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ABSTRACT 

 Warm-up is an essential part of preparation for rowing, especially in competitions. 

Respiratory muscle warm-up has been proposed to be the beneficial warm-up protocol for 

enhancing rowing performance.  Therefore, the aim of this study is to determine the effect of 

inspiratory and expiratory muscle warm-up on rowing performance. The design of the study is a 

crossover study with controlled experiments.  Fourteen youth rowers from the Rower and 

Canoeing Association of Thailand ( six males, eight females)  had to perform two warm-up 

protocols:  specific rowing warm-up ( SWU)  and a combination of inspiratory and expiratory 

muscle warm-up with specific rowing warm-up (RWU+SWU). Afterwards, they had to perform a 

six minute all-out test. Mean power, distance, pre- and post-maximum inspiratory and expiratory 

muscle strength (MIP, MEP) of these results were compared. The results showed no significant 

differences in mean power (p=0.233) and distance (p=0.177) between SWU and RWU+SWU. 

Furthermore, pre-post MIP and MEP were not different in both warm-up protocols.  However, 

mean power and distance in male rowers tend to increase under the RWU+ SWU protocol, but 

both of parameters result in females conversely.  In conclusion, the effect of RWU+ SWU on 

rowing performance is not different from SWU, but if gender is considered, male and female 

rowers will react to the RWU+ SWU protocol differently.  Hence, this should be further 

investigated with a larger number of participants. 

 

Keywords:  inspiratory and expiratory muscle warm-up; specific rowing warm-up; rowing 

performance 
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1. Introduction  
 Over two decades, there have been 

numerous studies focused on enhancing 

respiratory muscle function [ 1-5] .  There are 

two essential pieces of information.  Firstly, 

respiratory muscles can become fatigued                   

[6,7] .  Dempsy et. al ( 2006)  said that 

respiratory muscles have the high aerobic 

ability and they naturally resist fatigue in low 

to moderate exercise intensities. But they are 

sensitive to fatigue during high intensity 

exercise (more than 80%  of VO2 max) with 

long duration [ 8] .  Secondly, exercise 

performance can be limited when they work 

heavily.  The accumulation of lactate in 

inspiratory muscle stimulates “ inspiratory 

muscle metaboreflex” causing limb fatigue by 

activating limb vasoconstriction and reducing 

blood flow [ 9] .  In addition, the inspiratory 

muscle function has an influence upon 

perception of effort during exercise.  When 

respiratory muscles work at a high level, the 

perception of effort is greater [10] .   In 

competitive rowing, rowers need maximal 

physical capacities.  One of the physical 

capacity factors that influences rowing 

performance is respiratory function [11]. The 

movement of rowing consists of four major 

phases:  catch, drive, finish, and recovery. 

There is evidence that the rowing movement 

affects respiration by decreasing ventilation 

[12]  and increasing workload of respiratory 

muscles [13] .  According to all of these 

findings, respiratory muscles play an 

important role in rowing performance. 

Enhancing respiratory muscle function by 

preparing them during warm-up period is 

necessary. 

 Warm-up is an important part of 

preparation for rowing.  Karvonen et. al. 

( 1999)  said that most general warm-up 

protocols are moderate in intensity and cause 

low ventilation demand. Whereas, the specific 

warm-up requires higher intensity and 

ventilation demand [14] .  For rowing, 

performing a general warm-up followed by a 

specific warm-up can elevate ventilation 

which may prepare respiratory muscles for 

heavy work [15] .  However, a study has 

shown that a specific respiratory muscle 

warm-up protocol is more effective in 

enhancing inspiratory muscle strength than a 

whole body specific rowing warm-up 

protocol [16] .  In addition, a previous study 

found that the preparation of respiratory 

muscles during warm-up protocol has a 

positive effect on rowing performance by 

combining inspiratory muscle warm-up with 

specific rowing warm-up [ 17] .  It seems that 

this combination can improve rowing 

performance by enhancing the ability of 

inspiratory muscle and decreasing respiratory 

muscle fatigue [17]. Therefore, the inspiratory 

muscle plays an important role in exercise 

performance.  However, not only inspiratory 

muscle are required in heavy exercise, but 

also expiratory muscle, [18] .  Suzuki et al. 

(1991)  found that the expiratory muscle 

becomes fatigued after prolonged exercise 

which can affect exercise performance [19] . 

