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Abstract

This study aimed to examine the performance profile of elite male beach soccer players,
with particular emphasis on anthropometric characteristics, physical capacities, and
neuromuscular function across playing positions. A total of eighteen professional players
from the Serbian national team (28.7 + 5.62 years; 182.7 + 4.99 cm; 82.1 £ 7.57 kg)
participated, including goalkeepers (n = 3), defenders (n = 5), midfielders (n = 5), and
forwards (n = 5). All participants underwent a comprehensive battery of assessments,
including body composition, sprint performance (5 m, 10 m, and flying 5 m), agility (zig-
zag and 505 tests), lower-body power (countermovement and squat jumps), and flexibility
(sit-and-reach). Large positional effects were observed for countermovement jump (&* =
0.343), squat jump (€= 0.325), and flexibility (&> =0.325). Correlation analyses indicated
significant relationships among body composition, sprint, agility, and neuromuscular
outputs. Regression models indicated that higher body fat was associated with slower
sprint times (f = 0.61-0.62, p < 0.01), whereas greater body muscle (f =—0.53 to —-0.51,
p <0.05) and higher countermovement jump (B = —0.48, p = 0.046) were associated with
faster sprint performance. These findings provide coaches with a practical, exploratory
position-specific reference profile for anthropometric and physical profiling in elite beach
soccer. Future research should incorporate sand-specific testing to enhance evaluation,
training optimisation, and injury prevention.

Keywords: anthropometry; physical fitness; sand sports; sports performance

Resumen

Este estudio tuvo como objetivo examinar el perfil de rendimiento de jugadores
masculinos de ¢lite de futbol playa, con especial énfasis en las caracteristicas
antropométricas, las capacidades fisicas y la funcion neuromuscular segun la posicion de
juego. Un total de dieciocho jugadores profesionales de la seleccién nacional de Serbia
(28.7 £ 5.62 afios; 182.7 £4.99 cm; 82.1 + 7.57 kg) participaron en el estudio, incluidos
porteros (n = 3), defensores (n = 5), centrocampistas (n = 5) y delanteros (n = 5). Todos
los participantes realizaron una bateria completa de evaluaciones, que incluyo
composicion corporal, rendimiento en sprint (5 m, 10 m y 5 m lanzados), agilidad
(pruebas zig-zag y 505), potencia del tren inferior (saltos countermovement y squat) y
flexibilidad (sit-and-reach). Se observaron efectos posicionales elevados en el salto
countermovement (€2 = 0.343), el salto squat (&> = 0.325) y la flexibilidad (& = 0.325).
Los andlisis de correlacién indicaron relaciones significativas entre la composicion
corporal, la velocidad de sprint, la agilidad y las variables neuromusculares. Los modelos
de regresion mostraron que un mayor porcentaje de grasa corporal se asocio con tiempos
de sprint mas lentos (B = 0.61-0.62, p < 0.01), mientras que una mayor masa muscular (3
=-0.53 a—0.51, p <0.05) y un mayor rendimiento en el salto countermovement ( = —
0.48, p = 0.046) se asociaron con un mejor rendimiento en sprint. Estos hallazgos
proporcionan a los entrenadores un perfil de referencia practico, exploratorio y especifico
por posicion para el perfilado antropométrico y fisico en el futbol playa de élite.
Investigaciones futuras deberian incorporar pruebas especificas en arena para mejorar la
evaluacion, la optimizacion del entrenamiento y la prevencion de lesiones.

Palabras clave: antropometria; condicion fisica; deportes en arena; rendimiento
deportivo
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Introduction

Beach soccer (BS) has evolved from traditional football into a distinct discipline
characterized by unique technical, physiological, and tactical demands. The unstable sand
surface, barefoot movement, and modified rules create a performance context that
substantially alters movement patterns, force production, and game dynamics (FIFA,
2024; Kostenko, 2023; Leite & Barreira, 2014). Within contemporary sport science,
performance in team sports is increasingly understood as a multidimensional construct,
emerging from the continuous interaction between physical capacities, technical
execution, tactical organisation, and perceptual-cognitive skills.

In this regard, tactical behaviour represents a central integrative component of
performance, as it constrains and shapes the expression of physical and technical abilities
during competition. In BS, the reduced playing area, frequent transitions, and high-
scoring nature of the game places a premium on rapid decision-making, spatial awareness,
and coordinated team actions under time pressure. Match analyses in elite BS has shown
that the unstable sand surface produces irregular rebounds that hinder precise passing and
make coordinated team play difficult to implement, forcing players to rely on quick
individual decisions within small-group contexts (Scarfone & Ammendolia, 2016). FIFA
technical reports highlight that successful teams increasingly employ innovative tactical
systems specifically designed for the unique demands of BS, such as strategic player
positioning to facilitate rapid attacking transitions (FIFA Technical Study Group, 2024).
These characteristics differentiate BS not only from traditional football but also from
other small-sided games, requiring context-specific investigation rather than direct
generalisation from related sports.

Current evidence indicates that BS demands higher intensity than football or
futsal, largely due to the mechanical resistance of sand (Leite, 2016a). The sport’s
substitution rules allow coaches to facilitate the maintenance of a high tempo (Leite,
2016b). While speed, agility, and explosive lower-limb strength have been associated
with competitive success (McGowan et al., 2023), the specific relationships between
anthropometric characteristics, neuromuscular function, and performance in elite BS

remain poorly understood.
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Playing positions in BS impose distinct physical and technical demands.
Goalkeepers require rapid reactions and explosive power; defenders and midfielders
perform frequent accelerations and changes of direction; attackers depend on sprint speed,
agility, and coordination for complex actions such as volleys and bicycle kicks (Lima et
al., 2024; Lima et al., 2025; Vaccaro Benet et al., 2024). Positional profiling is widely
recognized as valuable for optimizing training and talent identification in team sports
(Kostenko, 2025; Nalbant & Siier, 2025). Nevertheless, BS remains substantially
underexplored in the scientific literature compared with football and futsal. Previous
studies have primarily focused on general physiology or injury patterns, leaving
positional demands and inter-limb asymmetries largely unexamined (Leite & Barreira,
2014; Muazu Musa et al., 2020). Examining leg dominance and neuromuscular symmetry
may provide insights into both performance and injury prevention on sand.

