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Beach handball, a relatively new sport
developed in the 1990s, is based on
team indoor handball, and the sport’s
European and World championships are
consistently gaining attention. Beach
handball is even being considered as an
Olympic event (Gruić, Bazzeo, & Ohn-
jec, 2011; Handball-World.com, 2019;
Iannaccone et al., 2022). The game can
clearly be distinguished from its indoor
version by the playing surface (sand),
pitch size (27m× 12m), number of play-
ers on the field (4× 4) and game duration
(2× 10min). Another difference is in
the throwing technique and the counting
system, as certain throws account for
two points. The spin shot (a double-
leg jump with 360° rotation along the
longitudinal axis) is predominantly used
to score, and teams can score double
with in-flights (Kempa) and specialist
goals (goal keeper).

The body of literature in beach hand-
ball is constantly growing and evolving
indicating further professionalization
(Bon & Pori, 2020). The focus ranges,
for example, from notational analy-
sis (Iannaccone et al., 2022; Navarro,
Morillo, Reigal, & Hernandez-Mendo,
2018), player profiling (Lemos et al.,

2020), skill and position specific analy-
ses (Lemos et al., 2021; Navarro et al.,
2018; Zapardiel&Asín-Izquierdo, 2020),
load measures (Iannaccone et al., 2022;
Muller, Willberg, Reichert, & Zentgraf,
2022), physiological and kinematic re-
quirements of beach handball (Pueo,
Jimenez-Olmedo, Penichet-Tomas, Or-
tega Becerra, & Agullo, 2017), and
energy cost considerations on sand sur-
faces (Balasas et al., 2013). In addition,
a recent meta-analysis indicated that
training sessions on sand can improve
sprinting and jumping performance on
firm ground as much as training on firm
ground (Pereira et al., 2021).

In Germany, elite beach handball is
currently almost exclusively played by
indoor team handball athletes. One
consequence for athletes who play both
indoor and beach handball is that the
indoor and beach seasons will overlap:
In spring, as athletes will need to start
preparing for beach handball, they will
still be in the competition phase of the
indoor team handball season. Also, late
summer beach handball tournaments
might overlap with athletes’ preparation
for the upcoming indoor season. Thus,
the transition phases, when athletes are
switching between different surfaces, are
crucial concerning performance levels
and injury prevention. From this per-
spective, a transition needs to be started
early, i.e., before the end of the respective
season, so that athletes can smoothly
adapt to the demands of new surfaces.

Yet, coaches and athletes may be re-
luctant to add training on sand surfaces
for fear that it will negatively affect per-
formance on rigid surfaces and is time
consuming, even though performance-
enhancing training on sand surfaces
can improve results on both surfaces
(Ahmadi et al.; Hammami et al., 2020;
Pereira et al., 2021). From that view-
point, an optimal training intervention
is one that can increase jump, sprint, and
agility performance on rigid and sand
surfaces and whereby the proportion
of sand exercises in training sessions
should increase over time. In recent
articles, systematic reviews and meta-
analyses, plyometric training1, further
referred to as reactive strength training,
has been recommended for improving
jump, sprint and agility performance in
team sports (Asadi, Arazi, Young, & Saez
de Villarreal, 2016; Granacher, Goebel,
Behm, & Büsch, 2018; Markovic, 2007;
Ramirez-Campillo et al., 2020; Saez de
Villarreal, Requena, & Cronin, 2012;
Slimani, Chamari, Miarka, Del Vecchio,
& Cheour, 2016). In addition, the effi-
cacy of such training bouts seems to be
valid for rigid as well as soft (especially
sand) surfaces (Ahmadi et al., 2021;
Arazi, Mohammadi, & Asadi, 2014;

1 Since plyometricper definition only describes
the stretch phase of the muscle action, the
term reactive strength is more suitable to
describe muscle actions taking place in the
stretch-shorteningcycle (SSC).
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Table 1 Anthropometric data of the intervention and control groups
Group Intervention group (n=15) Control group (n= 14) P-level

Mean± SD Range Mean± SD Range

Age (years) 19.9± 3.5 18–31 21.6± 3.8 18–30 n. s.

Weight (kg) 75.1± 10.6 65–99 71.0± 11.6 57–98 n. s.

Height (cm) 181.5± 10.0 165–199 176.4± 10.6 166–195 n. s.

