only
one study included in this review analyzes these variables dividing the sample by sport
class [28]. The results showed that C8 players covered more distance above 23.04 km-h—1.
Considering the correlation between the distance covered at high speeds and the effective-
ness of attacking moves during the match [40], it appears that being able to go a greater
distance at these speeds helps players become more competent in-game. On the other hand,
an analysis of the distances covered at different speeds shows a disparity in the results
obtained in relative terms [41]. While some studies show a relationship between the dis-
tance covered at high speeds and the degree of physical impairment of para-footballers [28],
others show no such results [29,31,32]. The establishment of arbitrary values for the speed
ranges may have influenced the results obtained by the different studies [42]. More stud-
ies are needed using individualized ranges in CP footballers, which allow us to obtain
a clearer vision of the activity levels of the players in all-time motion analysis studies
using GPS devices as occurs in conventional football [43]. To our knowledge, only the
study of Goh et al. [35] analyzed match responses in para-footballers using individualized
thresholds, i.e., below 25%, between 25 and 50%, between 50 and 70%, between 70 and 90%,
and above 90% of maximum speed.

In addition to the relevance of recording the distance covered at high speeds, it is also
necessary to pay attention to the maximum speed achieved by the players, since one of the
most frequent actions preceded by goal situations in soccer is the sprint [44]. In the studies
included in this review, the maximum speed values were 27.86 4 1.22 km-h~!. Previous
studies have indicated that as the level of physical impairment decrease (i.e., C8, FT8, or
FT3, depending on the classification system in force at the time of each investigation),
maximum speed values tend to be higher [27,30,31]. This variable in football is closely
associated with physical and locomotor performance [43,45]. Therefore, players with less
motor impairment are likely to generate force more efficiently and move at faster speeds.

The intermittent nature of PC football underscores the importance of short-term
high-intensity actions, such as accelerations, decelerations and change of direction [46,47].
The intensity zones for the accelerations and decelerations are arbitrary and vary de-
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pending on the authors. Different ranges have been proposed, including 1-2 m-s~2 [28],
1-2.78 m-s~2 [29-32], 2-3 m-s~2 [28], >2.78 m-s~2 [29-32], 3-4 and >4 m-s~2 [28]. Like
the distance covered in different speed zones, there should be unanimity in the scien-
tific community for the presentation of the results in the research studies that analyze
the intensity zones of the external load variables collected by GPS devices and facilitate
the understanding and comparison of the activity levels of athletes, as pointed out by
Malone et al. [48].

In the reviewed studies, it is observed that sports classes with lesser impairment
(FT3-FT2 and FT8-FT7) exhibit higher values of accelerations and decelerations compared
to FT1 and FT5/6 classes [28,30-32]. This trend can be attributed to greater neuromuscular
impairment, poorer coordination, and reduced functional capacity resulting from spasticity,
ataxia, athetosis, dyskinesia, or dystonia [6]. In addition, this difference is conditioned by
playing time, which significantly affects the external load of PC players since those who
play more minute’s (i.e., <20, 20-40, and <40 min) experience a higher match load [18]. Ad-
ditionally, regarding Metabolic Power, Player Load, and change of direction, no significant
differences were observed between sport classes [30-32].

While the present review provides novel outcomes in physical and physiological
match-play load in CP footballers, the limitations of our findings should be acknowledged,
therefore, the results should be interpreted with caution. Firstly, studies included in this
systematic review are subject to different classification systems for para-footballers, which
has made it impossible to relate the variation in physical and physiological responses
during official matches from all the studies, according to the same sport classes. This
limitation can likely persist over time, considering that the classification process is dynamic
and subject to continuous and necessary changes to ensure competitive equality. Secondly,
it is difficult to establish a consensus regarding physical and physiological responses during
match-play, as the competitive levels included in this review are different. In this sense,
while some studies have reported data from national championships, others have focused
on international championships. Thirdly, only one study has analyzed the physiological
responses according to the sport classes of different classification systems. As such, it is
impossible to compare the results obtained. Fourth, the speed ranges and thresholds for
accelerations and decelerations vary among studies, making it challenging to compare
them. Lastly, given that all the studies are carried out in male competitions, and considering
that gender determines the physical responses of competition in conventional soccer [49],
and the participation of women football players with CP and the organization of different
events is becoming relevant, it would be necessary to analyze this aspect in future studies.
We acknowledge that subsequent to the completion of our review process, additional
relevant studies have been published. While our review was conducted up to 31 January
2023, we are aware of the inclusion of one additional study that was not part of our original
review [50] (online, ahead of print). Despite our efforts to capture all relevant literature
available at the time of our review, the dynamic nature of research in this field may result
in the emergence of new studies post-review.

