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Abstract
Background 
and Study Aim

Squat exercises have some advantages in terms of time, practice and energy costs. It is also an exercise 
method used in training plan in terms of development of jumping ability in basketball players. There are 
many factors that affect squat performance both positively and negatively. These factors can vary as warm 
up, psychological and physiological conditions. In addition, squat performance may vary depending on 
warm-up types and intensity. It was aimed to determine the effect of different specific warm-up intensities 
on 1-maximum repetition squat performance (1-RM) on basketball players.

Material and 
Methods

The sample group of the study consisted of 10 men (age: 22.90 ± 1.44 years, height: 188.10 ± 8.06 cm, body 
weight: 77.92 ± 13.41 kg, BMI: 21.70 ± 2.83), who played basketball regularly for at least 3 years. This group 
performed 3 different specific warm up intensities on non-consecutive days. Warm up protocols were 
determined as follows: light jogging for only 5 minutes (NSW), light jogging and % 40 intensity specific 
warm up (LISW), light jogging and % 80 intensity specific warm up (HISW).

Results Participants’ 1-RM squat performance was found to be statistically different between NSW (91.10 kg), 
LISW (95.00 kg), HISW (100,50 kg) respectively (p<0.05). Additionally, 1-RM squat performance values 
were observed highest after HISW. Rate perceived exertion (RPE) and body temperature (BT) were found 
highest after HISW.

Conclusions: As a result of this study, HISW are recommended to basketball coaches and basketball players in order to 
get more performance before the squat movement.
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Introduction1

Coaches and trainers often use maximum strength 
test to assess muscle fitness, monitor progress, provide 
motivation and develop individualized programs. With 
the help of qualified supervision and appropriate test 
guidelines, maximum strength test can be safe, effective 
and reliable method for assessing muscle fitness in 
athletes and non-athletes [1]. Although isokinetic and 
isometric tests are frequently used in the clinical settings, 
the 1 maximum repetition (1-RM) test using free weights 
can also be used to evaluate the strength of athletes and 
to determine strength imbalances. 1-RM is the maximum 
weight that can be lifted only once for a given exercise 
using an appropriate exercise technique [2]. However, 
there are several factors that affect the precision of 1-RM 
assessments. One of these factors is warm-up protocol 
[3]. Warm-up can increase the efficiency of muscle 
glycolysis and high-energy phosphate degradation during 
exercise by increasing muscle temperature, increase in 
muscle metabolism and muscle fiber conduction velocity, 
resulting in a positive change in muscle contractility 
following previous contractile activity of VO2 kinetics. It 
can improve muscle function by influencing muscle cross-
bridge cycle velocity and oxygen uptake kinetics [4].

There are many studies on type, duration and intensity 
of warm-up protocols in the literature [5, 6, 7]. In addition, 
it is observed that the specific warm-up, combine warm-up 
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and dynamic warm-up are more preferred in the literature. 
It is seen that the literature on linear and lateral warm-up is 
in a vicious circle. Linear and lateral warm-up protocols; 
It includes warm-up protocols made in different planes. 
Specific warm-up includes movements specific to the 
sport branch. In the literature, it has been suggested that 
voluntary contractions from low intensity to high intensity, 
such as dynamic warm-up, before the implementation of 
sportive activity, can increase strength and performance by 
activating nerve-muscle activation [8-10]. 

The fact that knowing the acute effect of different 
warm-up intensities on 1-RM squat performance in 
basketball players guides trainers and athletes can 
be considered as an undeniable fact in terms of the 
importance of the study. In addition, the fact that a study 
in which the acute effect of warm-up protocols applied at 
different intensities in basketball players was measured 
on squat performance has not been found in the literature, 
further increases the importance of the study. The aim of 
the study is to determine the effect of specific warm-up at 
different intensities on 1-RM in basketball players. For 
this purpose, as the research hypotheses (1) it is thought 
that 1-MT squat value will be positively affected in favor 
of specific warm-up applied at 80% intensity.

Material and Methods
Participants
The sample group of the study consisted of 10 men 

(age: 22.90 ± 1.44 years, height: 188.10 ± 8.06 cm, 
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body weight: 77.92 ± 13.41 kg, BMI: 21.70 ± 2.83), 
who played basketball regularly for at least 3 years. 
All participants were informed about possible risks and 
details before starting the study and a voluntary consent 
form was signed. In addition, the participants were 
asked to sleep for 7-8 hours before the tests. All test and 
measurement applied in this study were approved by the 
Institute’s Clinical Research Ethics Committee (Approval 
Number: 2021-2228). All tests and training practices were 
performed at the same time of the day (09.00-11.00).

