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Abstract: Similar to conventional football, the modality dedicated to footballers with cerebral palsy (CP)
requires referees who cope with the physical demands imposed during competitive matches to apply the
rules of the game. While a significant body of research has explored the physical demands on referees in
mainstream football, there is a noticeable lack of data regarding CP football. This study aimed to examine
the physical response of international referees participating in different levels of world competitions for
footballers with CP. Thirteen international referees, who officiated 49 matches in the men’s 2022 World
Cup (1st to 15th ranked teams) and 2022 World Championships (16th to 30th ranked teams), participated
in this study. A cross-sectional design was used to determine the physical responses and compare the 1st
and 2nd halves and the performance in the different tournaments, recording physical variables throughout
the matches. Significant higher physical responses were observed in the World Cup in comparison to the
World Championship. Overall, high-level tournaments have been shown to elicit more intense physical
responses from referees officiating CP football matches compared to lower-level tournaments. For the
World Cup, a significantly higher number of accelerations and decelerations were registered in the 1st half
compared to the 2nd half. This information may be useful for the strength and conditioning coaches of
referees to plan weekly training sessions more specifically and adjust the periodical training load and
post-match recovery protocols.

Keywords: soccer; team para-sport; referees; physical responses

1. Introduction

Cerebral palsy (CP) is the most common health condition that produces motor disabil-
ity in childhood and is one of the largest participant groups in para-sport [1]. Considering
that football is one of the most popular sports worldwide, this discipline is widely practiced
at a variety of competitive levels [2]. CP football is an expression of the regular sport, dedi-
cated exclusively to players with CP and other related health conditions of brain injuries
generating mild impairments of hypertonia, ataxia, or dyskinesia [3]. The professionaliza-
tion of para-sport has increased the attraction of researchers studying the different factors
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that influence performance and improving the data to support the preparation of athletes
with disabilities. Over the last decade, a significant number of studies have provided
insight into the physical and physiological responses of football players with CP, offering a
framework for performance and training [4-7]. Although most of the literature is focused
on the performance of para-footballers, scarce information is available regarding referees,
generating a gap in current knowledge when considering the personnel responsible for
regulating the competition.

Referees who officiate international level CP football matches supervise the application
of minimal adaptation rules to allow the competition with modifications to include the
field size, the number of players, no off-side law, small sized goals (i.e., 2 m x 5 m),
permitting a throw-in with one hand, reduced total time, and a classification system that
determines player participation according to the impact of the impairment in football
skills [8]. Following the guidelines set by the International Federation of CP Football,
officiating in this Para sport requires referees to attain the highest level of certification
within their respective countries and to obtain a specific accreditation from the governing
body (i.e., IFCPF) that requires specific training, certification, and reaccreditation. The
certification must be renewed annually, and the referees must demonstrate successful
completion of FIFA’s mandated physical tests, a track record of officiating matches at the
top national level, and prior experience in officiating CP football matches. Although people
with CP reported lower physical performance compared to the able-bodied population [9],
the para-footballers running activity profile during competitions can reach considerable
requirements of high-intensity actions [4-7], an aspect that referees should be physically
prepared to face in this sport. Similar to regular football, CP football matches require a field
referee and two assistant referees to supervise the game and ensure optimal positioning to
facilitate decision-making, considering the specific impairment characteristics of the players
and modifications of the para-sport [10]. Early studies in CP football reported a higher
prevalence of goals scored per match compared to non-impaired competitions (e.g., 5 goals
vs. 2 goals), which may be attributed to differences in field size, functional profiles, and
contextual factors that can influence the final result of a match, and therefore the physical
performance of the referee is crucial for the decisions on the game [8,11,12]. Referees of
regular football move approximately 10 km during matches, of which almost 3 km are
covered at a high intensity (over 13 km/h) necessary to follow the game situation, make
adequate decisions, and respond to the physical demands of the match [10,13-15]. On the
other hand, referees typically experience physiological responses that involve maintaining
intensities approximately between 70-90% of their maximum heart rate, requiring high
aerobic demands to officiate competitive matches [12]. however, to date, little research has
reported the physical responses of referees officiating CP football matches.