Gender (m/f) 7/8 – 4/10 – –

Performance level
indoor handball

2nd and 3rd league indoor
handball

2nd and 3rd league indoor
handball

–

Differences between groups (intervention, control) were tested using the independent Student’s t-test
mmale, f female, SD standard deviation, n.s. not significant

Table 2 Transition training program from indoor to sand surface
Exercise Description Comments

Double-leg for-
ward–backward
jumps

Athletes perform double-leg forward and back-
ward jumps about a line in a pendulum like manner.
Maximum speed with keeping ground contact to
a minimum is required

A foam-bar instead a line
is used after 3 weeks of
exercises

Double-leg
sideward jumps

Athletes perform double-leg forward and back-
ward jumps about a line in a pendulum like manner.
Maximum speed with keeping ground contact to
a minimum is required

A foam-bar instead a line
is used after 3 weeks of
exercises

Vertical double-
leg jumps with
180° rotation
about longitudi-
nal axis

Athletes perform vertical double-leg jumps while ro-
tating 180° about their longitudinal axis and thrust-
ing the arms upward and extending the body for
as much height as possible. Ground contact time
should be minimized

–

Alternate-leg
diagonal bound

Emphasizing distance and diagonal trajectory, allow
the lead leg to do a countermovement jump inward,
shifting the weight to the outside leg for a direct
push-off and extensionwhile the knee of the leg is
driven upwards. The lead foot will land first and the
weight is balanced on the leg. Repetitionwith the
other leg in opposite diagonal direction

–

Depth-jump
with 180° ro-
tation about
longitudinal axis

Drop from an elevated level (box of maximum
40cm) to the ground, minimize the ground contact
time and jump as high as possible while rotating
180° about the longitudinal axis and thrusting the
arms upward and extending the body for as much
height as possible

Height of the box should
be reduced if athletes are
not able to avoid heel
contact at first ground
contact or when athletes
show pronounced knock
or bandy knees

Block-jump
with 180° ro-
tation about
longitudinal axis
following pre-
vious sidestep
movement

Athletes perform quick sideways steps followed
by a block jump at a marked position (three in to-
tal). At eachmark, a block jump as high as possible
while rotating 180° about the longitudinal axis is
performed

–

Please note:
Transition training program should only be performed after a full warm-up and prior to the normal
indoor training
Transition training program should only be performed with full concentration and highest skill quality
Transition training program should be performed twice a week (with a 48-h break between sessions)
directly before the normal training routines
The complete training bout last 20min after a short warm-up period, and each exercise is performed
for 45 s followed by a 30-s break before athletes continue with the next exercise
Exercises should be performed in the above presented order
The sand proportion of the exercises should progressively increase from week to week, i.e., only exercise
one is performed on sand within the first week, and all six exercises were performed on sand in the last
week of the intervention program
Repetitions: week 1 (6 repetitions, 2 series), week 2 (7 repetitions, 2 series), week 3 (8 repetitions, 2
series), week 4 (6 repetitions, 3 series), week 5 (7 repetitions, 3 series), week 8 (8 repetitions, 3 series)

Büsch, Pabst, Mühlbauer, Ehrhardt, &
Granacher, 2015; Hammami et al., 2020;
Impellizzeri et al., 2008). Consequently,
reactive strength training bouts might
be recommended as the basis for a tran-
sition training, which is the focus of the
present investigation.

Therefore, the aimof the present study
was to evaluate a transition phase from
the indoor to thebeachseason to improve
motor performance on sand surfaces in
elite beach handball athletes. The inter-
vention program consisted of specific re-
active strength exercises, and the amount
of sand-specific exercises gradually in-
creased on a weekly basis. Standard-
ized measurements for vertical jumps on
a sand surface were conducted by trans-
ferring the complex sand surface into
a controlled laboratory situation. Our
hypothesis was that the intervention pro-
gram would significantly increase mo-
tor performance (jump, sprint, agility)
on the sand surface in the intervention
group (elite beach handball players) in
contrast to a control group (elite hand-
ball players who did not participate in
the intervention program) without los-
ing performance on the rigid surface.

Methods

Participants

Inall, 29eliteathletes(11men, 18women)
participated in the study (. Table 1). All
players played beach or indoor handball
at a high-performance level. The in-
tervention group consisted of 15 beach
handball players from the German na-
tional beach handball team (7 men,
8 women). As most of the national play-
ers also actively played indoor handball
in the 2nd and 3rdGerman divisions, the
control group was also chosen from the
2nd and 3rd German indoor handball
divisions. The control group consisted of
14 players (4 men, 10 women). Subjects
were free of injuries before and during
the course of the study. Prior to partic-
ipation, all athletes signed an informed
consent form. The study was approved
by the local human ethics committee of
the department of Psychology and Sport
Sciences of the University of Münster
(ID: 2018-03-EE), and all procedures
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were performed in accordance with the
principles of the Declaration of Helsinki.