Despite the global expansion of BS, scientific research has not kept pace, creating
a gap in empirical data. Coaches often rely on personal experience or adapt training
models from surface-based football that do not account for sand-specific challenges.
What remains unknown is how anthropometric, neuromuscular, speed, agility, and
asymmetry variables collectively profile elite BS players across different positions.
Furthermore, the interplay between neuromuscular variables and speed-agility
performance in this specific context has not been systematically investigated.

The primary objective of this study was to examine the performance profiles of
elite male BS players, with a focus on anthropometric characteristics, physical capacities,
and neuromuscular function across playing positions. A secondary objective was to
analyze the relationships between neuromuscular variables and speed—agility

performance.

Methodology
Study design
A cross-sectional, observational study with a descriptive-analytical approach was
conducted to primarily profile the anthropometric characteristics, neuromuscular abilities,
speed, agility, flexibility, and technical-motor performance of elite professional male BS

players. The primary objective was to characterize the performance profiles of
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international-level players across playing positions (goalkeeper, defender, midfielder,
forward), thereby establishing positional reference data. A secondary objective was to
analyze the relationships between neuromuscular variables and speed-agility
performance. Although descriptive in orientation, the analytical approach incorporates
correlation and regression analyses to explore multidimensional performance structures.
Ethical approval was obtained from the institutional ethics committee (approval number:
127/1/18), and all procedures adhered to the Declaration of Helsinki. All participants

provided written informed consent.

Participants

Eighteen elite male players from the Serbian national BS team participated
voluntarily (n = 18). Players were categorized by primary playing position: goalkeepers
(GK, n = 3), defenders (DF, n = 5), midfielders (MF, n = 5), and forwards (FW, n = 5).
All players were active internationals with 4.3 + 1.9 years of BS experience, including
participation in FIFA Beach Soccer World Cup qualification (UEFA), the Euro Beach
Soccer League, and the Euro Beach Soccer Cup. Players also had 9.8 + 5.2 years of prior
senior football experience. Participant characteristics (age, height, weight, body fat
percentage, body muscle percentage, and body mass index) are presented in Table 1
(global and by position). Performance level was classified as "elite" according to McKay

et al. (2022), based on international competition participation at the highest level.

Experimental procedures

Data were collected over a one-week period during the preparatory phase of the
competitive season (summer training period), following two weeks of standardized team
training. This ensured that players were in a stable physiological state, without acute
competition-induced fatigue. Players completed six training sessions per week (90—120
minutes each). All tests were conducted in the morning (09:00—11:00) on a standardized
sandy surface (20-24°C). To ensure consistency, all participants completed the same
testing protocol in a fixed sequence of anthropometric assessment, neuromuscular testing,

speed testing, agility testing, flexibility assessment, and technical-motor testing.
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Data collection procedures
All participants completed a familiarization session one week before testing,
where they practiced each test. On the testing day, they completed a standardized
warm-up (10 minutes of light running and mobility work plus 10 minutes of dynamic
stretching), and all measurements were taken by the same trained examiner, with

equipment calibrated daily.

Anthropometric characteristics and body composition

All anthropometric characteristics and body composition measurements were
performed by the same examiner under controlled conditions: morning testing,
standardized hydration status, and no intense physical activity for at least 24 hours prior
to testing. Participants were tested barefoot. Regarding pre-testing nutrition and
hydration, participants maintained their habitual routines and were asked to refrain from
eating for at least two hours before testing. No further nutritional or hydration
standardization was imposed, as the study was conducted under field-based conditions
with elite athletes who maintained consistent daily routines. Body height was measured
using a portable stadiometer to the nearest 0.1 cm, following standard anthropometric
procedures. Body composition variables, including body mass (kg), body fat percentage
(%), and body muscle percentage (%), were assessed using bioelectrical impedance
analysis (BIA) via Tanita BC-730F (Tanita, Amsterdam, Netherlands), from which body
mass index (BMI) was subsequently calculated as kg/m?. It should be noted that the
principles of the International Society for the Advancement of Kinanthropometry (ISAK)
were applied only to height measurement (Marfell-Jones et al., 2012), whereas body

composition was assessed indirectly via BIA.

Performance tests
Sprint and agility performance were measured using photoelectric timing gates
(Microgate, Bolzano, Italy) with a time resolution of 0.001 seconds. All tests were
conducted barefoot on a standardized sand surface, following beach soccer competition

rules.
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Linear speed was assessed using three sprint tests: a 5-m standing start (S5m) to
evaluate initial acceleration, a 5-m flying sprint (S5Fm) to assess maximal sprint speed,
and a 10-m standing start (S10m). Each test was performed twice with 2—3 minutes of
recovery between trials, and the best time was retained for analysis.