Currently, CP football presents a structured program of competition including world
and regional tournaments divided by the level of performance, providing for ever increas-
ing professionalization of the environments in accordance with the rising participation
of para-footballers. Due to the implications of the referee decisions in the outcome of the
game and the relevant role played in football [12], a deeper understanding of the running
capacities of referees of CP football may support the characterization of the responses
encountered during competitive matches and support referee mentors and coaches to
implement optimal training programs. Therefore, the first aim of this study was to describe
and compare the physical responses between World Cup and World Championships tourna-
ments in referees of CP football. Given that tournaments enrol teams with different ranking
levels, it is hypothesized that the physical responses of referees recorded in the World
Cup and World Championships may differ. The second aim of the study is to compare
the referees’ physical responses between the 1st and 2nd halves, hypothesising a decrease
in the physical responses in the second halves, just as it occurs with referees in 11-a-side
mainstream football.
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2. Materials and Methods
2.1. Participants

Thirteen international referees (39.17 £ 8.26 years; 76.07 £ 13.39 kg; 174.04 £ 9.97 cm;
2499 £+ 3.28 kg/ m?) from three continents and eleven different nationalities who officiated
the men’s 2022 World Cup (participation of teams between world ranking 1st to 15th held in
Salou, Spain) and 2022 World Championships (participation of teams between world ranking
16th to 30th held in Olbia, Italy), voluntarily participated in this study. Of the total participants,
10 were men (40.22 £ 8.20 years; 80.32 £ 10.07 kg; 176.70 & 6.45 cm; 25.74 + 3.22 kg/ m?; World
Cup = 6; World Championships = 5) and 3 were women (36.00 £ 5.89 years; 61.90 &= 10.84 kg;
165.17 + 12.52 cm; 22.50 + 0.76 kg/m?; World Cup = 2; World Championships = 2), with
18.62 £ 9.24 and 6.54 & 4.22 years of experience refereeing regular football and CP football,
respectively. Of the total participants, 8 officiated World Cup matches (37.13 £ 6.53 years;
80.46 4= 13.09 kg; 175.50 = 10.73 cm; 26.06 4= 3.59 kg/m?) and 7 officiated World Championships
matches (43.83 + 8.64 years; 73.33 + 12.70 kg; 173.36 + 8.48 cm; 24.30 + 3.13 kg/m?). Two
referees were able to participate in both tournaments. None of the evaluated referees presented
with any physical or physiological limitations to conduct their officiating duties. In addition, all
were informed about the study protocols and gave their informed consent to take part in this
study. This investigation was approved by the Ethics Committee of the principal investigator’s
university (reference no. DPS.RRV.03.17).

2.2. Procedures

A cross-sectional design was used to determine the physical responses to compare the
1st and 2nd halves and analyse the performance between the different tournaments, record-
ing physical variables throughout the matches. Data were collected for 15 independent
referee observations extracted from 49 valid matches played between 09:00 to 18:00 h in the
world competitions. For the comparison between tournaments, 31 observations (total time
=68.76 = 8.41 min) in 8 international referees and 18 observations (total time = 66.85 £ 8.50
min) in 7 international referees were included for the World Cup and World Championships,
respectively. All of the referees used vests designed to wear a global positioning system
(GPS) device to monitor the physical responses. In preparation for the matches, participants
avoided any type of extenuating exercise and performed a standardized 15-min warm-up.
The matches were played in two different venues on artificial turf with a field size of 50 m
x 70 m.

