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A B S T R A C T

Introduction: Beach handball, an emerging team sport derived from indoor handball, is characterized by high-

intensity efforts. This study aimed to analyze the physical fitness profiles of elite beach handball players of

both sexes and identify the characteristics that determine anaerobic power performance among these

athletes.

Material and methods: A cross-sectional study was conducted with 25 elite beach handball players. Anaerobic

power, sprint performance, and change-of-direction ability were assessed.

Results: There were no significant differences between men and women in anaerobic power and change-of-

direction ability. Men showed better performance in the 15-meter sprint test (p = 004). A moderately strong

positive correlation was found between anaerobic power and age. BMI did not significantly correlate with

power performance.

Conclusions: Age is an important determinant of anaerobic power, whereas body mass index does not play a

significant role, especially among males.

© 2024 Published by Elsevier España, S.L.U. on behalf of Consell Català de l'Esport. This is an open access arti-

cle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Beach handball is a rapidly growing team sport derived from

indoor handball, known for its high-intensity efforts,1 and these

intrinsic characteristics have been corroborated using global posi-

tioning system analyses.2 Scientific research on this topic is also grad-

ually arising, especially regarding sports performance. Previously,

Lemos et al.3 compared sport-specific performance, fitness, and

anthropometric measurements between elite and sub-elite players of

both sexes. The results suggests that power performance, expressed

by the horizontal jump, and technical ability during throwing are the

variables that differentiate between categories irrespective of sex.

Also, aspects regarding nutrition and performance of these athletes

have been investigated.4,5 Sex differences in sports performance are a

vastly discussed topic among scientific literature. However, scientific

evidence concerning this sample can still be considered scarce.

Considering the profile of this sport, the adequate jumping, sprint-

ing, and change-of-direction ability are considered of utmost impor-

tance,6 as well as anaerobic capacity. Previously, Ortega-Becerra et

al.7 aimed to determine if different physical capabilities had any rela-

tionship with throwing velocity of handball players of distinct ages,

an important marker of specific performance. According to the

results, throwing velocity is associated with lower-limb strength,

upper-limb, jumping and sprint capacities, which highlights the

importance of these activities, even though there are considerable

differences between handball and beach handball. In this scenario,

Mancha-Triguero et al.8 conducted a comparative analysis between

indoor handball and beach handball and observed that the indoor

activity imposed greater physical demands. The authors equipped
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players in both modalities with heart rate monitors to assess internal

load and used and inertial device (Wimu�) to evaluate movement

and physical activity which was further analyzed through the SPro�

software. However, it is worth mentioning that both samples were

composed of U-16 athletes, limiting the extrapolation of their results.

Also, the analysis of the determinants of performance in a variety of

sports and occupational scenarios has been playing and important

role in scientific literature.

Considering the demand on knowledge concerning beach hand-

ball, the purpose of this study was to analyze the physical fitness pro-

file of a sample composed of elite beach handball players of both

sexes. In addition, the authors aimed to observe which characteristics

would determine anaerobic power performance among these elite

athletes. We hypothesize that age and anthropometric measure-

ments will significantly correlate with physical performance in these

athletes.

Material and methods

Ethical considerations

The procedures of the present study were carried out in accor-

dance with Resolution No 466/12 of the Brazilian National Health

Council. The study was submitted and approved by the Augusto

Motta University Centre ethics committee [6.827.696] and were con-

ducted in accordance with the Declaration of Helsinki.

Design

This was a cross-sectional study in which the sample was selected

by convenience. Participants were elite beach handball players (male

n = 11; female n = 14) and were assessed at the final list of those

selected to compete in the 2023 IHF Beach Handball Global Tour.

Descriptive statistics are displayed on Table 1. Age, body mass index

(BMI), and 15-meter sprint in the male group, as well as age, 15-

meter sprint, and relative maximum power in the female group are

expressed as median and interquartile range since they had their nor-

mality rejected, other variables should be read as mean and standard

deviation (Table 1).The participants were evaluated at the same time

of the day, aiming to avoid the influence of the circadian rhythm.

Each participant was instructed to wear comfortable clothing for test-

ing procedures and received an authorization from their medical

department to participate in the present investigation.

