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Abstract:  

The aim of this study is to examine the effect of inspiratory muscle exercise on drag-flick 

and shooting performance in hockey. For this purpose, 30 individuals engaged in hockey 

sports participated in the study as an experimental group. The subjects were applied 

three inspiratory muscle warm-up exercises (maximal inspiratory pressure, MIP): at 5% 

intensity (placebo) and 40% intensity (RWU), with 30 breaths x 2 sets and 1 minute rest 

between sets, first without warming up. After each test, 20 shots drag-flick and 20 shots 

were performed at the hockey goal, whose scoring was prepared before. The data 

obtained were analyzed in SPSS 22.0 program. After testing for normality and 

homogeneity, one-way analysis of variance and LSD correction were performed for 

repeated measurements. According to the one-way analysis of variance test in repeated 

measurements; in the drag-flick performance test, a significant difference in favor of the 

RWU application was observed between the RWU application and placebo and no 

warming applications (p <0.05). In the shooting performance test, there was a significant 

difference between RWU application and placebo and no warm-up applications in favor 

of RWU application (p <0.05). In the drag-flick performance test, when the change of the 

fatigue scores of the subjects between the applications was examined; there was a 

significant difference in favor of RWU application (p <0.05). Fatigue was found to be less 

in RWU application. When the change of fatigue scores between applications in the 

shooting performance test was examined; there was a significant difference between 

RWU application and placebo and no warming applications in favor of RWU application 

(p <0.05). Fatigue was found to be less in RWU application. As a result, it can be said that 

inspiratory muscle exercise has a positive effect on drag-flick and shooting performance 

in hockey. 
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1. Introduction 

 

One of the basic elements is oxygen which necessary to continue life functions on earth. 

In addition, oxygen not only provides the energy required for living and exercises but is 

an important factor to be considered in order to achieve success in sport branches. The 

functioning of the respiratory system mechanically depends substantially on the capacity 

of the respiratory muscles (Özdal, 2016). The general warm-up has a potentially positive 

effect on short-term performance (Bishop, 2003). This may be because of reduction in joint 

stiffness (Wright & Johns, 1961), increased neurotransmission (Karvonen, 2015), and 

differences in the relationship between power and acceleration (Ranatunga et al., 1987). 

In-depth investigation of the effects of a general warm-up on respiratory muscle activity 

has recently been performed, and the therapeutic and beneficial effects were noted by the 

researchers (Jung & Kim, 2015). Previous studies had been showed that the inspiratory 

muscle warp-up had positive effect on some physical and physiological parameters 

(Arend et al., 2015; Jung & Kim, 2015; Özdal, 2016; Özdal et al., 2016; Özdal et al., 2014). 

 The fact that the players who play in different positions in hockey move differently 

and change positions frequently in the field make it necessary for them to do aerobic 

training in addition to other training types (Bale, 1983). Elite hockey players have to 

improve their interval endurance and aerobic capacity for their sportive performance 

(Elferink-Gemser et al., 2011). In this way, it is thought that the inspiratory muscle warm-

up will have a positive effect on hockey-specific skills. Because the adaptation of the 

respiratory system to exercise directly affects the performance (Ekelund, 1967; Morse et 

al., 1949). We hypothesized that inspiratory muscle warm-up positively affects the drag-

flick and shooting performance in hockey. With this background this study aims to 

investigate the effect of inspiratory muscle exercise on drag-flick and shooting (hit) 

performance in hockey.  

 

2. Material and Method  

 

2.1. Design and Participants  

The study was designed according to experimental design with control application in 

repeated measurements. Thirty volunteer male hockey players between the ages of 19-28 

participated in the study (Table 2.1). In order to determine the number of subjects, a priori 

test was applied with GPower 3.1 program. Before the study, a voluntary consent form 

was obtained from the subjects. Three applications were performed by giving a 

randomized trail card: without warm-up [no-warm-up], 5% placebo [placebo 

application] and 40% test application [RWU application]. The respiratory muscle strength 

(MIP) of the subjects was measured and necessary explanations were made for the study. 