Moreover, the metaboreflex causing 

vasoconstriction in limb blood flow and 

decreasing exercise performance has been 

demonstrated in both expiratory and 

inspiratory muscles [20] .  According to this 

study, the expiratory muscle function seems 

to play an essential role in rowing 

performance.  Therefore, the ability of 

inspiratory and expiratory muscles may have 

an influence on exercise performance, 

especially in rowing.  Furthermore, it is 

possible that the preparation of the respiratory 

muscles should be done for both inspiratory 

and expiratory muscles.  The purpose of this 

study is to investigate the effect of inspiratory 

and expiratory muscle warm-up on rowing 

performance. 

 

2. Materials and Methods  
Fourteen rowers (six males and eight 

females)  from the Rower and Canoeing 

Association of Thailand participated in the 

study. All subjects were informed and signed 

the consent form that had been approved by 

the Thammasat University Ethics Committee 

No. 118/ 2558.  Originally, eight males were 
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recruited, but two males had to leave this 

research project because of their previous 

injuries 

This research was designed as a 

crossover study with controlled experiments. 

Participants were randomly assigned into two 

groups (group A and group B) . Both groups 

had to attend three visits, on the first occasion 

to collect baseline information and to get 

familiar with the respiratory resistance 

training device, on the following two 

occasions to perform two warm-up protocols 

in random order followed by a six minute all-

out test.  After that, they had to rest for one 

week and then perform another warm-up 

protocol and test on the same day.  The two 

protocols were specific rowing warm-up 

(SWU) and a combination of inspiratory and 

expiratory muscle warm-up with specific 

rowing warm -up ( RWU+ SWU) .  The 

respiratory muscle warm-up was performed 

by using a respiratory muscle-training device 

( Pressure threshold loading)  [ 17] .  Rowing 

performance was assessed with a six minute 

all-out test by using the rowing ergometer 

(Model C, Concept II, Nottingham, UK) 

  2.1 Specific rowing warm-up 

(SWU) 

This warm-up protocol was created 

by Volianitis et al. (1999) [21] for preparation 

of rowing racing.  The protocol consists of 

light jogging while maintaining the heart rate 

at 110–130 beats/ min, 10 minutes of 

stretching and 12 minutes of rowing by 

increasing gradually the training intensity and 

keeping the heart rate at 148–178 beats/min. 

Finally, five sprints with increasing stroke 

rate and power output were done.  The 

participants performed light paddling for two 

minutes between each set.  After that, 

participants rested for five minutes and then 

performed a six minute all-out test. 

2.2 Respiratory muscle warm-up 

with specific rowing warm-up 

(RWU+SWU) 

This warm-up protocol was a 

combined inspiratory and expiratory muscle 

warm-up that followed Griffiths et al. 

( 2006) [ 22] .  It consists of 50%  of MIP and 

MEP, two sets of 30 breaths using a 

respiratory resistance training device designed 

by the Project of Research and Development 

of Biomedical Instrumentation, Institute of 

Molecular Biosciences, Mahidol University. 

Following the respiratory muscle warm-up 

protocol, all participants had to perform a 

specific rowing warm-up. 

The respiratory resistance training 

device was used so as to enhance respiratory 

muscle function. Buranapuntalug et.al.(2013) 

found that respiratory muscle training with a 

respiratory muscle resistance training device 

can enhance respiratory muscle strength and 

endurance with higher results than a 

controlled group [23] 

2. 3 Respiratory muscle resistance 

training device 

Using the respiratory muscle 

resistance training device mentioned in the 

previous section, participants breathed via a 

two-way low resistance, non-rebreathing 

valve (Hans Rudolph, USA)  Inspiratory and 

expiratory muscle training was performed by 

using a closed solenoid valve that connected 

to the inspiration and expiration pressure 

gauges with a control shutter.  The training 

was designed to sustain inspiration for three 

seconds and expiration for six seconds at 

target pressure as indicated by the gauges. 

Subjects performed progressive inhalation up 

to target pressure and held for three seconds, 

followed by exhalation to target pressure and 

held for six seconds.  Within the inspiration 

tube, air was heated and humidified. 

2.4 Rowing performance 

After that, participants had to perform 

a six minute all-out test by using a rowing 

ergometer (Model C, Concept II, Nottingham, 

UK). The six minute all-out test was initially 

developed in order to simulate rowing 

performance ( the standard world 

championship race distance of 2,000 

meters) [ 24] .  All participants had to row at 

maximum effort for six minutes and then 

mean power output and distance were 

measured 
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2.5 Maximum inspiratory pressure 

(MIP)  and Maximum expiratory pressure 

(MEP) 

MIP and MEP were used to measure 

inspiratory and expiratory muscle strength. 

Both were recorded before performing SWU 

and SWU+RWU warm-up protocols and after 

the six minute all-out test by using a portable 

hand-held mouth pressure meter ( Precision 

Medical, London, UK). 

