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Abstract
Background: Jumping and specific multidirectional repeated sprint ability are important in basketball. The objective
of this study was to assess the contributions of 8-week combined versus single-mode training programs based on
drop jump (DJ) and specific multidirectional repeated sprint (MRSA) on repeated sprint ability performances, body
balance and lower limbs power in male professional basketball players.
Methods: This study followed a randomized parallel study design. Fifty-two professional male basketball players from
the Tunisian first division participated in this study. The players were randomly assigned to 4 groups: DJ group (JG;
n = 13), MRSA group (RSG; n = 13), combined group (COMB; n = 13) and an active control group (CON; n = 13). The JG,
RSG and COMB groups completed the 8-week training programs with 2 sessions per week while the CON continues
their regular basketball training. Training volume was similar between groups all over the experimental period. Before
and after the intervention, the four groups were evaluated for the stork test, Y-balance test, the repeated sprint ability
test (IRSA5COD), the squat jump (SJ) and countermovement jump (CMJ) tests, the single leg drop jump test, the five
time-jump test and T—change of direction (CoD) test.
Results: All measures displayed significant main effect, (medium/small) magnitude (effect size) improvements for
time (post-test > pre-test) except the physiological parameters for IRSA5COD. Significant time × group interactions were
revealed for body balance, T test, IRSA5COD (total time and best time) and jump tests (vertical/horizontal). Bonferroni
corrected post-hoc tests revealed significant greater improvement in favor of RSG and COMB compared to JG for
body balance, CoD and IRSA5COD. Moreover, greater improvement in CMJ, SJ and single leg DJ in favor of JG compared
to the RSG. In addition, a greater CoD improvement was observed in favor of COMB when compared to the RSG.
Conclusion: Combined and single-mode training programs based on DJ and MRSA contributed to a significantly
better performance in specific basketball physical fitness parameters with results favoring combined interventions.
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Background
Basketball is a court-based team-sport that requires
high-intensity intermittent forwards, backward, and lateral high-speed movements during games [i.e., sprints
with change of direction (CoD)] [1, 2]. Additionally,
time-motion analyses have shown that basketball players change movement types every 1–3 s during a game
[3]. In the same context, Caprino et al. [4] reported that
repeated sprint sequences with CoD are frequently followed by other actions such as vertical jumps (jump
shots, lay-ups, blocks) that are integral in match outcomes. Thus, high CoD and jump performances are
considered a particularly critical physical demand in basketball players [5, 6].
Considering jumping and specific multidirectional
repeated sprint ability (MRSA) are important in basketball, it has been recommended to use both plyometric
jump training and MRSA to improve muscular strength
and power, to decrease the incidence and severity of
sport-related injuries and to optimize basketball specific
performances [7, 8]. Concerning MRSA training, previous studies reported that this kind of training regimen
based on CoD repeated sprint may improve some specific
aspects of basketball-related physical fitness including
vertical jump and CoD performances [7, 9, 10]. Moreover, Kibele et al. [11] reported that rapid CoD challenges
the ability to either maintain or return the center of gravity over the base of support (metastability) and thus provides a stress to dynamic balance. Additionally, rapid
CoD repeatedly shifts the center of gravity outside the
base of support and challenges the equilibrium or metastability [11]. Thus, MRSA training may be a useful training strategy to improve body balance in basketball players
especially that balance leads basketball player to a better
body control.
On the other hand, several studies showed the positive
effect of plyometric jump training for improving some
specific physical fitness performances (i.e., jumping,
sprinting, repeated sprint ability (RSA) and CoD) in team
sports generally and basketball more specifically [8, 12–
14]. In the same context, Matavulj et al. [12] reported that
a training program including a drop jump (DJ) protocol
led to a better vertical jump and maximal voluntary force
production in elite basketball players. Recently, Zagatto
et al. [15] suggested that a DJ protocol may significantly
improve RSA in basketball players. Additionally, several
studies showed that plyometric training as a dynamic
form of resistance training with a rapid stretch shortening cycle (SSC), involving both vertical and horizontal

displacements of the individual’s center of gravity may
stimulate body balance and help players to control their
body position [13, 14, 16]. As such, plyometric training
based on DJ exercises may be a useful training protocol to
improve body balance in basketball players. Nonetheless,
due to the rules, limited playing space, and the demands
of the game, players need a combination of strength,
power and CoD ability to win a running or jumping duel,
and to grasp the ball before an opponent. Thus, it will be
important to evaluate new training methods replicating
the real game demands.
Otherwise, a few recent investigations in soccer and
handball have examined the impact of combined plyometric and change of direction training programs and
have reported a significant improvement in body balance,
CoD, jump and RSA performances [17–19]. However, to
the best of our knowledge, this hypothesis has not been
tested yet in basketball.
Therefore, the aims of this study were to examine the
contributions of 8-week combined versus single-mode
training programs based on DJ and MRSA on repeated
sprint performances, body balance and lower limbs
power in professional basketball male players. Considering previous literature [7, 8, 15, 18], we hypothesized
that the combined and the single mode training program
based on DJ and MRSA would significantly affect body
balance, jump, CoD and RSA performance with a synergistic effect following combined DJ and MRSA training.

Methods
Study design and setting

During the present study, adaptations following combined versus single-mode training programs based on
DJ and MRSA were assessed using a parallel group randomized study design that included pre- and post-testing
and three training interventions in between. Participants
were randomly assigned either to an active control group
(CON) or to one of three experimental groups: DJ training group (JG), MRSA training group (RSG), and combined training group (COMB). The randomization
process was conducted using randomly permuted blocks
using Research Randomizer [20, 21], a program published on a publicly accessible website (http://www.rando
mizer.org). Two independent researchers generated the
random allocation sequence, enrolled participants, and
assigned participants to the intervention groups [21].
The current study was conducted at the beginning of
the competitive season between October and December of 2021. Overall, the study lasted 11 weeks. During
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the experimental period, participants trained five times
per week and completed one game per week during
the weekend. JG, RSG and COMB groups completed 8
weeks DJ, MRSA and combined training respectively
(see details below) with a frequency of two sessions per
week (Tuesday and Thursday) while the CON continued their regular training program. Training volume was
similar between all groups over the experimental period.
No additional exercises of strength were conducted by
any of the experimental groups [7]. Before and after the
8-week training intervention the four groups were tested

Table 1 Anthropometric characteristics of the participating
basketball players
Groups

Age (years)

Height (cm)

Body mass (kg)

JG (n = 13)

26.02 ± 2.37

194.31 ± 5.04

87 ± 6.95

COMB (n = 13)

26.10 ± 1.82

192.77 ± 6.02

87.43 ± 4.23

RSG (n = 13)

CON (n = 13)

25.75 ± 1.76

26.35 ± 2.11

196.06 ± 4.45

197.01 ± 3.98

82.50 ± 5.90

85.20 ± 3.12

Data are reported as means and standard deviations. JG: jump group; RSG:
Repeated sprint group; CON: Control group; BMI: Body mass index
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to detect adaptations on body balance, repeated sprint
ability performances and lower limbs power.
Participants

The current Convenience sampling was used in this study.
Fifty-two professional basketball male players from three
different teams of the Tunisian first division participated
in this study. Characteristics of the study population are
described in Table 1. During the experimental period the
three teams were of the same level and similarly ranked
in the championship. For the three teams, the players had
similar training experience (11.4 ± 3.6 years) and weekly
practice load (≈ 9 h). Figure 1 shows a flow chart of the
study design. With reference to the study of Hamammi
et al. [22] an a priori power analysis [23] with an assumed
Type I error of 0.01 and a type II error rate of 0.10 (90%
statistical power) was conducted for results in the Y-balance test as a proxy of dynamic balance and revealed
that 52 persons would be sufficient to observe a medium
group × test interaction effect. All participants were eligible for inclusion in this study because they had no history
of musculoskeletal, neurological or orthopedic disorders
that might have affected their ability to perform physical

Fig. 1 Flow chart of the progress through the phases of the study according to the CONSORT statements
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fitness tests and to participate in the training interventions. Players were randomly assigned to drop jump (DJ)
group (JG; n = 13), specific multidirectional repeated
sprint (MRSA) group (RSG; n = 13), combined training (COMB; n = 13) group and an active control group
(CON; n = 13). The overall adherence for the four groups
was 97.68%.
This study was conducted during the competitive season, and it was approved by the Clinical Research Ethics
Committee of the High Institute of Sports and Physical
Education of Kef, University of Jendouba, Kef, Tunisia
(Approval No. 3/2018). The experimental protocol was
conducted according to the latest version of the Declaration of Helsinki. All participants provided their written
informed consent before study participation.

two sessions per week. To ensure equal training volume
between experimental groups, the volume (training weeks,
sets, repetitions, and duration) of work during training
was matched between groups [17]. Each training session
consisted of the following sequences: (1) briefing with
coaches and organization of the training session (10 min);
(2) warm-up (15 min consisting of 5 min of low-intensity
running, 5 min of dynamic stretching, and 5 min of skipping exercises); (3) the exercise intervention (DJ or MRSA
or combined training) (20 min); (4) technical/tactical exercises to get prepared for the weekend match (30 min); (5)
cool-down consisting of light running (10 min) [7]. Overall, a single training session lasted 90 min.

