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Abstract 

Background: Static stretching and dynamic stretching are two types of popular stretching 

principles used as a part of the warm-up, believed to increase performance and reduce 

injury risk. However recent evidence seems to suggest otherwise depending on what type of 

activity being performed and what type of stretch being used. Previous research have shown 

that static stretching lowers power and strength while dynamic stretching works the 

opposite way and has been shown to increase performance. Most of this research has 

however been performed on lower extremity. Aim: this study aims to compare how static-, 

dynamic- and no-stretch warm-ups affects power output in the upper body strength exercise 

bench press. Methods: Seventeen male subjects age between 21-40 years, were recruited 

out of two different gyms. They had at least one year experience from strength training and 

were all free from injury. The different warm-up interventions were performed on three 

different days followed by testing the power output in bench press measured in watt. The 

subjects were stretching the pectoralis major muscle with dynamic stretch (DS), static 

stretch (SS) or with no stretch (NS) standing in front of two posts. The bench press test 

consisted of three sets of one repetition at 60% of one repetition maximum (1RM). 

Friedmans test was used for analysing differences between the interventions. The level of 

significance was set at p < 0.05.  Results: No significant difference was discovered between 

the different warm-up interventions. The mean power production in bench press were 432, 

418 and 423 watt for DS, SS and NS, respectively. There were no significant differences 

between the three warm-up interventions (p=0.12). Conclusion: In conclusion, the bench 

press power performance was not effected by any of the different warm-up interventions 

focusing on stretching the pectoralis major muscle in resistance trained males. 
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Introduction 

Over the years, warming up and stretching prior to exercising or competing have been a 

routine for most athletes and their coaches. Historically athletes and coaches on most levels 

seem to warm-up and stretch using the same technique and exercises prior to their training, 

not changing it depending on what type of training they are doing (Baechle & Earl, 2008; 

Young, 2007). Aside from preparing the athlete mentally and physically, the warm-up is 

meant to lower the risk of injury and to increase performance. Recently several studies have 

looked into the negative effects that the stretching proportion of the warm-up, and 

specifically the static stretch, have on sports that require high power production. However, 

these studies have been performed on exercises and movements that mainly targets the 

lower extremities. As there are some physical differences between lower and upper 

extremities. This bachelor thesis will therefor study the effect of different warm-up 

interventions on power production in bench press as an upper body strength exercise.      

Background 

Warming-up in order to prepare the body for upcoming physical events such as workouts or 

sports is commonly divided into three phases, the general warm-up, the sport specific warm-

up and the stretching. According to Baechle & Earl (2008) the general warm-up aims to 

increase blood flow to muscles and joints, increase the respiratory rate and to increase the 

overall body temperature. The specific warm-up is meant to incorporate movements that 

the athlete will use during the actual workout, in order to prepare the athlete for upcoming 

sport specific movement. The sport specific warm-up often includes 8-12 minutes of 

stretching where joints and muscles are meant to reach full range of motion (ROM) (Baechle 

& Earl s. 297). Historically stretching has been included in most warm-up routines, athletes 

on all different levels have been stretching to increase ROM and decrease the risk of injury 

(Smith, 1994). Whether it is done as static stretching (SS) or dynamic stretching (DS) have 

been of minor importance to the overall athletic population, as long as they are doing some 

sort of stretching in their warm-up (Smith, 1994). 

Decreasing the risk of injury is one of the main aims of the warm-up (Smith, 1994). However, 

evidence suggesting that warm-up lowers the risk of injury is still unclear. An article review 

about injury risk in sports done by Fradkin, Gabbe & Cameron (2006) concluded that three 
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out of five studies reported reduced risk of injury after warming up prior to exercise. The 

remaining two studies reported no significant reduction of injuries. These different results 

can partly be explained by different warm-up routines and what part of the body that was 

targeted in the warm-up. For example, the authors highlight the fact that the three studies 

with a positive result (Bixler & Jones, 1992; Olsen, Myklebust, Engebretsen, Holme & Bahr, 

2005; Wedderkopp, Kaltoft, Lundgaard, Rosendahl & Froberg, 1999) seemed to focus more 

on increasing body temperature compared to the two studies with negative result (Pope, 

Herbert, Kirwan & Graham, 2000; Van Mechelen, Hlobil, Kemper, Voorn & De Jongh, 1993) 

that focused more on the stretching part of the warm-up in an attempt to reduce the risk of 

injury. This might give us an indication that stretching that lowers the overall blood flow to 

joints and muscles and that lowers the overall body temperature should be avoided in the 

warm-up if the purpose is to lower the risk of injury. This should make further research on 

how the different warm-up could affect performance interesting.    