Training intervention

Theinterventionwas adapted fromapro-
gram presented by Bansa et al. (Bansa,
Novakovic, Pfänder, Zentgraf, & Büsch,
2018). It was performed twice a week
(with a 48-h break between sessions)
and consisted of six different exercises
that were performed directly before the
normal training routines. The complete
training bout lasted 20min after a short
warm-up period, and each exercise was
performed for 45 s followed by a 30-s
break before subjects continued with
the next exercise. The sand proportion
of the exercises progressively increased
from week to week, i.e., one of the
six exercises was performed on sand
within the first week, and all six exer-
cises were performed on sand in the
last week of the intervention program.
. Table 2 describes the reactive strength-
like exercises in more detail. Proper
implementation of the training was con-
trolled by the coaches. The aim of the
intervention was to increase athletes’
performance on sand surfaces without
impairing their indoor performance on
rigid surfaces. The intervention began
four weeks before the end of the indoor
season and ended two weeks after the
start of the beach season.

Measurements

A custom-built sandbox (size 1.25m×
1.25m× 0.3m) was used to transfer
the sand surface into the laboratory
to analyze the athletes’ countermove-
ment jumps (CMJ) and drop jumps
(DJ) from a height of 40cm (. Fig. 1).
The sand fulfilled the specifications of
the German Volleyball Federation, sec-
tion beach for indoor sand (grain size:
0.1–1.0mm; grain shape: from round
edges to rounded; grain distribution:
even; CaCO3≤ 2–3%; SiO2≥ 95–98%;
Borrmann et al., 2009).

To measure jumping height, a reflec-
tive ball marker was placed on the ath-
letes’ lower back at the height of the navel.
Coordinates of the marker were detected
using a three-dimensional motion cap-

ture system (Qualisys, Gothenburg, Swe-
den). For each athlete, at least three suc-
cessful trialsweremeasuredandanalyzed
for each of the four conditions (CMJ and
DJ on both rigid and sand surfaces).

Sprinting performance (5–10–20m)
as well as a handball-specific agility test
(HAST; Vieira, Veiga, Carita, & Petroski,
2013) were conducted on both rigid and
sand surfaces. Sprinting performance
was measured using magnetic timing
gates (SmartrackDiagnostics, Humotion
GmbH,Münster, Germany). HAST time
was measured by means of a light-gate
system (wk Elektronische Zeitmessanla-
gen, Ditzingen, Germany). In addition,
to measure reactive long jump perfor-
mance on sand, athletes performed drop
long jumps (DLJ), which were measured
using a tape measure.

For each athlete, three successful trials
were measured in each test, and the best
trial was used for further analysis.

Test procedure

Before testing, athletes underwent a stan-
dardized and instructed warm-up and
dynamic stretching session for 20min.
Teams were then divided into smaller
subgroups. One subgroupperformed the
sprint, agility, and DLJ tests, while the
other subgroup performed the jumping
tests in the lab. The reflective marker was
attached to the subjects’ lower backs, and
they started the jumping analysis. Due to
organizational reasons, the order of the
jumps and the surfaces were pseudo-ran-
domized, where athletes started with one
surface and performed both jumps, and
then moved on to the next surface. Each
subject had two trials to familiarize them
with the jumping type and the surface.
Instructions for both jumps were stan-
dardized and repeated for each bout of
jumps. Wrong executionswere corrected
immediately. Resting time between trials
and tests were provided to avoid effects
of fatigue.

For sprinting assessment, the startwas
1m behind the first magnetic gate. Sub-
jects initiated the sprint in a self-directed
way. The time began recording when the
athlete passed the magnetic gates, and
sprinting split times were taken for 5m,
10m, and the total 20mdistance. For the
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Abstract
Beach handball athletes experience an
overlap during their preparation phase for
the beach and the indoor season for several
weeks. This transition phase from playing on
an indoor surface to a sand surface is crucial
for players’ performance levels both on the
sand and indoor surfaces, but coaches and
athletes alike are concerned about possible
performance impairmentswhen training on
a sand surface while still playing indoors.
Therefore, we aimed to evaluate the effects
of a specific transition phase from the indoor
to the beach season in elite beach handball
athletes. With 29 elite athletes participating
in the study, we evaluated their jumping
(countermovement and drop jump) and
sprinting (5–10–20m) performances and
conducted a handball-specific agility test
on both rigid and sand surfaces. In addition,
we evaluated a drop long jump on a sand
surface. Vertical jumping performance was
analyzed using a 3D marker-based system
on both rigid and sand surfaces under
standardized laboratory conditions. All tests
took place directly before and after a 6-week
intervention program. The results showed
that athletes in the intervention group
significantly improved their performance
in jumping (countermovement and drop
long jump) compared to the control group.
Furthermore, performance on a rigid
surface was not only maintained for all
tests but also significantly increased for
the countermovement jump. Therefore,
the intervention program is effective
at improving performance during the
transition from indoor to beach seasons
without impairing indoor performance.