Procedures

-Training intervention consisted of DJ performed
from (50 cm) box. The jumps consisted of 3 sets of
10 repetitions during the first month and 3 sets of 12
repetitions during the second month. Recovery times
between repetitions and sets were 40 s and 3 min,
respectively (Fig. 2).

Players were familiarized with all tests and procedures
before the start of the experimental protocol. The tests
‘reliability was verified separately during the familiarization period separated by 1 week. To allow sufficient
recovery before testing, the last training session was
scheduled 48 h prior to testing. To minimize any effects
of diurnal variations, the two testing sessions were
conducted ± 2 h of the same time of day. Players were
instructed to wear the same footwear during all testing
sessions [24].
Training sessions started with a 15-min warm-up followed by technical and tactical drills based on basic basketball movements (i.e., offensive, ready stance, running,
CoD, linear sprint, stopping, pivoting, and jumping exercises) [7], specific basketball movements (triple threat
position, pivot, face up or one- and two-phase stop), basketball technique fundamentals (dribbling, passing, and
shooting), basic defensive movements (defensive stance,
defensive slide, denial defense, and box-out) and a simulated game at the end of every session [7], which were
identical between groups. The three experimental groups
completed the same training volume (~ 90 min per session) over the course of the study.
Before (T1) and after (T2) the intervention, the players performed four testing sessions distributed as follows:
the first testing session was devoted to vertical jump
tests, the second testing session was devoted to CoD and
FJT tests, the third testing session was devoted to the balance tests, the fourth testing session was devoted to the
repeated sprint test. The testing sessions were separated
with 48 h and the tests during the same testing session
were performed randomly. [7, 14].
Training program interventions

The three groups JG, RSG and COMB completed 8 weeks
of their respective training programs with a frequency of

• DJ training program.

• MRSA training program.
Training intervention consisted of 3 sets with 8 repetitions during the first month and 3 sets with 10
repetitions during the second month. Each repetition
consisted of 30-m (6 × 5 m) sprint distances at maximal intensity (including 90° CoD) with 20 s of passive
recovery between the repetitions and a 4 min rest
between sets [7] (Fig. 2).
• Combined training program.
Training intervention consisted of 3 sets of 8 repetitions during the first month [one DJ combined
with one 30 m sprint (6 × 5 m) at maximal intensity
(including 90° CoD)] and 3 sets of 10 repetitions
during the second month. 20 s of passive recovery
between the repetitions and a 4 min rest between
sets (Fig. 2).
Each group was supervised by a professional strength
and conditioning coach. Participants were encouraged to
jump and sprint at maximal effort during each repetition.
Training load monitoring

To determine whether the participants’ global training
load remained consistent through the study, the session
rating of perceived exertion (RPE) training score was
taken following each session. About 30-min after training
sessions subjects were asked to rate the global intensity
of the entire workout session using the category ratio-10
RPE scale according to the methods described by Foster
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Fig. 2 Exercise used during the training program for the JG, RSG and COMB

et al. [25]. A daily training intensity was created by multiplying the training duration (minutes) by the session
RPE. The weekly training load was determined by summing the daily training loads for each athlete during each
week (Fig. 3).

Measures
Anthropometrics and maximal oxygen consumption

Body mass (kg) was measured with an electronic scale
(Pharo, 200 Analytic, Germany) and height (m) with a
portable stadiometer (Seca, Maresten, UK). Maximal
oxygen consumption (VO2max) was estimated using the

Fig. 3 Total weekly training load during the experimental period for the JG, RSG, COMB and CON. **NB: The excel database is represented in the
Additional file 1
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20-m shuttle run test according to the equation of Léger
and Gadoury [26].
Stork static balance test

The stork balance test was utilized to assess static balance [19]. Subjects stood with their opposite foot against
the inside of the supporting knee with both hands on the
hips. On the “go” signal, subjects raised the heel from the
floor and held this position for as long as possible. The
test was terminated when the heel of the supporting leg
touched the ground, or the foot moved away from the
kneecap. The test was timed using a stopwatch. The test
was performed three times, interspaced by 2 min. The
best of the trials was used for further data treatment.
Y‑balance test

The Y-balance protocol was similar to that described previously, and has a high reliability [27]. Reach directions
were evaluated by affixing tape measures to the floor,
one oriented anteriorly, and the other two running at
135◦ in the posterior-medial and posterior-lateral directions. All testing was conducted barefoot. Subjects stood
on the dominant leg, with the most distal aspect of their
great toe at the center of the grid. They then reached in
the specified direction, while maintaining a single-limb
stance. Tests were classified as invalid if the participants (1) did not touch the line with the reach foot while
maintaining weight bearing on the stance leg, (2) lifted
the stance foot from the center grid, (3) lost balance at
any point during the trial, (4) did not maintain start and
return positions for one full second, or (5) touched the
reach foot down to gain support. The average maximum
reach across the three directions (normalized for leg
length) was calculated as a composite score for each subject Gribble and Hertel [28]. After a demonstration, the
participant completed four practice trials in each direction. Following a 2-min rest period, three definitive trials
were made in each direction. The best of trials was used
for further data treatment.
T: change of direction test

The CoD T test is a valid test to evaluate CoD performances in basketball as it includes forward, lateral, and
backward running over short distances [29]. Two trials
were completed, and the fastest trial was taken for further analysis. Times were recorded to the nearest 0.01 s
using an electronic timing system (Brower Timing Systems, Salt Lake City, UT, USA) placed 0.4 m above the
ground. The test was performed two times, interspaced
by 2 min. The best of trials was used for further data
treatment.
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Intensive repeated sprint ability test (IRSA5COD)

The IRSA5COD was used and validated to assess players’ ability to cope with the intermittent demands of
basketball [30]. This test consisted of 10 × 30-m shuttle
sprints following a T shape, with three changes of direction of 180◦and two changes of direction of 90°, separated by 30 s of recovery. The COD occurred after each
5-m of running. The fatigue index (FI) was calculated
using the Fitzsimons et al. [31] formula: (100 × (TT/
(BT × 10)) − 100), where TT corresponds to total time
(s) and BT to best time (s). The time for each attempt
was recorded with photocells with an accuracy of 1 m
(Brower timing system, Salt Lake City, UT, USA).
During the test, heart rate frequency was continuously
recorded using a cardio-frequency monitor (Polar Electory, Kempte, Finland). The rating of perceived exertion
(RPE) was assessed immediately following each IRSA5COD
test using a Borg’s CR-10 scale [32]. Players were familiarized with this scale, which was regularly used during
the season. The maximal blood lactate concentration
(mmol L−1) was measured from capillary blood samples
obtained from the earlobe at the 3rd min after the end
of the IRSA5COD test [33]. The blood sample was immediately analyzed using a portable lactate analyzer (Arkray
Lactate Pro LT-1710 Kyoto, Japan) previously calibrated
following the manufacturer’s instructions [34].
Vertical jump tests