Change-of-direction ability was evaluated using the 505 agility test with both the
dominant (505DL) and non-dominant leg (S505NDL), as well as the zig-zag agility test
performed without the ball (ZZ) and with ball control (ZZWB). Completion time was
recorded in seconds. Each test was performed twice with 2-3 minutes of recovery
between trials, and the best time was retained. Testing both limbs allowed for the
calculation of inter-limb asymmetry (DiffDL-NDL). The change-of-direction deficit
(CODD) was derived as the difference between the 505 test time and the 10-m sprint time
(CODD = 505 — S10m). To examine how ball control affects movement efficiency, a
zig-zag performance index was calculated (ZZP1 = ZZ +~ ZZWB), reflecting the impact
of technical skill on agility performance.

Explosive lower-body power was assessed using the countermovement jump
(CMJ) and the squat jump (SJ). Jump height was measured with the Optojump Next
system (Microgate, Bolzano, Italy) to a precision of 0.1 cm. Each participant performed
three trials per jump with 30-second recovery intervals, and the best result was used for
analysis. From these measures, the stretch-shortening cycle index (SSCI=[(CMJ —SJ) +~
SJ] x 100) and the eccentric utilization ratio (EUR = CMJ + SJ) were calculated as
indicators of neuromuscular efficiency.

Hamstring flexibility was assessed using the sit-and-reach test. Two trials were
performed, and the best result was recorded in centimetres.

The selected test battery consists of widely used, field-based measures that are
well validated in team sports for assessing acceleration, maximal speed, agility, and
change-of-direction ability on unstable sand surfaces, neuromuscular power, flexibility,
and technical-motor integration. These variables are particularly relevant to beach soccer
because movement on sand demands greater neuromuscular coordination, stability, and

energy expenditure than on firm surfaces.
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Statistical analysis

Data are presented as mean + standard deviation, along with 95% confidence
intervals (CI). Normality of distribution was assessed using the Shapiro—Wilk test. Most
variables met the assumption of normality (p > 0.05), with the exception of the 5-m sprint
(S5m), which showed a deviation (p = 0.021). Due to the small sample size (n = 18), all
results were interpreted with caution. However, because parametric tests are generally
robust to moderate violations of normality in samples of this size, parametric procedures
were retained for variables meeting normality assumptions. For regression analyses
specifically, results are treated as exploratory and hypothesis-generating rather than
confirmatory, with no claims of generalizability.

To describe positional characteristics, non-parametric procedures were applied,
primarily due to the small sample size and the possibility of unequal variances between
groups. Accordingly, the Kruskal-Wallis test was used to examine differences in variable
distributions across playing positions. Since the main focus of the study was on profiling,
greater emphasis was paid to effect sizes (¢?), as they provide a better indication of
practical relevance. Effect sizes were interpreted as small (0.01-0.059), medium (0.06—
0.139), and large (= 0.14). In line with the second aim of the study, the relationships
between neuromuscular variables and speed and agility performance were examined
using Spearman's rank correlation coefficients (p). Correlations were interpreted as weak
(0.30-0.49), moderate (0.50—0.69), and strong (> 0.70).

In addition, as an exploratory component of the analysis, multiple linear
regression models were used to examine the contributions of body composition and
neuromuscular performance variables to sprint performance. Sprint outcomes (S5Fm and
S10m) were treated as dependent variables, while body fat percentage, body muscle
percentage, and CMJ were included as predictors. Model performance was assessed using
the coefficient of determination (R?) and adjusted R?, along with the F-test as an indicator
of overall model fit. Standardized beta coefficients (B) were reported to describe the
relative contribution of predictors, while variance inflation factors (VIF) were used to
assess potential multicollinearity.

All statistical analyses were performed using IBM SPSS Statistics (version 26.0),

with the level of statistical significance set at p < 0.05.
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Results

Descriptive statistics

All 18 participants completed all measurements without any missing data or exclusions. This study
aimed to profile the anthropometric and physical performance characteristics of elite male BS players, both
globally and across playing positions. Descriptive statistics for anthropometric characteristics and body
composition are presented in Table 1, and physical performance variables in Table 2.

GK were the tallest and heaviest players, recording the highest body fat percentage. DF exhibited
the lowest body fat percentage and the highest body muscle proportion. MF and FW fell between these
extremes, showing average anthropometric profiles compared to the other roles.

The wide Cls observed for several anthropometric variables reflect the study’s limited sample size,
meaning population estimates should be interpreted with caution. This variability is most pronounced in
age, height, weight, and body composition markers across playing positions. GK and DF exhibit the

broadest intervals, indicating that these specific groups are less physically homogeneous than MF or FW.

Table 1. Anthropometric characteristics and body composition by playing position

GK (n=3) DF (n=5) MF (n=5) FWm=5) Total (n=18)
Variable Mean = SD Mean = SD Mean = SD Mean + SD Mean = SD
[95% CI]  [95% CI]  [95%CI]  [95% CI| [95% CI]
Age(vearsy 200530 2845792 256358 3204534 287562
ge (¥ [21.5-364] [18.6-382]  [21.2-300]  [25.4-386]  [25.9-31.5]
186.7+4.73 181.5+287 1824474  181.7+4.12
Height (cm)  [174.9- [177.9- [173.2— [176.6- [i%;j ;"59?]
198.4] 185.1] 191.6] 186.8] 27185
Weight (kgy  J08+465 7845412 8075909 8195755 8214757
ght(k®) 795 102.3] [73.2-83.5]  [69.4-920] [72.6:91.3]  [78.3-85.9]
Body fat (v 255032 2025328 2374745 2265256 22702455
YRt(e)  547.063]  [16.1-242]  [144-33.0]  [194-258]  [20.4-25.0]
Body muscle 347205  425+396  375+7.1 3794266  38.5+5.03
(%) [206-39.8] [37.6474] [28.7-463]  [345412]  [36.0-41.0]
261+131 2384143  243+247 248126 246176
2
BMI(kg/m®) 1778 903]  [22.0-256] [212-273] [232-264]  [23.7-254]

Note: Values are presented as mean + standard deviation with 95% confidence intervals. n = number
per group; SD = standard deviation; 95% CI = 95% confidence intervals; GK = goalkeepers; DF =
defenders; MF = midfielders; FW = forwards; cm = centimetres; % = percentage; kg = kilograms; m =
meters; BMI = body mass index

MF achieved faster sprint times over S5m, whereas DF performed better in the ZZ.