The next three days, at the same time (18.00-20.00), subject randomly participated in three 

applications. 
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Table 2.1: Descriptive statistics of the participants 

 Min. Max. Mean Std. D. 

Age (year) 19,00 28,00 21,50 2,98 

Height (cm) 166,00 177,00 172,88 3,52 

Weight (kg) 58,00 80,00 68,13 6,49 

 

2.2. Procedures  

2.2.1. Inspiratory warm-up protocol  

Inspiratory muscle warming was performed with the inspiratory muscle training device, 

30 breaths x 2 sets of 40% MIP and 1-minute rest between sets in experimental section. In 

placebo, participants performed a warm-up of the respiratory muscle with 30 breaths x 2 

sets of 5% MIP and 1-minute rest between sets (Özdal, 2016). 

 

2.2.2. Respiratory muscle strength measurement (MIP) 

Electronic respiratory pressure meter (Pocket Spiro MPM-100, Medical Electronic 

Construction R&D, Brussels, Belgium) was used for MIP calculation according to the 2002 

guidelines of the American Thoracic Society and European Respiratory Society. For MIP 

measurement, participants performed maximal expiration, immediately following which 

they were asked to perform maximal inspiration for 1– 3 s. The measurements were 

repeated until the difference between the best two measurements was 5 cmH2O, and the 

best result was recorded in terms of cmH2O (Kera, 2002). 

 

2.2.3. Hockey drag-flick and shot performance test 

Participants performed drag-flick and shooting techniques, which are basic hockey 

techniques, towards the scored goal after inspiratory warm-up. The average score they 

got from five applications was taken into account (Smith et al., 2001). 

 

2.2.4. Goal and scoring 

A standard hockey goal with a width of 3.66 m and a height of 2.14 m was used for 

shooting. From each goalpost, the inside of the castle is divided into 3 parts by pulling a 

tape from the upper pole to the point reached by measuring 40 cm into the castle. The 

shots were made from the penalty point 6.5 m from the goal. Shots hitting the area 

between the goalposts and the band are 2 points, shots hitting the middle of the goal are 

1 point and shots that hit out of goal are scored without points (Smith et al., 2001). 

 

2.2.5. Drag-flick performance test 

The athletes firstly shot 20 drag-flicks without any warm-up exercise and without any 

measurement. The scores obtained in the shots are noted (Smith et al., 2001). In the second 

and third stages, participants performed inspiratory muscle strength training randomly 

30 breaths x 2 sets of 40% MIP and 1-minute rest between sets for experimental, 30 breaths 

x 2 sets of 5% MIP and 1-minute rest between sets for placebo. After training they 

performed 20 shots (Drag-flick). The points scored in the shots were noted.  
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2.2.6. Hit performance test 

The athletes firstly shot 20 drag-flicks without any warm-up exercise and without any 

measurement. The scores obtained in the shots are noted. In the second and third stages, 

participants performed inspiratory muscle strength training randomly 30 breaths x 2 sets 

of 40% MIP and 1-minute rest between sets for experimental, 30 breaths x 2 sets of 5% 

MIP and 1-minute rest between sets for placebo. After training they performed 20 shots 

(Hit shot). The points scored in the shots were noted.  

 

2.3. Statistical analysis  

SPSS 22.0 program was used for statistical analysis. The obtained shot data were 

evaluated as total and five shots and the difference between the last 5 shots and the first 

5 shots was accepted as the fatigue index and recorded as a separate parameter. After 

testing for normality and homogeneity, one-way analysis of variance for repeated 

measurements and LSD correction were used. Values are presented as minimum, 

maximum, mean and standard deviation and were analyzed at 0.05 significance level. 