Participants

Participants were instructed to avoid any vigorous exercise and

caffeine or alcohol ingestion 12 h prior testing and, were familiarized

with testing procedures. Inclusion criteria consisted of a) being

selected to compete in 2023 IHF Beach Handball Global Tour; b) being

over 18 years old; c) being free from any musculoskeletal injury at

the time of evaluation. Exclusion criteria consisted of a) athletes who

weren�t given permission of their medical department to participate

in this investigation; (b) any kind of musculoskeletal injury that led

to training absence for eight days or more in the six months prior to

testing; (c) individuals who had ingested caffeine or alcohol during

the last 12 h prior testing. All participants were informed of the bene-

fits and risks of the investigation prior to signing an institutionally

approved informed consent document to participate in this study.

Testing were all conducted on sand due to the sport�s specificity.

Procedures

Initially, anthropometric measurements and information regard-

ing the subject�s playing position were collected. Height was mea-

sured to the nearest 0.1 cm and body mass to the nearest 0.1 kg.

Descriptive statistics are displayed on Table 1. Participants performed

a standard warm-up with a 10-minute duration in which they per-

formed low-intensity jogging during the first 5 min. Ballistic move-

ments to the lower limbs were added during the last 5 min.

Following warm-up, the Running-Based Anaerobic Sprint Test

(RAST), 15-meter sprint test, and the change-of-direction test were

conducted, always in this order, with a 10-minute passive interval

between tests.

Running-Based Anaerobic Sprint Test (RAST): Before conducting the

assessments, the total body mass of the participants, including the

attire worn during the tests, was measured using a bioimpedance

scale (OMRON� HBF-514, Brazil). The RAST Test involved completing

six maximal 35-meter sprints, with a 10-second passive recovery

period in between.9 The timing was recorded for each sprint (Iphone

14 Pro M�ax�, USA). Four evaluators simultaneously carried out the

evaluation, two of them at each end, one of them being responsable

to record the time of the sprint and the other one responsable for the

recovery period (stopwatch). The test started after the command

“Ready? Go!”, with the timer being immediately started after the beg-

gining of the sprint. Absolute power (Pabs) for each sprint was calcu-

lated by considering the individual’s time (t), distance (D), and body

mass (MC): (Pabs (W) = (MCxD2) / t3) .10 Variables such as maximum

relative power, minimum relative power, and average relative power

were determined by the ratio between their absolute values and the

individual�s body mass.11

15-meter sprint: Maximal acceleration was assessed through the

15-meter linear sprint test. Participants were instructed to star 0.5 m

behind the mark in an athletic position and sprint all the way till the

finish line as fast as possible.12 Two attempts were allowed, with the

best execution time being recorded, and a 3-minute rest interval

between attempts. Performance was recorded in seconds and hun-

dredths of a second (two decimal places). A manual stopwatch was

used. Two evaluators simultaneously carried out the evaluation, one

of them responsible for the stopwatch at the finish line and another

evaluator at the starting point giving the initial command. The test

started after the command “Ready? Go!”, with the timer being imme-

diately started after the beggining of the sprint.

Change of Direction (Square Test): A four-meter square was marked

on the floor with cones place in each of the four cones. The athletes

started from a standing position, with one foot slightly advanced

immediately behind the starting line. Upon the evaluator’s signal,

they should move towards the next cone diagonally. Next, they run

towards the cone to their left and then move to the diagonal cone

(crossing the square diagonally). Finally, they run towards the last

cone, which corresponds to the starting point13 (Fig. 1).

The athlete must touch each of the cones that mark the path with

one of their hands. The stopwatch should be started by the evaluator

as soon as the evaluated person took their first step, touching the

Table 1

Comparisons pf the descriptive statistics for each group.