Static and dynamic stretch 

While stretching there are several different techniques that can be used. The SS is a constant 

stretch where the athlete stretches the muscle until full ROM (Baechle & Earl, 2008 s. 300; 

Young & Behm, 2002). The SS is most effectively held for 10-30 seconds but is sometimes 

held up to a couple of minutes (Baechle & Earl, 2008 s. 300-301; Young, 2007; Bandy, Irion & 

Briggler 1997). The DS is more sport specific and allows the athlete to actively move the 

joints through full range of motion. DS is considered to be safer than ballistic stretching 

which allows for the “bouncing” of the joints in fully extended position (even if these two 

stretching techniques appear to be very similar) (Baechle & Earl, 2008 s. 300-301). DS is 

further more specific to the upcoming task in many sports than SS, as it targets larger muscle 

groups and activates large motor units, as balance, coordination and agility also is required 

for most DS exercises (Baechle & Earl 2008 s. 300-301; Faigenbaum & McFarland, 2007). 

Recent evidence seem to suggest that DS is beneficial over SS when looking at performance 

and injury prevention (Fletcher & Jones, 2004; Simic, Sarabon & Markovic, 2013; Young & 

Behm, 2002). SS seem to decrease both muscle temperature and power, leading to plenty of 

negative effects on performance and safety (Power et al. 2004). According to Torres et al. 

(2008) the exact reason for the lowered performance after a SS intervention compared to DS 

is still unclear but could be due to neuromuscular factors, such as decreased activity of the 



3 
 

motor units, lowered firing frequency and altered reflex sensitivity. Further there seem to be 

some mechanical factors such as changes in the viscoelastic properties of the 

musculotendinous unit that affects power negatively (Torres, Kraemer, Vingren, Volek, 

Hatfield, Spiering & Maresh, 2008). This phenomenon is called viscoelastic stress relaxation 

(McHugh, Magnusson, Gleim & Nicholas, 1992) and will appear after the muscles have been 

held at a fixed length for a period of time (i.e. performing a SS). The stretch will affect the 

skeletal muscles and tendonitis structures and will decrease the power production 

(Evetovich, Nauman, Conley & Todd, 2003) as tension on the muscles will decrease over time 

while holding the SS at a fixed length (McHugh, Magnusson, Gleim & Nicholas, 1992). This 

effect should however be avoided while performing DS due to the much shorter period of 

time that the muscles are under tension.    

Volume and intensity of stretch 

Stretching can, as most other exercises, be manipulated by volume and intensity (Young, 

2007). In this case, volume refers to how long the stretch is held or how many repetitions 

that is done. Intensity refers to how far the muscle is stretched (i.e. how “painful” the 

stretch is) (Young, 2007). The negative effects of stretching seem to increase with increased 

volume i.e. the longer time spent stretching the bigger the negative effects on power and 

strength exercises (Young, Elias & Power, 2006). Measuring the volume is far easier than 

measuring the intensity and several studies (Church, Wiggins, Moode & Crist, 2001; Nelson, 

Allen, Cornwell & Kokkonen, 2001; Thigpen, 1989) seem to lack in controlling and 

standardizing the intensity of the stretching, making it unclear to the reader what intensity 

was used. Young et al. (2006) looked into several studies and they all seem to agree that 

stretching to the “pain threshold” (i.e. the point just before pain), is the best way to control 

the intensity of the stretch. Another way of measuring the intensity is to stretch until a 

certain pain level. To use the pain threshold is however considered more effective than 

stretching until a certain pain level as the pain tolerance is highly individual (Young, Elias & 

Power, 2006). To be able to standardise volume and intensity is very important for further 

research inside this topic. Different intensity might have different physiological effects on 

the muscles and this might lead to different result when it comes to power performance etc.     
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Power production 

Power is defined by Baechle & Earl (2008) as “the time rate of doing work”. Power is further 

defined as “Power = work / Time” where “Work = Force * Distance” and Force = Mass * 

Acceleration”. In other words, power is the ability to move a certain object at a certain speed. 

The higher ability an athlete has to generate power, the better he is at sports where power is 

essential i.e. javelin, tennis, Olympic weightlifting (Baechle & Earl, 2008, s. 73-75).  