In contrast, GK generally showed slower agility performance and higher variability,
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although sprint results were not consistently the lowest across all distances. Despite these
mean differences, sprint performance was statistically similar across all positions, as
indicated by the substantial overlap in their CI. The data show that GK and MF exhibited
greater variability in short-distance acceleration, while DF and FW maintained more
consistent performance profiles reflected by their narrower CIL.

GK exhibited wider CI for agility variables, 505DL, 505NDL and CODD,
compared to other positional groups. The overlapping Cls suggest comparable sprint
capacities across positional groups. The width of certain intervals also reflects the
uncertainty associated with the relatively small number of players within each group.

FW achieved the highest average heights in the CMJ and SJ, while DF and MF
had slightly lower jump heights. SSCI and EUR values were highest in MF. Similarly,
for muscle strength variables (CMJ, SJ, SSCI, EUR), GK and MF presented broader
intervals, while DF and FW were more consistent. While flexibility results overlapped

across all positions, GK exhibited the most precise estimates with the narrowest intervals.

Table 2. Physical performance characteristics by playing position

GK (n=3) DF (n=5) MF (n=5) FW (n=5) Total (n=18)
Variable Mean+SD Mean+SD Mean=SD Mean+SD  Mean = SD
[95% CI] [95% CI] [95% CI] [95% CI] [95% CI]
S5Fm (s) 0.82+0.03 0.84+0.11 0.86+0.19 0.88+0.1 0.86+0.12
§ [0.74-0.89] [0.7-0.98] [0.62—1.09] [0.76-1.01]  [0.79-0.91]
& S5m (s) 1.19+£0.07 1.27+0.1 1.08 £ 0.21 1.15+£0.15 1.17+0.16
[1.01-1.36] [1.14-1.40] [0.82-1.33] [0.96-1.34] [1.09-1.25]
S10m (s) 2.0+0.05 2.08+0.15 2.04+0.25 2.04+0.08 2.04+0.15
[1.89-2.12] [1.9-2.26] [1.73-2.34] [1.94-2.13] [1.97-2.11]
505DL (s) 2.63+0.17 2.51+0.21 2.36+0.24 24+0.14 246+0.2
[2.22-3.04] [2.25-2.77] [2.07-2.65] [2.22-2.58]  [2.36-2.56]
2.79+0.16 2.52+0.15 2.57+0.14 25+0.06 2.57+0.16
SOSNDL (s) [2.39-3.2] [2.33-2.7] [2.4-2.74] [2.43-2.57] [2.5-2.65]
DiffDL-NDL.  0.16 £0.11 0.01+0.09 0.21+0.26 0.1+0.11 0.12+0.17
. (s) [-0.12-0.44]  [-0.1-0.11]  [-0.11-0.54] [-0.04-0.24] [0.03-0.2]
:ﬁ) CODD (s) 0.63+0.18 043+0.3 032+0.2 036+0.13 041+0.22
< [0.2-1.07] [0.05-0.81] [0.07-0.57] [0.21-0.52]  [0.30-0.53]
77 (s) 7.03+0.34 6.49+0.43 6.76 = 0.35 6.58+0.17 6.68+0.36
[6.18-7.89] [5.96-7.03] [6.33-7.19] [6.38-6.79] [6.5-6.86]
8.58 8.05 8.46 8.34 8.33
(SZ)ZWB +0.37 +0.94 +0.29 £057  +0.6[8.03—
[7.67-9.49] [6.88-9.22] [8.11-8.82] [7.63-9.04] 8.63]
0.82 0.81 0.8+ 0.79 0.8+
77pr1 +0.06 +0.07 0.04 [0.75- +0.05 0.05[0.78-
[0.66—0.98] [0.72-0.90] 0.85] [0.73-0.85] 0.83]
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30.13+£3.91 2590+1.5 27.72+3.11 3042+1.67 2837+2.99
g CMJ (cm) [20.41— [24.03— [23.86— [28.35— [26.88—
£ 39.86] 27.77] 31.58] 32.49] 29.86]
P
= 2787375 ) 0 sy 254270 o o0 2647+3.03
© SJ (cm) [18.56— [29.2.25.96] [22.04— 126.7-31.5] [24.96—
§ 37.17] : : 28.76] : : 27.98]
= SSCI 8.2+2.29 7.68+494  9.15+5.14  4.66+3.94  734+441
[2.51-13.89] [1.55-13.81] [2.77-15.53] [-0.24-9.56] [5.14-9.53]
EUR 1.08+£0.02 1.08+005 1.09+005 1.05+004 1.07+0.04
[1.02-1.14]  [1.02-1.14]  [1.03-1.16] [1.0-1.1] [1.05-1.09]
")
=z Sit-and- 20.83+1.04 291+£3.96 258+4.09 295+3.08 26.92+45
= Reach (cm) [18.25— [24.18— [20.73— [25.67— [24.68—
= 23.42] 34.02] 30.87] 33.33] 29.15]

