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Abstract: Beach handball is a fully developed sporting discipline on all five continents which has
attracted the attention of researchers in the last decade, resulting in a proliferation of different
studies focusing on players but not on referees. The main objective of this cross-sectional research
was to determine the physical demands on elite male beach handball referees in four different
competitions: U18 male; U18 female; senior male; and senior female. Twelve elite federated male
referees (age: 30.86 + 8 years; body height: 175.72 + 4.51 cm; body weight: 80.18 + 17.99 kg; fat
percentage: 20.1 = 4.41%; national or international experience) belonging to the Technical Committee
of the Royal Spanish Handball Federation were recruited for this the study. The physical demands
required of referees in official matches were measured by installing a GPS device. The sampling
frequency used to record their speed and distance was 15 Hz. A triaxial accelerometer (100 Hz) was
used to determine their acceleration. An analysis of variance (ANOVA) between competitions with
post hoc comparisons using the Bonferroni adjustment was used to compare among categories. A
higher distance covered in zone 1 and speeds of 0 to 6 km-h~! were recorded. Most accelerations
and decelerations occurred in zones 0 and 1 (zone 0: 0 to 1 m-s%; zone 1: 1 to 2 m-s2). The lack of
differences (p > 0.05) between most analysed variables suggest quite similar physical demands of
the four analysed competitions. These results provide relevant information to design optimal
training plans oriented to the real physical demands on referees in an official competition.

Keywords: k sport morphology; team sports; sand sports; tracking system; GPS

1. Introduction

Beach handball (BH) is a high-intensity intermittent team sport in which efforts occur
every six to fifteen seconds [1-3]. Nonetheless, contrary to indoor handball, it has lower
physical demands [1,2,4,5], probably due to the fact BH is played on sand, on a much smaller
court, for a shorter duration (two sets of 10 min each, with no ties allowed), and by four players
instead of seven [6]. Therefore, specific research on this sport discipline is needed.
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The increasing interest in BH has led to a proliferation of several studies on BH
focusing on different level categories, ages and sex, [1,7-9]. However, contrary to other
sports such as soccer [10] or indoor handball [11], the performance of BH referees has not
been analysed in any context.

Given the intermittent high-intensity nature of the game [1], it is likely referees also
face high-intensity periods with short recovery breaks, which could lead to incorrect
refereeing decisions due to fatigue [12]. Therefore, in line with previous studies in other
sports, the identification of internal and external load demands may contribute to
improving the training quality of BH referees and, therefore, enhance their performance
while reducing their injury risk [13,14].

Global Positioning Systems (GPS) have been widely used to monitor the physical
patterns of referees in sports [2,7,14]. It is because these devices record physical patterns
such as speeds, accelerations, decelerations, or high-intensity intervals, among others,
which can be used to understand the fatigue effect on referees during different
competition phases [15], or to identify the most physical scenarios [16]. Therefore, they
can also be used to study the physical demands of BH refereeing. But also, GPS can be
used to identify whether the physical demand of refereeing varies according to the
competition level (e.g., U18 to senior) and the gender of the competition (male or female),
as has been described in previous studies on other team sports [17]. Accordingly, and in
order to address the existing gap in the literature, the main objectives of this research were
(i) to analyse the physical demands (external load) on BH elite male referees and (ii) to
compare the physical demands on these referees according to the competition level (U18
and senior) and according to the gender of the competition (male and female).
Consequently, referees were analysed while refereeing four different competitions (U18
male, U18 female, senior male, and senior female). It was hypothesised that the physical
demands of refereeing in BH are higher in the senior competition than in the U18
competition and higher in men’s competitions than in women’s competitions.

2. Materials and Methods
2.1. Study Design

This is a descriptive and cross-sectional study.