Strength and conditions coaches, along with performance staff, working across para-
footballers with CP must know what the physical and physiological demands of match-play
are. Previous studies have analyzed competition demands based on different contextual
variables, such as moderate altitude [29], sport classes [32], simulated games [29], or even
in a 3-day national tournament [35]. However, to our knowledge, this is the first systematic
review to analyze the physical and physiological responses encountered by para-footballers
with CP during the competition, according to sport classes. This knowledge is essential
for adequately preparing athletes for competition and simulating competition situations
during training tasks.

5. Conclusions

The main conclusions of this systematic review suggest that para-footballers with CP
and less physical impairment (i.e., current FI3 or FI8 in the previous classification system)
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tend to cover a greater total distance, achieve higher maximum speeds, and cover more
distance above 23.04 km-h~! during match-play, indicating potentially greater competence
during a game. However, it is essential to interpret these findings with caution due to
the limited number of studies examining the physiological response of para-footballers.
Furthermore, players with an intermediate degree of impairment (i.e., current FT2 or FT7
in the previous classification system) demonstrate the highest relative values in specific
performance metrics such as accelerations from 1 to 2.78 m-s~2 and above 2.78 m-s~2,
decelerations from —1 to —2.78 m-s~2 and above 2.78 m-s~2, as well as greater peak
metabolic power suggesting unique strengths in certain aspects of play. Conversely, players
with severe physical impairment (FT1 or FT5/6 in the previous classification system) exhibit
higher player load, which may reflect different physical demands. Despite these insights,
the conclusions are constrained by the scarcity of studies directly comparing physical and
physiological demands across classification groups. Therefore, while the findings provide
valuable insights into the performance characteristics of para-footballers with CP, further
research is needed to draw definitive conclusions and inform training and classification
strategies.

Funding: This research received no external funding.

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

References

1. IFCPF. Classification Rules and Regulations. Available online: https:/ /www.ifcpf.com/static/upload/raw /8ce6fab2-257c-43a7
-a22d-db0e74f7b089 /IFCPF+Classification+Rules+2018.pdf (accessed on 26 August 2021).

2. Tweedy, S.M.; Connick, M.].; Beckman, E.M. Applying Scientific Principles to Enhance Paralympic Classification Now and in the
Future: A Research Primer for Rehabilitation Specialists. Phys. Med. Rehabil. Clin. 2018, 29, 313-332. [CrossRef] [PubMed]

3. Jaeken, D. Classification in the Paralympics: The Relationship between Impairment and Participation. Dev. Med. Child. Neurol.
2020, 62, 769. [CrossRef] [PubMed]

4. 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. [CrossRef] [PubMed]

5. Reina, R. Evidence-Based Classification in Paralympic Sport: Application to Football-7-a-Side. Eur. J. Hum. Mov. 2014, 32, 161-185.

6.  Reina, R; Sarabia, ].M.; Yanci, ].; 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. [CrossRef] [PubMed]

7. 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, 0187237. [CrossRef] [PubMed]

8.  Sarabia, ].M.; Roldan, A.; Henriquez, M.; Reina, R. Using Decision Trees to Support Classifiers’ Decision-Making about Activity
Limitation of Cerebral Palsy Footballers. Int. J. Environ. Res. Public Health 2021, 18, 4320. [CrossRef] [PubMed]

9. Roldan, A,; Sarabia, ].M.; Gémez-Marcos, G.; Reina, R. An Observational Tool to Assess Activity Limitation in Ambulatory People
with Cerebral Palsy When Performing Motor Skills. Int. ]. Environ. Res. Public Health 2020, 17, 1896. [CrossRef]

10. Pastor, D.; Campayo-Piernas, M.; Pastor, ].T.; Reina, R. A Mathematical Model for Decision-Making in the Classification of
Para-Footballers with Different Severity of Coordination Impairments. J. Sports Sci. 2019, 37, 1403-1410. [CrossRef]