Keywords
Physical performance · Experts ·
Intervention · Diagnostics · Playing surfaces

German Journal of Exercise and Sport Research 4 · 2022 639

https://doi.org/10.1007/s12662-022-00846-7


Main Article

Fig. 18 Laboratory situationwhenmeasuring
drop andcountermovement jumps on sandand
rigid surfaces. The figure shows a subject prior
toperformingadrop jump into the sandbox. For
countermovement jumps, the drop-boxwas re-
moved and athletes performeddirectly within
the sandbox from sand level. The jumps on the
rigid surfacewere performedon the floor di-
rectly behind the sandbox

HAST, subjects also started 1m behind
the starting line. The drop long jumpwas
performed by dropping down from a 20-
cm-high platform to the sand and imme-
diately performing a long jump. Resting
times between trials and tests were as-
sured, and instructions for each test were
standardized.

After finishing either the jumping or
sprinting assessment, agility and DLJ
assessments, the groups switched tests.
Each performance measurement at the
start and the end of the whole interven-
tion was conducted for each team group,
i.e., female and male beach handball na-
tional team players and the two control
teams (one for the male team, one for
the female team).

Data analysis

Data processing and data analysis for all
jumpswereperformedusing theQualisys
TrackManagerandMATLAB(TheMath-
Works Inc., Natick, MA, USA). Jumping
height was detected using the trajectory
of the back marker (difference between
maximum and standing height). Sprint
and HAST times were directly exported

to an Excel® spreadsheet (Microsoft Cor-
poration, Redmond, WA, USA).

An a priori required sample size cal-
culation was performed using G*Power
(Version 3.1.9.6) and resulted in a sam-
ple size of n= 28 (medium effect size
f= 0.25, power= 0.8, correlations among
repeatedmeasurements= 0.6, number of
groups= 2, numberofmeasurements= 2,
and ∝= 0.05; Faul, Erdfelder, Lang,
& Buchner, 2007). Statistical analysis
(Jamovi Version 1.2, the Jamovi project:
https://www.jamovi.org) was performed
by means of a mixed model analysis of
variance (ANOVA) using within factors
time (pre, post) and surface (rigid, sand),
and a between-subject factor group (in-
tervention, control). Holm correction
was used for post hoc analysis. The
alpha level was set to 5% and effect sizes
were reported as generalized eta squared
(η2

G). The magnitude of effect sizes
was interpreted on the following crite-
ria: η2

G< 0.02 (small), η2
G= 0.02–0.13

(medium), η2
G= 0.13–0.26 (large; Bake-

man, 2005).

Results

Results for jumping (vertical & drop long
jump), sprinting, and agility are pre-
sented in . Table 3.

Jumping performance

The results of the ANOVA for the CMJ
showed a significant interaction be-
tween time and group (F(1.27)= 14.16,
p< 0.001, η2

G= 0.01), a significant main
effect surface (F(1.27)= 11.67, p= 0.002,
η2

G< 0.01), and a significant main ef-
fect group (F(1.27)= 4.86, p= 0.036,
η2G= 0.15). Post hoc analysis of time*
surface*group revealed that the inter-
vention group significantly improved
performance in CMJ on the rigid sur-
face (p= 0.002) compared to the control
group due to the training interven-
tion. For the DJ, the ANOVA showed
a non-significant interaction between
time and group (F(1.27)= 3.63, p= 0.07,
η2

G= 0.01), a significant main effect
for surface (F(1.27)= 9.47, p= 0.005,
η2

G= 0.03), and a significant main ef-
fect group (F(1.27)= 4.28, p= 0.048,
η2

G= 0.11). Results are presented on an

individual basis in . Fig. 2. These indi-
cate that several but not all athletes in the
intervention group improved between
pre- and posttest.

Sprinting performance

The results of the ANOVA for the 5-m
sprint showed a significant interaction
between time and group (F(1.27)= 5.73,
p= 0.024, η2

G= 0.003), a significant in-
teraction between surface and group
(F(1.27)= 7.54, p= 0.011, η2

G= 0.01),
a significantmaineffect surface (F(1.27)=
558.22, p< 0.001, η2

G= 0.44), and a sig-
nificantmain effect group (F(1.27)= 6.14,
p= 0.020, η2

G= 0.17). Analysisof the type
of interaction between surface and group
revealed an ordinal interaction; thus,
both main effects surface and group are
fully interpretable. Post hoc analysis of
time*group*surface revealed that both
groups did not improve performance
due to the training intervention on each
surface (rigid, sand) separately. Post hoc
analysis of surface*group and main ef-
fects surface and group revealed that the
performance on the sand surface was
significantly lower (p< 0.001) for both
groups compared to the rigid surface,
but this difference in performance for the
intervention group was smaller than that
of the control group and more denoted
on sand than on a rigid surface.