If an athlete wants to increase the power (i.e. become more explosive in a movement), there 

are some factors that contribute to this happening. This includes among others, neural 

control, joint angle, muscle cross sectional area, body size and muscle fibre type (Baechle & 

Earl, 2008, s. 75-79). The ability to recruit motor units and at what rate this is performed is 

referred to as neural control (Enoka, 2008, s. 376-377). To increase in power, the athlete 

needs to recruit more motor units, recruit larger motor units and recruit motor units at a 

higher firing rate (Aagaard, Simonsen, Andersen, Magnusson, Dyhre & Poulsen, 2002; 

Baechle & Earl, 2008, s. 75). Further the angle of the joint is a factor that need to be 

considered. The biomechanics of the movement being conducted needs to be calculated to 

perform as optional as possible, so that the torque in the joint benefits the athlete (Baechle 

& Earl 2008, s. 77; Hahn, Herzog & Schwirtz, 2014). The cross sectional area of the muscles 

being used and the body size of the athlete is a major part of the athlete’s ability to generate 

power. Two athletes with the same body fat percentage and muscle circumference have 

about the same strength in that specific muscle. The taller athlete have however a greater 

body weight or body size, making it harder for him to accelerate and lift his own body. This 

will play a major role in sports where body weight exercises such as jumping and sprinting is 

essential for performance (Baechle & Earl, 2008 s. 78-79). Further the ability to generate 

power is generally larger in athletes with greater body size if measured in absolute power. 

Their ability is however decreased compared to smaller athletes if their performance is 

measured relative to their weight. This is because the ability to generate maximal 

contraction force is proportional to the muscles cross section area and because body mass 

increases more rapidly than muscle strength, smaller athletes has a higher strength relative 

to their body mass, given constant body proportions (Baechle & Earl, 2008 s. 78-79; Ikai & 

Fukunaga 1968). Another important factor when wanting to increase power are the muscle 

fibres and how they are arranged. The type of muscle fibres in the muscles and how they 
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make up the muscles all greatly affects the ability to generate power (Methenitis, 

Karandreas, Spengos, Zaras, Stasinaki & Terzis, 2016) and their different properties and 

composition are therefore of interest when studying the effects in power production. 

Different types of muscle fibres 

The skeletal muscle fibres of the human body are divided into three categories, type I, type IIa 

and type IIx fibres (McArdle, Katch & Katch, 2011, s. 374-379). Type I are considered slow 

twitch muscle fibres, they contract slow but use aerobic energy supplies and are therefore 

resistant to fatigue. (McArdle, Katch & Katch, 2011, s. 374-379) A muscle consisting of type I 

fibres will contract slow and therefore generate less power compared to a type IIa or type IIx 

fibre (McArdle, Katch & Katch, 2011, s. 374-379; Methenitis, Karandreas, Spengos, Zaras, 

Stasinaki & Terzis, 2016). Type IIa have a fast shortening speed and uses both aerobic and 

anaerobic sources of energy. Type IIx is even faster and uses more anaerobic sources of 

energy. Type IIa and IIx are both considered as fast twitch muscle fibres and are essential for 

high power production (McArdle, Katch & Katch, 2011, s. 374-379; Methenitis, Karandreas, 

Spengos, Zaras, Stasinaki & Terzis, 2016). Type II muscle fibres contract fast but the fact that 

they mainly use anaerobic energy sources makes them vulnerable to fatigue. Every skeletal 

muscle consists of all three types of muscle fibres (Baechle & Earl, 2008, s.10). It is mainly what 

type of muscle, where it is located and the genes of the athlete that will determine what type 

of muscle fibre that is dominant in a certain muscle fibre (McArdle, Katch & Katch, 2011, s. 

374-379). The type of fibres in a muscle depends on the muscles purpose, for example posture 

muscles needs to be more resistant to fatigue than other muscles such as in the limbs (Baechle 

& Earl, 2008, s.10). If one type of muscle fibre can be converted to another through training is 

still unclear but it is believed that long term periodization and training in early ages might alter 

the types of muscle fibres in the skeletal muscles (McArdle, Katch & Katch, 2011, s. 535). It is 

also believed that some type II fibres can become more aerobic with aerobic training 

(McArdle, Katch & Katch, 2011, s. 374-380). Even if the type of fibre remains unchanged with 

training it is each muscles ability to use its metabolic pathways in a more efficient way that 

makes the athlete adopt to his or her specific sport (McArdle, Katch & Katch, 2011, s. 379). It 

would therefore be interesting to look into how different types of muscle fibres are affected 

by the stretching as it is a possibility that not all muscle fibres are affected the same way.    
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Even if all skeletal muscles are a mixture of both types of muscle fibres there is a difference in 

the fibre composition of the muscles in upper and lower extremity. For example, Srinivasan, 