2.2. Subjects

All national male referees belonging to the Technical Committee of the Royal Spanish
Handball Federation and participating in the VI Spanish BH Cup held in Andalucia
(southern region of Spain) were invited to participate in this research. All these referees
refereed at least one match from the four analysed competitions: U18 male, U18 female,
senior male, and senior female. In total, twelve male participants meeting the following
inclusion criteria voluntarily agreed to participate in the study (age: 30.86 + 8 years; body
height: 175.72 + 4.51 cm; body weight: 80.18 + 17.99 kg; fat percentage: 20.1 + 4.41%): (i) 5
years of experience BH refereeing and being part of the national BH circuit (Arena
Handball Tour®); (ii) refereeing at least 5 full matches; (iii) not having physical limitations
or musculoskeletal injuries; and (iv) having participated regularly in the national BH
circuit (Arena Handball Tour®).

All the BH referees were previously informed about the objectives of the study, its
methods and the risks of the research, and they provided informed written consent to be
part of the research. The deontological standards recognized by the Declaration of
Helsinki were considered when carrying out this research. The Ethics Committee of the
University of Alicante (Spain) approved the study methodology (Expedient UA-2021-03-
11). Permission was requested from the Royal Spanish Handball Federation to publish the
data collected from the championship.
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2.3. Methodology: Procedure and Instruments

Data from a total of 91 official matches out of the 125 official matches of the VI Spanish
BH Cup held in Andalucia (southern region of Spain) were monitored. Data from each
match set were independently registered using a Global Positioning System (GPS;
WIMUPro™, RealTrack Systems, Almeria, Spain) device attached to the referee’s back,
according to previous studies [1,17]. The analysis was conducted considering the

competition level (U18 or senior) and the gender of the league (male or female). Each
referee was recorded refereeing between 6 to 18 matches.

2.4. GPS Variables

All measurements were registered under stable atmospheric and signal reception
conditions. Information was received from up to 12 satellites (Figure 1). The selected
variables were registered at a sampling frequency of 15 Hz [1,15] except for the
acceleration variable, which was recorded at 100 Hz using a triaxial accelerometer
(WIMUPro™, RealTrack Systems, Almeria, Spain). The frequencies used ensured the

validity and reliability of the GPS technology [15,18]. The recorded data were exported to
SPro™ software (RealTrack Systems, Almeria, Spain) for analysis.

SPACE SEGMENT
12 satellites

Referee 2 1 T
USER SEGMENT

Substitution zone Goalkeeper/Specialist e -
entry zone _ — = 9
e Side Line -
-

- CONTROL SEGMENT
--=" N %
= %
S Playing ?.;
': Area (=
S & Goal Area
Referee 1
USER SEGMENT Side Line
—————
:
Goalkeeper/Specialist Substitution zone
entry zone

Figure 1. Application of the GPS system in elite BH matches.

As there were no previous studies on the selected group, the variables recorded were

those used in prior research conducted on official BH matches [1], either in absolute terms
or relative to the minute played: Set Duration (min); total distance (m); relative distance
(m'min™); High-Intensity Distance (HID; m; v > 14 km-'h™); Relative HID (m-min™);
maximum speed (MS; km-h™). The distance covered was also recorded in the following
speed zones (in absolute [m] or relative [m'min-] terms): zone 1, 0-6 km-h!; zone 2, 6-8
km-h%;, zone 3, 8-10 km-'h}; zone 4, 10-14 km-h!, zone 5: 14-16 km-'h%; and zone 6, >16
km-h-'. Additionally, we also recorded, either in absolute or relative terms according to
the playing time, the number of accelerations and decelerations; the distance covered
while accelerating and decelerating; the peak of acceleration and deceleration; and the
distance covered in five acceleration zones: Z0, 0 to1 m's 2, Z1, 1 to2 m-s2; Z2,2 to3 m-'s2;
73, 3 to 4 m-s?2; and Z4, 4 to 5 m-'s2; as well as the distance covered in five deceleration
zones (Z0, -1 to Om-s?2;, Z1, -2 to -1 m-s2; Z2,-3 to -2 m-s2; Z3, -4 to -3 m-s%; and Z4, —4 to
-5 m's?); and peak acceleration (pAcc.; m-s?). Finally, Peak Deceleration (PDec.; m's?),
the Number of High-Speed Running instances (N°HSR; v > 10 km‘h™), and player load
(pL) were recorded both in absolute terms and relative to time [1,19,20].



