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Sports Studies, Incubator of Kinanthropological Research, Masaryk University, Brno, Czech Republic

ABSTRACT

The objectives of this study were to investigate: 1) whether there were morning-to-evening
differences in short-term maximal performance and 2) the impact of prolonged and specific warm-
up on short-term maximal performance diurnal variations in young basketball players. Fifteen
basketball players of both sexes (Male =8; Female =7; age: 14.4 £ 0.46 yr; weight: 64.7 + 7.1 kg;
height: 175.2 + 6.6 cm; BMI: 21.1 + 1.9 kg/m?) completed the following short-term maximal perfor-
mance tests: CMJ with and without arm swing, Lane Agility Drill, Zig-Zag agility test with and
without the ball, Sprint 20 m with and without the ball with the passage at 5 and 10 m. All tests
were performed after the 15-min standard warm-up procedure (with static stretching) and/or 25-
min specific warm-up (with prolonged running and dynamic stretching) in the morning and
evening. Vertical jumping tests and all change-of-direction speed tests (with and without a ball)
with superior responses were achieved in the evening after standard warm-up among all partici-
pants (p < 0.05). In contrast, superior short-term maximal performance was observed in the morn-
ing after prolonged and specific warm-up protocol (p < 0.05). It was concluded that specific and
prolonged warm-up protocols are suitable strategy to prevent diurnal variation in short-term
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maximal performance in young basketball players.

Introduction

Basketball is a team sport characterized as a highly
intermittent game involving the repetition of high-
intensity actions (Matthew and Delextrat 2009;
Scanlan et al. 2011) and sports skills such as dribbling,
passing, and shooting (Conte et al. 2015; Ferioli et al.
2020; Scanlan et al. 2015). During a basketball game,
periods of high-intensity activity are interrupted by
periods of low to moderate-intensity activity, which
differ in terms of movement structure, duration, inten-
sity, frequency, and distance, and most key elements
take place in an anaerobic mode such as short sprints,
rapid changes directions and jumps (Delextrat and
Cohen 2009). However, it has been previously found
that the aforementioned activities have diurnal variation
with morning nadirs and afternoon peaks (Pavlovi¢
et al. 2018; Racinais et al. 2005; Sedliak et al. 2008).
For instance, it has been found that short-term high-
intensity performance and muscle strength are usually
higher in the evening (16:00-20:00h) compared to the
morning (06:00-10:00h) (Brisswalter et al. 2007;

Edwards et al. 2013; Zarrouk et al. 2012) due to muscle
force production and power output superiority in the
evening (Ravindrakumar et al. 2022). However, less
research attention has been given to identifying key
factors and effective strategies to minimize diurnal var-
iation and obtain consistency in short-term maximal
performance regardless of the time-of-day.

It is already known that daily variations in short-term
maximal performance can be influenced by many fac-
tors such as age, level of training, experience, athletic
behavior, nutritional status, or sleep quality (Chtourou
and Souissi 2012; Mhenni et al. 2017). In addition,
diurnal variations in athletes’ performance are asso-
ciated with a number of circadian-related factors such
as habitual training time-of-day, lifestyle habits, or
chronotype (Rae et al. 2015). Circadian rhythm could
play a vital role in basketball’s short-term maximal
performance as it affects the biological functions of the
body and because the players may perform their best at
some particular time of the day (Chtourou and Souissi
2012; Reilly et al. 2007; West et al. 2014; Zarrouk et al.
2012). Consequently, the time of day at which athletes
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usually perform training may have a key impact on peak
performance, especially in youth athletes because they
often train at a time that is at odds with their innate
circadian rhythm due to school schedules or facility
unavailability. It is, therefore, of major importance to
find effective and appropriate strategies for youth ath-
letes to alter diurnal variations and maximize their
performance.

To date, morning training routine (Chtourou and
Souissi 2012), have been frequently used to minimize diur-
nal variations in basketball players but that strategy is
practically inapplicable for youth basketball players who
usually perform training sessions in the afternoon due to
school obligations, while their matches and competitions
are held in the morning, which clearly limits the application
of the morning training routine as an effective strategy.
However, little research attention is dedicated to identify-
ing effective and easy-to-use strategies for youth basketball
players in order to alter or minimalize diurnal variation in
short-term maximal performance. Therefore, there is
a need to examine the potential of additional approaches,
such as prolonged and specific warm-up strategies, to
minimize diurnal variation in young basketball players.