11. Sarabia, ].M.; Doménech, C.; Roche, E.; Vicente-Salar, N.; Reina, R. Anthropometrical Features of Para-Footballers According to
Their Cerebral Palsy Profiles and Compared to Controls. Int. J. Environ. Res. Public Health 2020, 17, 9071. [CrossRef]

12.  Roldan, A.; Henriquez, M.; Iturricastillo, A.; Castillo, D.; Yanci, J.; Reina, R. To What Degree Does Limb Spasticity Affect Motor
Performance in Para-Footballers With Cerebral Palsy? Front. Physiol. 2022, 12, 807853. [CrossRef]

13. Pefia-Gonzalez, I; Sarabia, ].M.; Roldan, A.; Manresa-Rocamora, A.; Moya-Ramoén, M. Physical Performance Differences between
Spanish Selected and Nonselected Para-Footballers With Cerebral Palsy for the National Team. Int. J. Sports Physiol. Perform. 2021,
16, 1676-1683. [CrossRef]

14. Yandi, J.; Castagna, C.; Los Arcos, A.; Santalla, A.; Grande, I.; Figueroa, J.; Camara, J]. Muscle Strength and Anaerobic Performance
in Football Players with Cerebral Palsy. Disabil. Health J. 2016, 9, 313-319. [CrossRef] [PubMed]

15. Camara, J.; Grande, I.; Mejuto, G.; Los Arcos, A.; Yanci, ]. Jump Landing Characteristics in Elite Soccer Players with Cerebral
Palsy. Biol. Sport 2013, 30, 91-95. [CrossRef] [PubMed]

16. Reina, R.; Barbado, D.; Hernandez-Davd, H.; Roldan, A. Dynamic and Static Stability in Para-Athletes with Cerebral Palsy
Considering Their Impairment Profile. PM&R 2022, 14, 366-376. [CrossRef]

17. Pefia-Gonzalez, I; Javaloyes, A.; Manuel Sarabia, J.; Moya-Ramon, M. Assessing the Sprint Force-Velocity Profile in International

Football Players with Cerebral Palsy: Validity, Reliability and Sport Class’ Profiles. J. Hum. Kinet. 2022, 82, 253-262. [CrossRef]
[PubMed]


https://www.ifcpf.com/static/upload/raw/8ce6fab2-257c-43a7-a22d-db0e74f7b089/IFCPF+Classification+Rules+2018.pdf
https://www.ifcpf.com/static/upload/raw/8ce6fab2-257c-43a7-a22d-db0e74f7b089/IFCPF+Classification+Rules+2018.pdf
https://doi.org/10.1016/j.pmr.2018.01.010
https://www.ncbi.nlm.nih.gov/pubmed/29627091
https://doi.org/10.1111/dmcn.14537
https://www.ncbi.nlm.nih.gov/pubmed/32484580
https://doi.org/10.1136/bjsm.2009.065060
https://www.ncbi.nlm.nih.gov/pubmed/19850575
https://doi.org/10.3389/FPHYS.2015.00409
https://www.ncbi.nlm.nih.gov/pubmed/26779037
https://doi.org/10.1371/JOURNAL.PONE.0187237
https://www.ncbi.nlm.nih.gov/pubmed/29099836
https://doi.org/10.3390/ijerph18084320
https://www.ncbi.nlm.nih.gov/pubmed/33921841
https://doi.org/10.3390/ijerph17061896
https://doi.org/10.1080/02640414.2018.1560617
https://doi.org/10.3390/IJERPH17239071
https://doi.org/10.3389/FPHYS.2021.807853
https://doi.org/10.1123/IJSPP.2020-0842
https://doi.org/10.1016/J.DHJO.2015.11.003
https://www.ncbi.nlm.nih.gov/pubmed/26723466
https://doi.org/10.5604/20831862.1044223
https://www.ncbi.nlm.nih.gov/pubmed/24744473
https://doi.org/10.1002/PMRJ.12579
https://doi.org/10.2478/HUKIN-2022-0065
https://www.ncbi.nlm.nih.gov/pubmed/36196356

Appl. Sci. 2024, 14, 3812 18 of 19

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

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. [CrossRef]