Sensors 2024, 24, 827

4 of 9

2.5. Statistical Analyses

Data are displayed in the form of mean + standard deviation. Before performing
inferential statistical analyses, the univariate normality test (Shapiro-Wilk) and
homogeneity of variances (Levene test) were conducted. A two-way analysis of variance
(ANOVA; competition level x competition gender), followed by the Bonferroni post hoc
adjustment test, was carried out. For all tests, a significance level of p < 0.05 was set. The
standardized effect size was calculated for each comparison and classified as negligible
(effect size (ES) < 0.2), small (ES between 0.2 and 0.6), moderate (ES between 0.6 and 1.2),
or large (ES > 1.2). All statistical analyses were performed using SPSS V24.0 for Windows
(SPSS Inc., Chicago, IL, USA).

3. Results
Physical Demand on the BH Referees

Table 1 displays the main physical variables analysed for each competition and for
the entire sample. No differences were reported when comparing the male and female
leagues in the U18 category. Additionally, no differences were found in the comparison
between the female U18 and the female senior competitions either. The comparison
between the male U18 competition and the male senior competition showed that, on
average, the senior competition lasted longer than the U18 competition (p = 0.006; +0.34
min; CI: 0.08 to 0.59; d =0.37). It also elicited higher absolute accelerations (p = 0.006; +15.28
u.a.; CI: 4.43 to 25.89; d = 0.38), a greater absolute acceleration distance (p = 0.035; +13.05
m; CI: 0.93 to 25.22; d = 0.28), more absolute decelerations (p = 0.007; +15.03 u.a.; CI: 4.07
to 25.74; d = 0.37), and a higher player load (p = 0.042; +0.32 u.a.; CI: 0.01 to 6.22; d = 0.27).
On the other hand, refereeing the male senior competition was associated with higher
absolute accelerations (p = 0.008; +15.28 u.a.; CI: 3.89 to 25.53; d = 0.38), absolute
decelerations (p = 0.015; +13.68 u.a.; CI: 2.69 to 24.55; d = 0.35), and peak accelerations (p =
0.016; +0.18 m-s2; CI: 0.03 to 0.32; d = 0.34).

Table 1. Physical variables for each analysed category and for the entire sample.

. Whole Sample U18 (Mean * SD) Senior (Mean * SD)
Variable
(Mean * SD) Male League Female League Male League Female League