2.3. Measures

Match running performance was recorded using GPS devices (WIMU PROTM, Re-
alTrack System SL, Almeria, Spain), sampling at a frequency of 10 hz. A previous study
reported the validity and reliability of this device to assess physical performance [16],
which was used in able-bodied football players [17], football players with CP [18], and
referees of regular football [19]. Before the official matches, the devices were activated and
synchronized according to the manufacturer’s recommendations. All of the collected data
were extracted using S PRO+™ v. 2.2.2 software (RealTrack Systems, Almeria, Spain). The
participants wore a GPS unit inserted in a purpose-built harness secured between the upper
scapula with a fitted body vest. The variables considered for the analysis were described
in each match half and match total time: total distance (TD) covered, explosive distance
(ED), total distance covered with acceleration above 1.12 m/s? in m) [19], maximum speed
(km/h), distance covered at different speeds (walking: 0-6 km/h; jogging: 6-12 km/h;
medium intensity running [MIR]: 12-18 km/h; high intensity running [HIR]: 18-21 km/h;
sprinting: 21-24 km/h; and maximum sprinting [MS]: >24 km /h) [18], high-intensity break-
ing distance (HIBD: distance decelerating >2 m/s?), total number of sprints (n), sprinting
distance (m), high-speed running distance (HSRD; >15.1 km/h in m), high-speed running
actions (HSRA: n) [20]. Moreover, the total number of accelerations and decelerations
(where an acceleration or deceleration is deemed to be any increase or reduction in speed
that means passing or descending from the zero axis), maximal acceleration (m/s?), and
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maximal deceleration (m/s?) were registered [19]. In addition, the distance covered accel-
erating by zones (Z1: 0-1 m/s2; 72: 1-2 m/s?; Z3: 2-3 m/s%; Z4: >3 m/sz), and distance
covered decelerating by zones (Z1: 0-1 m/ s%; 72: 1-2 m/s?; Z3: 2-3 m/s?; Z4: >3 m/s?)
were considered for the analysis [21]. Finally, the player load was used and represented in
arbitrary units [17].

2.4. Statistical Analysis

Results are presented as mean =+ standard deviation. Normal distribution and the ho-
mogeneity of variances were tested using the Kolmogorov-Smirnov and Levene tests.
Student’s t-test for independent samples was performed to evaluate mean referees’ phys-
ical response differences between the World Cup and World Championships. Student’s
t-test for paired samples was performed to evaluate mean differences between the 1st and
2nd half of CP football referees’ physical responses. Practical significance was assessed
by Cohen’s d [22], with values of above 0.8, between 0.8 and 0.5, between 0.5 and 0.2,
and lower than 0.2 being considered large, moderate, small, and trivial, respectively. The
95% confidence intervals of the effect sizes were calculated with their respective upper
and lower boundaries. Data analyses were performed using JASP (JASP for Windows,
version 0.13, Amsterdam, The Netherlands) and the Statistical Package for Social Sciences
for Windows (version 24.0; SPSS Inc., Chicago, IL, USA). Statistical significance was set at
p < 0.05 to reject the null hypothesis.

3. Results

Regarding the comparison of the physical response of field referees during the different
competitions (Figure 1), the TD and ED values were higher in the World Cup in both the
total time (p < 0.05; d = 0.62 to 0.65; moderate) and 2nd half (p < 0.05; d = 0.62 to 0.72;
moderate) and maximum speed values were higher in total time (p = 0.01; d = 0.80; large),
1st half (p < 0.01; ES = 0.90; large), and 2nd half (p = 0.03; d = 0.67; moderate). In addition,
referees performed a higher distance in the total time, 1st half, and 2nd half at MIR (p < 0.05;
d = 0.67 to 0.93; moderate to large), sprinting (p < 0.05; d = 0.67 to 0.76; moderate), hIBD
(p <0.01; d = 0.77 to 0.81; moderate to large), hSRD (p < 0.05; d = 0.59 to 0.71; moderate),
and number of hSRA (p < 0.05; d = 0.55 to 0.67; moderate) in World Cup matches compared
to World Championships matches. Similarly, a greater distance was covered in World
Cup matches as compared to the World Championships matches at hIR in total time and
2nd half (p < 0.05; d = 0.68 to 0.74; moderate), MS in total time (p = 0.04; d = 0.50; moderate),
number of sprints in total time and 2nd half (p < 0.05; d = 0.52; moderate), and sprinting
distance in total time (p = 0.04; d = 0.52; moderate). No significant differences were found
for player load (p > 0.05).