Barbero-Alvarez, ].C.; Lopez, M.G.; Castagna, C.; Barbero-Alvarez, V.; Romero, D.V.; Blanchfield, A.W.; Nakamura, F.Y. Game
Demands of 7-a-Side Soccer in Young Players. J. Strength Cond. Res. 2015, 31, 1771-1779. [CrossRef]

Yanci, J.; Castillo, D.; Tturricastillo, A.; Henriquez, M.; Roldan, A.; Reina, R. Comparison of the Physical Response During Official
Matches and Small-Sided Games in International Cerebral Palsy Footballers: Implications for Evidence-Based Classification.
Adapt. Phys. Act. Q. 2023, 40, 4-18. [CrossRef]

Rico-Gonzélez, M.; Pino-Ortega, J.; Clemente, EM.; Arcos, A.L. Guidelines for Performing Systematic Reviews in Sports Science.
Biol. Sport 2022, 39, 463-471. [CrossRef]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ].M.; Moher, D.
Updating Guidance for Reporting Systematic Reviews: Development of the PRISMA 2020 Statement. ]. Clin. Epidemiol. 2021, 134,
103-112. [CrossRef] [PubMed]

Moher, D.; Liberati, A.; Tetzlaff, ].; Altman, D.G.; The PRISMA Group. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses: The PRISMA Statement. PLoS Med. 2009, 6, e1000097. [CrossRef] [PubMed]

Palucci Vieira, L.H.; Carling, C.; Barbieri, FEA.; Aquino, R.; Santiago, P.R.P. Match Running Performance in Young Soccer Players:
A Systematic Review. Sports Med. 2019, 49, 289-318. [CrossRef] [PubMed]

Castellano, J.; Alvarez-Pastor, D.; Bradley, P.S. Evaluation of Research Using Computerised Tracking Systems (Amisco® and
Prozone®) to Analyse Physical Performance in Elite Soccer: A Systematic Review. Sports Med. 2014, 44, 701-712. [CrossRef]
[PubMed]

Bishop, C.; Turner, A.; Read, P. Effects of Inter-Limb Asymmetries on Physical and Sports Performance: A Systematic Review. J.
Sports Sci. 2018, 36, 1135-1144. [CrossRef] [PubMed]

Boyd, C.; Barnes, C.; Eaves, S.J.; Morse, C.I; Roach, N.; Williams, A.G. A Time-Motion Analysis of Paralympic Football for
Athletes with Cerebral Palsy. Int. J. Sports Sci. Coach. 2016, 11, 552-558. [CrossRef]

Gamonales, ].M.; Munoz-Jiménez, J.; Gomez-Carmona, C.D.; Ibafiez, S.J]. Comparative External Workload Analysis Based on
the New Functional Classification in Cerebral Palsy Football 7-a-Side. A Full-Season Study. Res. Sports Med. 2022, 30, 295-307.
[CrossRef] [PubMed]

Henriquez, M.; Castillo, D.; Yanci, J.; Iturricastillo, A.; Reina, R. Physical Responses by Cerebral Palsy Footballers in Matches
Played at Sea Level and Moderate Altitude. Res. Sports Med. 2021, 31, 296-308. [CrossRef] [PubMed]

Reina, R.; Iturricastillo, A.; Castillo, D.; Roldan, A.; Toledo, C.; Yanci, J. Is Impaired Coordination Related to Match Physical Load
in Footballers with Cerebral Palsy of Different Sport Classes? J. Sports Sci. 2021, 39, 140-149. [CrossRef]

Reina, R.; Iturricastillo, 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. J. Med. Sci. Sports 2020, 30, 496-504. [CrossRef]

Yanci, J.; Castillo, D.; Iturricastillo, A.; Urbén, T.; Reina, R. External Match Loads of Footballers with Cerebral Palsy: A Comparison
among Sport Classes. Int. ]. Sports Physiol. Perform. 2018, 13, 590-596. [CrossRef] [PubMed]

Impellizzeri, FM.; Marcora, S.M.; Coutts, A J. Internal and External Training Load: 15 Years On. Int. J. Sports Physiol. Perform.
2019, 14, 270-273. [CrossRef] [PubMed]