The vertical jumps height was evaluated using an optoelectrical system (Opto-Jump Microgate, Italy). Jump
height was calculated according to the following equation: jump height = 1/8 × g × t 2, where g is the acceleration due to gravity and t is the flight time [35]. Players
performed the countermovement (CMJ) and the squat
jumps (SJ) according to previously described protocols [36]. To assess interlimb asymmetry, a drop jump
with one leg was also performed. The athlete started the
movement standing upon the top of a 30 cm box. At the
evaluator’s command. The asymmetry index using the
following formula: (Highest performing limb–Lowest
performing limb/Highest performing limb) × 100 [37].
Jump tests in the following order (counter movement
jump (CMJ), squat jump (SJ) and single leg drop jump
(DJ) (right/left)). All jump tests were performed three
times, interspaced by 2 min. The best of trials was used
for further data treatment.
Five‑time jump test (FJT)

The FJT test is a practical and valid test and is often
used as a proxy for lower limbs muscle power [38]. At
the beginning of the test and after the fifth jump, feet
are in parallel position. FJT performance was recorded
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in meters (m) to the nearest cm. Participants performed
two trials and the best trial was used for further analyses.
The test was performed two times, interspaced by 2 min.
The best of trials was used for further data treatment.
Statistical analyses

All the data were presented as means and standard deviations (SD). The Shapiro Wilk test identified all variables
as normally distributed. Baseline between group differences were computed using one-way ANOVA.
The effects of training were evaluated using a 4 (groups:
DJ, RSG, COMB and CON) × 2 (time: Pre-test, Post-test)
mixed model ANOVA. If a statistically significant interaction effect was found, Bonferroni corrected post-hoc
tests were calculated.
Additionally, effect sizes (ES) were determined from
ANOVA output by converting partial eta-squared to
Cohen’s d. In addition, within-group ES were computed
using the following equation: ES = (mean post − mean
pre)/SD [39]. Following Hopkins et al. [40], ES were considered trivial (< 0.2), small (0.2 to < 0.6), moderate (0.6
to < 1.2), large (1.2 to < 2.0) and very large (2.0 to 4.0).
Additionally, intraclass correlation coefficients (ICC) and
coefficients of variation (CV) were computed to assess
relative and absolute test–retest reliability (see Table 2).
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ICCs were classified as ICC < 0.50 weak, 0.50 to 0.79
moderate, and ≥ 0.80 strong. The level of significance
was set at p < 0.05. All statistical analyses were computed
using SPSS for Windows, version 20.0 (SPSS Inc., Chicago) (Table 3).

Results
All players completed the study according to the previously described methodology. No injuries occurred over
the course of the study. Adherence rates were 97.6% for
JG, 97.8% for RSG and COMB. The average playing time
per game was 27.5 ± 1.8 min for JG, 27.7 ± 1.5 min for
RSG and 27.8 ± 1.7. No statistically significant between
group differences were observed for these measures. In
addition, no significant between-group baseline differences were found for any of the analysed parameters (see
Tables 4, 5).
•Reliability.
Table 2 illustrates ICCs for relative reliability and CV
for absolute reliability of the applied physical fitness tests.
Reliability measures ICCs ranged from 0.86 to 0.99 and
CV ranged from 2.2 to 5.6 for all tests.
•Main Effects.
All measures displayed significant main effect,
(medium/small) magnitude (effect size) improvements

Table 2 Weekly training program during the experimental period for intervention and control groups
Days

Training program for intervention groups (JG, RSG and COMB)

Training program for the active control group

Monday

Warm up, 15 min
Specific basketball fundamental training, 15 min
Moderate intensity mid-range and 3 point shot exercises, 20 min
Free throw shooting, 10 min
Technical/tactical training, 25 min

Warm up, 15 min
Specific basketball fundamental training, 15 min
Moderate intensity mid-range and 3 point shot exercises, 20 min
Free throw shooting, 10 min
Technical/tactical training, 25 min

Tuesday

Warm up, 15 min
The training intervention (DJ or MRSA or COMB) 20 min
Free throw shooting, 10 min
Moderate intensity mid-range and three point shot exercises, 20 min
Technical/tactical training, 25 min

Warm up, 15 min
The regular strength training (Lower body) 20 min
Free throw shooting, 10 min
Moderate intensity mid-range and 3 point shot exercises, 20 min
Technical/tactical training, 25 min

Wednesday

Warm up, 15 min
Specific basketball fundamental training, 10 min
Ball drill transition training, 15 min
The regular strength training (upper body) 20 min
Three point shot exercises, 15 min
Tactical training, 15 min

Warm up, 15 min
Specific basketball fundamental training, 10 min
Ball drill transition training, 15 min
The regular strength training (upper body) 20 min
Three point shot exercises, 15 min
Tactical training, 15 min

Thursday

Warm up, 15 min
The training intervention (DJ or MRSA or COMB) 20 min
Free throw shooting, 10 min
Moderate intensity mid-range and three point shot exercises, 20 min
Technical/Tactical training, 25 min

Warm up, 15 min
The regular strength training (lower body) 20 min
Free throw shooting, 10 min
Moderate intensity mid-range and 3 point shot exercises, 20 min
Technical/Tactical training, 25 min

Friday

Warm up, 15 min
Free throw shooting, 15 min
Low intensity 3pts shooting exercises, 30 min
Tactical training, 15 min
Free throw shooting, 10 min

Warm up, 15 min
Free throw shooting, 15 min
Low intensity 3pts shooting exercises, 30 min
Tactical training, 15 min
Free throw shooting, 10 min

Saturday

Match

Match

Sunday

Recovery

Recovery
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Table 3 Intraclass correlation coefficients (ICCs) for relative
reliability and coefficients of variation for absolute reliability of
the applied physical fitness tests
Measures

ICC

95% CI

% CV

SBT
R

0.88

0.81–0.93

3.2

L

0.86

0.80–0.90

3.1

YBT
R
  Ant

0.96

0.86–0.98

5.2

  Post/Md

0.97

0.84–0.98

5.3

  Post/Lat

0.97

0.85–0.99

5.1

L
  Ant

0.96

0.86–0.98

5.6

  Post/Md

0.95

0.87–0.97

5.4

  Post/Lat
T test

0.97

0.85–0.99

5.2

0.98

0.90–0.99

2.8

 IRSA5COD
  TT

0.96

0.90–0.97

2.3

  BT

0.97

0.89–0.99

2.2

CMJ

0.98

0.93–0.99

3.7

SJ

0.97

0.91–0.98

3.5

DJ
  R

0.96

0.88–0.98

4.1

  L

0.95

0.87–0.97

4.4

0.98

0.86–0.97

3.2

FJT

ICC intraclass correlation coefficient, CI confidence interval, CV coefficient of
variation (%). IRSA5COD repeated sprint ability test with five CoDs

for time (post-test > pre-test) (Tables 4, 5) except for
Physiological parameters for (IRSA5COD). Significant
main effects for group were evident with the three groups
except for jump performances (Table 4). With each of
these measures the control group was significantly different from the JG, RSG and COMB groups.
•Interactions.
Body balance

Significant group x time was observed for SBT test performance on both legs [right leg (p < 0.001, ES = 0.74,
moderate), left leg (p < 0.001, ES = 0.76, moderate)].
Bonferroni corrected post-hoc test for right leg revealed
significant pre-to-post improvements for JG, RSG and
COMB with a better improvement in favor of RSG and
COMB [(10.53%, p < 0.001, ES = 0.36, small), (22.60%,
p < 0.001, ES = 0.35, small), (21.97%, p < 0.001, ES = 0.42,
small), respectively]. Moreover, Bonferroni corrected
post-hoc test revealed significant pre-to-post improvements for JG, RSG and COMB with a better improvement in favor of RSG [(10.69%, p < 0.001, ES = 0.21,
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Small), (22.67%, p < 0.001, ES = 0.33, small), (19.57%,
p < 0.001, ES = 0.43, small), respectively].
Significant group x time interaction was observed for
YBT test performance for the right leg support (anterior:
p < 0.001, ES = 0.62, moderate; posteromedial: p < 0.001,
ES = 0.87, moderate; posterolateral: p < 0.001, ES = 0.76,
moderate). Bonferroni corrected post-hoc test revealed
significant pre-to-post improvements for JG, RSG and
COMB with a better improvement in favor of RSG and
COMB [(JG: anterior: 1.91%, p = 0.009, ES = 0.55, small;
posteromedial: 3.80%, p < 0.001, ES = 0.42, small; posterolateral: 6.24%, p < 0.001, ES = 0.29, small); RSG: anterior: 7.59%, p < 0.001, ES = 0.38, small; posteromedial:
9.42%, p < 0.001, ES = 0.63, moderate; posterolateral:
8.95%, p < 0.001, ES = 0.59, small); (COMB: anterior:
9.03%, p < 0.001, ES = 0.38, small; posteromedial: 10.83%,
p < 0.001, ES = 0.68, moderate; posterolateral: 10.51%,
p < 0.001, ES = 0.48, small); respectively]. For the left support leg, we found similar results (anterior: p < 0.001,
ES = 0.86, moderate; posteromedial: p < 0.001, ES = 0.89,
moderate; posterolateral: p < 0.001, ES = 0.66, moderate). Bonferroni corrected post-hoc test revealed significant pre-to-post improvements for JG, RSG and
COMB with a better improvement in favor of RSG and
COMB[(JG: anterior: 4.25%, p < 0.001, ES = 0.20, small;
posteromedial: 2.70%, p < 0.001, ES = 0.52, small; posterolateral: 5.16%, p = 0.001, ES = 0.66, moderate); RSG:
anterior: 7.66%, p < 0.001, ES = 0.44, small; posteromedial: 8.67%, p < 0.001, ES = 0.57, small; posterolateral:
9.25%, p < 0.001, ES = 0.62, moderate); (COMB: anterior: 9.31%, p < 0.001, ES = 0.52, small; posteromedial:
9.85%, p < 0.001, ES = 0.57, small; posterolateral: 10.80%,
p < 0.001, ES = 0.56, small); respectively].
Change of direction