Table 1 shows the total distance covered, maximum speed, and distance covered at
different intensities, as well as the differences between both halves of the World Cup and
World Championships. The results showed no significant differences in physical responses
between the 1st and 2nd halves of the played matches (p > 0.05; d = 0.06 to —0.28; trivial to
small) when considering all of the tournaments and only significant differences between the
1st and 2nd half were found in the distance covered jogging in the World Championships
(p =0.03; d = 0.55; moderate), being higher in the 1st halves. No significant differences were
observed between 1st and 2nd halves in World Cup matches.
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Figure 1. Comparison of the physical response variables by referees in cerebral palsy football
matches related to the total distance covered (A), explosive distance (B), medium intensity run-
ning (C), high intensity running (D), sprinting (E), maximum sprinting (F), high-intensity breaking
distance (G), sprinting distance (H) and high-speed running distance (I) in both World Cup and
World Championships halves. TD: total distance; ED: explosive distance; MIR: medium intensity
running; hIR: high intensity running; SPR: sprinting; MS: maximum sprinting; hIBD: high-intensity
breaking distance; hSRD: high-speed running distance. # Significant differences in total time between
World Cup and World Championships (## p < 0.01; # p < 0.05); T Significant differences in 1st half
between World Cup and World Championships (tt p < 0.01; t p < 0.05); f Significant differences in
2nd half between World Cup and World Championships (11 p < 0.01; £ p < 0.05).
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Table 1. Physical response variables by referees in cerebral palsy football matches related to the total distance covered, maximum speed, and distance covered at

different intensities in both World Cup and World Championships halves.

Total Sample (1 = 13 Referees, 49 Observations)

World Cup (1 = 8 Referees, 31 Observations)

World Championships (n = 7 Referees, 18 Observations)

Variables Total 1st half 2nd half d (95% CI) Total 1st half 2nd half d (95% CI) Total 1st half 2nd half d (95% CI)
D (m) 573182495000 27740 L2649 27B66EABET 907 s  S09BLOT0S3 2828026414 287273 e gy SBAVLSADT 268277524657 2TSILAUSS 92 7
ED (m) 011429 21379£7185  2330£7298 8'5240 5y  A6185L15128 2247627460 219387706 (70%;30 g  OBBEUSTS  Mtedds  17BelET2A 8;“0 %)

Max speed 0.08 0.16 —0.14
iy 2204 +2.69 2296 + 291 2210 +2.83 (021036) 2279 +2.61 2314 +275 278 +2.82 015,052) 2076 + 238 2073 + 258 2095 + 252 060,033)
Distance at different intensities
W (m) 29158428854 124256212230 126017 £ 17194 0*4%16* 15 20065731076 12388610634 126129412006 0;%25 |y 25750460 12489214902 12825420253 o;q'og )
J (m) 20662451878 10133817934 R EBLT6 020 p  6SET34 10184419278 1002520904 o gy  9MELALA0 10046715842 9141624684 o0 oo 5+
0.05 —0.04 0.20
MIR (m) 562430300 4974LISL73 4BAE1058 O 0 10096430090 47564 esl  asoiusez 00 7442220008 779114380 dmsiElses (070
—0.02 —0.06 0.06
HIR (m) L42 47064 552854031 Se2i415 0 13487364 63664019 e601x4202 0P 810646572 40863725 39083388 o0t.053)
—0.20 —023 —012
SPR (m) 0044828 173742219 2120222 08 SL3EB6 2S5BS BBERT 00 171852663 7.94 + 15.44 9.24 + 13.10 (05, 034)
—o11 —0.16 0.07
MS (m) 15.13 + 34.61 6.57 + 1354 8.42 + 2357 Com,017) 2L BI5LI56S 22285 ool 433+ 1312 247 +755 1.87 +7.94 (039,053)
0.22 0.18 0.36
HIBD (m) 63024565 329842205 304022385 0B 778324027 S0l6x249 367722608 (ofefio 429622802 234x 1413 1943x12 00
. 0.04 0.00 0.10