Note: Values are presented as mean + standard deviation with 95% confidence intervals. n = number
per group; SD = standard deviation; 95% CI = 95% confidence intervals; GK = goalkeepers; DF =
defenders; MF = midfielders; FW = forwards; cm = centimetres; s = seconds; SSFm = 5-m flying sprint
with a running start; SSm = 5-m sprint from a standing start; S10m = 10-m sprint from a standing start;
505DL = 505 agility test — performed with the dominant leg; SOSNDL = 505 agility test — performed with
the non-dominant leg; DiffDL-NDnumberL. = 505DL — 505NDL = Difference in 505 agility test time
(dominant leg and non-dominant leg); CODD = change of direction deficit (the difference between
performance in the S05DL and the 10-m sprint time); ZZ = zig-zag agility test; ZZWB = zig-zag agility test

with ball; ZZPl = ZZ /| ZZWB =

zig-zag performance index (without ball / with ball); CMJ =

countermovement jump height; SJ = squat jump height; SSCI = stretch-shortening cycle index, calculated

as (CMJ-SJ) / SJ x 100; EUR = eccentric utilization ratio, calculated as CMJ / SJ.

Non-parametric analysis and effect sizes

Because of unequal variances, the Kruskal-Wallis test was used to compare

positions. While no significant differences were found, effect size analysis (g?) highlights

meaningful positional trends (Table 3). Large effects were observed for vertical jump

performance variables (CMJ and SJ) and flexibility. Moderate effects were observed for

body muscle percentage, SOSNDL agility, weight, and ZZ.

Table 3. Effect sizes for anthropometric and performance variables

Variable © df P g’

CMJ 7.802 3 0.050 0.343
Sit-and-Reach  7.554 3 0.056 0.325
SJ 7.547 3 0.056 0.325
Body muscle 6.268 3 0.099 0.233
50SNDL 5.172 3 0.160 0.155
Weight 5.103 3 0.164 0.150
77 4.991 3 0.172 0.142
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Note: y* = chi-square statistic; df = degrees of freedom; p = significance level (p-value); &2 = epsilon
squared effect size; CMJ = countermovement jump height; SJ = squat jump height; SOSNDL = 505 agility
test — performed with the non-dominant leg; ZZ = zig-zag agility test.

Correlation analysis

Spearman rank correlation analysis indicated that body weight relates strongly to
fat percentage, BMI, and height, but inversely to body muscle. Body weight showed
strong positive correlations with body fat percentage (p = 0.831, p < 0.001), BMI (p =
0.748, p < 0.001), and body height (p = 0.674, p = 0.002). Body weight was strongly
negatively correlated with body muscle percentage (p =—0.742, p <0.001). Body muscle
percentage demonstrated negative associations with body fat percentage (p =—0.900, p <
0.001) and BMI (p =-0.792, p < 0.001), while BMI showed a strong positive correlation
with body fat percentage (p = 0.909, p <0.001).

Sprint performance is interconnected. The 10-m sprint time was moderately
correlated with S5Fm (p = 0.542, p = 0.020) and strongly correlated with S5m (p=0.719,
p = 0.001). S5m performance showed a negative correlation with Diff DL-NDL (p =
—0.474, p = 0.047) and a positive correlation with sit-and-reach flexibility (p = 0.539, p
=0.021).

Neuromuscular variables share a strong relationship, with the high correlation
between CMJ and SJ (p = 0.931, p < 0.001). Agility measures showed moderate
correlations, including 5S05DL with SOSNDL (p = 0.525, p = 0.025) and ZZWB with ZZ
percentage (p = 0.527, p = 0.025). In addition, ZZP1I showed a strong negative correlation
with ZZWB performance (p = —0.629, p = 0.005).

Agility measures showed strong internal relationships. The S05DL test correlates
highly with CODD (p = 0.838, p < 0.001), while SOSNDL relates to both CODD (p =
0.553, p=0.017) and ZZ (p = 0.576, p = 0.012). Diff DL-NDL was strongly negatively
correlated with 505DL (p =—0.658, p = 0.003).

Better flexibility is associated with faster SOSNDL performance (p = —0.482, p =
0.043), DiffDL-NDL (p = —0.514, p = 0.029), and ZZ (p = —0.564, p = 0.015). Finally,
the nearly perfect correlation between EUR and SSCI confirms they measure identical

aspects of stretch-shortening cycle efficiency (p = 0.999, p <0.001).
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Regression analysis
Given the small sample size (n = 18), multiple linear regression was conducted as
an exploratory analysis to examine the contribution of body composition and performance
variables. The results should be interpreted with caution due to sample size limitations.
Variance inflation factors (VIF) were 1.0 for all models, indicating the absence of

multicollinearity (Table 4).

Table 4. Multiple regression analysis of sprint performance based on body composition and
performance variables

Dependent . Adjuste o
Variable Predictor B B t ) d R? 95% CI for B
Body fat 0.016 0.611 3.090 007 374 0.335 0.005 - 0.027
S5Fm
Body
muscle -0.012 -0.507  -2.355 032 257 0.211  -0.023 —-0.001
Body fat 0.020 0.619 3.155 006 384 0.345 0.007 - 0.034
S10m Body -0.016  -0.533  -2.519 0.239  -0.029 —-0.002
muscle ' ' ' 023 284 ' ’ ’
CMJ -9.62 -0.476  -2.166 046 227 0.178  -19.035--0.204

Note: SSFm — 5-m flying sprint; S10m — 10-m sprint; CMJ — countermovement jump; B —
unstandardized regression coefficient; B — standardized regression coefficient; t — t-value; p — significance
level; R? — coefficient of determination; Adjusted R? — adjusted coefficient of determination; 95% CI —95%
confidence interval for the unstandardized regression coefficient.

