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         abstract�
	 Background:	 �‪The level of absolute strength is critical to performance in many sports, especially strength sports. The 

aim of this study was to examine the effect of static stretching before resistance exercise on the level of 
absolute strength. 

	Material and methods:	 �The study involved fourteen (14) strength trained men, amateur bodybuilders (age = 21.5 ±0.9 years, 
body mass = 88.5 ±7.2kg) with a minimum two year of strength training experience. The results of the 
1-RM test for barbell half-squat were used. The test consisted of performing a half-squat exercise according 
to the test protocol with the load increased every set until the maximum load was reached. Starting from 
a load of approximately 70% of the anticipated 1-RM, the participants executed single repetitions with a 
5 min rest interval between successful trial. Each subsequent attempt was increased by 2.5 to 10kg, and 
the process was repeated until the load of 1RM was reached. 

	 Results:	 �The analysis showed that stretching before training reduced the maximum weight lifted by the study 
participants on the average by 4.3 ±3kg.  

	 Conclusions:	 �‪The results indicate a negative effect of static stretching on absolute strength, evaluated by the barbell half 
squat. The authors suggest that stretching should be avoided before resistance training with maximum 
loads.

	 Key words:	 �‪ resistance exercise, strength, flexibility, warm-up, stretch, range of motion. 
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introduction�
Muscle strength is one of the basic motor abilities of every human being. They 
are defined as a theoretical construct that specifies a set of individual properties 
determined by the structure of the system, energy processes and processes 
of movement control and regulation, which directly characterize the level of 
performance of a specific type of motor activity. Every person has to use their 
strength in almost all performed actions, both consciously on a daily basis 
(in human locomotion) and unconsciously (e.g. during body stabilization and 
breathing) [1]. Muscle strength is the ability to produce external force by muscle 
contraction [2]. Similarly to most human abilities, strength has been divided into 
many components by different authors [3–5]. The basic unit of generated force 
is Newton, and this was the basis for division of strength into three components 
[6]. Absolute muscle strength refers to the maximum tension level that a muscle 
group can produce [7], regardless of its size. From the holistic standpoint, this 
is the maximum weight that a person is able to lift during a specific exercise. 
In interpersonal comparisons, the most reliable and appropriate approach is to 
use the concept of relative strength, i.e. the level of absolute strength related 
to 1 kg of body weight. The most commonly used test, also considered as the 
gold standard, to assess absolute strength levels is 1RM test. It can be defined 
as the maximal load that can be lifted once with correct form, over a specific 
range of motion, is comparatively simple and requires relatively inexpensive 
non-laboratory equipment [8, 9].

Flexibility, together with muscular strength, seems to be a fundamental fitness 
component in many sports activities and even for common daily motor tasks [10]. 
It defines the range of movement in a single joint or several joints [11]. Flexibility 
is also related to the ability to perform smooth movements over the entire range 
of motion in the joint [12]. Effective training interventions allowing an increase 
in flexibility and muscle extensibility may be static, dynamic or pre-contraction 
stretching. The traditional and most common type is static stretching, where 
a specific position is held with the muscle on tension to a point of a stretching 
sensation and repeated [13].

Research shows that performing static stretching before training during the 
warm-up has its supporters [14, 15]. Some authors confirm the legitimacy of 
using this type of intervention in specific cases. In order to improve the range of 
motion during exercise, no differences were found between static and dynamic 
stretching preceding activity [16]. There is also evidence of no change in the 
power level or speed if active warm-up and high-intensity sport-specific skills-
based activity were included after static stretching [17, 18]. Stretching can 
also affect motivation and psychological parameters. A study by Park et al. [19] 
shows that warm-up containing elements of static stretching seem to have a 
meaningful effect on athletic performance by affording psychological stability, 
preparation, and confidence for exercise performance. However, it still needs to 
be considered that exercise intensity can result in increased mental focus [20]. In 
general, it appears that static stretching is most beneficial for athletes requiring 
flexibility for their sports (e.g. gymnastics, dance, etc.). Dynamic stretching may 
be better suited for athletes requiring running or jumping performance during 
their sport, such as basketball players or sprinters [13].