Male Female p-value

Age (years) 26.00 (24.00−34.00) 22.00 (18.75−34.75) .323

Body Mass (kg) 89.67 § 13.15 67.57 § 7.59 .001

Height (cm) 172.81 § 57.39 173.49 § 7.38 .937

Body Mass Index (kg/

m2)

23.91 (22.98−25.46) 22.13 (20.14−23.80) .014

Change of Direction

(seconds)

5.43 § 0.46 5.52 § 0.47 .635

15-meter Sprint* (sec-

onds)

2.37 (2.20−2.40) 2.57 (2.51−2.74) .004

MARP (watts/kg) 21.80 (16.19−24.58) 20.16 (18.82−26.43) .956

MIRP (watts/kg) 13.33 § 4.11 10.73 § 2.84 .075

ARP (watts/kg) 16.98 § 4.09 15.23 § 3.77 .281

* Significant difference between groups; MARP = Maximum Relative Power;

MIRP = Minimum Relative Power; ARP = Average Relative Power.
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inside of the square. Two attempts were allowed, with the best exe-

cution time being recorded, and a 3-minute rest interval between

attempts. Performance was recorded in seconds and hundredths of a

second (two decimal places). A manual stopwatch was used. Two

evaluators simultaneously carried out the evaluation, one of them

responsible for the stopwatch at the end of the test and another

evaluator at the starting point giving the initial command. Evaluators

were placed side by side. The test started after the command “Ready?

Go!”, with the timer being immediately started after the beggining of

the sprint.

Statistical analysis

The Shapiro-Wilk test was performed to test the normality of data

distributions followed by skewness and kurtosis analyses, along with

graphical inspection of histograms and QQ-plots.14 The variables age,

BMI, and 15-meter sprint in the male group, as well as age, 15-meter

sprint, and relative maximum power in the female group, had their

normality rejected. For the analyses involving these variables, non-

parametric statistics were used for inferences, and the median and

interquartile range were used to describe measures of central ten-

dency and dispersion, respectively. Meanwhile, for inferential tests

involving only normally distributed variables, parametric analysis

was applied, using the mean and standard deviation as measures of

central tendency and dispersion, respectively.

To compare the differences between measurements in the male

and female groups, the independent samples T-test was conducted

when the variable displayed a normal distribution in both groups.

When the normality of the variable was rejected in one of the groups,

the Mann-Whitney test was conducted. Regarding correlations, the

Pearson product-moment correlation coefficient was applied to vari-

ables with a normal distribution, while the Spearman correlation

coefficient was used for correlations involving any variable that devi-

ated from the normal distribution. The strength of correlations was

classified according to Chan’s (2003b)15 proposal with <0.3 being

poor, 0.3−0.5 being considered fair, 0.6−0.8 moderately strong, and

at least 0.8 being considered a strong correlation. The coefficient of

determination was calculated whenever the correlation was signifi-

cant. Data were entered into IBM SPSS Statistics 20 software for anal-

ysis and the level of significance was set at 5 % (p ≤ 0.05).

Results

The male group showed significantly higher body mass and BMI

compared to females. Men also performed better in the 15-meter

sprint (p=.004). There were no significant differences in anaerobic

power and change-of-direction ability between sexes. Age showed a

moderately strong positive correlation with anaerobic power in both

sexes, while BMI did not significantly correlate with power perfor-

mance (Table 2). The female group showed a significant and negative

correlation between 15-meter sprint and power (p<.05) (Table 2).

Age showed a moderately strong correlation with maximum and

average power, while fairly correlate with minimum power (p<.05).

Discussion

The purpose of this study was to investigate the physical fitness of

a sample composed of beach handball players. Also, the determinants

Fig. 1. Schematic of the change of direction (Square Test).

Table 2

Correlations between age, BMI, 15-meters sprint performance, change-of-direction ability, and anaerobic

power performance.

Male athletes Female athletes

MARP MIRP ARP MARP MIRP ARP

BMI

R �0.109 �0.227 �0.145 �0.415 �0.299 �0.411

Classification poor poor poor fair poor fair

p − value .375 .251 .335 .070 .149 .078

R2
− − − − − −

Age

R 0.572 0.746 0.609 0.550 0.453 0.512

Classification mod.strong mod.strong mod.strong mod.strong fair mod.strong

p − value .033 .004 .023 .021 .052 .031

R2 0.327 0.556 0.370 0.302 − 0.262

COD

R �0.667 �0.797 �0.754 �0.248 �0.365 �0.207

Classification mod.strong mod.strong mod.strong poor fair poor

p − value .012 .002 .004 .392 .099 .239

R2 0.444 0.635 0.568 − − −

Sprint

R �0.138 �0.143 �0.290 �0.577 �0.630 �0.681

Classification poor poor poor mod.strong mod.strong mod.strong

p − value .343 .338 .194 .015 .008 .004

R2
− − − 0.332 0.396 0.463

BMI = body mass index; MARP = maximum relative power; MIRP = minimum relative power; ARP = average rel-

ative power; COD = change of direction; mod.strong = moderately strong.