 

3. Result  

 

In our study, 30 volunteer hockey athletes were performed 3 different intensity 

respiratory muscle training and at the end of each application, drag-flick and shot were 

performed. Analysis and presentation of the effect of respiratory muscle training on drag-

flick and shot hit is given in this section. The applications were made sequentially as 

placebo, RWU and before warming up.  

 
Table 3.1: The change of scores obtained in the drag flick test between applications 

 Mean Std.D. F p 

No-warm-up 20,75 4,59 

10.814 0.002 Placebo 22,88 2,70 

RWU 27,88ab 2,85 

RWU: respiratory warm-up; a: significance differences with no-warm-up; b: significance differences 

with placebo; c: significance differences with RWU 

 

Table 3.1 shows the change of the average scores obtained in the drag flick test between 

applications. There was no significant difference between applications according to 

statistical test (p< 0.05).  

 
Table 3.2: The change of the average scores  

of the first 5 shots between applications in the drag flick test 

 Mean Std.D F p 

No-warm-up 6,00 2,07 

0.681 0.498 Placebo 5,38 1,06 

RWU 6,25 1,04 

RWU: respiratory warm-up; a: significance differences with no-warm-up; b: significance differences 

with placebo; c: significance differences with RWU 
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Table 3.2 shows the change of the average score of the first 5 shots in the drag flick test 

between applications. According to the statistical analysis there was no significant 

difference between applications according to statistical test (p> 0.05).  

 
Table 3.3: The change of the average scores of  

the second 5 shots between applications in the drag flick test 

 Mean Std.D F p 

No-warm-up 5,63 1,19 

5.401 0.028 Placebo 6,38 1,19 

RWU 7,75ab 1,28 

RWU: respiratory warm-up; a: significance differences with no-warm-up; b: significance differences 

with placebo; c: significance differences with RWU 

 

Table 3.3 shows the change of the average score of the second 5 shots in the drag flick test 

between applications. According to the statistical analysis there was significant 

differences between RWU, placebo and no-warm-up applications in favor of RWU (p< 

0.05). 

 
Table 3.4: The change of the average scores of  

the third 5 shots between applications in the drag flick test 

 Mean Std.D F p 

No-warm-up 4,13 2,03 

10.492 0.004 Placebo 6,38a 1,69 

RWU 7,75ab 1,83 

RWU: respiratory warm-up; a: significance differences with no-warm-up; b: significance differences 

with placebo; c: significance differences with RWU 

 

Table 3.4 shows the change of the average score of the third 5 shots in the drag flick test 

between applications. According to the statistical analysis there was significant difference 

between RWU, placebo and no-warm-up applications in favor of RWU; between placebo 

and no-warm-up applications in favor of placebo (p< 0.05). 

 
Table 3.5: The change of the average scores of 

the last 5 shots between applications in the drag flick test 

 Mean Std.D F p 

No-warm-up 5,00 1,60 

4.073 0.048 Placebo 4,75 1,49 

RWU 6,13ab 0,35 

RWU: respiratory warm-up; a: significance differences with no-warm-up; b: significance differences 

with placebo; c: significance differences with RWU 

 

Table 3.5 shows the change of the average score of the last 5 shots in the drag flick test 

between applications. According to the statistical analysis there was significant difference 

between RWU, placebo and no-warm-up applications in favor of RWU (p< 0.05).  
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Table 3.6: The change in the fatigue scores of  

the subjects between the applications in the drag flick test 

 Mean Std.D F p 

No-warm-up -1,00 1,31 

4.942 0.044 Placebo -0,63 1,06 

RWU -0,13ab 1,25 

RWU: respiratory warm-up; a: significance differences with no-warm-up; b: significance differences 

with placebo; c: significance differences with RWU 

 

Table 3.6 shows the change in the fatigue scores of the subjects between the applications 

in the drag flick test. According to the statistical analysis there was significant difference 

between RWU, placebo and no-warm-up applications in favor of RWU (p< 0.05). It was 

determined that fatigue decreased more in RWU application.  