N of Sets 347 98 50 105 94
Duration (min) 11.18+0.89 11.02 + 0.89¥ 11.18 +0.97 11.36 +0.95 11.12+0.74
Total Distance (m) 514.62 + 80.54 506.80 +90.42  513.23+69.37 518.50+84.42 519.16 +70.69
Relative Distance (m-min-') 46.08 + 6.59 46.01+7.72 45.97 £ 5.52 45.67 + 6.78 46.68 + 5.62
High-Intensity Distance (HID; m) 49.84 +18.11 4847+19.94  4683+1577  51.44+18.04 51.10+17.30
Relative HID (m-min™!) 446+1.61 4,40 +1.83 4,19+1.39 4,54 +1.57 4.59 +1.53
High Speed Running (M) 13.96 +4.94 13.63 +5.59 13.02 +4.54 14.36 +4.37 14.35+5.01
Max Speed 14.28 +1.98 14.53 +1.79 14.45+1.55 14.72 +1.89 14.53 +1.89
Accelerations (n) 34728 £39.67 34298 £39.64¥ 339.72+38.15 387.26+41.561 343.49 +36,31
Accelerations (n/min) 31.11£2.70 31.22+£2.80 30.39£2.21 30.89 £2.63 31.23+2.70
Acceleration Distance (m) 266.27 £44.15  259.67 +48.63¥ 269.13+40.29 272.71+43.88 264.45+40.92
Relative Acceleration Distance (m-min™) 23.84 +3.59 23.58 £4.20 24.10+3.28 24.02+3.44 23.76 £3.23
Peak Acceleration 3.27 +0.52 3.25+0.53 -2.99 £ 0.94 3.38 £0.60 F 3.21+£0.43
Decelerations (n) 350.93 £39.98  346.28+40.30¥ 344.34+38.16 361.30+41.84%1 347.63+36.75
Decelerations (n/min) 3143+2.73 31.52+2.88 30.80 £2.18 31.81+2.84 31.26 +2.68
Deceleration Distance (m) 283.81 £40.72 279.80 +47.63 280.67 +34.44 284.55+42.10 288.84 +33.87
Relative Deceleration Distance (m-min™) 2543 +3.31 25.41 +3.99 25.14 +2.64 25.08 +3.41 25.98 +2.66
Peak Deceleration -3.07+0.99 -3.16 £ 0.42 -3.12£0.77 -3.14+0.95 -3.03+1.18
Player Load (u.a.) 6.06 £1.11 593+1.17¥ 593 +1.01 6.25+1.19 6.06 +£0.97
Player Load Relative (u.a:min™) 0.54 +£0.09 0.54 +£0.10 0.53 +0.08 0.55+0.10 0.55 +0.08

¥: differences between juvenile category and senior category for the given

differences between male league and female league for the given category.

gender league. i:
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Figure 2 shows the absolute distances covered by the referees at the different speeds
that define the six established zones. A greater distance covered at zone 1 speeds (0 to 6
km-h) was reported in all analysed competitions, with a longer distance covered in the
U18 female competition compared to the U18 male competition (p < 0.05). It was observed
that longer distances were covered in senior sets than in U18 sets in the other speed zones,
although no significant differences were reported (p < 0.05). Moreover, no differences in
any of the relative distance zones were found when comparing according to the
competition level (U18 and senior) or the gender of the competition (male and female).

U18:p<0.05

@BuUls8

B Senior

Meters

FEMALE MALE FEMALE MALE FEMALE MALE FEMALE MALE FEMALE MALE FEMALE MALE

ZONE1 ZONE 2 ZONE3 ZONE4 ZONES ZONE 6

Figure 2. Distances covered in the speed zones according to sex and competition.

Figure 3 shows the average distances covered by the referees in the different
acceleration and deceleration zones. The greatest distances during the set were covered in
acceleration zones 0 and 1 (from 0 to 1 m's? and from 1 to 2 m-s2) and in deceleration
zones 0 and 1 (from -1 to 0 m's2 and from -2 to -1 m-s2), regardless of sex or competition.
No significant differences were found when comparing between competitions and
leagues, either for absolute or for relative variables (p < 0.05).

ouis

M Senior

Meters

_———————————

Female Male Female Male Female Male  Female Male Female Male Female Male | Female Male =~ Female Male = Female Male
Z0AccOto1(m) = ZIAcclto2(m) = Z2Acc2to3(m) = Z3Acc3tod(m)  Z4Acc4to5(m) ZODec-1to0(m) | ZlDec-2to-1(m) Z2Dec-3to-2(m) | Z3 Dec 4 to-3 (m)

Figure 3. Distances covered in the acceleration and deceleration zones according to sex and
competition.
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4. Discussion

This research is the first to analyse the physical demands on elite BH referees in
official national competitions, considering both the competition level (U18 vs. senior) and
the competition’s gender (male vs. female). However, contrary to our hypothesis, the
physical demands per minute played in BH refereeing were relatively similar across the
U18 national male, U18 national female, senior national male, and senior national female
competitions.