Sprints (n) 1.33 + 254 0.67 +1.33 0.63 + 1.44 (024052) 1.84+2.95 0.90 + 1.47 0.90 + 1.68 (035.035) 0.44 +1.29 0.28 + 0.96 017 +0.71 (035,057)

Sprinting 230444812 108142131 1198 +31.16 —005 320645661 143742352 1730 +37.32 —0.11 751 + 21.89 468+ 15.56 2.83 + 12.00 0.11

distance (m) : : : : ' : (—0.33,0.23) : : : : : ' (—0.46, 0.24) : : : ' : ' (—0.36,0.57)

HSRA (n) 4414513 1944232 2414317 0 ;)0'5107) 5.61 + 5.64 248 +247 3.03 + 3.60 (70_;;‘231 " 233 +£331 100 +1.71 133 £191 (70_6%‘23 -

HSRD (m) 7747 £10091 3384 +4278  42.66 + 6521 o ;80'3%9) 10233+ 113.62 445244595 5629 + 76.10 (70*5(;'251 p  MEEHE 1545595  1915+2941 (70*6%13 31

Note. TD: total distance; ED: explosive distance; W: walking distance (0-6 km/h); J: jogging distance (6-12 km/h); MIR: medium intensity running (12-18 km/h); hIR: high intensity
running (18-21 km/h); SPR: sprinting (21-24 km/h); MS: maximum sprinting (>24 km/h); hIBD: high intensity braking distance; hSRA: high-speed running actions. * Significant
differences between 1st half and 2nd half (p < 0.05).
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ACCMax (m/s?)

With respect to the comparison between the two tournaments and the short-term
actions, a similar pattern was presented in which referees during the World Cup performed
more maximal accelerations in the 2nd half (p = 0.03; d = 0.68; moderate), and more maximal
decelerations in the total time and 2nd half (p < 0.05; d = —0.60 to —0.85; moderate to
large) (Figure 2). Additionally, CP football referees covered more distance accelerating
(p < 0.05;d = 0.70 to 0.78; moderate) and decelerating in Z4 (p < 0.05; d = 0.87 to 0.94; large)
in both halves and total time during World Cup matches compared to World Champi-
onships. however, deceleration in Z3 only was significantly higher in the total time (p < 0.05;
d = 0.62; moderate).

C.

—
N
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Total Total 1% half 1° h‘llf 2" half 2" h‘llf Total Total 1° half 1° half 2 half 2" half

B World Cup
3 World Championships

Figure 2. Physical response variables by referees in cerebral palsy football matches related to maximal
acceleration (A), maximal deceleration (B), distance covered at very high acceleration (C), distance
covered at high deceleration (D), and distance covered at very high deceleration (E) in both halves of
the World Cup and World Championships. ACCpax: maximum acceleration; DECpjax: maximum
deceleration; Z1: low acceleration/deceleration (0-1 m/s?); Z3: high acceleration/deceleration
(2-3 m/s?); Z4: very high acceleration/deceleration (>3 m/ $2). # Significant differences in total time
between World Cup and World Championships (## p < 0.01; # p < 0.05); tt Significant differences
in 1st half between World Cup and World Championships (tt p < 0.01); 1 Significant differences in
2nd half between World Cup and World Championships (11 p < 0.01; f p < 0.05).

Concerning the analysis between halves, referees in the World Cup tournament
showed a higher number of accelerations (p = 0.01; d = —0.55; moderate) and deceler-
ations (p < 0.01; d = —0.54; moderate) in the 2nd half compared to the 1st half (Table 2).
In addition, the distance accelerating at Z1 (p = 0.04; d = —0.38; small) was significantly
greater in the 2nd half compared to the 1st half. For the World Championships the maximal
decelerations (p = 0.04; d = —0.52; moderate) and deceleration in Z2 (p = 0.03; d = —0.58;
moderate) were significantly greater in the 1st half compared to the 2nd half.
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Table 2. Physical response variables by referees in cerebral palsy football match related to the number of accelerations, deceleration, maximal acceleration, maximal

deceleration, distance covered accelerating and decelerating at different speeds, and player load in both halves of the World Cup and World Championships.

