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ORIGINAL ARTICLE

Warm-up is an efficient strategy to prevent diurnal variation of short-term 
maximal performance in young basketball players
Milan Zelenovića, Titta Kontrob, Denis Čauševićc, Bojan Bjelicaa, Nikola Aksovićd, and Zoran Milanoviće,f,g

aFaculty of Physical Education and Sport, University of East Sarajevo, East Sarajevo, Bosnia and Herzegovina; bFaculty of Sport and Health 
Sciences, University of Jyväskylä, Jyväskylä, Finland; cFaculty of Sports and Physical Education, University of Sarajevo, Sarajevo, Bosnia and 
Herzegovina; dFaculty of Sport and Physical Education, University of Priština-Kosovska Mitrovica, Leposavić, Serbia; eFaculty of Sport and 
Physical Education, University of Nis, Nis, Serbia; fScience and Research Centre, Institute for Kinesiology Research, Koper, Slovenia; gFaculty of 
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/m2) 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 
maximal performance in young basketball players.
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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 (Pavlović 
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  
± 6.6 cm; 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 
(15 min) consisting of moderate-intensity running 
(8 min), static stretching (5 min), 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 
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introduced to the test procedure, through explanations 
and demonstrations.

Vertical jump performance
The explosive power of the jump type was estimated 
using vertical CMJ 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 (Stojanović 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 (Lilić et al.  

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; Vučković 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 × 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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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 

Table 1. Short-term maximal performance of standard and prolonged and specific warm-up procedure in young basketball players (N = 15).

Morning Evening Morning Evening
2×2 repeated measures ANOVA (Time 

of day * Warm-up)

Outcome measure
Standard 
warm-up

Standard 
warm-up p-value

Prolonged and specific 
warm-up

Standard 
warm-up p-value p-value

Vertical jump 
performance
CMJ (cm) 25.61 ± 4.54 27.75 ± 4.24 <0.001 29.71 ± 5.60 27.03 ± 5.02 0.001 <0.001
CMJA (cm) 31.49 ± 6.74 33.39 ± 7.23 <0.001 34.03 ± 7.05 32.53 ± 7.07 0.033 <0.001

Change-of-direction 
speed
LAD (s) 14.15 ± 1.03 13.82 ± 1.18 0.004 13.98 ± 1.17 14.48 ± 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  
ball (s)

7.47 ± 0.52 7.29 ± 0.51 0.001 7.38 ± 0.49 7.61 ± 0.39 0.006 <0.001

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) 2.34 ± 0.16 2.27 ± 0.99 0.039 2.30 ± 0.13 2.39 ± 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 
sprint (s)

1.42 ± 0.13 1.40 ± 0.14 0.686 1.41 ± 0.12 1.52 ± 0.14 0.005 0.063

10-m dribbling 
sprint (s)

2.32 ± 0.10 2.31 ± 0.13 0.855 2.32 ± 0.09 2.41 ± 0.16 0.011 0.520

20-m dribbling 
sprint (s)

4.07 ± 0.16 4.08 ± 0.24 0.794 4.05 ± 0.25 4.13 ± 0.27 0.007 0.226

Data are presented as means±SD; CMJ – countermovement jump; CMJA – countermovement jump with arm swing; LAD – Lane agility drill.
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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; Pavlović 
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 (Stojanović 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; Pavlović 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 (Pavlović et al.  

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; Stojanović et al. 2018; 
Vučković 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 (Pavlović 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; Vučković 
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.

CHRONOBIOLOGY INTERNATIONAL 443



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.
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