Theresultsof theANOVAforthe10-m
sprint showed a significant interaction
between time and group (F(1.27)= 11.05,
p= 0.003, η2

G= 0.006), a significant in-
teraction between surface and group
(F(1.27)= 11.69, p= 0.002, η2

G= 0.010),
a significantmaineffect surface (F(1.27)=
959.64, p< 0.001, η2

G= 0.46), a signifi-
cant interactionbetween time and surface
(F(1.27)= 5.58, p= 0.026, η2

G= 0.003),
and a significant main effect group
(F(1.27)= 5.82, p= 0.023, η2

G= 0.17).
Analysis of the type of interaction
between surface and group also re-
vealed an ordinal interaction, such that
both main effects surface and group are
fully interpretable. Post hoc analysis
of time*group*surface revealed that the
performance in the control group sig-
nificantly decreased on a sand surface
after the intervention period (p= 0.043),
whereas the performance of the inter-
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Fig. 29 Individual
changes between pre-
andposttests for all jumps.
Please note thatmean val-
ues and standard deviation
are also presented as big
black asteriskwithwhiskers
to the left and right of the
block of individual values.
Subfigures represent CMJ
on rigid surface (a), CMJon
sand surface (b), DJ on rigid
surface (c), andDJ on sand
surface (d)

vention group remained at the same
level. Additional analysis of time*surface
and the main effects surface and group
revealed that performance on the sand
surfacewas significantly lower (p< 0.001)
for both groups compared to the rigid
surface, but for the sand surface the
performance of the intervention group
remained at the same level, whereas that
of the control group decreased between
pre- and posttest.

Theresultsof theANOVAforthe20-m
sprint showed a significant interaction
between time and group (F(1.27)= 10.50,
p= 0.003, η2G< 0.01), a significant in-
teraction between surface and group
(F(1.27)= 10.68, p= 0.003, η2

G= 0.01),
a significant main effect surface
(F(1.27)= 723.82, p< 0.001, η2

G= 0.49)
and a significant main effect group
(F(1.27)= 4.94, p= 0.035, η2

G= 0.15).
Analysis of the type of interaction be-
tween surface and group also revealed an
ordinal interaction, so both main effects
surface and group are fully interpretable.
Post hoc analysis of time*group*surface
revealed that no performance changes
occurred in both groups between pre-

and posttests on each surface separately,
but considering the performances on
both surfaces combined, the perfor-
mance of the control group significantly
decreased at the posttest compared to
the pretest (p= 0.007). Post hoc analysis
of surface*group and main effects surface
and group revealed that performance on
the sand surface was significantly lower
(p< 0.001) for both groups compared to
on the rigid surface, but the performance
difference in the intervention group was
smaller than that of the control group
and more denoted on a sand than on
a rigid surface.

Results on an individual basis are pre-
sented in . Fig. 3. Most athletes in the
intervention group improved their per-
formance on rigid surface, but this ten-
dency was less clear for the sand surface.

Agility performance

The results of the ANOVA showed no
significant interaction between time
and group (F(1.27)< 0.01, p= 0.949,
η2

G< 0.001), a significant main ef-
fect time (F(1.27)= 22.82, p< 0.001,

η2
G= 0.04), a significant interaction be-

tween surface and group (F(1.27)= 6.58,
p= 0.016, η2

G= 0.010), a significant
main effect surface (F(1.27)= 188.57,
p< 0.001, η2

G= 0.22), and a signifi-
cant main effect group (F(1.27)= 4.70,
p= 0.039, η2G= 0.13). Post hoc analy-
sis of time*group*surface revealed that
performance in the control group signif-
icantly increased on a rigid surface after
intervention period (p= 0.003), whereas
the performance improvements in the
intervention group were not significant.
Post hoc analysis of main effects surface
and group revealed that performance on
the sand surface was significantly lower
(p< 0.001) for both groups compared to
the rigid surface, and agility performance
was higher in the intervention than in
the control group.