The average playing time for the four studied categories ranged between 11.02 and
11.36 min. However, caution must be exercised when comparing absolute values, as the
senior male competition, on average, played for significantly more time than the U18 male
competition (0.34 min). Furthermore, most found differences were observed in absolute
variables, but not in relative variables per played minute.

The analysis of the distance zones reveals that referees covered the greatest distances
at speeds between 0 and 6 km-h, although some efforts exceeding 14 and 16 km-h" also
occurred during the game. These findings, along with the high values of the acceleration
and deceleration variables, suggest that BH refereeing is an intermittent activity, as
reported in other team sports [5,17]. Moreover, the fact that most of the distance is covered
in zone 1, with only a few meters in zones 5 and 6, coincides with data reported for BH
players in training [20] and competition matches [1]. However, the referees in this study
covered a greater average total distance (514.62 + 80.54 m) per set than both female BH
players (396.7 + 158.4 m) and male BH players (445.6 + 156.3 m) in training matches [20],
as well as national BH female players in official matches [1]. This may indicate that players
and referees have slightly different physical demands on them. In any case, caution is
needed when comparing players” physical performances with those of referees. Pueo et
al. [3] reported higher outcomes in elite Spanish BH players than those reported in this
study and in other studies [1]. Moreover, unlike referees, BH players might not play the
entire set, as substitutions are permitted during the game.

Indeed, this fact might explain why certain absolute outcomes, such as total distance,
appear to be higher in BH referees than those reported in previous studies. However, the
relative distance covered per set in our sample was lower (46.08 m-min-') compared to
that reported for male players (69.7 m'min?) and female players (59.8 m-min™) in
preparation matches and for male adolescent players (69.2 m'min™), as well as female
adolescent players (63.3 m-min-!), in official competition [21]. Accordingly, it appears that
BH refereeing may have slightly different distance demands compared to those of playing
BH. Further research is needed to confirm our findings and to analyse the impact of
contextual variables on the physical demands on both players and referees [22].
Additionally, there is a need to compare whether the High-Intensity Distance (HID) and
High-Speed Running (HSR) demands in BH refereeing are similar to those on BH players,
as such data have not been previously reported, despite being identified as relevant
variables in previous studies on indoor handball [23].

On the other hand, our data suggest that senior competitions and male leagues might
be marginally more demanding than U18 competitions or female leagues, respectively.
However, the lack of significant differences across this study’s categories does not support
the necessity of implementing different training approaches based on the competition
being refereed. This finding is intriguing, as previous studies in other team sports, such
as soccer, have identified varying physical demands based on the competition level and
player gender [17].

Regarding the acceleration and deceleration variables, we found that referees seem
to reach slightly higher acceleration peaks (of 3.27 + 0.52 m-s2) compared to those reached
by adolescent male and female BH players (3.08 = 0.39 m-s%/ 2.75 + 0.33 m-s?) in official
matches [21], as well as compared to elite German BH players [3]. However, the
deceleration peak (-3.07 + 0.99 m's?) was slightly lower than that reported for elite
German BH players (-3.34 + 0.67 m-'s?) [21]. In terms of the acceleration profile, our
outcomes are quite similar to those of BH players, with most the distance being covered
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in zones 0 and 1 (from 0 to 1 m-'s? and from 1 to 2 m-s2) [3]. The deceleration profile could
not be compared with the referenced studies on BH as it was not reported. However, the
highest outcomes were again observed in zones 0 and 1 (from -1 to 0 m-s2 and from -2 to
-1 m-s?), which is consistent with the outcomes reported for male players in indoor
handball [24]. Although the acceleration and deceleration profiles are similar for both BH
and indoor handball, referees were recorded to have a higher number of accelerations in
zones 1, 2 and 3 compared to BH players [3]. Additionally, they experienced more
accelerations and decelerations per minute (=29 to 31 accelerations and decelerations per
minute) than indoor handball players [24] and BH players [21]. These data are important
as a high frequency of accelerations and decelerations during a game may be associated
with an increased risk of injury [25]. Therefore, special attention should be paid to
accelerations and decelerations during training, especially considering the fact that
referees, on average, cover 23 m acerating and another 25 m decelerating. Nonetheless, a
study of worst-case scenarios could yield more insight into the most demanding periods
faced by BH referees [16].