Pefia-Génzalez, I.; Sarabia, ].M.; Mancha-Triguero, D.; Moya-Ramén, M.; Gamonales, ].M. Relationship between Physical
Performance and Match Load and Effects of Two Consecutive Matches in Cerebral Palsy Footballers. Retos 2021, 41, 728-734.
[CrossRef]

Goh, AM.; Ma, F; Harms, C.A.; Newton, R.U.; Drinkwater, E.J.; Goh, A. Global Positioning System Activity Profile in Male Para
Footballers with Cerebral Palsy: Does Training Meet the Match-Play Intensity in a Three-Day National Tournament? Am. J. Phys.
Med. Rehabil. 2022, 101, 1163-1167. [CrossRef] [PubMed]

Krustrup, P.; Mohr, M.; Steensberg, A.; Bencke, J.; Kleer, M.; Bangsbo, J. Muscle and Blood Metabolites during a Soccer Game:
Implications for Sprint Performance. Med. Sci. Sports Exerc. 2006, 38, 1165-1174. [CrossRef] [PubMed]

Yanci, J.; Castillo, D.; Iturricastillo, A.; Aracama, A.; Roldan, A.; Reina, R. Performance Analysis in Football-Specific Tests by
Para-Footballers with Cerebral Palsy: Implications for Evidence-Based Classification. Int. J. Sports Physiol. Perform. 2021, 16,
1328-1334. [CrossRef] [PubMed]

Rice, J.; Brownlee, T.E.; McRobert, A.P.; Ade, ]J.; Drust, B.; Malone, J.J]. The Association between Training Load and Physical
Development in Professional Male Youth Soccer Players: A Systematic Review. Int. J. Sports Sci. Coach. 2022, 17, 1488-1505.
[CrossRef]

Buchheit, M.; Mendez-Villanueva, A.; Simpson, B.M.; Bourdon, P.C. Match Running Performance and Fitness in Youth Soccer. Int.
J. Sports Med. 2010, 31, 818-825. [CrossRef] [PubMed]

Castellano, ].; Echeazarra, I. Network-Based Centrality Measures and Physical Demands in Football Regarding Player Position: Is
There a Connection? A Preliminary Study. J. Sports Sci. 2019, 37, 2631-2638. [CrossRef]

Gabbett, T.J. Use of Relative Speed Zones Increases the High-Speed Running Performed in Team Sport Match Play. J. Strength
Cond. Res. 2015, 29, 3353-3359. [CrossRef]

Clemente, EM.; Ramirez-Campillo, R.; Beato, M.; Moran, J.; Kawczynski, A.; Makar, P.; Sarmento, H.; Alfonso, J. Arbitrary
Absolute vs. Individualized Running Speed Thresholds in Team Sports: A Scoping Review with Evidence Gap Map. Biol. Sport
2023, 40, 919-943. [CrossRef]


https://doi.org/10.1519/jsc.0000000000002085
https://doi.org/10.1519/jsc.0000000000001143
https://doi.org/10.1123/apaq.2021-0206
https://doi.org/10.5114/biolsport.2022.106386
https://doi.org/10.1016/J.JCLINEPI.2021.02.003
https://www.ncbi.nlm.nih.gov/pubmed/33577987
https://doi.org/10.1371/JOURNAL.PMED.1000097
https://www.ncbi.nlm.nih.gov/pubmed/19621072
https://doi.org/10.1007/s40279-018-01048-8
https://www.ncbi.nlm.nih.gov/pubmed/30671900
https://doi.org/10.1007/s40279-014-0144-3
https://www.ncbi.nlm.nih.gov/pubmed/24510701
https://doi.org/10.1080/02640414.2017.1361894
https://www.ncbi.nlm.nih.gov/pubmed/28767317
https://doi.org/10.1177/1747954116654786
https://doi.org/10.1080/15438627.2021.1888105
https://www.ncbi.nlm.nih.gov/pubmed/33579162
https://doi.org/10.1080/15438627.2021.1966011
https://www.ncbi.nlm.nih.gov/pubmed/34383571
https://doi.org/10.1080/02640414.2021.1880740
https://doi.org/10.1111/sms.13583
https://doi.org/10.1123/ijspp.2017-0042
https://www.ncbi.nlm.nih.gov/pubmed/29035588
https://doi.org/10.1123/ijspp.2018-0935
https://www.ncbi.nlm.nih.gov/pubmed/30614348
https://doi.org/10.47197/RETOS.V41I0.86424
https://doi.org/10.1097/PHM.0000000000001919
https://www.ncbi.nlm.nih.gov/pubmed/34740223
https://doi.org/10.1249/01.mss.0000222845.89262.cd
https://www.ncbi.nlm.nih.gov/pubmed/16775559
https://doi.org/10.1123/IJSPP.2020-0370
https://www.ncbi.nlm.nih.gov/pubmed/33662930
https://doi.org/10.1177/17479541221097388
https://doi.org/10.1055/s-0030-1262838
https://www.ncbi.nlm.nih.gov/pubmed/20703978
https://doi.org/10.1080/02640414.2019.1589919
https://doi.org/10.1519/JSC.0000000000001016
https://doi.org/10.5114/biolsport.2023.122480