Body fat percentage emerged as a significant positive predictor of SSFm (B =
0.611, p=0.007), indicating that higher body fat levels were associated with slower sprint
times. The model explained 37.4% of the variance in performance. The model
demonstrated a statistically significant fit (SE = 0.098), substantial proportion of variance
in sprint performance (F = 9.549).

Body muscle percentage was identified as a significant predictor of S5Fm (p =
0.032), suggesting that greater body muscle correlates with faster sprint times, with the
model explaining 25.7% of the variance. The predictor showed a moderate negative
correlation with sprint performance (B = —0.507), with a small standard error of the
estimate (SE =0.005). The regression model remained statistically significant (F =5.548),

as illustrated in Figure 1.
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Note: Relationships between body fat (R? = 0.374), body muscle (R? =0.257), and 5-m flying sprint
performance (S5Fm).
Figure 1. Regression relationships between body composition (body fat and body muscle), and 5-
m flying sprint performance

Body fat percentage was found to be a significant predictor of 10-m sprint
performance. Higher fat levels correlate with slower sprint times. The predictor displayed
a moderate positive correlation with sprint performance (8 = 0.619) and a low standard
error (SE = 0.006). The model explained 38.4% of the variance in sprint performance.
The regression model showed a statistically significant fit (F = 9.956, p = 0.006).

Body muscle percentage appeared to be a predictor of sprint performance over 10
m. The negative correlation between body muscle and sprint time (p = —0.533) shows that
players with greater body muscle tended to achieve faster sprint times. The model
explained 28.4% of the variance in sprint time (R* = 0.284). Each 1% increase in body
muscle reduced sprint time by 0.016 s. The model showed statistical significance (F =
6.344, p = 0.023), with a small standard error (SE = 0.006).

CMIJ performance emerged as a significant predictor of sprint ability (S10m), with
the model explaining 22.7% of the variance. Better explosive power correlates with faster

sprint times (B = —0.476, F = 7.368, p = 0.046), as illustrated in Figure 2.
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Note: Relationships between body fat (R? = 0.384), body muscle (R*> = 0.284), countermovement jump
(CMJ) (R>=0.227), and 10-m sprint performance (S10m).
Figure 2. Regression relationships between body composition (body fat and body muscle),
explosive power (CMJ), and 10-m sprint performance

Discussion
The primary objective of this study was to profile the anthropometric
characteristics, body composition, neuromuscular abilities, speed, agility, and technical—
motor performance of elite male BS players according to their specific playing positions.
The discussion below interprets the observed positional profiles, acknowledges the
limitations imposed by small sample sizes, particularly for GK, and contextualises the

findings within the existing literature on BS and related team sports.

Anthropometric characteristics and body composition profiling by position

In this section, anthropometric characteristics refer to structural parameters
(height, weight, BMI), while body composition refers to tissue composition (body fat
percentage, body muscle percentage) assessed via bioelectrical impedance analysis.

GK were the tallest and heaviest players and also exhibited higher body fat
percentages, potentially contributing to improved shot-blocking ability. DF had the
lowest body fat and highest body muscle for strength and mobility (Santos et al., 2014),
leaving MF and FW with intermediate values suited for high metabolic demands linked
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to repeated accelerations, transitions, and attacking actions. These findings are consistent
with previous research in football and BS, where greater height and weight may provide
advantages in goal coverage and may be potentially advantageous for shot-blocking
situations (Costa et al., 2022).

In contrast to the findings of Banitalebi Dehkordi et al. (2022), who reported that
BS players in the Iranian BS premier league presented with a younger age (24.64 = 4.01
y), lower weight (75.08 £ 8.15 kg), and similar body mass index (22.76 £+ 2.36), the
present study's players also differed from other elite populations. Specifically, they
differed from the Portuguese national team players examined by Costa et al. (2022), who
had a similar age (29.4 + 6.9 years) and height (1.82 £ 0.06 m) but a lower body weight
(74.1 £ 7.9 kg), and the Portuguese elite players studied by Carvalho et al. (2025), who
also presented with a similar age (27.8 £ 6.1 years) and height (180 = 6 cm) but lower
body weight (73.2 + 8.8 kg) and body fat percentage (8.2 + 8.8%). However, the players
in the present study showed some similarities to the Turkish BS players (both national
team and league players) examined by Nalbant & Stier (2025), particularly in body weight
(81.35 + 11.34 kg for the Turkish national team players). Furthermore, the players in the
present study showed some similarities to those assessed by Vaccaro Benet et al. (2024),
who examined Spanish national team players with similar age (27.5 + 3.2 years), but
slightly lower height (180 = 6 cm) and lower body weight (75 + 8 kg). These cross-
national differences may reflect variations in competitive level, training history, genetic
pool, or tactical playing styles, and should be interpreted descriptively rather than as
evidence of superior or inferior physical capacity.

Within the present sample, strong intercorrelations among body composition
variables indicated a coherent physiological structure. Higher body weight was associated
with greater body fat and BMI, while muscle mass percentage was inversely related to
these indicators. This pattern likely reflects the expected interdependence of body
composition parameters in trained athletes.