On the other hand, in contrast to the distance profile, some differences were observed
in the acceleration profile of referees according to the competition level (U18 and senior)
and the gender of the competition (male and female). Therefore, although the core training
for referees might be quite similar regardless of the competition they are officiating,
coaches should consider that senior matches tend to last slightly longer than U18 matches
and may lead to a greater number of accelerations and decelerations per set. Additionally,
the male league could require a higher peak acceleration.

In terms of speed and player load variables, the referees reached a maximum speed
(14.28 = 1.98 km-h™) quite similar to that reported for elite BH female players per set (1st:
14.63 + 1.71 km-h™%; 2nd: 14.91 +2.30 km-h?) [1]. Nonetheless, both are slower than the
maximum speed reported for adolescent male players (17.3 + 2.0 km-h™) using Local
Positioning System (LPS) technology [21]. Contrary to what might be expected, despite
the higher number of accelerations and decelerations reported, the referees’ player load
was significantly lower (=6.1 u.a.) compared to the values reported for female players in
training matches (#13.0 u.a.) [3]. However, it was relatively close to the outcomes reported
by Miiller et al. [21] for official matches of the German Championship, using Inertial
Measurement Units technology (6.51 + 1.24 for female adolescent players; 8.36 + 2.24 for
male adolescent players; 7.17 + 1.82 for male players). In addition, the difference observed
in the absolute player load between the U18 and senior male categories reinforces the idea
that physical demands are relatively greater in senior competitions, although the
differences are not substantial.

This study also has some limitations that should be acknowledged. First, the sample
size was relatively small. Additionally, referees officiated a different number of matches,
and the number of matches recorded per competition was also different. Moreover, the
competition lasted for 3 days, so each referee officiated several matches per day. Finally,
we could not control contextual variables and other factors that might have affected the
physical performance of the referees, such as recovery behaviour or diet. However, this is
the first study investigating the physical performance patterns of elite referees.
Furthermore, the data were recorded during real matches played by the best BH players
in Spain across the four studied categories.

5. Conclusions

Handball referees are subjected to different physical demands than BH players, with
particular differences in their acceleration and deceleration demands. Nonetheless,
contrary to other team sports, the physical demands of refereeing are relatively similar for
U18 and senior competitions regardless of gender, although the senior competition, and
more specifically the male senior competition, seems to elicit slightly higher accelerations
and player load demands of referees than the other categories.



Sensors 2024, 24, 827 8 of 9

Author Contributions: Conceptualization, A.M.-R., ].S.-S., ].L.-F. and ].A.S.-S.; methodology, A.M.-
R, J.S.-S.,]J.L.-F,, D.L.-C. and ].A.S.-S.; software, A.M.-R., ].S.-S., D.L.-C. and J.A.S.-S.; validation, J.S.-
S., J.L.-F. and J.A.S.-S,; formal analysis, AM.-R,, ].5.-S,, ].L.-F., D.L.-C. and J.A.S.-S.; investigation,
AM.-R,, J.S.-S., D.L.-C. and J.A.S.-S.; resources, ].S.-S. and ]J.A.S.-S.; data curation, A.M.-R., ].S.-S.,
D.L-C. and J.A.S.-S.; writing—original draft preparation, A.M.-R,, ].S.-S. and D.L.-C.; writing—
review and editing, ].L.-F. and J.A.S.-S.; visualization, AM.-R. and ].A.S.-S.; supervision, ].S.-S. and
J.A.S.-S.; project administration, A.M.-R. and J.A.S.-S.; funding acquisition, ].A.S.-S. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the
Declaration of Helsinki and its study methodology was approved by the ethics Committee of the
University of Alicante (Spain) (Expedient UA-2021-03-11).