Prolonged warm-ups can increase the alertness of ath-
letes (Taylor et al. 2011), especially in the morning, and
thus eliminate diurnal variations, which would have great
practical applicability. However, current findings on the
impact of warm-up on diurnal variation are contradictory
due to difference in duration and intensity of both warm-
up protocol and the type of performance variable measured
(Edwards et al. 2013). Surprisingly, the assertation of the
prolonged warm-up has not been established in detail and
this raises the question of its effectiveness in youth basket-
ball players. Since body temperature is lowest in the morn-
ing and rises during the day, reaching a maximum by
20:00h (Refinetti 2010), it follows that increasing morning
temperature with prolonged warm-ups could affect short-
term maximal performance and reduce or eliminate differ-
ences in daily variations because there is causal link
between body temperature and short-term maximal per-
formance (Edwards et al. 2013; Pullinger et al. 2018) but
this remains unproven in basketball due to the scarcity of
research attention. Moreover, the effects of prolonged and
specific warm-ups on daily variation of short-term max-
imal performance in young basketball players are still
unclear despite it being easy to be implement by coaches
and practitioners. Therefore, the purposes of this study
were: 1) to investigate whether there were morning-to-
evening differences in short-term maximal performance
in young basketball players; 2) to determine the impact of
the prolonged and specific warm-up protocol on diurnal

variations in young basketball players. We hypothesized
that a prolonged and specific warm-up protocol, applied in
the morning, would improve morning short-term maximal
performance and consequently eliminate diurnal variation.

Materials and methods
Participants

Fifteen youth basketball players (n = 15; Male = 8; Female
=7; age: 14.4 £ 0.46 yr; weight: 64.7 + 7.1 kg; height: 175.2
+6.6cm; BMI: 21.1 +1.9) were include in this study.
Participants were free of injuries or illness prior to testing
according to the team doctor check-up list. All subjects and
parents were informed of the objectives and protocols of
the test and gave written consent to participate in the
study. To avoid potential bias, participants were not
informed of the theoretical background of daily variations
in performance and did not receive feedback from testers.
The study was approved by an institutional Human
Research Ethics Committee and conducted in accordance
with the Declaration of Helsinki.

Procedure

Testing was completed before the start of the competi-
tion season, and participants were instructed to refrain
from intensive training 24 h before testing and to avoid
sleeping in the afternoon between morning and evening
testing. Prior to the physical performance test, on the
first day, participants performed a standard warm-up
(15min) consisting of moderate-intensity running
(8 min), static stretching (5min), and short high-
intensity running, including a change of direction (2
min). This type of warm-up was applied in the morning
(09:00h) and evening (18:00h) tests. On the second day
of the physical performance test, prolonged and specific
warm-up (25 min) consisted of moderate-intensity run-
ning (15 min), dynamic stretching (5 min), and short,
high-intensity running, including change of direction as
well as jumps and movements in a basketball position in
a short space (5 min) was administrated in the morning
training session (09:00h). All participants were tested
using the following tests: countermovement jump
(CMJ), countermovement jump with arm swing
(CMJA), change of direction speed (CODS), Lane
Agility Drill, Zig-Zag, 20 m sprint, with the passage at
5 and 10 m and two tests with the ball (Zig-Zag; 20 m
sprint with the ball, with a pass at 5 and 10 m). All tests
were performed in similar conditions (20-25 C), on the
same indoor basketball court. Participants were verbally



introduced to the test procedure, through explanations
and demonstrations.

Vertical jump performance

The explosive power of the jump type was estimated
using vertical CM] without and with arm swing. All
jumps were performed on a photocell substrate
(Optojump, Microgate, Bolzano, Italy) that measures
the flight time between jump and landing to calculate
the jump height (cm). The validity and reliability of the
Optojump system have been confirmed in previous stu-
dies (Acero et al. 2012; Glatthorn et al. 2011). Each test
was confirmed by a visual inspection, in order to perform
the jumps correctly, i.e. not to bend the legs in the knee
area during the flight phase. Countermovement jump.
From the starting position, i.e., normal position with
arms at the sides, through knee flexion to an angle of
90°, the participant performed a maximum vertical jump
bounced and was greeted with slight flexion to (110°) at
the knee joints. The participant then took the starting
position, which marks the end of the test.
Countermovement jump with arm swing: The arms
were in the starting position at the chest height.
Coordinated with the squat (angle between the upper
leg and lower leg approximately 90°), the examinee per-
formed the engagement, followed by the maximum
reflection and swing of the arms through the phase of
stretching to causing. Participant took the starting posi-
tion again, which marked the end of the test. One mea-
surement was performed on both jumps.

Change-of-direction speed

Lane Agility Drill. The speed of change of direction
without the ball was estimated using the Lane Agility
Drill test (Stojanovic et al. 2018). Participants began the
test from the left corner in the extension of the free-
throw line, where the photocells are placed. Time started
from the first movement from the set position. Run
forward to the baseline and set the cone (5.8 m), where
they move to the defensive position to the right to the
next cone (4.9 m). Next, they run back to the top of the
free-throw line (5.8 m) and move to a defensive position
to the left of the starting line (4.9 m), and immediately
after that do the same lap in the opposite direction (side
right, forward, side left, back). Time stops when the
participants reach the starting position. One attempt is
allowed.