Significant group × time interaction was observed for
T test (p < 0.001, ES = 0.61, moderate). Bonferroni corrected post-hoc test revealed significant pre-to-post
improvements for JG, RSG and COMB with a better
improvement in favor of COMB [(− 0.96%; p = 0.001,
ES = 0.01, trivial), (− 1.98%, p < 0.001, ES = 0.02, trivial),
(− 2.49%, p < 0.001, ES = 0.05, trivial), respectively].
Intensive repeated sprint ability test

Significant group × time interaction was observed for TT
(p < 0.001, ES = 0.64, moderate). Bonferroni corrected
post-hoc test revealed significant pre-to-post improvements for JG, RSG and COMB with a better improvement in favor of RSG [(− 0.41%, p = 0.003, ES = 0.10,
trivial), (− 0.84%, p < 0.001, ES = 0. 10, small), (− 0.79%,
p < 0.001, ES = 0. 21, small), respectively].
Significant group × time interaction was observed for
BT (p < 0.001, ES = 0.57, moderate). Bonferroni corrected

8.19 ± 0.05

1.91 ± 0.64

BT (s)

FI (%)

6.69 ± 0.63

RPE

6.92 ± 0.76

8.12 ± 186

− 2 ± 0.97

2.86 ± 0.58 288.7 ± 703.07

8.05 ± 0.04

82.85 ± 0.44 − 0.84 ± 0.40

Δ%

1.50 ± 0.89

8.24 ± 0.08

83.58 ± 0.31

Pre Test

3.85 ± 11.02

6.85 ± 15.80
6.92 ± 0.46

8.76 ± 1.41
7.38 ± 0.65

9.35 ± 1.60
7.65 ± 15.03

10.21 ± 29.34
7.08 ± 0.76

8.25 ± 156

Δ%

1 ± 3.81

6.92 ± 0.79 − 1.10 ± 13.09

8.34 ± 1.68

0.04 ± 0.22

2.81 ± 0.40 246.97 ± 492.75

8.07 ± 0.04 − 2.05 ± 0.70

82.92 ± 0.28 − 0.79 ± 0.09

Post Test

7.23 ± 0.73

9.55 ± 1.42

Δ%

2.10 ± 1.05

7.24 ± 0.60

9.53 ± 1.18

1.05 ± 13.68

0.35 ± 4.19

0.01 ± 0.09

0.40 0.20
(0.06) (0.12)

0.22 0.09
(0.13) (0.18)

0.87 030.
(0.002) (0.10)

9.85 ± 41.05 0.000 0.51
(0.87) (0.53)

8.16 ± 0.08 − 0.12 ± 0.39 0.000 0.56
(0.96) (0.05)

0.27 (0.10)

0.04 (0.65)

0.55 (0.04)

0.03 (0.27)

0.000 (0.64)

0.000 (0.64)

Group Group × Time

83.35 ± 0.08 − 0.05 ± 0.08 0.000 0.40
(0.92) (0.08)

Post Test

188.82 ± 1.80 188.84 ± 1.77

2.03 ± 1.24

8.17 ± 0.10

83.38 ± 0.09

Pre Test

CON (n = 13)

Data are reported as means and standard deviations. TT total time, BT best time, FI fatigue index; HR heart rate, [Lac] Lactate concentration, RPE rating of perceived exertion

7.77 ± 2.29

[Lac]
(mmol/l)

1.65 ± 0.83

8.22 ± 0.09

83.55 ± 0.32

Post Test

0.02 ± 0.21 187.87 ± 2.71 178.67 ± 2.66 − 0.10 ± 0.59 188.59 ± 1.63 188.66 ± 1.58

2.48 ± 0.56 49.05 ± 67.08

8.10 ± 0.03 − 0.79 ± 0.54

83.08 ± 0.39 − 0.41 ± 0.41

187.30 ± 2.39 137.85 ± 2.34

83.42 ± 0.24

TT (s)

HR (beat/
min)

Δ%

Pre Test

Post Test

Pre Test

COMB (n = 13)

Time

RSG (n = 13)

Variables

JG (n = 13)

p values (effect size)

Groups

Table 4 Intensive repeated sprint ability test performances and physiological parameters determined before (pre-test) and after (post-test) the training program
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19.41 ± 1.28

L

59.38 ± 2.47

  Post/
Lat

38.77 ± 5.88

CMJ (cm)

8.24 ± 0.38

95.92 ± 3.23

5.16 ± 4.15

14.08 ± 2.25

14.84 ± 2.41

3.04 ± 0.76

8.05 ± 0.49

9.25 ± 4.03

38.62 ± 2.26

7.21 ± 9.98

9.97 ± 6.50

8.13 ± 0.47

1.05 ± 0.51

12.88 ± 9.38 7.01 ± 116.04

14.92 ± 1.55

16.23 ± 2.09

5.78 ± 3.51

5.94 ± 4.47

6.55 ± 0.05 − 1.98 ± 0.80

64.23 ± 1.42

39.85 ± 6.44 42 ± 5.87

36.54 ± 2.99

− 34.32 ± 36.79 13.82 ± 5.76

15.77 ± 6.19

16.98 ± 9.65

13.40 ± 5.65

12.24 ± 7.39

6.69 ± 0.07

58.85 ± 1.95

88.85 ± 3.08

58.69 ± 1.18

97.07 ± 2.78

64.84 ± 1.57

8.01 ± 0.53

9.71 ± 5.81

14.38 ± 1.39

14.31 ± 1.32

38.38 ± 4.84

37.08 ± 1.94

6.65 ± 0.07

58.31 ± 2.46

10.80 ± 3.89

9.85 ± 2.09

9.31 ± 2.32

10.51 ± 3.05

10.83 ± 3.01

9.03 ± 1.71

19.57 ± 8.59

21.97 ± 9.10

Δ%

6.03 ± 5.10

8.31 ± 5.44

7.47 ± 5.27

5.43 ± 3.58

8.14 ± 0.54

1.59 ± 1.17

8.51 ± 5.18 160.17 ± 541.01

15.23 ± 1.42

15.46 ± 1.27

41.08 ± 4.05

39.07 ± 2.18

6.48 ± 0.05 − 2.49 ± 0.74

64.54 ± 1.85

8.67 ± 2.06 100.85 ± 2.82 110.77 ± 3.32

7.66 ± 1.98

8.95 ± 3.96

96.92 ± 3.04

23.02 ± 1.17

23.16 ± 0.92

Post Test

98.07 ± 2.25 108.69 ± 3.17

88.92 ± 3.35

19.29 ± 0.87

19.05 ± 1.09

Pre Test

Post Test

Δ%

1.02 ± 5.15

1.63 ± 3.30

38.15 ± 2.79

8.19 ± 0.60

8.21 ± 0.59

12.89 ± 5.83 10.89 ± 5.74

14.92 ± 1.55 15.31 ± 1.44

14.69 ± 1.80 14.77 ± 1.64

38 ± 2.55

0.000
0.24
(0.80) (0.11)