Lundgren, Langenderfer & Hughes (2007) examined the different muscle types around the 

shoulder joint and reported that m. pectoralis major and m. triceps brachii consisted of 35% 

and 44% type I muscle fibres respectively. This can be compared to a study where the authors 

Dahmane, Djordjevic, Simunic & Valencic (2005) measured muscle fibres in both the deep and 

superficial part of each muscle and reported that the amount of type I muscle fibres in m. 

biceps femoris and m. gastrocnemius were 44% superficial, 54% deep and 63% superficial and 

76% deep respectively. The same authors also reported that m. triceps brachii was made up 

of 35% type I muscle fibres superficial and m. biceps femoris consisted of 44% type I muscle 

fibres superficial. Even if the muscle fibre composition is highly individual these studies might 

give us an indication that the distribution of type I muscle fibres is bigger in the lower limbs 

than in the upper body, which might affect power production in different ways.     

As highlighted by Leone et al. (2014) most studies that have concluded that static stretching 

has a negative effect on power performance have been performed on lower extremity 

(Faigenbaum, Bullucci, Bernieri, Bakker & Hoorens, 2005; Fletcher & Jones, 2004; Young, 

Elias & Power, 2006, Young & Elliot, 2001). There are also some studies that have been 

performed on the upper body (Gelen, Dede, Bingul, Bulgan & Aydin 2012; Haag, Wright, 

Gillette & Greany, 2010; Torres, Kraemer, Vingren, Volek, Hatfield, Spiering & Maresh, 2008) 

which have been unable to find any negative effects following an acute SS intervention prior 

to performing upper body power exercises. A common exercise for upper body muscle 

strength is the bench press. While performing the bench press it is mainly m. pectoralis 

major, anterior part of m. deltoideus and m. triceps brachii that are targeted (Schick, 

Coburn, Brown, Judelson, Khamoui, Tran & Uribe, 2010). The athlete lays down with his back 

on a bench and lifts the barbell from a rack. From that position, with extended arms he then 

lowers the barbell down to his chest and then presses the barbell upwards. This movement 

can be performed with heavy weights focusing on developing absolute strength or with 

lighter weights focusing on faster, more explosive strength i.e. power. Torres et al. (2008) 

performed a similar study as this current study, looking into the effects of stretching on 

different upper body exercises including the bench press throw and isometric bench press. 

However, to the author’s knowledge, no studies have looked into how stretching affects 
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power performance in an eccentric-concentric phase bench press exercise. Investigating the 

effects of stretching and how those affects performance on bench press in one of its most 

commonly performed executions would be highly interesting as it is a highly popular 

strength exercise used by plenty of athletes.    

The purpose of this study was to investigate the acute effects of DS and SS and a no-stretch 

(NS) warm-up on the pectoralis major muscle and how these interventions affect the power 

production in the upper body exercise bench press. It was hypothesised that DS would 

generate a higher average power score than both SS and No-stretch. 

Aim 

The aim of the study was to compare dynamic-, static-, & no-stretch (DS, SS & NS) warm-ups 

and how they affect power production in the upper body strength exercise bench press in 

resistance trained males.     

Research questions 

Will any of the three warm-up interventions be more beneficial for power production than 

the other?  

Are there any differences in power production in bench press after the three warm-up 

principles dynamic-, static-, or no-stretch?  

Methods  

Study design     

This was an experimental study, testing effects of power production in an upper body strength 

exercise after three different warm-up interventions. The tests were performed in March 

2016, all test occasions were performed in the same gym (CrossFit Halmstad, Halmstad, 

Sweden), using the same equipment, supervised by the same test leader.  

Procedure 

Anthropometry data of age, length, weight and estimated 1RM in bench press was collected 

from each subject. All subjects performed three identical bench press tests with the three 
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different warm-up interventions prior to each test. The subjects were randomly assigned to 

different warm-up intervention prior to each tests and performed the three interventions on 

three different days (i.e. all subjects performed the three different warm-up routines, but on 

different days).  

Subjects 

Twenty subjects were recruited from two different CrossFit gyms located in Halmstad, 

Sweden. They were recruited via the gyms internet forum and through personal contact at the 

gyms. All subjects read an information letter (Appendix 1) and signed a letter of consent 

(Appendix 2). Inclusion criteria for the test persons was that they needed to be male with at 

least one-year experience of bench press and had included it in their weekly training routine 

for at least the greater part of the last 12 months. Further they should all considered 

themselves healthy with no diseases or injury that might affect power production in bench 

press. All subjects were told to sleep and eat well before the tests, further they should not 

consume any caffeine or tobacco three hours before the test and no alcohol 24 hours prior to 

the tests.  The University of Halmstad approved the study. 