Zig-Zag agility test (with and without the ball)

The speed of change of direction was also measured
using the Zig-Zag test, which measures agility and,
secondarily, speed. Four cones are placed in the shape
of a rectangle, with one cone in the center (Lili¢ et al.
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2022). Participants start the test from the lower right
corner, where the photocells are placed, and this is also
the goal (the second pair of photocells are placed). Run
as fast as possible in the form of number eight (one lap),
first towards the middle-placed cone, left lower, left
upper, middle, right upper and right lower (start-
finish). The test is performed first without the ball,
then one measurement is performed with the ball. In
the case of a failed attempt (dropping the ball), the
participants repeated the test after an appropriate recov-
ery period (break of 2-3 min).

Speed

Sprint 20 m, with the passage at 5 and 10 m (with and
without the ball). Sprint ability was assessed using the
20 m sprint test, with passes at 5 and 10 m, without and
with the ball. The time was recorded using electronic
measuring gates — photocells (Witty, Microgate,
Bolzano, Italy). The respondent stands at the starting
line (0.3 m behind the starting line) and at the sign
begins to run as fast as possible (dribble lot) along the
entire length of 20 m. Photocells were placed at a height
of 1 m (Cronin and Templeton 2008; Vuckovi¢ et al.
2022), at the starting line, October 5 and 20 m (target).
Each subject completes one sprint. In case of a failed
attempt (dropping the ball), the participants repeated
the test after an appropriate recovery period (break of 2—
3 min).

Statistical analysis

All statistical analyzes were performed using SPSS
Statistics 20 software (SPSS Inc., Chicago, IL).
Descriptive statistics were used to calculate the mini-
mum, maximum and mean values of the results
(Minimal, Maximal, Mean), standard deviation
(Standard Deviation) and standard error (Standard
Error), for each variable separately. Paired Samples
T Test and 2 x 2 variance analysis for repeated measure-
ments (ANOVA) were used for differences between
morning and evening testing, where the time of day
(morning and evening) and warm-up type (standard
and specific) were factors. The alpha level was set to
p <0.05 to indicate statistical significance.

Results
Vertical jump performance

A statistically significant difference was observed
between morning and evening for both, standard
and prolonged and specific warm-up routine in
CMJ] (p<0.01) and CMJA (p<0.01) (Table 1).
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Table 1. Short-term maximal performance of standard and prolonged and specific warm-up procedure in young basketball players (N = 15).

2x2 repeated measures ANOVA (Time

Morning Evening Morning Evening of day * Warm-up)
Standard Standard Prolonged and specific Standard
Outcome measure warm-up warm-up  p-value warm-up warm-up  p-value p-value
Vertical jump
performance
CMJ (cm) 25.61+454 27.75+4.24 <0.001 29.71+£5.60 27.03 +5.02 0.001 <0.001
CMJA (cm) 3149+6.74 3339+7.23 <0.001 34.03+7.05 32.53+7.07 0.033 <0.001
Change-of-direction
speed
LAD (s) 1415+£1.03 13.82+1.18 0.004 13.98 £1.17 1448 £1.21 <0.001 <0.001
Zig-Zag (s) 6.95+0.36 6.74+0.43 0.007 6.89+0.36 7.21+0.42 0.002 0.001
Zig-Zag with a 747 £0.52 7.29+0.51 0.001 7.38+0.49 7.61+0.39 0.006 <0.001
ball (s)
Speed
5-m sprint (s) 1.48+£0.13 1.42+0.87 0.062 1.44£0.09 1.53+0.12 0.007 0.001
10-m sprint (s) 234+0.16 2.27 £0.99 0.039 230+0.13 239+0.13 0.017 0.001
20-m sprint (s) 3.90+0.25 3.89+0.18 0.682 3.85+0.26 4.00+0.22 0.036 0.017
5-m dribbling 142+0.13 1.40+£0.14 0.686 141+£0.12 1.52+0.14 0.005 0.063
sprint (s)
10-m dribbling 232+0.10 231+0.13 0.855 2.32+0.09 241+0.16 0.011 0.520
sprint (s)
20-m dribbling 4.07+£0.16 4.08 £0.24 0.794 4.05+0.25 4.13+0.27 0.007 0.226
sprint (s)

Data are presented as means+SD; CMJ — countermovement jump; CMJA — countermovement jump with arm swing; LAD - Lane agility drill.

Prolonged and specific warm-up showed significant
improvements of CMJ and CMJA compared to stan-
dard warm-up routine in the morning. In addition,
statistically significant difference (p<0.05) was
observed for the main effect (time-of-day*warm-up)
for both CMJ (p <0.01) and CMJA (p <0.01).