Results on an individual basis are pre-
sentedin. Fig. 4a,b. Inthecontrolgroup,
most athletes showed improved perfor-
mance in the posttest on rigid but not on
sand surfaces, whereas individual per-
formance in the intervention group was
variable between pre- and posttest on
both rigid and sand surfaces.
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Table 3 Results and statistics for jump, sprint, and agility tests on rigid and sand surfaces
Intervention group Control group

Jumping height Pretest Posttest p Pretest Posttest p
CMJ on rigid surface (cm) 43.3± 6.8 46.0± 6.8 = 0.002 ↑ 39.6± 6.0 38.7± 6.0 = 1.00

CMJ on sand surface (cm) 42.4± 7.3 44.4± 7.9 = 0.271 38.6± 5.6 38.0± 6.4 = 1.00

DJ on rigid surface (cm) 38.4± 5.2 40.5± 4.3 = 0.778 36.9± 6.3 35.4± 5.2 = 1.00

DJ on sand surface (cm) 37.5± 5.9 38.4± 6.6 = 1.00 34.1± 3.3 34.0± 5.1 = 1.00

Sprint Pretest Posttest p Pretest Posttest p

5m on rigid surface (s) 0.95± 0.005 0.94± 0.045 = 0.363 0.99± 0.005 0.98± 0.050 = 0.363

5m on sand surface (s) 1.04± 0.059 1.03± 0.064 = 0.363 1.08± 0.056 1.10± 0.058 = 0.363

10m on rigid surface (s) 1.70± 0.097 1.68± 0.084 = 0.291 1.76± 0.084 1.76± 0.096 = 1.00

10m on sand surface (s) 1.85± 0.102 1.85± 0.127 = 1.00 1.94± 0.109 1.98± 0.112 = 0.043 ↓

20m on rigid surface (s) 3.03± 0.196 3.01± 0.171 = 0.363 3.13± 0.169 3.16± 0.181 = 0.149

20m on sand surface (s) 3.38± 0.222 3.36± 0.277 = 0.737 3.55± 0.247 3.63± 0.237 = 0.080

Agility (HAST) Pretest Posttest p Pretest Posttest p
HAST on rigid surface (s) 7.18± 0.57 7.08± 0.52 = 0.625 7.57± 0.53 7.32± 0.41 = 0.003 ↑

HAST on sand surface (s) 7.76± 0.60 7.45± 0.71 = 0.097 8.22± 0.66 8.06± 0.44 = 0.960

DLJ Pretest Posttest p Pretest Posttest p
Drop long jump (sand) (cm) 220± 25 231± 26 = 0.013 ↑ 191± 22 191± 35 = 0.984

Significant differences are presented in bold letters. P-values represent the results of the post hoc analysis using the Holm correction to evaluate the effect of
the training intervention (pre–post). Arrows ↑ and ↓ indicate significant increase/decrease in performance between pre- and posttest measurements
CMJ countermovement jump, DJ drop jump, HAST handball-specific agility test

Drop long jump performance

Analysis of drop long jump (DLJ) per-
formance on the sand surface showed
a significant interaction between time
and group (F(1.27)= 4.62, p= 0.041,
η2

G= 0.01), a significant main effect time
(F(1.27)= 4.75, p= 0.038, η2

G= 0.010),
and a significant main effect group
(F(1.27)= 12.45, p= 0.002, η2G= 0.30),
whereas only the main effect group is
fully interpretable. Results indicate that
the intervention group significantly in-
creased their performance due to the
training compared to the control group
and that the intervention group was at
a higher performance level than the con-
trol group. Results on an individual basis
are presented in . Fig. 4c and show that
all athletes in the intervention group
increased their performance between
pre- and posttest, whereas results in the
control group were variable.

Discussion

The aim of the present investigation was
toevaluatea transitionphase fromindoor
to beach season to optimize motor per-
formance on sand surfaces in elite beach
handball athletes without declining their

motor performance during the ongoing
indoor season. Within this study, per-
formance on rigid and sand surfaces was
evaluated, thus enabling a direct com-
parison between performance levels on
both surfaces. Results show that ath-
letes in the intervention group signif-
icantly improved their performance in
the CMJ on the rigid surface and the DLJ
on the sand surface. The control group
showed no significant improvements for
jumping, sprinting, and DLJ, but they
showed improved agility on a rigid sur-
face. Therefore, the intervention pro-
gram can be considered an effective tool
for improving performance during the
transition from the indoor to the beach
season for selected skills. Furthermore,
performance on the rigid surface was not
onlymaintained but also significantly in-
creased in CMJ. Importantly, when fo-
cusing on individual changes between
pre- and posttests, only few athletes sub-
stantially decreased their performance,
indicating that coaches have no need to
be concerned aboutperformance impair-
ments on rigid surfaces when athletes
again begin to train on sand surfaces.