 
Table 3.7: The change of average scores  

between applications in the hit shot test 

 Mean Std.D F p 

No-warm-up 21,13 3,98 

6.958 0.010 Placebo 19,88 2,59 

RWU 25,50ab 3,34 

RWU: respiratory warm-up; a: significance differences with no-warm-up; b: significance differences 

with placebo; c: significance differences with RWU 

 

Table 3.7 shows the change of average scores between applications in the hit shot test. 

According to the statistical analysis there was significant difference between RWU, 

placebo and no-warm-up applications in favor of RWU (p< 0.05). 

 
Table 3.8: The change of the average scores of  

the first 5 shots between applications in the hit shot test 

 Mean Std.D F p 

No-warm-up 5,88 1,13 

1.472 0.265 Placebo 4,88 0,99 

RWU 5,75 1,49 

RWU: respiratory warm-up; a: significance differences with no-warm-up; b: significance differences 

with placebo; c: significance differences with RWU 

 

Table 3.8 shows the change of the average scores of the first 5 shots between applications 

in the hit shot test. According to the statistical analysis there was no significant 

differences between applications (p> 0.05). 
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Table 3.9: The change of the average scores of  

the second 5 shots between applications in the hit shot test 

 Mean Std.D F p 

No-warm-up 5,623 2,07 

4.229 0.048 Placebo 5,88 1,36 

RWU 7,50ab 2,14 

RWU: respiratory warm-up; a: significance differences with no-warm-up; b: significance differences 

with placebo; c: significance differences with RWU 

 

Table 3.9 shows the change of the average scores of the second 5 shots between 

applications in the hit shot test. According to the statistical analysis there was significant 

differences between RWU, placebo and no-warm-up applications in favor of RWU (p< 

0.05). 

 
Table 3.10: The change of the average scores  

of the third 5 shots between applications in the hit shot test 

 Mean Std.D F p 

No-warm-up 4,63 1,60 

4.661 0.045 Placebo 4,88 1,25 

RWU 6,75ab 1,39 

RWU: respiratory warm-up; a: significance differences with no-warm-up; b: significance differences 

with placebo; c: significance differences with RWU 

 

Table 3.10 shows the change of the average scores of the third 5 shots between 

applications in the hit shot test. According to the statistical analysis there was  significant 

differences between RWU, placebo and no-warm-up applications in favor of RWU (p< 

0.05). 

 
Table 3.11: The change of the average scores  

of the last 5 shots between applications in the hit shot test 

 Mean Std.D F p 

No-warm-up 5,00 1,60 

1.985 0.199 Placebo 4,25 1,04 

RWU 5,50 1,31 

RWU: respiratory warm-up; a: significance differences with no-warm-up; b: significance differences 

with placebo; c: significance differences with RWU 

 

Table 3.11 shows the change of the average scores of the last 5 shots between applications 

in the hit shot test. According to the statistical analysis there was no significant 

differences between applications (p> 0.05). 
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Table 3.12: The change in the fatigue scores  

of the subjects between the applications in the hit shot test 

 Mean Std.D F p 

No-warm-up -0,88 0,83 

5.847 0.036 Placebo -0,63 1,30 

RWU -0,25ab 0,46 

RWU: respiratory warm-up; a: significance differences with no-warm-up; b: significance differences 

with placebo; c: significance differences with RWU 

 

Table 3.12 shows the change in the fatigue scores of the subjects between the applications 

in the hit shot test. According to the statistical analysis there was significant differences 

between RWU, placebo and no-warm-up applications in favor of RWU (p< 0.05). It was 

determined that fatigue decreased more in RWU application.  