Change-of-direction speed

Statistically significant diurnal variation in change of
direction speed were observed for LAD (p=0.004),
ZigZag (p=0.007) and ZigZag with a ball (p =0.001).
In addition, there were significant differences between
standard and prolonged and specific warm-up routine
for all change-of-direction speed variables (p < 0.05).
The main effects showed significant difference in LAD
(p<0.01), ZigZag (p=0.01) and ZigZag with a ball
(p <0.05).

Speed

A significant diurnal variation was observed only for
10-m sprint (p =0.039) while other linear sprint and
dribbling sprint variables did not show statistically
significant (p >0.05) diurnal variation. In contrast,
statistically significant differences (p <0.05) were
observed between standard and specific warm-up rou-
tines in all linear sprint and linear dribbling sprint
variables. However, only linear sprint variables (5, 10
and 20-m) showed significant main effect (time-of-
day*warm-up), while there was no significant

difference for the main effects of 5, 10, and 20-m
dribbling sprint variables.

Discussion

This study focused on diurnal variations and the impact
of prolonged and specific warm-up on short-term max-
imal performance in youth basketball players. It was
found that vertical jump and agility performance were
superior in the evening after standard warm-up, while
higher improvements were observed in the morning
after prolonged and specific warm-up. In addition,
sprint performance was superior in the morning after
prolonged and specific warm-up compared to the
superior performance achieved in the evening after
standard warm-up. So, prolonged and specific warm-
up seems to be an effective strategy to nullify diurnal
variation or even improve short-term maximal perfor-
mance during the morning in youth basketball players.
In our study, the main difference between specific
warm-up and basic warm-up was longer moderate aero-
bic running (7 min), dynamic instead of static stretch-
ing, as well as additional basketball-specific jumps and
movements in a small space.

Vertical jump performance

Vertical jump performance is one of the most frequent
movement patterns in basketball players during both
training sessions and games as well as in the phase of
defense and offense (Ziv and Lidor 2010). We have



observed diurnal variation between morning and eve-
ning vertical jump performance, with higher perfor-
mance in the evening, when standard warm-up
procedure was applied. Our results are similar to pre-
vious findings in handball (Mhenni et al. 2017; Pavlovi¢
et al. 2018) and soccer (Chtourou et al. 2012; Reilly et al.
2007) which also observed higher jump performance in
the evening. However, there is no similar study in bas-
ketball to compare our results with previous sport-
specific findings. The reason for diurnal variation
could be neuromuscular changes (Young et al. 2015)
and variation in core temperature, which is peaking in
the late afternoon (Edwards et al. 2013; Mhenni et al.
2017). In line with that, results from this study showed
that vertical jump performance is statistically higher in
the morning after WUSPEC consisting of longer aerobic
part, dynamic stretching as well as specific basketball
jumps and movements in a short space. Prolonged
warm-ups increase the alertness of athletes (Taylor
et al. 2011) and increase morning temperatures
(Pullinger et al. 2019; Racinais et al. 2017) which can
nullify diurnal variation or even improve vertical jump
performance as observed in our study. Previous success-
ful strategies to minimalize diurnal variation were based
on caffeine ingestion (Stojanovi¢ et al. 2022) or perma-
nent morning training (Heishman et al. 2017), which is
not easy to administer especially in young basketball
players due to parents’ disapproval of supplementation
or schooling system. In addition, long-term morning
training leads to decreased self-reported quality of
sleep among basketball players (Heishman et al. 2017),
which can have long-term consequences related to inju-
ries (Hamlin et al. 2021). Therefore, prolonged and
specific warm-up based on dynamic stretching and
longer aerobic part is an easy-to-use and effective strat-
egy to compensate diurnal variation in young basketball
players.

Change-of-direction speed

Agility performance with and without the ball is an
essential part of movement patterns in basketball
players (Ben Abdelkrim et al. 2010). Results from this
study showed that agility performance is superior in the
evening after WUSTAN. Previous studies have also
shown that there was enhanced agility performance
with and without the ball among female and male hand-
ball players in the evening compared to the morning
(Mhenni et al. 2017; Pavlovi¢ et al. 2018). In contrast to
our findings, the aforementioned studies showed that
complex skill-based tasks with a ball exhibit less morn-
ing-to-evening variations to movements without the
ball among male handball players (Pavlovi¢ et al.