Informed Consent Statement: Written informed consent has been obtained from the participants to
publish this paper.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to the presence of personal health
information.

Acknowledgments: To the Royal Spanish Handball Federation and to the European Institute of
Exercise and Health (EIEH) of Alicante University for their selfless collaboration with this research.

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

References

1.

10.

11.

12.

13.

14.

15.

Sanchez-Saez, J.A.; Sanchez-Sanchez, J.; Martinez-Rodriguez, A.; Felipe, J.L.; Garcia-Unanue, J.; Lara-Cobos, D. Global Positioning
System Analysis of Physical Demands in Elite Women’s Beach Handball Players in an Official Spanish Championship. Sensors 2021,
21, 850.

Martinez-Rodriguez, A.; Sanchez-Sanchez, J.; Martinez-Olcina, M.; Vicente-Martinez, M.; Yéafiez-Sepulveda, R.; Cortés-Roco, G.;
Vazquez-Diz, J.A.; Sanchez-Saez, ].A. Professional Male Beach Handball Players Performance Profile. Nutrients 2022, 14, 4839.
Pueo, B.; Jimenez-Olmedo, ].M.; Penichet-Tomas, A.; Becerra, M.O.; Agullo, ].J. Analysis of Time-Motion and Heart Rate in Elite
Male and Female Beach Handball. . Sports Sci. Med. 2017, 16, 450-458.

Pueo, B.; Tortosa-Martinez, J.; Chirosa-Rios, L.].; Manchado, C. Throwing Performance by Playing Positions of Male Handball
Players during the European Championship. Scand. ]. Med. Sci. Sports 2022, 32, 588-597.

Garcia-Sanchez, C.; Navarro, RM.; Karcher, C.; de la Rubia, A. Physical Demands during Official Competitions in Elite
Handball: A Systematic Review. Int. |. Environ. Res. Public Health 2023, 20, 3353.

Mancha-Triguero, D.; Gonzélez-Espinosa, S.; Cérdoba, L.G.; Garcia-Rubio, J.; Feu, S. Differences in the Physical Demands
between Handball and Beach Handball Players. Rev. Bras. Cineantropometria Desempenho Hum. 2020, 22, e72114.
https://doi.org/10.1590/1980-0037.2020v22e72114.

Iannaccone, A.; Fusco, A.; Skarbalius, A.; Kniubaite, A.; Cortis, C.; Conte, D. Relationship between External and Internal Load
Measures in Youth Beach Handball. Int. ]. Sports Physiol. Perform. 2021, 17, 256-262.

Pueo, B.; Espina-Agullo, ].J.; Selles-Perez, S.; Penichet-Tomas, A. Optimal Body Composition and Anthropometric Profile of
World-Class Beach Handball Players by Playing Positions. Sustainability 2020, 12, 6789.

Lara Cobos, D.; Sdnchez Saez, ].A.; Morillo Baro, ].P.; Sdnchez Malia, ]. M. Beach Handball Game Cycle. Rev. Int. Deportes Colect.
2018, 34, 89-100.

Castillo-Rodriguez, A.; Mufioz-Arjona, C.; Onetti-Onetti, W. National vs. Non-National Soccer Referee: Physiological, Physical,
and Psychological Characteristics. Res. Q. Exerc. Sport 2022, 93, 804-812.

da Silva, J.F.; Castagna, C.; Carminatti, L.J.; Foza, V.; Guglielmo, L.G.A.; de Oliveira, F.R. Physiological Demands of Team-
Handball Referees during Games. |. Strength Cond. Res. 2010, 24, 1960-1962.

Pizzera, A.; Laborde, S.; Lahey, J.; Wahl, P. Influence of Physical and Psychological Stress on Decision-Making Performance of
Soccer Referees. ]. Sports Sci. 2022, 40, 2037-2046.