However, many authors deny the use of static stretching during the warm-
up before exercise. Studies have shown that body flexibility decreases at low 
temperature by 10–20%, whereas a rise in temperature causes an increase in the 
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range of motion even by 20% of the baseline value [21], which is important in 
the early stages of warming up. The reduced ability to rebuild skeletal muscles 
after stretching exercises has also been confirmed [22]. Another hypothesis 
is based on a decrease in the strength of muscle contraction by reducing the 
number of actin-myosin cross bridges that are formed. The extensibility of 
tendons and muscles also increases, which results in a decrease in the ability 
to accumulate elastic energy. It leads to a reduction in the effectiveness of 
SSC (stretch-shortening cycle) and, as a result, manifests itself in a decrease 
in muscle endurance. Although muscle contraction strength increases with 
active muscle lengthening, yet after exceeding the optimal length (caused 
by excessive stretching), the contraction force decreases significantly [23]. 
Contraindications to the use of static stretching before exercise are also due to 
changes in the mechanical properties of the muscle, such as an altered length-
tension relationship, or a central nervous system inhibitory mechanism. As a 
result, static stretching impairs the production of the maximum force [24]. 

Many scientific studies have analyzed the influence of various types of 
stretching used during warm-up. Furthermore, many athletes confirm using 
static stretching in warm-up routine. Despite the fact that static stretching 
seems to be inadvisable before resistance training, the authors point out 
the possible benefits of its use in specific cases. The aim of the study was to 
determine the effect of static stretching exercises applied during warm-up 
prior to barbell half squat on 1RM test results. Our initial hypothesis was that 
the stretching has a significant impact on the maximal load in the 1RM test.

material and methods�
participants�
The study involved fourteen (14) strength trained men, amateur bodybuilders 
(age = 21.5 ±0.9 years, body mass = 88.5 ±7.2 kg, estimated 1-RM in the barbell 
half squat = 130.7 ±17.3 kg) with a minimum of two years’ strength training 
experience (4.1 ±1.7 years). The participants were allowed to withdraw from 
the experiment at any moment and were free of any pathologies or injuries. 
The subjects were instructed not to perform maximum strength exercises 
during the week preceding the research and they were acquainted with the 
course of the research. Procedures were approved by the Research Ethics 
committee of The Jerzy Kukuczka Academy of Physical Education in Katowice.  

procedures�
The experiment was performed following a randomized crossover design, 
where each subject performed familiarization sessions, and two experimental 
sessions: one with included static stretching exercises in the warm-up protocol 
and one without. The entire research procedure lasted 3 weeks with a one-
week interval between each trial. During the experimental sessions, subjects 
performed one repetition maximum tests (1RM) in barbell half squat. Subjects 
were required to refrain from resistance training 72 hours prior to each 
experimental session, were familiarized with the exercise protocol and were 
informed about the benefits and potential risks of the study, before providing 
their written informed consent to participation. All testing sessions was 
performed in the Strength and Power Laboratory at the Academy of Physical 
Education in Katowice.
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familiarization session and 1RM strength test�
One week before the main experiment, the familiarization session preceded 
the 1RM in barbell half squat. Prior to the 1RM estimation, participants were 
re-evaluated for their technical execution of barbell half squat. In order to 
maintain the correctness of performed exercise, 90° knee angle was measured 
with a digital goniometer. The participants arrived at the laboratory at the same 
time of day as the upcoming experimental sessions and cycled on an ergometer 
for 5 minutes, followed by a general upper body warm-up of 10 body weight 
pull ups and 15 body weight push-ups. Next, the participants performed 15, 
10, and 5 BP repetitions using 20%, 40%, and 60% of their estimated 1RM. 
The load was started from 80% estimated 1RM, and was increased by 2.5 to 
10 kg for each subsequent attempt, and the process was repeated until failure. 
During the 1RM test, the subjects executed one repetition with a 5 min rest 
interval between successful trials. The participants were additionally verbally 
motivated to make the maximum effort. No knee wraps, weightlifting belts, 
or other supportive garments were permitted. Three spotters were present 
during all attempts to ensure safety and technical proficiency.