CHRONOBIOLOGY INTERNATIONAL . 443

2018). However, both agility performance with and
without the ball were superior in the morning after
WUSPEC. One explanation for the improvement of
agility performance could be related to increased body
temperature as a consequence of a prolonged warm-up
routine which could result in better motor coordination
and higher muscle power output (Ben Maaouia et al.
2020; Edwards et al. 2013; Pullinger et al. 2019) due to
increased conduction velocity of action potentials
(Behm and Chaouachi 2011). In addition, dynamic
stretching in combination with prolonged warm-up,
applied in the morning, is another reason for superior
agility performance with and without the ball. Previous
studies already confirmed the beneficial effects of
dynamic stretching compared to no stretching
(McMillian et al. 2006) or static stretching (Ben
Maaouia et al. 2020) on agility performance. Our find-
ings support this view because we observed that physical
performance in young basketball players was enhanced
in the morning after prolonged and specific warm-up
with dynamic stretching.

Speed

Basketball requires quick movements and sprinting
(Ben Abdelkrim et al. 2010; Stojanovi¢ et al. 2018;
Vuckovié et al. 2022), and therefore speed is essential
for basketball players. We observed that the 10 m sprint
time without the ball achieved after standard warm-up
was better in the evening compared to the morning, but
sprint performance with and without the ball was
enhanced in the morning after prolonged and specific
warm-up in our study. These findings are partly con-
sistent with a previous study that has shown significant
improvement in sprint performance in the evening
among male handball players (Pavlovi¢ et al. 2018). It
could be supposed that prolonged warm-ups can
increase the alertness of athletes (Taylor et al. 2011)
and morning temperatures, which could affect speed
performance (Pullinger et al. 2018) and alter daily var-
iations in young basketball players. In addition,
increased body temperature improves maximal peak
force and anaerobic power (Ben Maaouia et al. 2020)
which are directly related to speed performance.
However, it should be noticed that daily variations in
short-term maximal performance can be influenced by
many factors such as age, level of training, experience,
athletic behavior, nutritional status, and sleep quality
(Chtourou et al. 2012; Mhenni et al. 2017; Vuckovié¢
et al. 2022). Based on our findings on speed perfor-
mance, it is reasonable to suggest including prolonged
and specific warm-up in training protocol for decreas-
ing diurnal variation in young basketball players.
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This study reveals a critical aspect in understanding
the impact of warm-up duration on athletic perfor-
mance, particularly in the afternoon. We observed that
a prolonged warm-up, while beneficial in the morning,
may contribute to increased fatigue levels as the day
progresses. This increased fatigue, arising from an
extended preparatory phase, could potentially compro-
mise the athlete’s physical and mental readiness during
afternoon sessions. Consequently, our findings suggest
that a delicate balance in warm-up duration is crucial,
emphasizing the need for tailored strategies to mitigate
fatigue-related performance decrements in the later part
of the day. Coaches and athletes should carefully con-
sider the duration of warm-up routines, recognizing
that an excessive preparation period might accidentally
lead to diminished performance during crucial after-
noon training or competition sessions.

Study limitations

This is the first study, to our knowledge, that focused
on different warm-up protocols as a strategy to alter
diurnal variation of short-term maximal performance
in young basketball players. Despite the novelty value
and new findings in this study, some important
limitations should be acknowledged. Firstly, we
examined both sexes, but the difference between the
sexes was not able analyzed statistically because of
the small sample size. Secondly, the quality of sleep
or nutritional status of participants was not con-
trolled prior to morning and evening testing.
Thirdly, although new findings provide valuable
insight into the diurnal variation of young male
and female basketball players, the applicability of
these results remains limited to other ages, playing
levels, and different sports. Finally, the sample size is
a relatively small, and there is a need for the studies
with larger sample size in order to improve study
power. So, future research is called for to explore
diurnal variation in physical performance among
other ages, playing levels, and different sports.

Conclusions

It was concluded that short-term maximal perfor-
mance is superior in the evening compared to the
morning after standard warm-up protocol with static
stretching. However, prolonged and specific warm-
up with dynamic stretching is an adequate strategy to
alter the diurnal variation of short-term maximal
performance in young basketball players or even
improve the aforementioned performance to
a greater extent. Based on the present findings, it

could be reasonable to suggest that daily variation
and different warm-up protocols should be taken
into account in basketball, and especially the coach-
ing staff of basketball teams should be aware of
circadian rhythms among young players and plan
training activities accordingly.

Acknowledgments

The authors gratefully thank the athletes for their cooperation
during the study.

Disclosure statement

No potential conflict of interest was reported by the
author(s).

Funding

The author(s) reported there is no funding associated with the
work featured in this article.

References

Acero RM, Sanchez JA, Ferndndez-Del-Olmo M. 2012. Tests
of vertical jump: countermovement jump with arm swing
and reaction jump with arm swing. Strength Cond J.
34:87-93. doi: 10.1519/SSC.0b013e318276c353.

Behm DG, Chaouachi A. 2011. A review of the acute effects of
static and dynamic stretching on performance. Eur ] Appl
Physiol Occup Physiol. 111:2633-2651. doi: 10.1007/
s00421-011-1879-2.