Appl. Sci. 2024, 14, 3812 19 of 19

43.

44.

45.

46.

47.

48.

49.

50.

Snyder, B.J.; Maung-Maung, C.; Whitacre, C. Indicators of Fatigue during a Soccer Match Simulation Using GPS-Derived
Workload Values: Which Metrics Are Most Useful? Sports 2024, 12, 9. [CrossRef] [PubMed]

Faude, O.; Koch, T.; Meyer, T. Straight Sprinting Is the Most Frequent Action in Goal Situations in Professional Football. ]. Sports
Sci. 2012, 30, 625-631. [CrossRef] [PubMed]

Gualtieri, A.; Rampinini, E.; Dello Iacono, A.; Beato, M. High-Speed Running and Sprinting in Professional Adult Soccer: Current
Thresholds Definition, Match Demands and Training Strategies. A Systematic Review. Front. Sports Act. Living 2023, 5, 1116293.
[CrossRef] [PubMed]

Akenhead, R.; Nassis, G.P. Training Load and Player Monitoring in High-Level Football: Current Practice and Perceptions. Int. .
Sports Physiol. Perform. 2016, 11, 587-593. [CrossRef] [PubMed]

Mara, ].K.; Thompson, K.G.; Kate, L.; Morgan, S. The Acceleration and Deceleration Profiles of Elite Female Soccer Players during
Competitive Matches. J. Sci. Med. Sport 2017, 20, 867-872. [CrossRef] [PubMed]

Malone, J.J.; Lovell, R.; Varley, M.C.; Coutts, A.J]. Unpacking the Black Box: Applications and Considerations for Using GPS
Devices in Sport. Int. ]. Sports Physiol. Perform. 2017, 12, 5218-5226. [CrossRef] [PubMed]

McFadden, B.A.; Walker, A.].; Bozzini, B.N.; Sanders, D.J.; Arent, S.M. Comparison of Internal and External Training Loads in
Male and Female Collegiate Soccer Players During Practices vs. Games. ]. Strength Cond. Res. 2020, 34, 969-974. [CrossRef]
Henriquez, M.; Reina, R.; Castillo, D.; Iturricastillo, A.; Yanci, J. Contextual Factors and Match-Physical Performance of
International-Level Footballers with Cerebral Palsy. Sci. Med. Foot 2023, 27, 1-10. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/sports12010009
https://www.ncbi.nlm.nih.gov/pubmed/38251283
https://doi.org/10.1080/02640414.2012.665940
https://www.ncbi.nlm.nih.gov/pubmed/22394328
https://doi.org/10.3389/fspor.2023.1116293
https://www.ncbi.nlm.nih.gov/pubmed/36860737
https://doi.org/10.1123/ijspp.2015-0331
https://www.ncbi.nlm.nih.gov/pubmed/26456711
https://doi.org/10.1016/j.jsams.2016.12.078
https://www.ncbi.nlm.nih.gov/pubmed/28173971
https://doi.org/10.1123/ijspp.2016-0236
https://www.ncbi.nlm.nih.gov/pubmed/27736244
https://doi.org/10.1519/JSC.0000000000003485
https://doi.org/10.1080/24733938.2023.2206384

	Introduction 
	Materials and Methods 
	Search Strategy 
	Quality Assessment 

	Results 
	Discussion 
	Conclusions 
	References