Warm-up intervention protocol  

There was a standardised general warm-up that was the same during all three interventions. 

It consisted of five minutes light row on a rowing ergometer, aiming to increase body 

temperature and heart rate (Young & Elliot 2001; Leone, Pezarat, Valamatos, Fernandes, 

Freitas & Moraes, 2014). Subjects then proceeded to the sport specific warm-up which was 

conducted in the bench press. Due to the relatively slow and controlled movement in the 

eccentric phase each subject was allowed three good repetitions (i.e. if they were not 

approved by the test leader, they had to redo them until good results. No maximal amount 

of failed repetitions was stated prior to the tests but not more than 1 re-repetition was 

needed during the actual tests. The re-repetition was performed directly after the failed 

one) at 60%, 70% & 90% of the weights used in the actual bench press test, with one minute 

of rest between sets. This to make sure that they used correct tempo & technique and that 

the result was not affected by any bouncing of the weight on the chest. The subjects were 

instructed to perform each repetition with a tempo that allowed them to perform as fast as 



9 
 

possible while maintaining good technique, no timing of the tempo was measured. After the 

bench press the subjects rested for one minute, they then moved on to the third part of the 

warm-up routines, the stretching, which was performed on the pectoralis major muscle. The 

subjects were placed in front of two posts (see figure 3, appendix 3) where they performed a 

shoulder abduction up to 90 degrees and an outward rotation of the shoulder along with a 

90 degree elbow flexion so that they placed their arms with the palm of their hand against 

the posts on each side of the opening. They then began to stretch the pectoralis major 

muscle by pressing their torso through the posts (Elphinston, 2014, s. 325). They were told 

to stretch just until pain threshold (i.e. the point just before onset of pain). 

Static stretching procedure 

During the SS intervention, subjects performed three sets of static stretching where they 

stretched for 40 seconds and rested for 20 second (a total time of 180 seconds) (Bandy, Irion 

& Briggler, 1997).  

Dynamic stretching procedure 

During the DS intervention subjects performed the same stretching exercise as in the SS 

procedure, but performed it with the dynamic movement instead of the static hold (i.e. 

leaning into the stretch by pushing the upper body through the two posts). They performed 

one repetition every four second for 40 seconds (a total of 10 repetitions) and then rested 

for 20 seconds (Leone, Pezarat, Valamatos, Fernandes, Freitas & Moraes, 2014). 

No-stretch procedure 

During the NS intervention they performed no activities (i.e. resting) for 180 seconds. All of 

the activities was monitored by the test leader.  

Bench pressing 

The subjects were before the test asked about their 1RM in bench press and 60% was 

calculated according to that (Zemková, Jeleň, Ollé, Vilman & Hamar, 2013). The distance the 

weight was lifted and the time it took to fully complete the bench press was measured with 

a linear encoder connected to the in the barbell. The average power of the completed press 

was calculated by Muscle lab, a computerised muscle function measuring system. 
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(MuscleLab, Ergotest Innovations AS, Porsgrunn, Norway) which has been validated as a 

reliable power performance recording tool (Ravier, 2011; Hansen, Cronin & Newton, 2011) 

and used in previous bench press research (van den Tillaar, Saeterbakken & Ettema, 2012). 

Subjects were told to use five-point contact (i.e. head, shoulders and buttocks at all time 

placed against the bench, both feet flat on the floor) while lying on the bench (Baechle & 

Earl, 2008, s. 342; Saeterbakken & Fimland, 2013). Subjects were told to keep the same grip 

width every repetition, the one that they are used to from their regular training. This was 

being measured with the help of already existing “grip markers” on the 20 kilogram 

powerlifting barbell (Eleiko, Halmstad, Sweden) that was used. The weight plates being used 

was standard eleiko weight plates (Eleiko, Halmstad, Sweden). The barbell was lifted by the 

subjects from racking position to fully extended arms. After the subjects got the “go” signal 

from the test leader the barbell was lowered until touching the sternum of the subjects. No 

bouncing on the chest was allowed. They then raised the barbell as fast and as powerful they 

could until fully extended arms. After one repetition the barbell was re-racked and a one-

minute rest was given between the three sets.  