Ben Abdelkrim N, Castagna C, Jabri I, Battikh T, El Fazaa S, El
AtiJ. 2010. Activity profile and physiological requirements
of junior elite basketball players in relation to
aerobic-anaerobic fitness. J Strength Cond Res.
24:2330-2342. doi: 10.1519/JSC.0b013e3181e381cl.

Ben Maaouia G, Nassib S, Negra Y, Chammari K, Souissi N.
2020. Agility performance variation from morning to eve-
ning: dynamic stretching warm-up impacts performance
and its diurnal amplitude. Biol Rhythm Res. 51:509-521.
doi: 10.1080/09291016.2018.1537553.

Brisswalter J, Bieuzen F, Giacomoni M, Tricot V,
Falgairette G. 2007. Morning-to-evening differences in
oxygen uptake kinetics in short-duration cycling
exercise. Chronobiol Int. 24:495-506. doi: 10.1080/
07420520701420691.

Chtourou H, Hammouda O, Souissi H, Chamari K,
Chaouachi A, Souissi N. 2012. Diurnal variations in physi-
cal performances related to football in young soccer
players. Asian J Sports Med. 3:139-144. doi: 10.5812/
asjsm.34604.

Chtourou H, Souissi N. 2012. The effect of training at
a specific time of day: a review. J Strength Cond Res.
26:1984-2005. doi: 10.1519/JSC.0b013e31825770a7.

Conte D, Favero TG, Lupo C, Francioni FM, Capranica L,
Tessitore A. 2015. Time-motion analysis of Italian elite
women’s basketball games: individual and team analyses.


https://doi.org/10.1519/SSC.0b013e318276c353
https://doi.org/10.1007/s00421-011-1879-2
https://doi.org/10.1007/s00421-011-1879-2
https://doi.org/10.1519/JSC.0b013e3181e381c1
https://doi.org/10.1080/09291016.2018.1537553
https://doi.org/10.1080/07420520701420691
https://doi.org/10.1080/07420520701420691
https://doi.org/10.5812/asjsm.34604
https://doi.org/10.5812/asjsm.34604
https://doi.org/10.1519/JSC.0b013e31825770a7

J Strength Cond Res. 29:144-150. doi: 10.1519/jsc.
0000000000000633.

Cronin JB, Templeton RL. 2008. Timing light height affects
sprint times. J Strength Cond Res. 22:318-320. doi: 10.
1519/JSC.0b013e31815fa3d3.

Delextrat A, Cohen D. 2009. Strength, power, speed, and
agility of women basketball players according to playing
position. ] Strength Cond Res. 23:1974-1981. doi: 10.1519/
JSC.0b013e3181b86a7e.

Edwards BJ, Pullinger SA, Kerry JW, Robinson WR, Reilly TP,
Robertson CM, Waterhouse JM. 2013. Does raising morn-
ing rectal temperature to evening levels offset the diurnal
variation in muscle force production? Chronobiol Int.
30:486-501. doi: 10.3109/07420528.2012.741174.

Ferioli D, Schelling X, Bosio A, La Torre A, Rucco D,
Rampinini E. 2020. Match activities in basketball games:
comparison between different competitive levels. J Strength
Cond Res. 34:172-182. doi: 10.1519/jsc.0000000000003039.

Glatthorn JF, Gouge S, Nussbaumer S, Stauffacher §,
Impellizzeri FM, Maffiuletti NA. 2011. Validity and relia-
bility of optojump photoelectric cells for estimating vertical
jump height. ] Strength Cond Res. 25:556-560. doi: 10.
1519/JSC.0b013e3181ccb18d.

Hamlin M]J, Deuchrass RW, Olsen PD, Choukri MA,
Marshall HC, Lizamore CA, Elliot CA. 2021. The effect of
sleep quality and quantity on athlete’s health and perceived
training quality. Front Sports Act Living. 3:705650. doi: 10.
3389/fspor.2021.705650.

Heishman AD, Curtis MA, Saliba EN, Hornett R], Malin SK,
Weltman AL. 2017. Comparing performance during morn-
ing vs. afternoon training sessions in intercollegiate basket-
ball players. J Strength Cond Res. 31:1557-1562. doi: 10.
1519/j5¢.0000000000001882.

Lili¢ A, Joksimovi¢ M, Hamad S, Angelo S, Andeli¢ M. 2022.
Influence of body composition parameters on agility in
female football professional players. FactaUniv Ser Phys
Educ Sport. 20:175-185. doi: 10.2478/pjst-2022-0004.

Matthew D, Delextrat A. 2009. Heart rate, blood lactate con-
centration, and time-motion analysis of female basketball
players during competition. J Sports Sci. 27:813-821. doi:
10.1080/02640410902926420.