Experimental Design of the Study
In the study, the anthropometric measurements of the 

participants were determined. Measurements were made 
in the Sports Hall of the Faculty of Sports Sciences. All 
volunteers who agreed to participate in the study were 
informed in detail about the content of the study before 
the test. Before the application started, the participants 
were given necessary information about the content, place 
and time of the study. After the first warm-up (5 minutes 
of light-intensity aerobic jogging), specific warm-up 
protocols at different intensities were applied on non-
consecutive days under the supervision of the trainer. 
In addition, the participants performed 10 maximum 
repetitions (10-RM) tests in the session without specific 
warm-up. 10-RM was converted to 1 max rep (1MT) 
using Brzycki [11] equations.

1 MT= (Weight lifted/ (1.0278 - [0.0278 ×Repeats])

After specific warm-ups of different intensities, 5 
minutes of passive rest was performed before 1-RM. This 
rest period was determined by considering the results of 
Willardson and Burkett [12] and Rahimi’s [13] studies 
in which the effect of resting at different times on squat 
performance increased more after 5 minutes of rest. 24 
hours before the tests, the participants were informed that 
they should not use heavy exercise, alcohol, caffeine, and 
should not use the ingredients in ergogen supplements.

Warm-up Protocols
No Specific Warm-up Phase (NSW)
After the participants were given detailed information 

about the test before the test started, the participants’ 
maximum heart rate was determined [14]. Then, warm-
up rate of jogging each individual was calculated as 30-
40% according to the heart rate [15]. Participants in the 
study were warmed up under the control of experts. In 
this way, both the warm-up intensity and the warm-up 
differences between the participants in the study were 
eliminated. When the heart rate was between 110-120 per 
minute after resting for 5 minutes, the maximum strength 
values of the participants were obtained by performing 1 
repetition maximum (1-RMmax) squat (Table 1) [11].

Low Intensity Specific Warm-up (LISW) (40%) 
Participants performed 10 repetitive squat exercises 

consisting of 1 set at 40% intensity after 5 minutes of 
jogging. After the specific warm-up, the participants 

Figure 1. Experimental Design
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were allowed to repeat the movement by adding 2.5-5 
kg according to the weight they lifted and the level of 
difficulty they felt within the scope of 1 maximum squat 
repetitions obtained previously, and 1-RMmax squat values 
were determined. The weight gain process was continued 
until the participants could no longer perform 1 repetition, 
and the participants’ 1-RMmax squat performance was 
observed (Table 1).

High Intensity Specific Warm-up (HISW) (80%) 
Participants performed 10 repetitive squat exercises 

consisting of 1 set at 80% intensity after 5 minutes of 
jogging. After warm-up, the participants were allowed 
to repeat the movement by adding 2.5-5 kg according to 
the weight they lifted and the level of difficulty they felt 
within the scope of 1-RM squat previously obtained, and 
1-RM maximum squat values were obtained. The weight 
gain process was continued until the participants could no 
longer perform 1 repetition, and the participants’ 1-RM 
squat performance was observed (Table 1).

Statistical Analysis
The obtained data were analyzed in SPSS (25.0) 

package program. “Repeated Measures Anova” was 
used to determine the effect of specific warm-up 
protocols applied at different intensities on 1-RM squat 
performance. “Bonferroni” analysis, one of the multiple 
comparison tests, was used to determine which warm-up 
protocol favored the performance. Mauchly Test was used 

for homogeneity of variances and Greenhouse-Geisser 
correction factor was used to correct for variances. The 
significance level was chosen as p<0.05.

Results
In Table 2, the anthropometric and demographic 

values of the volunteers participating in the research 
are examined. As a result of this observation, it was 
determined that the mean age of the research group: 21±70 
(years), height: 180.10±8.06 (cm), weight: 77.92±13.41 
(kg), body mass index (BMI): 21.70±2,83 kg/m2.