Ethical and social considerations 

The study follows the guidelines of the declaration of Helsinki (World Medical Association, 

2013). The subjects were before the start of the tests informed about their rights and the 

purpose of the test. A letter with information about the test procedure and ethical and social 

considerations were handed out to the subjects while recruiting them (appendix 2). They were 

all informed about their rights to withdraw from the test without any consequences or any 

questions asked. They were also well informed about the safety and the secrecy of which their 

personal information was handled. To store and organize data Excel (Microsoft office, 2013) 

was used. The subjects were given an identification number that was used to pair with their 

result, 1RM, age, weight and height. The results can’t be tracked to the individual subjects as 

no name or social security number etc. were used and no data was published other than the 

mean and median of the group.  

It is of great interest for coaches and athletes to train and compete as optimal as possible. 

Therefore, this study should be of great interest for any person who wants to increase their 

performance by optimizing their warm-up before an actual physical activity.      
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Statistical analysis 

The data collected was the average power production in Watt (W) from each individual’s three 

different bench press tests. The power data was collected and calculated into mean results in 

Excel (Microsoft Office Excel 2007, Microsoft Corporation, Redmond, USA). To study the data 

distribution Shapiro-Wilks test was performed, showing that the data was not normally 

distributed (p<0.05). All data, unless otherwise stated is presented in median with minimum 

and maximum values (min-max). The data results from the three different interventions (DS, 

SS and NS) was analysed using the none-parametric Friedmans test as the data was dependant 

(Pallant, 2007). Statistical analysis was done using SPSS v.20.0 (SPSS Inc., Chicago., IL., USA).      

Results 

Twenty-two males were invited to participate in the study, two declined the invitation. Out of 

the twenty subjects recruited, seventeen male subjects (n=17) participated until the study was 

completed. Table 1 shows descriptive results.  

Table 1  

Descriptive statistics for the 17 subjects, in median and minimum-maximum   

n=17 Median (min-max) 

Length 180cm (169-190cm) 

Weight 87kg (70-97kg) 

Age 28 years (21-40 years) 

1RM 100kg (75-125kg) 

Cm = Centimetres, Kg = Kilograms  

Results from the tests show that there was no significant difference (p= 0.12) between the 

three different interventions. Mean results of the power production in bench press after the 

three interventions are displayed in figure 1. Figure 2 shows the individual results from all of 

the three different tests, after each intervention. Out of the 17 subjects, nine performed 

highest scores after the DS intervention, one performed highest scores after the SS 

intervention, six after the NS intervention and one subject performed equally as good after SS 

and NS interventions.  
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Figure 1 Mean results from all subjects tests (n=17). The mean of the power production in bench press after  

different stretching interventions in the warm-up. DS= dynamic stretch, SS=static stretch and NS= no-stretch, 

 

 

Figure 2 Mean results from the three different tests (n=17) 

   

Discussion 

The aim of this thesis was to study differences between three different warm-up 

interventions where the stretching principles were divers on power production in bench 

press as an upper body exercise. No significant difference was found between the three 
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interventions. The findings confirm previous research in upper body concerning the effects 

on power output after different methods of stretch (Gelen, Dede, Bingul, Bulgan & Aydin 

2012; Haag, Wright, Gillette & Greany, 2010; Torres, Kraemer, Vingren, Volek, Hatfield, 

Spiering & Maresh, 2008). Research in lower extremity with similar interventions as this 

study showed plenty of negative effects on performance specifically after static stretching 

compared with the other interventions (Fletcher & Jones, 2004; Young & Elliot, 2001; Power, 

Behm, Cahill, Carroll & Young, 2004) indication that there is some, probably physiological, 

difference that future research should look into.  

Results discussion 

A trend in the result can be shown even if there was no significant difference. Overall the 

subjects performed best after performing the DS intervention (432W) compared to the SS 

(418W) and NS (423W). The relatively small differences between the interventions is 

probably due to the big individual differences in the results. As shown in figure 2, Nine 

subjects performed best after the DS intervention, one subject performed best after the SS 

intervention, six subjects performed best after the NS intervention and one subject 

performed equally as good after the NS and SS interventions. Individual differences like this 

could be due to the fact that not all of the subjects were training to develop power. All of the 

subjects were on recreational level with different training background, some were 

powerlifters others were bodybuilders or Olympic lifters. Most of the subjects were however 

currently training Crossfit on a recreational level with experience ranging from six months to 

several years. All of the subjects had however at least one year of experience from bench 

pressing even if the goal with the training (i.e. hypertrophy, power, endurance, absolute 

strength etc.) differs. The difference in how the subjects train will as mention previously 

affect neuromuscular pathways and what type of muscle fibre that is benefitted by their 

training (McArdle, Katch & Katch, 2011, s. 379; Torres, Kraemer, Vingren, Volek, Hatfield, 