Total Sample (1 = 13 Referees, 49 Observations)

World Cup (1 = 8 Referees, 31 Observations)

World Championships (n = 7 Referees, 18 Observations)

Variables Total 1st half 2nd half d (95% CI) Total 1st half 2nd half d (95% CI) Total 1st half 2nd half d (95% CI)
Accelerations —0.28 —055 0.00
1839.04+281.66 87018 = 94.60  904.90 + 113.65 : 1839.13+265.64 85281 + 7038  907.68 + 9341  (—0.93, —0.17)  1838.89+31539 900.11+ 12259  900.11 + 145.04 :
) (—0.57,0.01) a (—0.46, 0.46)
Decelerations —027 —0.54 0.02
1848.64+ 27748 87516 £ 9432  909.22 + 112.90 : 184823 +26193  856.65+69.09 91232+ 9415 (=091, —0.16)  1849.44+31038 907.06 + 12244  903.89 + 142.47 ‘
() (—056, 0.01) L (—0.44, 0.48)
ACChiax —0.13 —030 0.38
P 7.94 + 234 3.61 4 0.59 3714079 (041.015) 8.33 + 253 3.64 + 0.54 3.90 4+ 0.88 (066.006) 7.8 + 1.84 3.56 + 0.67 338+ 0.47 0.10.086)
DECy (m/s?)  —851 +2.68 —3.86 + 0.68 —3.91 + 094 0.06 —9.08+2.76 3984067  —418+1.00 0.22 —753+2.28 —3.66 + 0.65 3434060 (-1 0700'5720 02)
Max (IN/ S . . B . . . (70.22, 034> B . B . . . (70.14, 058) . . . . . . . ; .|
Distance covered at different acceleration intensities
022 ~038 0.04
Z1 (m) 186133426637 646389181 6647711982 0B 13955242510 650859690 6818910417 (074, —001) 130246£28068  638.66+8444 6352913097 0¥ o
0.08 —012 035
72 (m) 10520726845 5094610227 5026812062 00f o 109134220237 51349411009 SR7AEU6NT L., 9868821287 5025148980 desle1m7e 90 o
0.10 0.06 017
73 (m) 320717152 1941549683 1872058706 Gl ac 427419437 20621410096 2022429709 0% 33988410881 173386646 1612926048 o007 oo
0.17 0.15 0.22
74 (m) 739946934 387943667 3443753 (00 o 278756l 48193000 43614255 (D0% . 4L63i4les 226142595 18641909 o o
Distance covered at different deceleration intensities
0.23 —0.21 —026
Z1 (m) 146599625322 6977 £7394  7IS26% 11496 0 o 147022526191 692487497 7100110388 0% o 16689£24493 7057947349 7Rd6£1391 o0
0.12 —0.26 0.58
72 (m) 00572624267 4988559321  4SB73LIIBAS DOf o 105206527931 49097410532 5077511494 o of 9803415862  51243+6818 45710599 o0
73 (m) 29019+ 142344 14698 +73.70 13440 + 75.00 0.24 32127414997  16075+77.89 14950 + 80.12 0.20 236,65+ 11279 12326 +60.73  108.38 + 58.50 0.30
. . . . . R (—0.05, 0.52) . . . . . - (—0.16, 0.56) : : : : : : (—0.18,0.77)
Z4 (m) 7819 £ 7662  39.00+3682 3749+ 43.83 0.06 10238 +8325 5007 +39.84 5056+ 4831 —0.02 365243798 199442044  14.98 + 2141 0.26
: : : : : : (—0.23, 0.34) ' : : : : : (—0.37, 0.34) : : : : : : (—0.22,0.72)
PL (AU) 60.13 + 18.09 2927 + 751 28.62 +7.62 0.16 59.86 + 22.01 28.40 + 8.62 2836 + 878 0.02 60.59 + 8.25 3076 + 495 29.06 + 5.26 0.31
: : : ' : ' (=0.12, 0.44) - : - : - : (—0.34,0.37) : : : : : : (=0.17,0.78)