 

4. Discussion and Conclusion  

 

This study was conducted to examine whether inspiratory muscle training has an effect 

on drag-flick and shot (hit) performance in male hockey athletes. With this purpose the 

study was designed according to experimental design with control application with 

repeated measurements. Three applications were performed by giving a randomized trail 

card: without warm-up [no-warm-up], 5% placebo [placebo application] and 40% test 

application [RWU application]. The respiratory muscle strength (MIP) of the subjects was 

measured and necessary explanations were made for the study. The next three days, at 

the same time (18.00-20.00), subject randomly participated in three applications. 

 In our study, when we examine the change of average scores obtained in the drag-

flick test between applications; there was significant difference between RWU, placebo 

and no-warm-up applications in favor of RWU. When the shots are examined separately 

generally in all test stages (second, third and last 5 shots) of drag-flick testing significant 

differences were detected between RWU, placebo and no-warm-up applications in favor 

of RWU apart from first 5 shots application. When the change between the fatigue scores 

of the subjects in the drag-flick test was examined; significant differences was determined 

between RWU, placebo and no-warm-up applications in favor of RWU. It was 

determined that fatigue decreased more in RWU application.  

 When examining the change of average scores obtained in the shot (hit) test 

between applications; there was significant difference between RWU, placebo and no-

warm-up applications in favor of RWU. In evaluating every five shots performed at 

intervals (second, and third 5 shots) significant differences were detected between RWU, 

placebo and no-warm-up applications in favor of RWU apart from first and last 5 shots 

(hit shot) application. When looking at the change of fatigue scores between applications 

in the hit test; significant differences was determined between RWU, placebo and no-

warm-up applications in favor of RWU. It was determined that fatigue decreased more 

in RWU application.  
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 Previous studies have examined effect of inspiratory muscle training in different 

sport branches (basketball, football, rowing etc.). With the data obtained in the 

investigations, inspiratory muscle training has been shown that inspiratory muscle 

exercise provides slower and deep breathing. It increases the stability of the core muscles, 

which helps the athletes to perform their movements better and prevent the risk of injury 

(McConnell AK, 2011). Although there are researches on inspiratory muscle training in 

different sports branches, there are very few studies on the hockey branch. 

 Recent studies have showed that the inspiratory muscle training performed with 

different intensities have positive effect on performance (general, branch specific), 

respiratory functions, respiratory muscles strength (MIP-MEP) in sedentary and athletes 

individuals (Hartz et al., 2018; Romer et al., 2002; Volianitis et al., 2001; Williams et al., 

2002). Additionally these researches, inspiratory muscle strength training carried out in 

disability persons (Okrzymowska et al., 2019; Vural et al., 2019), in children (Öztütüncü 

& Özdal, 2019) and in patients (Dall’Ago et al., 2006; Enright et al., 2004; Harver et al., 

1989). 

 Respiratory load increases with high intensity exercise. While this situation affects 

the respiratory ability of the athlete, it causes the respiratory muscles to fatigue and 

insufficient oxygen transfer to the tissues. For this reason, fatigue symptoms are observed 

in athletes. Fatigue of the respiratory muscles means that up to 15% of the athlete's total 

energy efficiency is lost (Harms et al., 2000; Lomax & McConnell, 2003; Sheel et al., 2001; 

St Croix et al., 2000). Considering the comparisons between applications in the present 

study; it can be concluded that in comparison of the last five shots and overall fatigue 

scores, in which fatigue began to increase and athlete performance decreased, significant 

results in favor of RWU showed effects such as increased alveolar ventilation and 

decreased alveolar carbon dioxide, thus it decreases respiratory muscle fatigue and 

reduces the fatigue of the athlete during exercise. In summary, it can be said that the 

increase in muscle strength of the athlete, who is less metabolically tired, makes the drag-

flick or shot much harder, and the improvement in the breathing rhythm makes the shot 

more accurate. 

 In conclusion, when the tests and muscle exercise applications and data were 

analyzed, a significant difference was found in favor of inspiratory muscle exercise 

(RWU) in general. It can be thought that inspiratory muscle exercise can have a positive 

effect on drag-flick and shot hit performance in hockey.  
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