McMillian DJ, Moore JH, Hatler BS, Taylor DC. 2006.
Dynamic vs. static-stretching warm up: the effect on
power and agility performance. ] Strength Cond Res.
20:492-499. doi: 10.1519/00124278-200608000-00006.

Mhenni T, Michalsik LB, Mejri MA, Yousfi N, Chaouachi A,
Souissi N, Chamari K. 2017. Morning-evening difference of
team-handball-related short-term maximal physical perfor-
mances in female team handball players. J Sports Sci.
35:912-920. doi: 10.1080/02640414.2016.1201212.

Pavlovi¢ L, Stojiljkovi¢ N, Aksovi¢ N, Stojanovi¢ E, Valdevit Z,
Scanlan AT, Milanovi¢ ZP. 2018. Diurnal variations in
physical performance: are there morning-to-evening differ-
ences in elite male handball players? ] Hum Kinet.
63:117-126. doi: 10.2478/hukin-2018-0012.

Pullinger S, Oksa J, Brocklehurst EL, Iveson RP, Newlove A,
Burniston JG, Edwards BJ. 2018. Controlling rectal and
muscle temperatures: can we offset diurnal variation in
repeated sprint performance? Chronobiol Int. 35:959-968.
doi: 10.1080/07420528.2018.1444626.

CHRONOBIOLOGY INTERNATIONAL . 445

Pullinger S, Robertson CM, Oakley AJ, Hobbs R, Hughes M,
Burniston JG, Edwards BJ. 2019. Effects of an active
warm-up on variation in bench press and back squat
(upper and lower body measures). Chronobiol Int.
36:392-406. doi: 10.1080/07420528.2018.1552596.

Racinais S, Cocking S, Périard JD. 2017. Sports and environ-
mental temperature: from warming-up to heating-up.
Temperature (Austin). 4:227-257. doi: 10.1080/23328940.
2017.1356427.

Racinais S, Connes P, Bishop D, Blonc S, Hue O. 2005.
Morning  versus  evening power output and
repeated-sprint ability. Chronobiol Int. 22:1029-1039. doi:
10.1080/07420520500397918.

Rae DE, Stephenson KJ, Roden LC. 2015. Factors to consider
when assessing diurnal variation in sports performance: the
influence of chronotype and habitual training time-of-day.
Eur ] Appl Physiol Occup Physiol. 115:1339-1349. doi: 10.
1007/s00421-015-3109-9.

Ravindrakumar A, Bommasamudram T, Tod D, Edwards BJ,
Chtourou H, Pullinger SA. 2022. Daily variation in perfor-
mance measures related to anaerobic power and capacity:
a systematic review. Chronobiol Int. 39:421-455. doi: 10.
1080/07420528.2021.1994585.

Refinetti R. 2010. The circadian rhythm of body temperature.
Front Biosci. 15:564-594. doi: 10.2741/3634.

Reilly T, Atkinson G, Edwards B, Waterhouse ], Farrelly K,
Fairhurst E. 2007. Diurnal variation in temperature, mental
and physical performance, and tasks specifically related to
football (soccer). Chronobiol Int. 24:507-519. doi: 10.1080/
07420520701420709.

Scanlan A, Dascombe B, Reaburn P. 2011. A comparison of
the activity demands of elite and sub-elite Australian men’s
basketball competition. J Sports Sci. 29:1153-1160. doi: 10.
1080/02640414.2011.582509.

Scanlan AT, Dascombe BJ, Kidcaff AP, Peucker JL, Dalbo VJ.
2015. Gender-specific activity demands experienced during
semiprofessional basketball game play. Int J Sport Physiol.
10:618-625. doi: 10.1123/ijspp.2014-0407.

Sedliak M, Finni T, Cheng S, Haikarainen T, Hékkinen K.
2008. Diurnal variation in maximal and submaximal
strength, power and neural activation of leg extensors
in men: multiple sampling across two consecutive days.
Int J Sports Med. 29:217-224. doi: 10.1055/s-2007-
965125.

Stojanovi¢ E, Scanlan AT, Milanovi¢ Z, Fox JL, Stankovi¢ R,
Dalbo VJ. 2022. Acute caffeine supplementation improves
jumping, sprinting, and change-of-direction performance
in basketball players when ingested in the morning but not
evening. Eur ] Sport Sci. 22:360-370. doi: 10.1080/
17461391.2021.1874059.

Stojanovi¢ E, Stojiljkovi¢ N, Scanlan AT, Dalbo VJ,
Berkelmans DM, Milanovi¢ Z. 2018. The activity demands
and physiological responses encountered during basket-
ball match-play: a systematic review. Sport Med
(Auckland, NZ). 48:111-135. doi: 10.1007/s40279-017-
0794-z.