Spiering & Maresh, 2008). And as the exact mechanism behind the lowered performance 

after some of the stretching interventions is still unclear (Torres, Kraemer, Vingren, Volek, 

Hatfield, Spiering & Maresh, 2008) it is possible that some subjects are affected differently 

than others as their current training periodisation (i.e. hypertrophy, power, endurance, 

absolute strength etc.) might be affected more than others. This is however a hypothesis 

and further research should be performed before any conclusions can be drawn. Possibilities 
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like this might give a different result compared to if the subjects were even more 

homeogenic (e.g. male Olympic lifters) than in this current study or on the contrary, mixed 

groups of untrained both genders groups. Previous studies showing similar results were 

concentrating on small homogenic groups within sports that required high power 

performance (tennis, baseball, and various track & field throwing sports) (Gelen, Dede, 

Bingul, Bulgan & Aydin 2012; Haag, Wright, Gillette & Greany, 2010; Torres, Kraemer, 

Vingren, Volek, Hatfield, Spiering & Maresh, 2008). The two studies know to the author that 

has shown negative results from stretching included less homogenic subjects than in the 

current study, and the studies confirming our results (Evetovich, Nauman, Conley & Todd, 

2003; Leone Pezarat, Valamatos, Fernandes, Freitas & Moraes, 2014). Evetovich et al. (2003) 

mixed both genders and didn’t specify further if the subjects participated in any sports. Leon 

et al. (2014) did similar tests in their study on males of in the same age and with the same 

weight and height. They also didn’t specify if the subjects participated in any sports. This 

might indicate that upper body stretching reduces power performance in untrained overall 

population but not in a sample of experienced trained individuals. Further research is 

needed to confirm such hypothesis.           

What might have influenced different results is the fact that the subjects estimated their 

1RM. Some of the subjects stated 1RM that was several months old, this might be an issue 

due to possible strength gains or losses. In future studies an actual 1RM test should 

therefore be done before the start of the tests.  

Method discussion  

Due to difficulties with the equipment used to measure power one repetition on 60% of 

1RM was used instead of three repetitions on 60% of 1RM. The plan was to use three 

repetitions of 60% as done in a previous study when measuring power performance in bench 

pressing (Zemková, Jeleň, Ollé, Vilman & Hamar, 2013). However, in the study by Zemková et 

al. (2013) just one set of three repetitions was performed thus, the total amount of 

repetitions was the same. The warm-up was also affected by this setback and it was reduced 

to only include a total of three repetitions of bench press. This is something that might 

influence the result as the warm up might be insufficient for some of the subjects to perform 

at their best (Hedrick, 1992). On the contrary a higher amount of warm-up might lead to 
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fatigue of the subjects with the consequences of lowered performance (Baechle & Earl 2008, 

s. 33-35). However, while looking at previous research the amount of sport specific warm-up 

is something that varies greatly as some authors perform several sets and repetitions of 

sport specific movements while others perform no sport specific movements at all 

(Evetovich, Nauman, Conley & Todd, 2003; Gelen, Dede, Bingul, Bulgan & Aydin 2012; Haag, 

Wright, Gillette & Greany, 2010; Leone Pezarat, Valamatos, Fernandes, Freitas & Moraes, 

2014; Torres, Kraemer, Vingren, Volek, Hatfield, Spiering & Maresh, 2008). As an example 

Torres et al. (2008) performed a similar study as the current study, without any sport specific 

warm-up other than the stretching interventions. This is something that might influence the 

result as no sport specific movement are done to stimulate the muscles and their 

neuromuscular units. Further research should therefor aim to make the sport specific part of 

the warm-up interventions greater as it is a big part of the warm-up done before actual 

training or competition and might influence a different result.                 

Further, differences in study design, and specifically the difficulty to standardise the intensity 

of the stretch as earlier mentioned might influence the outcome of each study (Young, Elias 

& Power, 2006). In this study each stretching intervention was monitored by a test leader 

and the same instructions was given to all subjects prior to each test. It was however difficult 

for the test leader to control if the subjects actually stretched until their pain threshold other 

than by asking the subjects verbally. There are however no better methods of measuring the 

stretch know to the author up to this date.  