0.000
0.33
(0.87) (0.09)

0.000
0.34
(0.91) (0.09)

0.000
0.27
(0.88) (0.10)

0.16 ± 0.42

0.000
0.89
(0.94) (0.01)

5.10 ± 71.92 0.08
0.16
(0.0.24) (0.13)

3.07 ± 9.53

0.95 ± 7.71

0.49 ± 4.92

0.27 ± 4.08

0.000 0.001
(0.94) (0.42)

6.65 ± 0.04 − 0.32 ± 0.87
37.62 ± 1.98 37.69 ± 2.02

6.67 ± 0.05

0.000 0.000
(0.97) (0.61)

0.000 0.001
(0.98) (0.43)

0.000 0.000
(0.97) (0.93)

0.000 0.003
(0.98) (0.38)

0.000 0.001
(0.91) (0.42)

0.31 ± 0.94

0.27 ± 1.55

0.94 ± 2.30

0.24 ± 1.63

0.000 0.001
(0.84) (0.73)

0.000 0.002
(0.95) (0.38)

0.000 0.011
(0.94) (0.34)

1.74 ± 1.77

58.53 ± 1.81 59.54 ± 1.51

100.62 ± 1.71 100.92 ± 1.98

88.54 ± 1.90 88.76 ± 1.96

58.31 ± 1.18 58.85 ± 1.28

97.46 ± 2.54 97.69 ± 3.01

88.69 ± 2.71 87.54 ± 6.01 − 1.23 ± 7.12

19.38 ± 0.83 19.58 ± 1.31

19.55 ± 0.50 19.86 ± 0.74

Pre Test

0.000 (0.73)

0.53 (0.05)

0.002 (0.38)

0.000 (0.52)

0.000 (0.63)

0.000 (0.52)

0.000 (0.61)

0.000 (0.66)

0.000 (0.89)

0.000 (0.86)

0.000 (0.86)

0.000 (0.87)

0.000 (0.62)

0.000 (0.76)

0.000 (0.74)

Group Group × Time

(2022) 14:160

Data are reported as means and standard deviations. SBT Stork balance test, YBT Y-balance test, R right leg, L left leg, Ant anterior, Post/Md postero-medial, Post/Lat T test: CoD T test; SJ squad jump test, CMJ
countermovement jump test; DJ single leg drop jump test, ASI asymmetry index, FJT five jump test

8 ± 0.39

13.84 ± 5.81 9 ± 6.25

ASI

FJT (m)

14.76 ± 2.5517 ± 2.38

17.08 ± 1.55

43.76 ± 5.63

41.23 ± 2.98

89.15 ± 4.07

64.54 ± 1.20

9.42 ± 2.48

7.59 ± 1.63

23.09 ± 1.24 22.67 ± 6.77

97.85 ± 5.68 107 ± 5.58
59.31 ± 2.43

Δ%

23.39 ± 1.36 22.60 ± 6.91

Post Test

88.30 ± 2.75 95 ± 2.91

18.84 ± 0.72

19.09 ± 0.75

Pre Test

2.70 ± 1.90 100.31 ± 2.25 109 ± 3.05

4.25 ± 0.84

6.24 ± 1.79

3.80 ± 1.60

1.91 ± 2.25

10.69 ± 3.88

10.53 ± 6.58

Δ%

6.60 ± 0.06 − 0.96 ± 0.75

L

R

14,70 ± 1.85

36.77 ± 2.09

SJ (cm)

DJ (cm)

6.66 ± 0.07

T test (s)

58.61 ± 1.26

  Post/
Lat

61.62 ± 2.06

99.92 ± 2.21 102.62 ± 2.75

  Post/
Md

92.54 ± 1.94

88.76 ± 2.01

  Ant

L

97.54 ± 2.57 101.23 ± 2.59

  Post/
Md

63.07 ± 2.47

88.07 ± 3.01

89.76 ± 3.96

21.48 ± 1.61

21.76 ± 1.89

Post Test

  Ant

R

YBT (cm)

19.69 ± 1.06

R

SBT (s)

Pre Test

CON (n = 13)

Time

COMB (n = 13)

Variables JG (n = 13)
RSG (n = 13)

p values (effect size)

Groups

Table 5 Body balance, change-of-directions and Jump performances determined before (pre-test) and after (post-test) training program
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post-hoc test revealed significant pre-to-post improvements for JG, RSG and COMB with a better improvement in favor of RSG and COMB [(− 0.79%, p < 0.001,
ES = 0.01, trivial), (− 2%, p < 0.001, ES = 0.02, trivial),
(− 2.05% p < 0.001, ES = 0.02, trivial), respectively].
Vertical and horizontal jump

Significant group × time interaction was observed for
CMJ (p < 0.001, ES = 0.52, small). Bonferroni corrected
post-hoc test revealed significant pre-to-post improvements for JG, RSG and COMB with a better improvement in favor of JG [(13.40%; p < 0.001, ES = 0.45, small),
(5.78%, p < 0.001, ES = 0.30, small), (7.47%, p < 0.001,
ES = 0.46, small), respectively].
Significant group × time interaction was observed
for SJ (p < 0.001, ES = 0.63, moderate). Bonferroni corrected post-hoc test revealed significant pre-to-post
improvements for JG, RSG and COMB with a better
improvement in favor of JG [(12.24%, p < 0.001, ES = 0.70,
moderate), (5.94%, p < 0.001, ES = 0.38, Small), (5.43%,
p < 0.001, ES = 0.27, small), respectively].
Significant group × time was observed for DJ test performance on both legs [right leg (p < 0.001, ES = 0.52,
small), left leg (p = 0.002, ES = 0.38, small)]. Bonferroni
corrected post-hoc test for right leg revealed significant
pre-to-post improvements for JG, RSG and COMB with
a better improvement in favor of JG [(16.98%, p < 0.001,
ES = 0.35, small), (9.97%, p < 0.001, ES = 0.21, small),
(8.31%, p < 0.001, ES = 0.19, small), respectively]. Moreover, Bonferroni corrected post-hoc test revealed significant pre-to-post improvements for JG, RSG and COMB
with a better improvement in favor of JG [(15.77%,
p < 0.001, ES = 0.20, small), (7.21%, p = 0.035, ES = 0.36,
small), (6.03% p = 0.001, ES = 0.19, small), respectively].
Significant group × time interaction was observed for
FJT (p < 0.001, ES = 0.73, moderate). Bonferroni corrected post-hoc test revealed significant pre-to-post
improvements for JG, RSG and COMB with a better
improvement in favor of JG [(3.04%, p < 0.001, ES = 0.02,
trivial), (1.05% p < 0.001, ES = 0.01, trivial), (1.59%,
p < 0.001, ES = 0.03, trivial), respectively].

Discussion
The main aim of this study was to examine the contributions of 8-week combined versus single-mode training
programs based on DJ and MRSA on RSA performances,
body balance and lower limbs power in professional
basketball male players. In general, the findings of the
present study showed that the three training interventions lead to a significant improvement compared to the
CON. Additionally, a greater improvement was recorded
in favor of RSG and COMB compared to JG for body
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balance, CoD and RSA. Moreover, better improvement
in CMJ, SJ and single leg DJ was recorded in favor of
JG compared to the RSG. A better CoD improvement
in favor of COMB compared to the RSG was reported.
Therefore, the data of the present study partially confirmed our hypothesis.
Drop jump training effects on selected physical fitness
tests