Flexibility showed moderate associations with several agility variables,
suggesting that greater range of motion may contribute to more efficient movement
during directional changes. Although flexibility is not a primary determinant of agility, it

supports efficiency in dynamic actions. Large effect sizes in CMJ, SJ, and sit-and-reach

16


https://doi.org/10.55040/8nkzrs86

OPEN a ssssss Creative Commons @ ® @ @

www.sportisjournal.com ‘ v.arufe@udc.es ‘ ISSN 2386-8333

Edited by Campus Educa Sportis. A Coruiia. Spain

REVISTA INTERNACIONAL

SPORTIS

Scientific Journal of School Sport,
Physical Education and
Psychomotricity

Original article. Performance profiles of professional male beach soccer players: Evidence from the
Serbian national team. Vol. 12, n. ° 3; p. 1-27, July 2026. https://doi.org/10.55040/8nkzrs86

suggest that these variables may be strongly influenced by playing position, even though
the sample size did not allow for statistical significance. Moderate effect sizes for body
muscle percentage, body weight, S0SNDL, and ZZ further support this idea, suggesting
that position-specific demands can modify these characteristics. Similar conclusions were
noted in elite soccer and small-sided sports, where overlapping positional demands reduce
group differences despite clear role-specific tendencies (Kosec et al., 2024; Leite, 2016a;
Leite & Barreira, 2014; Rosario et al., 2015).

The small sample of GK (n = 3) produced wide CI for several anthropometric and
body composition variables. These wide CI reduce precision and require cautious
interpretation. Nevertheless, they still provide a valid descriptive profile of the elite

Serbian BS players who constituted the entire accessible population at the time of testing.

Linear sprint speed and change of direction performance profiling by position

Speed and agility are widely recognised as important physical qualities in
high-intensity BS. In the present sample, MF achieved slightly faster times in the S5m,
while DF had better values in the zig-zag agility test. These observations suggest that
positional demands may influence speed and agility expression, aligning with previous
research in BS that indicates the importance of these qualities in offensive roles
(McGowan et al., 2023; Muazu Musa et al., 2020). Compared with Larsen et al. (2021),
who reported S5m means of 1.01 s (under 20 years), 1.02 s (20-30 years), and 1.07 s
(over 30 years), the Serbian national team players in the present study generally showed
faster times. These findings suggest that factors other than age, such as competitive level
and testing conditions, may contribute to sprint performance differences across studies.

GK demonstrated different performance levels compared to DF and FW in
S05NDL, but inter-limb indices and direction-change deficits remained symmetrical,
suggesting sand-specific movement requires bilateral engagement may promote more
balanced neuromuscular engagement. Similar adaptations have been reported (Larsen et
al., 2021; Shimakawa et al., 2016), where the unstable sand surface promotes balanced
neuromuscular development. Agility measures demonstrate clear interrelationships,
where the strong association between 505DL and CODD shows that athletes with better

change-of-direction performance exhibit smaller deficits, and since moderate to large
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effect sizes indicate practical relevance, even minimal differences in acceleration or
agility are decisive given the reduced field dimensions of BS and frequent goal-scoring
opportunities.

Sprint tests across different distances were significantly related, showing that
short-distance acceleration reflects performance over longer sprints, a relationship that
highlights acceleration as a key speed component, while overlapping CI across sprint and
agility variables suggest that underlying capacities remain relatively similar across elite
positions, indicating that positional specialization in BS relies on a combination of
technical, tactical, and physical attributes rather than clear distinctions in isolated physical

indicators.

Neuromuscular performance and explosive power profiling by position

FW achieved the highest average values in the CMJ and SJ, while DF and MF
showed somewhat lower values. MF showed the highest SSCI and EUR values,
potentially reflecting more effective use of the stretch-shortening cycle. These results
reflect the explosive needs of FW in aerial duels and the agility required by MF. The sand
surface imposes neuromechanical limits, hindering elastic energy reuse and altering
force-velocity dynamics (Scarfone & Ammendolia, 2016). Regarding CMJ performance,
the results obtained in the present study were generally lower than those reported by
Carvalho et al. (2025) for Portuguese elite BS players, whose CMJ values ranged from
35.1 £ 5.0 cm to 38.9 +£ 6.1 cm before and 38.2 + 4.7 cm to 40.6 £ 6.1 cm after, at
temperatures between 22.0 °C and 36.5 °C. This discrepancy may be attributable to
differences in testing conditions (e.g., sand temperature, surface hardness), athlete
preparation, or competitive level, and should be interpreted cautiously.

The small GK sample (n=3) caused wide CI and high variability, particularly in
CMJ ranged from 20.41 to 39.86 cm, indicating considerable variability in explosive leg
power within this subgroup. In contrast, certain positional groups displayed narrower CI,
suggesting more stable performance profiles. For instance, FW demonstrated relatively
consistent results in agility tests such as the SOSNDL and zig-zag test, as indicated by the
narrower confidence ranges. Similarly, DF showed stable anthropometric and

performance characteristics across several variables.
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Significant correlations between neuromuscular variables and speed-agility
performance demonstrate that higher CMJ and SJ values were associated with superior
sprint times and agility, supporting the idea that lower-limb explosive strength may
represent an important contributor to performance despite the mechanical challenges of
an unstable sand surface (Castellano & Casamichana, 2010; Santacruz Marin et al., 2025;
Scarfone et al., 2010). Connecting these results with the study that demonstrated that a
higher level of bilateral deficit (BLD) affects the decline in performance variables related
to the CMJ and back squat (Moya Ortega et al., 2025), it is essential to develop both
explosive strength and balance between limbs to ensure movement efficiency during
professional BS match play.

The extremely high correlation observed between CMJ and SJ, as well as EUR
and SSCI, likely reflects the methodological relationship between these variables, as both
indices describe aspects of stretch—shortening cycle efficiency from shared raw data.

Body composition variables were significantly associated with performance
outcomes: higher body fat percentage and BMI were associated with reduced sprint and
jump capacity, whereas greater muscle mass was associated with better speed and agility.
This pattern may reflect a mechanical disadvantage of excess weight on sand, which
elevates energy expenditure and reduces movement efficiency, as previously proposed by

Shimakawa et al. (2016).