F. De Oliveira et al. / Apunts Sports Medicine 59 (2024) 100460 3



of anaerobic power performance were investigated. The demanding

characteristics of a beach handball match highlights the need of ade-

quate anaerobic power performance since there�s a strong explosive

component exemplified by the need of high-intensity intermittent

sprints.16 In this scenario, the adequate ability to endure this type of

physical activity can be determined by distinct factors. A considerable

amount of research highlights the relationship between distinct

anthropometric measurements and performance in different

sports.17,18 However, in the present investigation, BMI did not display

a significant correlation with anaerobic power performance in both

sexes, nevertheless, age seemed to play an important role in this mat-

ter.

Aging has a considerable impact on an individual�s decline in

anaerobic capacity. In the present sample it was possible to observe a

positive moderately strong correlation between power performance

and age, considering most of the presented variables, and especially

among males. Gent and Norton19 presented a cross-sectional study

measuring the relative change in the three energy systems across a

30-year age range. The results displayed that both anaerobic energy

systems declined significantly with no change in aerobic capacity. On

the other hand, Bagley et al.20 observed a similar decline in both aero-

bic and anaerobic power with aging in a sample composed of endur-

ance and power masters’ athletes. It�s worth mentioning that the

expected decline in performance across the age spam may be a con-

sequence not only of this natural process, but the reduction in levels

of physical activity, a bias that should be considered in cross-sectional

and longitudinal studies, however, this rationale may not apply to

athletes. Still, in the present sample this positive correlation may

reflect training adaptation, since this sample is composed of young

individuals who are <30 years old and may not be suffering any dele-

terious effect of age on performance yet.

Change-of-direction (COD) ability has been associated with power

capacity in a variety of studies composed of distinct athletic

samples.21,22 In the present study, COD was associated with lower

limb power only among male athletes. Interestingly, Hornikova and

Zemkova23 observed in their review that usually COD ability is associ-

ated with explosive strength, however, none of the studies investi-

gated used square test as testing tool. Different testing procedures

may lead to distinct strategies while performing the activity. The ade-

quate ability to coordinate movements and react to different cues,

like the positioned cones, also influences adequate performance.24

It is well established that COD and agility can be determined by a

wide set of distinct features like power, strength, muscle activation,

and cognitive skills.25,26 Also, differences between genders regarding

kinematics during cutting maneuvers may help explain the results of

the present study.27 The authors of the present investigation also

hypothesize that differences between genders in this sample may be

explained by discrepancies in strength production capacity. It�s worth

highlighting that aside from the typical analysis of jumping perfor-

mance and force production of knee flexors and extensors, it seems

that hip and trunk muscles also play a relevant role in COD activi-

ties,28 and this was not evaluated. In this study, a statistically signifi-

cant difference between sexes regarding 15-meter sprint capacity

was also observed, with male athletes displaying better performance.

Nevertheless, sprint performance among males was not correlated to

power which reinforces the perception that determinants of perfor-

mance differ between sexes in a sample composed of elite handball

athletes, and that adequate performance is a complex endeavor.

This study confirms that age is a significant determinant of anaer-

obic power in elite beach handball players, while BMI appears less

relevant. These findings does not align with previous research show-

ing age-related declines in anaerobic capacity. Interestingly, change-

of-direction ability correlated with power only among male athletes,

possibly due to differences in strength and kinematics between sexes.

Future research should include body composition analysis and

explore other factors influencing performance.

Conclusion

Age seems to be an important determinant of anaerobic power in

a sample composed of elite beach handball players. On the other

hand, BMI doesn�t seem to play a relevant role on anaerobic power

performance especially among males. The results also suggest that,

aside from power, other factors may have greater influence on COD

and sprint performance. These findings can help coaches tailor train-

ing programs aiming to enhance athletic performance focusing on

power development. Future research should focus on body composi-

tion, playing position and other performance determinants.
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