8-week of DJ training significantly improved body balance, RSA performances, CoD and jump performances.
Improvements in balance performances following DJ
training in the present study were in line with previous
studies incorporating vertical jumping exercises [8, 41,
42]. In fact, the improvement in balance performance
may be related to improved co-contraction of lower
body muscles [43] and/or to changes in proprioception
and neuromuscular control [44]. Concerning the significant increases in IRSA5COD performances (TT and BT),
the findings of the present study may be explained by
the change in explosive performance after a plyometric
training program which may contribute to improvement
during RSA test with CoD [45]. Moreover, several earlier
plyometric studies have shown that this type of exercises
can enhance sprinting performance in basketball and
soccer players [15, 46].
Eccentric strength is an important determinant of
deceleration ability during CoD actions [47]. The higher
inertia accumulated in the braking phase during plyometric training may have contributed to increases
in eccentric workload and, therefore, larger strength
improvements [48]. Moreover, previous studies have
explained the improvements in CoD performance with
the interaction of several neuromuscular adaptations (i.e.,
higher efficiency of SSC), and muscle activation strategies that promote improved inter- and intra-muscular
coordination [49]. Finally, our findings were in accordance with the existing literature, which has reported
improved jump performance after specific plyometric
programs including DJ [12]. Improved jump performance
as a result of plyometric training may be partially attributable to improved motor recruitment, the elastic benefits to SSC, and/or a muscle typology shifts [49].
Specific multidirectional repeated sprint effects
on selected physical fitness tests

The MRSA training intervention significantly improved
body balance, RSA performances (TT and BT), CoD and
jump performances. For the significant improvement
of body balance (Static/Dynamic), our results may be
attributed to the balance challenges associated with CoD
training. In this context, previous studies have reported
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that (rapid CoD/ training program based on CoD) has
some benefits over stationary and dynamic balance since
that high-speed with CoD impose frequent perturbations upon postural control which may positively affect
athletic performance [11, 27, 50, 51]. In the same context, Hammami et al. [27] and Sekulic et al. [52] reported
a significant correlation between CoD and body balance.
Concerning the significant improvement in TT and
BT, our results are likely explained by the fact that
our training design was specifically inspired from the
IRSA5COD test protocol and it aims primarily to improve
the performance of this test. In this context, our results
align with those of Attene et al. [9] in young basketball
players and Buchheit et al. [45] in elite adolescent soccer
players. However, the present study disagrees with Brini
et al. [7]. Those authors reported no significant changes
in RSA performances (TT and BT) after 12-week using
the same MRSA training programs. The differences
between the two studies could be attributed to fatigue
accumulated at the end of the training period revealed
by those authors which was witnessed by a decrease in
the Testosterone/cortisol ratio [7]. Therefore, a shorter
study duration (8-week) may lead to a better RSA performance and avoid overtraining. Regarding FI, the
usefulness of this index for a coach is still under debate
because of some reproducibility problems, moreover a
better FI does not necessarily indicate better RSA performances [53, 54]. Concerning the T test, our results
showed a significantly better CoD at the end of MRSA
training intervention which was in accordance with
previous investigations that demonstrated a significant
improvement of CoD performance following repeated
sprints training with CoD [8, 9]. Our results could be
explained by the similarity between the IRSA5COD and
the t test in design and demands thus allowing to a better CoD performance.
In the present study, the jump performance significantly
increased at the end of the MRSA intervention. Our findings were in line with previous studies reporting significant improvement in jump performances in basketball
players completing a shorter training period including
CoD repeated sprint protocol [9]. In fact, those authors
explained this significant improvement by the very large
correlation between sprint and jumping performance.
Moreover, several studies reported that RSA training
increases leg muscle explosive power, improvements in
motor unit synchronization, and SSC efficiency [55].

Combined training program effects on selected physical
fitness tests

During the present investigation, the combined training intervention significantly improved body balance,
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RSA performances (TT and BT), CoD and jump performances. Significant improvement in body balance may be
explained by the significant improvement observed following training in this study could be due to an enhancement in motor coordination [56], and the improved
neuromuscular control of lower limb muscle following
this type of training [57]. In this context, our findings
corroborate the data of several previous studies [17, 19].
Those authors reported improved static (stork balance
test) and dynamic (Y-balance test) balance performance
as a result of an 8-week plyometric and change-of-direction exercise program in prepubertal male soccer players.
For the IRSA5COD test, the significant improvement of
the TT and BT may be explained by the enhancements
in explosive power through improvements in motor
unit synchronization, SSC efficiency, or musculotendinous stiffness following the combined training program
[45–58].
Concerning Jump performance, our results were in
accordance with previous studies that reported a significant improvement [19, 59, 60]. Improved jump performance as a result of plyometric training may be partially
attributable to improved motor recruitment, the elastic
benefits to the SSC, and/or a muscle typology shifts [49].

DJ versus MRSA versus combined

The findings of the present study showed a significantly
better improvement recorded in favor of RSG and COMB
compared to JG for body balance, CoD and RSA. Moreover, better improvement in CMJ, SJ and single leg DJ was
recorded in favor of JG compared to the RSG. Only CoD
showed greater improvement in favor of COMB compared to the RSG.
For the better body balance obtained in favor of the
RSG and COMB, our results could be explained mainly
by the nature of the MRSA and the combined mode
based on CoDs protocols. In this context, several investigations reported that additional changes of directions
activities lead to a greater balance and body control [27,
51]. In the same context, Jones et al. [50] reported that
high-speed change of direction imposes frequent perturbations upon postural control.
Concerning the better CoD and RSA in favor of
RSG and COMB compared to the DJ our results were
not surprising and somewhat expected since the
MRSA training protocol and the combined mode were
designed and extracted from the IRSA5COD test protocol firstly (by including the same CoD angles and sprint
distances). Secondly, the combination of speed, jumping and CoD in the combined mode seems to have a
great and specific impact in high-intensity actions better than DJ.
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For the better improvements in jump performance
recorded in favor DJ compared to the RSG group our
results could be explained by the fact that the RSG did
not perform jump exercise during 8-week. In this context,
several studies reported that single mode MRSA training
performed without any additional strength or plyometric
training could affect jump performance [7, 61].
The differences between COMB and RSG in term of
CoD performance was logical since it was admitted that
MRSA training program improves CoD performance in
basketball players [7] and by adding the plyometric regimen which is known to improve the eccentric strength
of thigh muscles, a prevalent component in CoD during
the deceleration phase of impulsive movement which
may lead to a better performance.
Limitations

Although we present a novel addition to the literature,
our study has some limitations that warrant consideration. First, our study examined only professional basketball male players. Thus, future studies should extend
these observations to other age groups, female players and other skill levels. Moreover, the present study
was limited only by monitoring the session RPE and
did not investigate other internal load responses such
us: inflammatory makers, enzymes and/or testosterone
ratio hormones, given that of the lack of the financial
supports. Therefore, future studies are encouraged to
explore authors indicator about injuries, pain, or other
adverse effects that occur as a result of those training
methods.

Conclusions
The results of the present study showed that both combined and single-mode training programs based on DJ
and MRSA contributed to a significant better performance in some specific basketball physical fitness parameters with better performances recorded in favor of the
combined mode.
Practical applications

The present study indicates that additional 8-week combined and single-mode training programs based on
drop jump and specific multidirectional repeated sprint
enhances body balance, IRSA5COD performances (TT
and BT), CoD and jump performances in professional
basketball players with a significantly larger contribution in favor of the combined training mode. Thus, it
will be practicable to incorporate this training mode
into daily in-season male basketball training sessions,
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thus enhancing the performance potential of our players. Moreover, our finding showed the beneficial impact
of the single mode training (DJ /or MRSA) in some key
physical fitness parameters specific to the basketball
exergy. Thus, we advise coaches and physical trainers to
use also those specific single mode training depending on
the objectives and the season phases (Additional file 1).
Abbreviations
DJ: Drop jump; MRSA: Multidirectional repeated sprint; JG: Drop jump group;
RSG: Repeated sprint group; COMB: Combined group; CON: Active control
group; STB: The stork test; YBT: Y-balance test; IRSA5COD: The repeated sprint
ability test with CoD; TT: Total time; BT: Best time; FI: Fatigue index; HR: Heart
rate; RPE: The rating of perceived exertion; SJ: The squat jump; CMJ: Counter‑
movement jump; FJT: The five time-jump test; CoD: Change of direction.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13102-022-00551-w.
Additional file 1. All additional information for trainers.
Acknowledgements
The authors would like to acknowledge with considerable gratitude all those
who volunteered to take part in this study.
Author contributions
Conceptualization and methodology, SB, FMC and DB; formal analysis, SB
and JC-G and investigation, SB; data curation, SB and HN; writing—original
draft preparation, SB and DB; writing—review and editing FMC, HN, DB, DV,
and JC-G. All authors have read and agreed to the published version of the
manuscript.
Funding
No sources of funding were used to assist in the preparation of this article.
Availability of data and materials
The datasets generated during and analyzed during the current study are
not publicly available due to confidential information about the participants
but are available from the corresponding author on reasonable request at
[bseifeddine15@gmail.com].