Sand-specific performance requirements
The sand surface directly affects movement mechanics, typically decreasing sprint
speed and change-of-direction efficiency compared to firm ground (Larsen et al., 2021).
Because sand is inherently unstable, it elevates energy expenditure and neuromuscular
strain, particularly in the lower limbs. These mechanical constraints influence both
physical load and performance outcomes during match play. In the present study, all
speed, agility, and jumping assessments were conducted directly on sand to capture the

specific neuromechanical reality of competitive BS.
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Profiling the neuromuscular characteristics of players on sand may have
implications for injury prevention, given the documented incidence of lower-limb trauma
in elite BS (Brynzak et al., 2023; Lima et al., 2025; Sharifatpour et al., 2020; Shimakawa
et al., 2025). The positional tendencies observed here suggest that FW and MF could be
exposed to higher neuromuscular fatigue due to their frequent involvement in explosive
and repeated high-intensity actions. However, the present study did not directly measure
injury incidence or fatigue, and this interpretation remains speculative pending further
research.

The relationships identified between body composition, explosive power, and
agility align with established evidence regarding the necessity of muscle balance and
workload management in sand-based disciplines. Integrating anthropometric profiling
with neuromuscular monitoring allows for performance optimization while
simultaneously mitigating injury risk. Furthermore, the link between inter-limb
asymmetry and change-of-direction capacity observed in previous studies (Banitalebi
Dehkordi et al., 2022; Costa et al., 2022; De Lira et al., 2017; Doroodgar & Dehaghani,
2024; Lima, 2023; Sabzevari et al., 2023; Sannicandro et al., 2024) suggests that bilateral
coordination may be a functional prerequisite for efficient movement on unstable terrain.

Taken together, these findings provide a descriptive profile of the physical and
functional characteristics associated with elite BS players and their specific positions. A
comprehensive assessment strategy, one that integrates body composition, explosive
power, and agility, can provide objective data to inform player monitoring,
position-specific training design, and talent identification within the unique mechanical

and environmental context of BS.

Conclusion

The present study aimed to profile elite male BS players according to
anthropometric characteristics, body composition, neuromuscular performance, sprint
ability, agility, and flexibility across playing positions. The primary contribution of this
study is not the identification of statistically significant between-position differences,

which were limited, likely due to the small and uneven sample, but rather the provision
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of position-specific performance profiles and practical reference ranges for elite BS
players competing at international level.

Several positional tendencies emerged that may inform future hypothesis-driven
research. GK demonstrated distinct anthropometric characteristics (greater height and
body mass), DF showed balanced speed-power profiles, MF exhibited enhanced
flexibility and agility with ball control (ZZPI), and FW presented favorable explosive
strength values (CMJ, SJ) relative to other positions. While confidence intervals varied
across roles, reflecting the inherent variability within smaller positional groups, medium
to large effect sizes (&%) suggested meaningful positional patterns that carry practical
relevance in elite BS.

The present data suggest that performance in elite BS may depend on multiple
interacting factors. Specifically, lower-limb explosive strength (CMJ, SJ), agility
(particularly with ball integration), and flexibility, combined with optimized body
composition, appear to be associated with effective movement and technical execution on
sand. However, given the exploratory nature of this study and the sample constraints,
these findings should be interpreted as hypothesis-generating rather than confirmatory.
The reported positional benchmarks may serve as a useful reference for coaches and
practitioners working with elite BS players, particularly for talent identification and

individualised training prescription.

Practical applications

Given the exploratory nature of this study and the specific context of the Serbian
national BS team, the following practical recommendations should be applied with
appropriate caution.

Coaches and practitioners may consider using the positional performance ranges
reported in this study as reference benchmarks for profiling players and identifying
individual strengths and weaknesses relative to elite-level positional norms. When
designing training programs, attention could be directed toward body composition
management, acceleration capacity (S5m, S10m), and maximal speed (S5Fm), as these

variables showed meaningful associations with positional roles within this sample.
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Given the exploratory evidence, enhancing lower-limb power (CMJ, SJ) and
integrating agility drills with ball-related tasks (e.g., ZZWB) might benefit match
readiness, particularly for outfield players. Inter-limb asymmetries in change of direction
(505DL vs. 505NDL) may warrant individualised monitoring, although the present data
do not permit firm conclusions regarding injury risk or performance thresholds.

Importantly, these recommendations are specific to elite male BS players
competing at international level and should not be generalized to other populations (e.g.,
amateur, female, or youth players) without further validation. Future research should seek
to confirm whether these positional patterns replicate across different national teams and

competitive levels.

Limitations and future research

Several limitations should be considered when interpreting the present findings.
First, the focus on a single national team and the relatively small sample size (n = 18),
particularly within the goalkeeper subgroup (n = 3), necessitate cautious interpretation of
positional tendencies. Second, although the statistical approach was appropriate for
exploratory profiling in elite beach soccer, the regression findings should be interpreted
as exploratory and hypothesis-generating rather than predictive due to the limited sample
size. Third, the cross-sectional design prevents causal inferences regarding the
determinants of performance. Finally, the absence of longitudinal monitoring, nutritional
tracking, and match-derived tactical metrics limits the broader contextual interpretation
of the physical performance measures.

Future studies should expand to multi-level samples (multiple national teams or
clubs), adopt longitudinal frameworks to track changes across competitive seasons, and
integrate match-derived tactical metrics (e.g., positional tracking, decision-making
analysis) to further validate sand-specific assessment protocols. Despite these limitations,
the reported positional performance ranges serve as a preliminary benchmark for profiling
elite BS players and understanding the physical rigors of international competition.

Replication studies with larger, more diverse samples are strongly encouraged.
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