Taylor K, Cronin JB, Gill N, Chapman DW, Sheppard JM.
2011. Warm-up affects diurnal variation in power
output. Int J Sports Med. 32:185-189. doi: 10.1055/
s-0030-1268437.


https://doi.org/10.1519/jsc.0000000000000633
https://doi.org/10.1519/jsc.0000000000000633
https://doi.org/10.1519/JSC.0b013e31815fa3d3
https://doi.org/10.1519/JSC.0b013e31815fa3d3
https://doi.org/10.1519/JSC.0b013e3181b86a7e
https://doi.org/10.1519/JSC.0b013e3181b86a7e
https://doi.org/10.3109/07420528.2012.741174
https://doi.org/10.1519/jsc.0000000000003039
https://doi.org/10.1519/JSC.0b013e3181ccb18d
https://doi.org/10.1519/JSC.0b013e3181ccb18d
https://doi.org/10.3389/fspor.2021.705650
https://doi.org/10.3389/fspor.2021.705650
https://doi.org/10.1519/jsc.0000000000001882
https://doi.org/10.1519/jsc.0000000000001882
https://doi.org/10.2478/pjst-2022-0004
https://doi.org/10.1080/02640410902926420
https://doi.org/10.1080/02640410902926420
https://doi.org/10.1519/00124278-200608000-00006
https://doi.org/10.1080/02640414.2016.1201212
https://doi.org/10.2478/hukin-2018-0012
https://doi.org/10.1080/07420528.2018.1444626
https://doi.org/10.1080/07420528.2018.1552596
https://doi.org/10.1080/23328940.2017.1356427
https://doi.org/10.1080/23328940.2017.1356427
https://doi.org/10.1080/07420520500397918
https://doi.org/10.1080/07420520500397918
https://doi.org/10.1007/s00421-015-3109-9
https://doi.org/10.1007/s00421-015-3109-9
https://doi.org/10.1080/07420528.2021.1994585
https://doi.org/10.1080/07420528.2021.1994585
https://doi.org/10.2741/3634
https://doi.org/10.1080/07420520701420709
https://doi.org/10.1080/07420520701420709
https://doi.org/10.1080/02640414.2011.582509
https://doi.org/10.1080/02640414.2011.582509
https://doi.org/10.1123/ijspp.2014-0407
https://doi.org/10.1055/s-2007-965125
https://doi.org/10.1055/s-2007-965125
https://doi.org/10.1080/17461391.2021.1874059
https://doi.org/10.1080/17461391.2021.1874059
https://doi.org/10.1007/s40279-017-0794-z
https://doi.org/10.1007/s40279-017-0794-z
https://doi.org/10.1055/s-0030-1268437
https://doi.org/10.1055/s-0030-1268437

446 M. ZELENOVIC ET AL.

Vuckovi¢ 1, Gadzic A, Markovic S, Sekulic Z. 2022. The
validity and reliability of the reaction time and basketball
defensive slide speed test. Facta Univ Ser Phys Educ Sport.
20:61-72. doi: 10.22190/FUPES220218006V.

West DJ, Cook CJ, Beaven MC, Kilduff LP. 2014. The influence
of the time of day on core temperature and lower body power
output in elite rugby union sevens players. J Strength Cond
Res. 28:1524-1528. doi: 10.1519/js¢.0000000000000301.

Young WB, Dawson B, Henry GJ. 2015. Agility and change-of-
direction speed are independent skills: implications for

training for agility in invasion sports. Int J Sports Sci
Coach. 10:159-169. doi: 10.1260/1747-9541.10.1.159.

Zarrouk N, Chtourou H, Rebai H, Hammouda O, Souissi N,
Dogui M, Hug F. 2012. Time of day effects on repeated
sprint ability. Int J Sports Med. 33:975-980. doi: 10.1055/
s-0032-1312626.

Ziv G, Lidor R. 2010. Vertical jump in female and male
basketball players-a review of observational and experi-
mental studies. ] Sci Med Sport. 13:332-339. doi: 10.1016/
j.jsams.2009.02.009.


https://doi.org/10.22190/FUPES220218006V
https://doi.org/10.1519/jsc.0000000000000301
https://doi.org/10.1260/1747-9541.10.1.159
https://doi.org/10.1055/s-0032-1312626
https://doi.org/10.1055/s-0032-1312626
https://doi.org/10.1016/j.jsams.2009.02.009
https://doi.org/10.1016/j.jsams.2009.02.009
https://www.researchgate.net/publication/378205152

	Abstract
	Introduction
	Materials and methods
	Participants
	Procedure
	Vertical jump performance
	Change-of-direction speed
	Zig-Zag agility test (with and without the ball)
	Speed

	Statistical analysis

	Results
	Vertical jump performance
	Change-of-direction speed
	Speed

	Discussion
	Vertical jump performance
	Change-of-direction speed
	Speed
	Study limitations

	Conclusions
	Acknowledgments
	Disclosure statement
	Funding
	References