Previous research has used different stretching exercises when performing the SS and DS 

interventions (Gelen, Dede, Bingul, Bulgan & Aydin 2012; Leone Pezarat, Valamatos, 

Fernandes, Freitas & Moraes, 2014). This could influence the result as it isn’t the same 

movement of the joints and limbs when performing two different stretching exercises. In 

this study one exercise was chosen due to the reason that DS and SS would be as similar as 

possible. It could however be questioned whether it was actually a DS that was being used in 

this test. The subjects pushed themselves through the posts without the help of their 

antagonist muscles and the posts might have made their ROM even greater compared to if it 

was done without any posts. This might have made the physical effects of the DS more 

resembling those of the SS. Future research should therefore aim to perform the DS focusing 

more on using the antagonist of the muscle being stretched.            
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Limitations 
A major limitation is the amount of subjects recruited to this study. To be able to generalise 

a result more subjects should probably have been recruited. Another limitation might have 

been the fact that only one major muscle was targeted in the stretch. It would probably have 

been beneficial if the m. triceps brachii was stretched also as it plays a major part in the 

bench press.    

 

Conclusion 

In conclusion, there seem to be no significant difference on the bench press performance 

following any of the different warm-up interventions focusing on stretching the pectoralis 

major muscle in resistance trained males. The hypothesis that a dynamic stretching warm-up 

intervention would be significant better than the other two interventions was not 

confirmed. Further research should be performed on different subjects, with different 

gender and sports.    
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Appendix 1 

Information till studiedeltagare 

 

Hej! 

Mitt namn är Sebastian Lindqvist och jag studerar Biomedicin – inriktning fysisk träning på högskolan 

i Halmstad. Jag kommer under våren 2016 arbeta med min c-uppsats och söker nu dig som vill delta 

som testperson. 

Uppsatsen syftar till att kontrollera skillnader i kraftutveckling i bänkpress vid olika 

uppvärmningsrutiner, främst statisk- och dynamisk stretchning. Testerna kommer genomföras under 

tre testtillfällen där ni som deltagare kommer få testa tre olika uppvärmningsrutiner och hur de 

påverkar er kraftutveckling i bänkpress. 

För att kunna delta i studien krävs att du är man, mellan 18-40 år (detta för att testgruppen skall vara 

så fysiskt lik som möjligt), inga skador eller kroniska sjukdomar som kan påverka ditt resultat i 

bänkpress och du skall minst kunna genomföra 1RM (1 repetition) på din egna kroppsvikt eller mer.      

Ni som deltar kommer få en fördjupad kunskap i hur uppvärmningen påverkar era resultat i 

bänkpress. Dessutom kommer ni få chansen att se hur det går till när man genomför en studie i 

labbmiljö. Ingen utav de skaderisker som finns är större än när ni själva tränar på gymmet. 

Deltagandet är helt anonymt, inga namn, personnummer eller annan information som kan nyttjas för 

att identifiera er som enskilda individer kommer att publiceras. All data och information om er 

kommer handhas med stor tillförsikt och ingen information kommer spridas vidare till någon 

utomstående. Att delta i studien är helt frivilligt, ni kan när som helst välja att avbryta testet och inga 

frågor kommer ställas om anledningen till ert avhopp, all information om er kommer då raderas.  

Ansvarig för studien är Högskolan i Halmstad. Högskolan ansvarar för att dina personuppgifter 

behandlas på ett konkret och professionellt sätt. Kontaktperson för studien är Sebastian Lindqvist, 

Biomedicin – inriktning fysisk träning, sektionen för ekonomi och teknik. Handledare för studien är 

Emma Haglund, lektor vid Högskolan i Halmstad. Är ni intresserade av att delta kontakta Sebastian 

genom mail eller telefon.  

Mailadress: seblin13@student.hh.se 

Telefonnummer: 0709433319   
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Appendix 2  

Skriftligt samtycke 

 

Nedan ger du ditt samtycke till att delta i studien som syftar till att kontrollera de eventuella 

skillnader som finns i kraftutvecklingen i bänkpress på grund av olika uppvärmningsmetoder. Läs 

igenom den information som följer och ge ditt samtycke genom att signera längst ner. 

- Du som testperson kan när som helst under studiens gång välja att hoppa av och all sparad 

information om dig kommer förstöras.  

- Du är medveten om att deltagandet kan innebära en viss skaderisk och att deltagandet sker 

på egen risk.  

- Du samtycker till att Högskolan i Halmstad behandlar personuppgifter om dig. 

- Du har fått utförlig information om testet och har fått svar på eventuella frågor som rör ditt 

deltagande samt utförandet av studien. 

- Du är medveten om att det är frivilligt att delta i studien. 

- Du samtycker till ovanstående information. 

 

 

 

 

 

 

 

 

Datum och ort:      

Namnteckning:      

Namnförtydligande:      
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Appendix 3 

 

 

Figure 3 Stretching of the pectoralis major muscle 
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