Pillitteri, G.; Petrigna, L.; Ficarra, S.; Giustino, V.; Thomas, E.; Rossi, A.; Clemente, F.M.; Paoli, A.; Petrucci, M.; Bellafiore, M.; et
al. Relationship between External and Internal Load Indicators and Injury Using Machine Learning in Professional Soccer: A
Systematic Review and Meta-Analysis. Res. Sports Med. 2023, 1-38. 10.1080/15438627.2023.2297190.

Ozaeta, E.; Yanci, J.; Castagna, C.; Romaratezabala, E.; Castillo, D. Associations between Well-Being State and Match External
and Internal Load in Amateur Referees. Int. |. Environ. Res. Public Health 2021, 18, 3322.

Aughey, R.J. Applications of GPS Technologies to Field Sports. Int. |. Sports Physiol. Perform. 2011, 6, 295-310.



Sensors 2024, 24, 827 9 of 9

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

Martinez-Torremocha, G.; Sanchez-Sanchez, J.; Alonso-Callejo, J.; Martin-Sanchez, M.L.; Serrano, C.; Gallardo, L.; Garcia-
Unanue, ]. Physical Demands in the Worst-Case Scenarios of Elite Futsal Referees Using a Local Positioning System. Sensors
2023, 23, 8662.

Martin-Sanchez, M.L.; Oliva-Lozano, ].M.; Garcia-Unanue, J.; Felipe, J.L.; Moreno-Pérez, V.; Gallardo, L.; Sanchez-Sanchez, J.
Physical Demands in Spanish Male and Female Elite Football Referees during the Competition: A Prospective Observational
Study. Sci. Med. Footb. 2022, 6, 566-571.

Varley, M.C.; Fairweather, LH.; Aughey, R.J. Validity and Reliability of GPS for Measuring Instantaneous Velocity during
Acceleration, Deceleration, and Constant Motion. J. Sports Sci. 2012, 30, 121-127.

Miiller, S.R.; Bayer, J.B.; Ross, M.Q.; Mount, J.; Stachl, C.; Harari, G.M.; Chang, Y.-].; Le, H.T.K. Analyzing GPS Data for
Psychological Research: A Tutorial. Adv. Methods Pract. Psychol. Sci. 2022, 5, 25152459221082680.

Zapardiel, ].C.; Asin-Izquierdo, I. Conditional Analysis of Elite Beach Handball According to Specific Playing Position through
Assessment with GPS. Int. ]. Perform. Anal. Sport 2020, 20, 118-132.

Miiller, C.; Willberg, C.; Reichert, L.; Zentgraf, K. External Load Analysis in Beach Handball Using a Local Positioning System
and Inertial Measurement Units. Sensors 2022, 22, 3011.

Lago-Penas, C. The Role of Situational Variables in Analysing Physical Performance in Soccer. J. Hum. Kinet. 2012, 35, 89-95.
Hamlet, M.D.; Frick, M.D.; Bunn, J.A. High-Speed Running Density in Collegiate Women’s Lacrosse. Res. Sports Med. 2021, 29,
386-394.

Barbero, J.C.; Granda-Vera, J.; Calleja-Gonzalez, J.; Del Coso, J. Physical and Physiological Demands of Elite Team Handball
Players. Int. |. Perform. Anal. Sport 2014, 14, 921-933.

Harper, D.J.; Carling, C.; Kiely, J. High-Intensity Acceleration and Deceleration Demands in Elite Team Sports Competitive
Match Play: A Systematic Review and Meta-Analysis of Observational Studies. Sports Med. 2019, 49, 1923-1947.

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://www.researchgate.net/publication/377722956

	1. Introduction
	2. Materials and Methods
	2.1. Study Design
	2.2. Subjects
	2.3. Methodology: Procedure and Instruments
	2.4. GPS Variables
	2.5. Statistical Analyses

	3. Results
	Physical Demand on the BH Referees

	4. Discussion
	5. Conclusions
	References