Intervention effects

Performance improvements in our in-
vestigation were slightly smaller com-
pared to results from other publications
(Asadi et al., 2016; Markovic, 2007; Saez
de Villarreal et al., 2012; Slimani et al.,
2016) but do fall in the range of practi-
cally relevant changes on a rigid surface
(Markovic, 2007), and for the sand sur-
face the improvements fall in a range
of 2–5%. The reason for these relatively
small improvements may be because we
instituted a shorter intervention period
of 6 weeks rather than the recommended
8–10 weeks (Villarreal, Kellis, Kraemer,
& Izquierdo, 2009) or because we ap-
plied a lower intensity or execution time
(Slimani et al., 2016). Further, although
the training program was supervised by
coaches, individuals were partaking in
the program, not whole teams, because
the elite athletes trained with their stan-
dard indoor team at the beginning of the
interventionphaseandnotwiththebeach
teams. Thus, some athletes may not have
taken full advantage of the training, di-
minishing the overall group effect. This
may also explain why some athletes did
not show improvements in the posttests
(individual results in . Figs. 2, 3 and 4).
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Fig. 38 Individual changes between pre- andposttests for all sprints.Please note thatmean values
andstandarddeviationsarealsopresentedasbigblackasteriskwithwhiskers tothe left andrightof the
block of individual values. Subfigures represent 5m sprint on rigid surface (a), 5m sprint on sand sur-
face (b), 10m sprint on rigid surface (c), 10msprint on sand surface (d), 20msprint on rigid surface (e),
20m sprint on sand surface (f)

However, relevant performance changes,
as reflected by their effect sizes, are ob-
vious for CMJ and DLJ, and individual
results also show that most athletes re-
sponded to the intervention.

In beach handball, both CMJ and
DLJ are relevant for performance be-
cause they build the basis for an effective
spin shot (the most important attack
jump) in beach handball (Navarro et al.,
2018; Saavedra, Pic, Jimenez, Lozano,
& Kristjánsdóttir, 2019). For explaining
distinct effects of the training inter-
vention concerning the different jumps
(CMJ, DLJ, DJ), biomechanical consid-
erations have to be taken into account.
Previously, it has been shown that a sub-
stantial difference exists in the mechan-
ical output and jumping performance
between the slow (CMJ) and fast (DJ)

stretch-shortening cycle (SSC) in jumps
(Bobbert, 1990). The sand may provide
a specific surface to address the slow
SSC and, therefore, to predominantly
influence CMJ or slowDLJ performance.
However, it was also shown that reac-
tive strength sand training influences
DJ performance on a rigid surface, but
the underlying processes remain unclear
(Hammami et al., 2020).

In sprinting, the control group had
lower performances for almost all dis-
tances and both surfaces (significantly on
a sand surface at 10m). An explanation
for the significantly lower performance
on the sand surface in the control group
remains unclear and speculative, since
constraints in the pre- and posttest were
the same. However, sand conditions in
the pre- and posttest, when performed

outside, may differ and, thus, influ-
ence performance. Except for the jump
analysis, where sand conditions were
controlled between pre- and posttest
in the lab, an accurate control of the
sand conditions was not possible due to
wind and weather. Although weather
conditions were comparable between
pre- and posttests, this might have influ-
enced sprint performance in the control
group but also in the intervention group
(who may have performed even better).
A further standardization concerning
sand moisture but also sand quality
(grain size and shape) is crucial to en-
able valid performance measurements
on a sand surface in a pre-/posttest de-
sign. This will be evaluated in further
investigations.

Methodological aspects

When focusing on the results of the dif-
ferent tests in our investigation, similar
results concerning athletic performance
in sprinting and agility in handball have
been reported from other investigations
(Asadi et al., 2016; Chaabene et al., 2019;
Cherif et al., 2012; Hammami et al., 2020;
Hammami, Gaamouri, Aloui, Shephard,
& Chelly, 2019; Iacono, Eliakim, &
Meckel, 2015; Prieske et al., 2019; Sabido,
Hernandez-Davo, Botella, Navarro, &
Tous-Fajardo, 2017). When focusing on
jumps (CMJ and DJ), it is important
to consider that results reported in the
literature are related to the method used
to detect jumping height (contact times,
impulse-momentum method, marker-
based coordinates). When using flight
times to calculate jumping height, results
will be lower than when derived from
a marker-based approach or the im-
pulse–momentum method (Moir, 2008)
because the initialmarkerheight ishigher
when plantar flexing the ankle and lifting
up the body before leaving the ground.
Considering this, our results for jumping
are comparable to other results reported
in the literature (Chaabene et al., 2019;
Iacono, Martone, Milic, & Padulo, 2016;
Prieske et al., 2019).