When rate perceived exertion level (RPE) after 
warm-up is examined in Table 3, there is a significant 
difference between different warm-up intensities (p< 
0.05). Considering the differences between the groups, 
there is a significant difference between the RPE values 
after each warm-up at different intensity and after 1-RM. 
In addition, when AZD after 1 MT is examined, there 
is a significant difference between different warm-up 
intensities (p< 0.05).

In Table 4, 1-RM squat performances after specific 
warm-ups applied at different intensities were examined. 
The highest performance value is seen after warm-up at 
80% intensity.

In Table 5, body temperature after specific warm-up 
applied at different intensities was examined. The highest 
temperature value was reported after warm-up at 80% 

Table 1. Warm-up exercises

NSW LISW HISW

5 minutes jogging 5 minutes jogging + 40% specific 
warm-up intensity (10 reps)

5 minutes jogging + 80% specific 
warm-up intensity (10 reps)

Note: LISW - Low Intensity Specific Warm-up; HISW - High Intensity Specific Warm-up

Table 2. Demographic and anthropometric values of the participants

Parameter Mean Standard Deviation
Height (cm) 188.10 8.06
Body Weight (kg) 77.92 13.41
Age (years) 22.90 1.44
Body Mass Index (kg/m2) 21.70 2.83
Resting Heart Rate (rpm) 64.20 4.87

Table 3. Rate perceived exertion (RPE) levels of the participants in terms of different warm-up intensities

Parameters Warm-up Intensities Mean SD F p Bonferroni

RPE 

After Warm-up 

5min jogging (1) 8.50 .79

8.88 0.00

1-2 (0.04)
5min jogging + 40% 
Intensity (2) 10.90 .83 1-3 (0.00)

5min jogging + 80% 
Intensity (3) 11.50 .61 2-3 (0.33)

RPE After 

1-RM

5min jogging (1) 18.50 .52

1.47 0.00

1-2 (0.02)
5min jogging +40% 
Intensity (2) 17.50 .52 1-3 (0.00)

5min jogging + 80% 
Intensity (3) 16.60 .51 2-3 (0.23)
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intensity.
In Table 6, HR after specific warm-up of different 

intensities is examined. The highest HR value is observed 
after warm-up at 80%.

Discussion
This study shows that the warm-up protocol of 

different intensities before 1-RMmax can have a significant 
effect on squat performance in male basketball players. In 
the study, the 1- RMmax performances of the participants 
were determined by 5 minutes jogging (91.10 ± 11.29), 5 
minutes jogging + 40% intensity (95.00 ± 12.24) specific 
warm-ups and 5 minutes jogging + 80% intensity (100.50 
± 14.42) specific warm-ups. 1-RM squat performance after 
HISW increased by 5.5 kg (5.2%) compared to LISW. In 
addition, 1- RMmax squat performance after HISW showed 
an increase of 9.4 (8.5%) kg compared to NSW. To our 
knowledge, no other study has investigated the acute 
effects of specific warm-ups at different intensities on 1- 
RMmax squat performance.

There are very few studies in the literature in which 
the acute effect of warm-up protocols on maximum squat 
performance has been determined [5, 7, 10]. Kafkas et al., 
[10] determined the effect of different warm-up protocols 
on 1-maximum repetition squat performance (1-RMmax), 
and it was determined that 1-RM squat performance values 
increased the most after dynamic warm-up. Ribeiro et al., 

[5] found that the specific warm-up seems to enhance 
neuromuscular actions that enable a higher movement 
velocity during the first training repetitions and to allow 
greater peak velocities in less time. Çağlar et al. [7] 
reported that 1-RM squat strength after heel-assisted foam 
roller warm-up was higher than the strength measurement 
values after warm-up specific to heel-free strength. The 
results of the studies are that warm-up protocols and 
warm-up intensities can improve 1-RM performance. 
Santos et al. [16] compared the acute effect of different 
stretching protocols on the lower extremities using the 
sum of the maximum repetitions (RM) performed before 
the strength training session. Specific warm-up, static 
stretching, proprioceptive neuromuscular stretching and 
ballistic stretching were performed on 10 female jazz 
dancers. The results of the study showed that in the smith 
machine squat exercise, the ballistic stretching protocol 
had a significantly higher volume compared to all other 
protocols, while the PNF had a significantly higher 
volume compared to the specific warm-up. The results of 
the study showed that in the smith machine squat exercise, 
the ballistic stretching protocol had a significantly higher 
volume compared to all other protocols, while the PNF 
had a significantly higher volume compared to the specific 
warm-up. The positive effect of dynamic warm-up and 
ballistic stretching on performance can be supported 
by Bishop’s [17] statement that active dynamic warm-