Declarations
Ethics approval and consent to participate
The research project involved human participants. All the procedures fitted
BMC Sports Science, Medicine and Rehabilitation in accordance with the
ethical standards of the institutional and with the Helsinki declaration for
ethical standards. The present study was approved by was approved by the
Clinical Research Ethics Committee of the High Institute of Sports and Physical
Education of Kef, University of Jendouba, Kef, Tunisia (Approval No. 3/2018). All
participants signed written informed consent before starting the study.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Research Unit, Sportive Performance and Physical Rehabilitation, High
Institute of Sports and Physical Education of Kef, University of Jendouba, Kef,
Tunisia. 2 Integrated Institute of Health, Federal University of Mato Grosso
Do Sul, Campo Grande, Brazil. 3 College of Healthcare Sciences, James Cook

Brini et al. BMC Sports Science, Medicine and Rehabilitation

(2022) 14:160

University, Townsville, Australia. 4 Physical Education and Sport Department,
Faculty of Education and Sport, University of the Basque Country (UPV/EHU),
01007 Vitoria‑Gasteiz, Spain. 5 Faculty of Kinesiology, University of Zagreb,
10000 Zagreb, Croatia. 6 School of Behavioral and Health Sciences, Faculty
of Health Science, Australian Catholic University, Brisbane, Australia. 7 Depart‑
ment of Exercise Physiology, Faculty of Educational Sciences and Psychology,
University of Mohaghegh Ardabili, Ardabil 56199‑11367, Iran. 8 Department
of Motor Performance, Faculty of Physical Education and Mountain Sports,
Transilvania University of Braşov, 500068 Braşov, Romania. 9 Faculty of Sport
Sciences, University of Extremadura, 10003 Cáceres, Spain. 10 Escola Superior
Desporto E Lazer, Instituto Politécnico de Viana Do Castelo, Rua Escola
Industrial eComercial de Nun’Álvares, 4900‑347 Viana do Castelo, Portugal.
11
Research Center in Sports Performance, Recreation, Innovation and Technol‑
ogy (SPRINT), 4960‑320 Melgaço, Portugal. 12 Instituto de Telecomunicações,
Delegação da Covilhã, 1049‑001 Lisbon, Portugal.
Received: 30 April 2022 Accepted: 19 August 2022

References
1. Stojanović E, Stojiljković N, Scanlan AT, Dalbo VJ, Berkelmans DM,
Milanović Z. The activity demands and physiological responses encoun‑
tered during basketball match-play: a systematic review. Sports Med.
2018;48(1):111–35.
2. Petway AJ, Freitas TT, Calleja-González J, Medina Leal D, Alcaraz PE. Train‑
ing load and match-play demands in basketball based on competition
level: a systematic review. PLoS ONE. 2020;15(3):e0229212.
3. Scanlan AT, Tucker PS, Dascombe BJ, Berkelmans DM, Hiskens MI, Dalbo
VJ. Fluctuations in activity demands across game quarters in profes‑
sional and semiprofessional male basketball. J Strength Cond Res.
2015;2:3006–15.
4. Caprino D, Clarke ND, Delextrat A. The effect of an official match
on repeated sprint ability in junior basketball players. J Sports Sci.
2012;30(11):1165–73.
5. Stojanović E, Aksović N, Stojiljković N, Stanković R, Scanlan AT, Milanović
Z. Reliability, usefulness, and factorial validity of change-of-direction
speed tests in adolescent basketball players. J Strength Cond Res.
2019;33:3162–73.
6. Sugiyama T, Maeo S, Kurihara T, Kanehisa H, Isaka T. Change of direction
speed tests in basketball players: a brief review of test varieties and recent
trends. Front Sports Act Living. 2021;3:645350.
7. Brini S, Ben Abderrahman A, Boullosa D, Hackney AC, Zagatto AM,
Castagna C, Bouassida A, Granacher U, Zouhal H. Effects of a 12-week
change-of-direction sprints training program on selected physical and
physiological parameters in professional basketball male players. Int J
Environ Res Public Health. 2020;17:8214.
8. Ramirez-Campillo R, Garcia-Hermoso A, Moran J, Chaabene H, Negra Y,
Scanlan AT. The effects of plyometric jump training on physical fitness
attributes in basketball players: A meta-analysis. J Sport Health Sci.
2020;24:30169–71.
9. Attene G, Nikolaidis PT, Bragazzi NL, Dello Iacono A, Pizzolato F, Zagatto
AM, Dal Pupo J, Oggianu M, Migliaccio GM, Mannucci Pacini E, et al.
Repeated sprint ability in young basketball players (part 2): the chronic
effects of multidirection and of one change of direction are comparable
in terms of physiological and performance responses. Front Physiol.
2016;7:262.
10. Brini S, Delextrat A, Bouassida A. Variation in lower limb power and three
point shot performance following repeated sprints: one vs. five changes
of direction in male basketball players. J Hum Kinet. 2021;77:169–79.
11. Kibele A, Granacher U, Muehlbauer T, Behm DG. Stable, unstable and
metastable states of equilibrium: definitions and applications to human
movement. J Sports Sci Med. 2015;14:885–7.
12. Matavulj D, Kukolj M, Ugarkovic D, Tihanyi J, Jaric S. Effects of plyometric
training on jumping performance in junior basketball players. J Sports
Med Phys Fitness. 2001;41:159–64.
13. Khlifa R, Aouadi R, Hermassi S, Chelly MS, Jlid MC, Hbacha H, Castagna
C. Effects of a plyometric training program with and without added
load on jumping ability in basketball players. J Strength Cond Res.
2010;24:2955–61.