Note. ACCpax: maximum acceleration; DECyiax: maximum deceleration; Z1: low acceleration/deceleration (0-1 m/s?); Z2: medium acceleration/deceleration (1-2 m/s?); Z3: high
acceleration /deceleration (2-3 m/s?); Z4: very high acceleration/deceleration (>3 m/s?); PL: player load. Significant differences between 1st half and 2nd half at ** p < 0.01; * p < 0.05.
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4. Discussion

The purpose of this study was to examine the physical responses of field international
referees of CP football during different matches according to the level of competition (World
Cup or World Championship) and considering total time. Previous studies have sought
to understand referees’” physical responses to non-impaired football based on elements
of the level of competition [13], their position on the field, as a referee or an assistant
referee [13,15,23], contextual factors that may have been at play [24], and a host of other
situations that may have taken place in each of the halves of a game. To the best of the
authors’” knowledge, this is the first study to analyse the differences in physical responses
between tournaments and halves in referees of CP football.

The results of this study showed that CP football referees covered a distance of
5731.82 £ 950.00 m of which 2591.58 + 288.54 m was walking, 2066.24 + 518.78 m was
jogging, 905.62 &+ 303.00 m was at medium intensity, 114.22 & 74.64 m was at high intensity,
39.04 £ 48.28 m was sprinting, and 15.13 £ 34.61 m was at maximum sprinting. Previous
studies on regular football referees officiating international matches showed that referees
covered on average between 10.300 and 11.300 m [15,25]; however, since regular football
matches last 90 min, referees have more time to cover that distance. however, converting
to the 60 min duration of a CP football match, referees would cover an average distance
between 6.901 and 7.571 m, a comparably higher distance. Nevertheless, the distances
covered by amateur referees in regular football are comparably less, averaging between
8.650 and 9.990 m per match [26,27]. When converting to the 60 min duration of a CP
football match, amateur referees of regular football cover a distance between 5.795 and
6.693 m, a greater comparable distance than that covered by CP football referees, although
closer to the values registered by them. Notwithstanding, previous studies carried out with
referees are in 11-a-side football, whose minimum dimensions are 45 x 90 m, while CP
football is played on 7-a-side fields, whose dimensions are 50 x 70 m and the size of the
field of play has already been shown to influence amateur refereeing, with the smallest
fields of play being the ones where referees have registered the least physical responses [24].
This may be one of the reasons for the differences found in the physical responses recorded
by referees in football and CP football matches.

Competitive sports such as CP football require a considerable number of acceleration
and deceleration actions, generating higher mechanical and metabolic loads necessary
to fulfil technical and tactical needs [28]. In the present study, referees of CP football
performed 1839.04 + 261.66 accelerations and 1848.64 + 277.48 decelerations per match. In
contrast, previous studies in regular football have shown a higher number of accelerations
and decelerations per game ~2813.02 and ~2813.16 [29], although converting to the 60 min
duration of a CP football match, referees would perform an average of 1884 accelerations
and decelerations per game. Taking into account that the duration of a regular football
match is 90 min as compared to 60 min for the adapted modality, it is reasonable to sug-
gest that the accelerations per minute performed by referees in CP football are similar
to the accelerations performed by regular referees. International games place demands
on acceleration and deceleration actions highlighting that referees must be physically
prepared to keep up with the game at any level of international play [12]. Interestingly,
the obtained results in maximum speed (22.04 £ 2.69 km/h) were similar to those de-
scribed by regular football referees, registering ~20.86 km /h [30], ~25.47 km/h [31], and
~19.40 km/h [32]. however, lower short-term actions were presented in CP football referees
as compared to the performance of referees in regular football which might be due to the
specific characteristics, the field size, and the demands of the para-sport. Furthermore,
player load has been indicated as a variable that involves the sum of the accelerations in
different planes and is commonly used to understand demands in football. In this regard,
no significant differences were found between tournaments and between halves, which
may lead us to believe that the use of this metric could be useful with an individualized
approach to understanding the referees’ load [17].
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Significant differences were present in physical response variables when the differ-
ent tournaments were analysed, demonstrating a pattern in which the match’s physical
demands on referees were higher in the tournament that involved teams of a higher rank-
ing (i.e., World Cup). Previous studies on regular football referees have shown that in
the higher-level categories, the physical responses of referees were similarly higher [29,33].
It is likely that contextual factors such as the level of competition can be a variable that
influences the physical response, however with the particular analysis used, it is not
possible to infer this causation. In regular football, it has been shown that the physical
response of referees is largely based on the players’ performance metrics [34,35]. In this re-
gard, Henriquez et al. [11], explored the difference in the physical response of international
footballers with CP, suggesting that players from top-ranked teams playing against teams
of similar level reported higher physical demands, as did bottom-ranked teams playing
against teams of equivalent rank. In much that same way, the physical responses of the
referees who officiated World Cup matches have been higher than the physical responses
registered by the referees of the World Championships, given that in conventional football,
it has also been observed that the players of higher competitive level register higher phys-
ical responses [36,37]. The fact that players belong to a higher competitive level implies
that they are exposed to greater physical responses [36,37]. The present results suggest
that referees must, at minimum, be prepared for the base level requirements demanded
by the type of competition but ultimately should be prepared for the highest levels of
demands that the competition can provide in order to meet the demand of the players
they are officiating. The level of the tournament, despite being top-level, could influence
the physical responses of the referees. Refereeing higher-level teams may require greater
physical performance, something that should be considered in CP football tournaments,
where referees officiate for several consecutive days.