experimental sessions�
The participants arrived at the laboratory at the same time of day of each 
experimental session. Two testing sessions were used for the experimental 
trials. One of the experimental session included a warm-up protocol from the 
familiarization session extended with static stretching exercises. Static stretching 
consisted of the execution of three sets of static stretching exercises after the 
general warm-up (seated hamstring stretch, standing quadriceps stretch and 
seated calf stretch). The total time of stretching was 10 minutes. Each exercise 
was performed three times and consisted of 45 s of stretching and 15 s of muscle 
relaxation. The warm up protocol during the second experimental session was 
not preceded by static muscle stretching exercises. After each warm-up protocol, 
participants performed the same 1RM tests in barbell half squat.

statistical analyses�
The following methods were used in the analysis of the results, which allowed 
for the determination of accuracy and reliability of the tests. The descriptive 
statistics included the standard deviation, skewness, and kurtosis. In order to 
estimate the real value, the test of significance between the differences was 
used to compare variables (the Student’s t-test for dependent groups). The 
values were generated by means of PQStat and Microsoft Office.

results�
The first test included only 1-RM measurement (RMNO-SS), while the second test 
consisted of static stretching and the 1-RM measurement (RMSS). Significant 
differences were observed in the level of maximum strength between the  
RMNO-SS and the RMSS (P < 0.05). In all valid tests, the mean in RMNO-SS was 
4.3 ±3kg higher than in RMSS. The minimum weight lifted in RMNO-SS was 15kg 
higher than in RMSS at the same maximum weight. 

Table 1. Descriptive statistics for the results of dependent samples obtained by each participant

Test N valid Mean 1-RM (kg) 
± SD P value Effect size

RMNO-SS 14 133.2 ±16 
0.028* -0.26

RMSS 14 128.9 ±16.78
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The graph comparing the results obtained by the study participants in both 
trials shows a tendency for absolute strength to decrease or remain unchanged 
following stretching.

Figure 1. 1-RM test results obtained in RMNO-SS and RMSS

Similar conclusions can be drawn from analysis of a graph comparing the 
average results of both trials (taking into account the 95% confidence interval). 
A decline in the load lifted was noticeable in RMSS where stretching preceded 
strength evaluations.

 
Figure 2. Comparison of mean results of RMNO-SS and RMSS

discussion�
The main finding of the present study is the existence of significant differences 
in the absolute strength in the 1RM test protocol between particular warm-up 
protocols. The result of the 1RM test preceded by warm-up containing static 
stretching (RMSS) was significantly lower compared to the warm-up without 
stretching (RMNO-SS). The results of our study showed a negative effect of using 
static stretching exercises prior to resistance training with a maximum load 
what confirmed our hypothesis. 
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The results are consisted with previous studies confirming an acute loss 
of strength after stretching [1, 25, 26]. The loss of strength resulting from 
acute static stretching has been termed “stretch-induced strength loss” 
[27]. However, it should be noted that most testing protocols consisted of an 
isolated exercise involving only a specific muscle group. Nevertheless, the 
present study including the multi-joint exercise, barbell half squat, leads to 
similar conclusions. The reason for the occurrence of strength loss is not clear. 
According to the authors, neural factors [17, 18, 28] or mechanical factors [1, 
25, 26] can cause this phenomenon. Siatras et al. [29] point to the influence of 
the length of static stretching on a decrease in muscle strength. In this study 
stretching reduced the isometric peak torque by 8.5% and 16.0%, respectively. 
Concerning the isokinetic peak torque after 30 and 60 seconds of stretching, it 
was reduced by 5.5% vs. 11.6% at 60 degrees/s and by 5.8% vs. 10.0% at 180 
degrees/s. It seems possible that reducing the stretching time to a maximum 
of 30 seconds can reduce the effects of strength loss [30]. 