Table 4. 1-RM values of participants in terms of different warm-up intensities

Parameters Warm-up Intensities Mean SD F p Bonferroni

1-RM After 
Warm Up 

5min jogging (1) 91.10 11.29

22.562 0.00

1-2 (0.01)
5min jogging +40% 
Intensity (2) 95.00 12.24 1-3 (0.00)

5min jogging + 80% 
Intensity (3) 100.50 14.42 2-3 (0.01)

Table 5. Body temperature (BT) of participants after different warm-up intensities

Parameters Warm-up Intensities Mean SD F p Bonferroni

BT After Warm 
Up 

5min jogging (1) 36.40 0.13

500.39 0.00

1-2 (0.00)
5min jogging +40% 
Intensity (2) 36.83 0.13 1-3 (0.00)

5min jogging + 80% 
Intensity (3) 37.23 0.14 2-3 (0.00)

Table 6. Heart rates (HR) of participants after different warm-up intensities

Parameters Warm-up Intensities Mean SD F p Bonferroni

HR 

After Warm-up

5min jogging (1) 133.30 4.37

163.76 0.00

1-2 (0.00)
5min jogging +40% 
Intensity (2) 149.20 2.52 1-3 (0.00)

5min jogging + 80% 
Intensity (3) 162.60 3.27 2-3 (0.00)
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up increases nerve conduction, improves speed-force 
relationship, improves agility performance, increases 
glycogenolysis and glycolysis. Aydın et al., [18] carried 
out the study to determine the effect of three consecutive 
sets of lower and upper body exercises at different 
repetitions on static stretching. In the study, 10 trained 
male athletes performed 3 sets of 10 repetitions of push 
down and leg extension exercises with 60% and 85% of 
1 maximum repetition. Equal numbers of participants 
participated in the static stretching and non-stretching 
protocols. The results of this study showed that the 
number of repetitions decreased significantly after static 
stretching in two exercises of each intensity. Masamoto et 
al. [2] examined the acute effects of plyometric exercise 
on 1 maximum repetition (1-RM) squat performance 
in trained male athletes. Twelve male participants were 
evaluated in the 1-RM squat exercise during each of the 3 
test sessions. Prior to all three trials, participants warmed 
up and performed static stretching on a fixed cycle for 
5 minutes. Subjects then performed 5 sub-maximal sets 
of 1-8 reps before attempting a 1MT lift. In addition, the 
participants were waited for at least 4 minutes between 
1MT trials. As a result of the study, it is shown that the 
drop jump performed before the 1MT test can increase the 
squat performance in trained male athletes.

In addition, there may be several mechanisms 
underlying warm-up intensity, warm-up protocols, 
and stretching protocols to alter 1-RM performance 
of plyometric training. Static stretching may influence 
neural mechanisms that could adversely affect muscular 
performance by reducing motor unit activation and 
muscle-tendon unit stiffness [19, 20]. Also, theoretically, 
greater muscle activation for a given velocity may 

increase energy expenditure and therefore, accelerate the 
onset of fatigue [21]. Therefore, it can negatively affect 
1-RM performance. The reason for the performance 
improvement after specific warm-up may be the increase 
in nerve conduction, the development of the velocity-
force relationship, the increase in glycogenolysis and 
glycolysis, and the increase in the use of high-energy 
phosphate [17].

Some limitations of the study can be mentioned. First, 
the current study may have a single-sex design and a 
small number of participants. Second, this research was 
conducted for a specific type of exercise activity (1-RM); 
different exercise types (bench press, etc.) or different 
warm-up protocols (functional, combined, etc.), different 
types of sports (such as football, judo), different ages and 
women may produce different results.

Conclusion
Warm-up protocols performed by basketball players 

were effective in the positive development of 1-RM squat 
performances. Positive responses to HISW revealed that 
the increase in warm-up intensity in basketball players 
improved 1-RM performance more than other protocols 
in parallel. Basketball players and coaches must perform 
tests in multiple situations to establish consistent responses 
to different warm-up protocols and thus create their own 
individual and optimal warm-ups. However, the results 
are clear in showing a positive effect, so future research is 
needed to better understand the ideal nature of warm-up 
procedures for basketball players.
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