When analysing differences between game halves, no differences were found in the
total values of the variables in the present study. however, for the World Cup referees
performance, significant differences were found in accelerations, decelerations, and Z1
(accelerations), with these being higher in the 2nd half. On the other hand, in the World
Championships, referees covered a greater distance jogging in the 1st half. Additionally,
differences were found in maximum deceleration variables and Z2 (decelerations), with
these being higher in the first half of the match. While the findings have been mixed in
the existing literature with respect to these variables, there have been some studies that
demonstrated that physical responses were reduced in the 2nd half [25,38], as was the case
for the World Championship in this study. More recent studies have shown that there
were no differences in the distance covered between the 1st and 2nd halves [13,29,30,39],
which is consistent with what is reported in the total values of the observations in this
study. The negative influence of eligible impairments in footballers with CP have been
extensively studied showing diminished physical performance as compared to footballers
without CP [2,9,40,41]. It would make sense then that the demands on the referees would
mirror the demands of the game and the athletes within the game for both 11v11 and 7v7
CP football games. While this analysis was not done in this study, additional research
could be undertaken to explore the distinctions between the first and second halves within
the same tournament and a comparison between the demands on the CP Football referee
and the regular 11v11 referee as compared to the demands on the players in each of
the two distinct versions of the game. This study is not without limitations. First, it
utilizes absolute values to assess the physical responses of the referees during matches
without accounting for individual fitness levels, potentially biasing the interpretation of
results. Moreover, some referees officiated more than one analysed match in this study,
so this and other personal factors could potentially influence the findings of the present
study. Second, the reported skill and physical level of players in both tournaments could
potentially impact the results obtained. And third, physiological responses related to
physical responses were not considered in this study (e.g., heart rate, blood pressure or
oxygen consumption). Nevertheless, future studies should address these limitations by
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considering them and exploring the physical and/or physiological responses of referees in
CP football in detail and considering the possible interaction between tournament level
and referees’ performance.

5. Conclusions

This study has described the physical responses that referees of CP football endure
during international tournaments, thus providing new information for physical trainers
to adjust weekly-monthly training loads. The results of the present study show that
international top-level tournaments require greater physical responses from referees who
officiated CP football matches than lower-level tournaments, in terms of covering more
total distance, more explosive distance, and greater distances covered at various intensities
during the first and second halves. Therefore, the results suggest that the physical responses
of officiating top-level CP football matches are higher than officiating lower-level matches.
Similarly, there were small differences noted between the two halves of the match in that
there are more accelerations and decelerations in the second halves of matches, although
only a moderate effect size was noted.
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