Although many scientific studies present the adverse effects of static stretching 
preceding physical exercises, there is public conviction about injury prevention 
related to stretching [31]. The beneficial, acute effects of static stretching on 
the reduction of injury rates or the speed and strength of muscle contraction 
seem to be unlikely [32]. Studies have also suggested an adverse or negligible 
effect of static stretching on the reduction of injury risk during exercise [33]. 
Excessive stretching can lead to micro-injuries of muscle fibers, reduced muscle 
stiffness leading to increased fiber susceptibility to damage, and to “hidden” 
muscle pain, which can result in serious injuries if the exercise is continued 
[34]. Current research indicates the beneficial effects of dynamic stretching 
in warm-up, whereas static stretching, which reduces the strength of muscle 
contraction due to reduced formation of actin-myosin cross bridges, is claimed 
to lead to negative effects [35, 36]. The reduced injury risk is mainly based 
on the concept of increased blood circulation and muscle temperature due to 
a proper warm-up procedure, rather than on stretching exercises. However, 
some authors confirm the effectiveness of stretching in preventing specific 
types of injury. A study by Amako et al. [37] suggests that static stretching 
decreased the incidence of muscle-related injuries but did not prevent bone 
or joint injuries. Furthermore, it seems reasonable to use stretching exercises 
that include additional post-stretching dynamic activity for increasing the 
range of motion, accelerating recovery and reducing the risk of injury [38].

Despite numerous indications, the concept of applying static stretching before 
exercise should not be completely rejected. The authors point to the positive 
aspects of static stretching in terms of increasing the range of motion [38] 
or psychological stability and confidence [19]. Some studies that evaluated 
the kinematic parameters of specific sports tasks indicate that there are no 
contraindications for static stretching before football [39], tennis [40] or baseball 
activities [41]. A number of methodological issues, or multiple variations of 
stretching programs following different structures of protocols (modes, intensities, 
frequencies, durations of stretches, recovery prior to performance) may have an 
impact on the discrepancy in the results showing that static stretching in different 
sports did not have a significant effect on specific sport kinetic performance [6]. 
This may result from differences in body composition, sports skill level, somatic 
type, baseline level of strength and conditioning or other factors. 

Recommendations for stretching exercises result from all previously presented 
relationships. Over the years, a pattern that recommends performing dynamic 
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stretching exercises before speed and strength training (during warm-up) 
and static stretching during the cool down of a training session has been 
developed. Performing flexibility training immediately before resistance 
training can contribute to a lower number of repetitions, total volume, and 
muscle hypertrophy [42]. The best effects seem to be obtained by performing 
dynamic stretching exercises in the second stage of the warm-up, after a 
significant increase in body temperature [43]. It seems reasonable to use 
static exercises in certain cases of sport activities, bearing in mind that this 
type of stretching should be avoided in trainings focused on the development 
of strength.

conclusions�
With reference to the conducted tests, it can be stated that static stretching 
before training might have a negative effect on the level of absolute strength. 
A decrease in absolute strength following the introduction of static stretching 
exercises during the warm-up was found in most participants. It is reasonable 
to say that static stretching exercises should be avoided before training or 
before competitions because there is very little chance that they would lead 
to achieving better results. Instead, the authors propose a general warm-up, 
composed of aerobic exercises and dynamic stretching [22, 34, 38].

There may be some possible limitations in this study. The size of the group 
may be insufficient. Subsequent research should include athletes from other 
sport disciplines, with both female and male athletes. Maximum strength can 
also be evaluated through other exercises or specialized equipment [44].
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