Page 14 of 15

14. Bouteraa I, Negra Y, Shephard RJ, Chelly MS. Effects of combined balance
and plyometric training on athletic performance in female basketball
players. J Strength Cond Res. 2020;34:1967–73.
15. Zagatto AM, Dutra YM, Claus G, et al. Drop jumps improve repeated
sprint ability performance in professional basketball players. Biol Sport.
2021;38(4):59–66.
16. Komi PV, Bosco C. Utilization of stored elastic energy in leg extensor
muscles by men and women. Med Sci Sports. 1978;10:261–5.
17. Makhlouf I, Chaouachi A, Chaouachi M, Ben Othman A, Granacher U,
Behm DG. Combination of agility and plyometric training provides similar
training benefits as combined balance and plyometric training in young
soccer players. Front Physiol. 2018;9:1611.
18. Hammami M, Gaamouri N, Aloui G, Shephard RJ, Chelly MS. Effects of
combined plyometric and short sprint with change-of-direction training
on athletic performance of male U15 handball players. J Strength Cond
Res. 2019;33:662–75.
19. Aloui G, Hermassi S, Hayes LD, Sanal Hayes NEM, Bouhafs EG, Chelly MS,
Schwesig R. Effects of plyometric and short sprint with change-of-direc‑
tion training in male U17 soccer players. Appl Sci. 2021;11:4767.
20. Ahmadi M, Nobari H, Ramirez-Campillo R, Pérez-Gómez J, Ribeiro ALdA,
Martínez-Rodríguez A. Effects of plyometric jump training in sand
or rigid surface on jump-related biomechanical variables and physi‑
cal fitness in female volleyball players. Int J Environ Res Public Health.
2021;18(24):13093.
21. Granacher U, Schellbach J, Klein K, et al. Effects of core strength training
using stable versus unstable surfaces on physical fitness in adolescents: a
randomized controlled trial. BMC Sports Sci Med Rehabil. 2014;6:40.
22. Hammami R, Granacher U, Makhlouf I, Behm DG, Chaouachi A. Sequenc‑
ing effects of balance and plyometric training on physical performance in
youth soccer athletes. J Strength Cond Res. 2016;30:3278–89.
23. Faul F, Erdfelder E, Lang AG, Buchner A. G∗Power 3: a flexible statistical
power analysis program for the social, behavioral, and biomedical sci‑
ences. Behav Res Methods. 2007;39:175–91.
24. Ghattassi K, Hammouda O, Graja A, Boudhina N, Chtourou H, Hadhri S,
Driss T, Souissi N. Morning melatonin ingestion and diurnal variation
of short-term maximal performances in soccer players. Physiol Int.
2016;103(1):94–104.
25. Foster C. Monitoring training in athletes with reference to overtraining
syndrome. Med Sci Sports Exerc. 1998;30:1164–8.
26. Leger LA, Lambert J. A maximal multistage 20-m shuttle run test to
predict VO2max. Eur J Appl Physiol Occup Physiol. 1982;49(1):1–12.
27. Hammami M, Negra Y, Aouadi R, Shephard RJ, Chelly MS. Effects of
an in-season plyometric training program on repeated change of
direction and sprint performance in the junior soccer player. J Strength
Cond Res. 2016;30:3312–20.
28. Gribble PA, Hertel J. Considerations for normalizing measures of the
star excursion balance test. Meas Phys Educ Exerc Sci. 2003;7:89–100.
29. Pauloe K, Madole K, Garhammer J, Lacourse M, Rozenek R. Reliabil‑
ity and validity of the t-test as a measure of agility, leg power, and
leg speed in college-aged men and women. J Strength Cond Res.
2000;14:443–50.
30. Zagatto AM, Ardigo LP, Barbieri FA, Milioni F, Iacono AD, Camargo BH,
Padulo J. Performance and metabolic demand of a new repeatedsprint ability test in basketball players: Does the number of changes of
direction matter? J Strength Cond Res. 2017;31:2438–46.
31. Fitzsimons M, Dawson B, Ward D, Wilkinson A. Cycling and running
tests of repeated sprint ability. Aust J Sci Med Sport. 1993;25:82–7.
32. Foster C, Florhaug JA, Franklin J, Gottschall L, Hrovatin LA, Parker S,
Dodge C. A new approach to monitoring exercise training. J Strength
Cond Res. 2001;15:109–15.
33. Hirvonen J, Rehunen S, Rusko H, Harkonen M. Breakdown of highenergy phosphate compounds and lactate accumulation during
short supramaximal exercise. Eur J Appl Physiol Occup Physiol.
1987;56:253–9.
34. Iorizzo L, Klausen TW, Wiberg-Itzel E, Ovin F, Wiberg N. Use of Lactate Pro
(TM)2 for measurement of fetal scalp blood lactate during labor—Pro‑
posing new cutoffs for normality, preacidemia and acidemia: a crosssectional study. J Matern Fetal Neonatal Med. 2019;32:1762–8.
35. Prieske O, Muehlbauer T, Mueller S, Krueger T, Kibele A, Behm D, Gra‑
nacher U. Effects of surface instability on neuromuscular performance
during drop jumps and landings. Eur J Appl Physiol. 2013;113:2943–51.

Brini et al. BMC Sports Science, Medicine and Rehabilitation

(2022) 14:160

36. Bosco C, Luhtanen P, Komi P. A simple method for measurement of
mechanical power in jumping. Eur J Appl Physiol. 1983;50:273–82.
37. Impellizzeri FM, Rampinini E, Maffiuletti N, Marcora SM. A vertical jump
force test for assessing bilateral strength asymmetry in athletes. Med Sci
Sports Exerc. 2007;39:2044–50.
38. Chamari K, Chaouachi A, Hambli M, Kaouech F, Wisløff U, Castagna C. The
five-jump test for distance as a field test to assess lower limb explosive
power in soccer players. J Strength Cond Res. 2008;22:944–50.
39. Cohen J. Eta-squared and partial eta-squared in fixed factor ANOVA
designs. Educ Psychol Meas. 1973;33:107–12.
40. Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive statistics
for studies in sports medicine and exercise science. Med Sci Sports Exerc.
2009;41:3–13.
41. Myer GD, Ford KR, Brent JL, Hewett TE. The effects of plyometric vs.
dynamic stabilization and balance training on power, balance, and land‑
ing force in female athletes. J Strength Cond Res. 2006;20:345–53.
42. Ramirez-Campillo R, Henriquez-Olguin C, Burgos C, Andrade DC, Zapata
D, Martinez C, Alvarez C, Baez EI, Castro-Sepulveda M, Penailillo L, Izqui‑
erdo M. Effect of progressive volume-based overload during plyometric
training on explosive and endurance performance in young soccer play‑
ers. J Strength Cond Res. 2015;29:1884–93.
43. Lloyd DG. Rationale for training programs to reduce anterior cruci‑
ate ligament injuries in Australian football. J Orthop Sports Phys Ther.
2001;31:645–54.
44. Hewett TE, Paterno MV, Myer GD. Strategies for enhancing propriocep‑
tion and neuromuscular control of the knee. Clin Orthop Relat Res.
2002;402:76–94.
45. Buchheit M, Mendez-Villanueva A, Delhomel G, Brughelli M, Ahmaidi S.
Improving repeated sprint ability in young elite soccer players: repeated
shuttle sprints vs. explosive strength training. J Strength Cond Res.
2010;24:2715–22.
46. Negra Y, Chaabene H, Fernandez-Fernandez J, Sammoud S, Bouguezzi R,
Prieske O, Granacher U. Short-term plyometric jump training improves
repeated-sprint ability in prepuberal male soccer players. J Strength Cond
Res. 2020;34(11):3241–9.
47. Chaabene H, Negra Y. The effect of plyometric training volume on athletic
performance in prepubertal male soccer players. Int J Sports Physiol
Perform. 2017;12:1205–11.
48. Coratella G, Beato M, Milanese C, et al. Specific adaptations in perfor‑
mance and muscle architecture after weighted jump squat vs. body mass
squat jump training in recreational soccer players. J Strength Cond Res.
2018;32:921–9.
49. Markovic G, Jukic I, Milanovic D, Metikos D. Effects of sprint and plyo‑
metric training on muscle function and athletic performance. J Strength
Cond Res. 2007;21:543.
50. Jones P, Bampouras TM, Marrin K. An investigation into the physical
determinants of change of direction speed. J Sports Med Phys Fitness.
2009;49:97–104.
51. Mirkov D, Nedeljkovic A, Kukolj M, Ugarkovic D, Jaric S. Evaluation
of the reliability of soccer-specific field tests. J Strength Cond Res.
2008;22:1046–50.
52. Sekulic D, Spasic M, Mirkov D, Cavar M, Sattler T. Gender-specific influ‑
ences of balance, speed, and power on agility performance. J Strength
Cond Res. 2013;27:802–11.
53. Glaister M, Howaston G, Pattison JR, McInnes G. The reliability and validity
of fatigue measures during multiple sprint work: an issue revisited. J
Strength Cond Res. 2008;22:1597–601.
54. Oliver JL. Is a fatigue index a worthwhile measure of repeated sprint abil‑
ity? J Sci Med Sport. 2009;12:20–3.
55. Bishop D, Girard O, Mendez-Villanueva A. Repeated-sprint ability—part II:
recommendations for training. Sports Med. 2011;41:741–56.
56. Trecroci A, Cavaggioni L, Caccia R, Alberti G. Jump rope training: balance
and motor coordination in preadolescent soccer players. J Sports Sci
Med. 2015;14:792–8.
57. Ozer D, Duzgun I, Baltaci G, Karacan S, Colakoglu F. The effects of rope or
weighted rope jump training on strength, coordination and proprio‑
ception in adolescent female volleyball players. J Sports Med Phys Fit.
2011;51:211–9.
58. Harris N, Cronin J, Keogh J. Contraction force specificity and its relation‑
ship to functional performance. J Sport Sci. 2007;25:201–12.

Page 15 of 15

59. Michailidis Y, Tabouris A, Metaxas T. Effects of plyometric and directional
training on physical fitness parameters in youth soccer players. Int J
Sports Physiol Perform. 2019;14:392–8.
60. Beato M, Bianchi M, Coratella G, Merlini M, Drust B. Effects of plyometric
and directional training on speed and jump performance in elite youth
soccer players. J Strength Cond Res. 2018;32:289–96.
61. Maggioni MA, Bonato M, Stahn A, La Torre A, Agnello L, Vernillo G, Cast‑
agna C, Merati G. Effects of ball-drills and repeated sprint ability training
in basketball players. Int J Sports Physiol Perform. 2018;20:1–24.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