In the literature, performance diag-
nostics havemainly takenplace on a rigid
butnotasandsurface, evenwhenevaluat-
ing effects of sand-related training inter-
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Fig. 48 Individual changes between pre- andposttests for agility anddrop long jumps.Please note
thatmean values and standard deviations are also presented as bigblack asteriskwithwhiskers to the
left and right of the block of individual values. Subfigures representHASTon rigid surface (a), HASTon
sand surface (b), Drop long jump on sand surface (c)

ventions (Hammami et al., 2020; Impel-
lizzeri et al., 2008). In beach sports, like
beach handball or volleyball, it is of spe-
cial interest thatperformance is evaluated
onsandandnotona rigid surfacebecause
this more accurately matches sport-spe-
cificperformancecharacteristics. Perfor-
mance measurements on sand surfaces
are challenging and, in the present in-
vestigation, performance on both sur-
faces spanning different jumps as well as
sprints and agility were measured. Our
jump measurements in a standardized
laboratory environment are particularly
important for relating the performances
obtained from both surfaces. Therefore,
our results for all measurements on rigid
and sand surface may be used as a refer-
enceforbeachsportmotorperformances.

When evaluating the efficacy of train-
ing interventions, it is critically important
that measurements during the pre- and
posttest are conducted under the same
or close conditions. In the present inves-
tigation, this was the case for all jump
measurements under laboratory condi-
tions. However, sometimes when eval-
uating performance, we had to adapt to
varying external constraints (e.g., differ-
ent testing locations), as the interven-

tion occurred during athletes’ competi-
tion phase (e.g., players were competing
in the world championships). As such,
the intervention group had to perform
the posttest for sprinting and agility on
a slightly different rigid and sand surface.
Thismayhavedecreasedtheperformance
in the intervention group in the posttest
and might explain the absence of signifi-
cant performance increases in sprint and
agility.

Performance evaluations in the inter-
vention group took place in combination
with training courses over several days,
when athletes arrived from all over Ger-
many. Due to organizational reasons,
performance evaluations within these
courses did not take place at the same
times of day. Prior of each test, we inves-
tigated both the DOMS (delayed onset
of muscle soreness) and TQR (total qual-
ity recovery) scale, and the intervention
group showed significantly altered values
for both scales in the pre- compared to
the posttest. Therefore, increasedmuscle
soreness and reduced recovery may also
have influenced the results, although
a general relationship between DOMS
and reduced performance in athletes
has not been demonstrated (Altarriba-

Bartes, Pena, Vicens-Bordas, Mila-Vil-
laroel, & Calleja-Gonzalez, 2020).

Athletes in the intervention group
showed better performance on all tests
compared toathletes in the control group,
even though they play indoor handball
in the same league. This is rather unex-
pected, since not all top athletes in the
leagues play beach handball, and statisti-
cal analysis for the pretest condition did
not show significant differences between
groups. Statistical analysis (significant
interaction time*group) underlines the
better performance of the intervention
group compared to the control group as
a result of the intervention program for
almost all tests. However, this effect was
not apparent when breaking down the
post hoc analysis for different surfaces.
The fact that the interaction between
surface and group was also significant for
several parameters indicates that beach
athletes perform better on a sand surface
compared to the control group. In fact,
beach athletes are often not only better at
performing on sand but also on a rigid
surface when focusing on mean and
individual results. Assuming that this is
either the result of the training interven-
tion or of a long-term adaptation during
athletes’ beach experience, underground
sand should be considered a valuable
training surface that may be able to
increase performance on sand but also
on rigid surfaces, although the direct
effect mechanism still remains unclear
(Hammami et al., 2020). Influencing
factors may include an increase in force,
improved intra- and intermuscular co-
ordination or changes in muscle size and
architecture (Markovic & Mikulic, 2010;
Prieske et al., 2019; Ramirez-Campillo,
Andrade, & Izquierdo, 2013). Training
on sand is often only used as an alter-
native to strenuous indoor training, as
it is linked to reduced muscle damage
(Impellizzeri et al., 2008; Miyama &
Nosaka, 2004), instead of being consid-
ered a valuable surface in its own right to
improve performance on rigid surfaces.
We look forward to future prospective
randomized controlled trials, as they
may highlight the abilities and the full
potential that a sand surface offers in
terms of performance enhancement.
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Conclusion

This is the first study to evaluate the
transition from the indoor to the beach
season in elite beach handball players.
The results of the present study have
several important implications for this
transitional period. First, our findings
establish a fundamental basis for perfor-
mance measurements concerning jump-
ing, sprinting, and agility performance
for both rigid and sand surfaces. Sec-
ond, in beach sports, performance mea-
surements need to take place on a sand
surface because the transfer from a rigid
surface to beach performance still re-
mains unclear. Third, the specific tran-
sition-intervention program will be rec-
ommended as an effectivemeans to facil-
itate the transfer froman indoor to a sand
surface without impairing performance
on a rigid surface. This is of special in-
terest for coaches and athletes who are
concerned that training on a sand sur-
face might impair indoor performance.
Fourth, performance measurements on
a sand surface are demanding, and sand
characteristics are influenced by weather
conditions. Moisture content and char-
acteristics of the sand should be kept in
mind when carrying out repeated mea-
surements on sand surfaces.
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