2.6 Statistical analysis 

Wilcoxon signed ranks test was used 

to analyze the difference between mean 

power and distance in both warm-up 

protocols (SWU, SWU+RWU) and Friedman 

test was used to assess the difference pre-post 

MIP and MEP between the SWU and 

SWU+RWU warm-up protocols. 

 

3. Results and Discussion  
Subject characteristics are shown in 

Table1. 

Table 1. Characteristics of participants 

Characteristic Participants(6 males 

and 8 females) 

Mean SD 

Age (year) 17.14 0.36 

Weight (kg) 65.01 8.76 

Height (cm)  169.43 9.10 

MIP (cmH2O) 119.93 32.34 

MEP (cmH2O) 114.93 26.34 

MIP = Maximal inspiratory pressure 

MEP = Maximal expiratory pressure 

 

3.1 Rowing performance 

There were not significant differences 

in mean power and distance between the 

SWU and SWU+RWU warm-up protocols as 

shown in Table 2.  Mean power after 

SWU+RWU was 3.43% lower than SWU and 

distance after SWU+RWU was 1.21%  lower 

than SWU. However, if gender is considered, 

rowing performance of both sexes was 

different.  

In male rowers, mean power after 

SWU+ RWU was 1.98 %  higher than SWU 

and distance after SWU+ RWU was 0. 68% 

higher than SWU.  While in female rowers, 

mean power after SWU+ RWU was 9. 95% 

lower than SWU and distance after 

SWU+ RWU was 2. 87%  lower than SWU 

(Table 2) 

3.2 Maximum inspiratory and 

expiratory muscles strength (MIP,MEP) 

There were no significant differences 

in pre-post MIP and MEP between both 

warm-up protocols ( SWU, SWU+ RWU)  as 

can be seen in Table 3. 
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Table 2. The effect of SWU and SWU+RWU warm-up protocols on rowing performance. 

 SWU SWU+RWU p-

valuea Mean SD Mean SD 

Male and female 

rowers(14 ) 

     

Distance (m) 1517.21 132.52 1498.86 158.07 0.177 

Mean power (W) 214.29 56.00 206.93 67.28 0.233 

Male rowers (6)      

Distance (m) 

Mean power (W) 
 

1653.67 

272.17 

51.94 

24.87 

1665.00 

277.67 

37.35 

18.69 

0.249 

0.248 

Female rowers (8)      

Distance (m) 

Mean power (W) 
 

1414.88 

170.88 

52.50 

18.91 

1374.25 

153.88 

63.28 

25.50 

0.035* 

0.036* 

a= Wilcoxon signed ranks test  

* = Significantly different at p< 0.05 

 

Table 3. The effects of SWU and SWU+RWU warm-up protocols on MIP and MEP. 
 

a = Friedman Test 
 *= Significantly different at p < 0.05 

 

The main finding of this study was 

no significant differences in mean power 

(p=0.233) and distance (p=0.177) in SWU  

and RWU+ SWU protocols. Similarly, MIP 

and MEP also did not have a significant 

difference in pre-post MIP and MEP. 

Nonetheless, if the results were split by 

genders, then it was found that the mean 

 SWU SWU+RWU p-

valuea 

 pre post pre post  

 Mean SD Mean SD Mean SD Mean  SD  

Male and female 

rowers(14 ) 

        

 

MIP(cmH2O) 

 

116.14 

 

27.15 

 

122.07 

 

30.69 

 

121.64 

 

27.88 

 

124.07 

 

32.81 

 

0.110 

 

MEP(cmH2O) 

 

118.43 

 

29.82 

 

120.71 

 

29.21 

 

127.79 

 

32.40 

 

129.07 

 

39.76 

 

0.580 

 

Male rowers(6)          

 

MIP(cmH2O) 

 

121.17 

 

35.41 

 

132.83 

 

37.55 

 

133.83 

 

29.45 

 

135.50 

 

41.94 

 

0.097 

 

MEP(cmH2O) 

 

 

131.33 

 

39.15 

 

131.83 

 

21.93 

 

150.50 

 

31.70 

 

146.50 

 

36.71 

 

0.441 

Female rower(8) 
 

         

MIP(cmH2O) 112.38 20.87 114.00 23.85 113.00 25.03 115.50 23.37 0.415 

MEP(cmH2O) 108.75 17.52 112.38 32.48 110.75 21.40 116.00 39.96 0.930 
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power and distance tend to increase in male 

rowers, but not enough to make a significant 

difference.  Conversely, mean power and 

distance of SWU+ RWU in female rowers 

were significantly lower than SWU. 

According to this result, it seems that male 

and female rowers react differently to 

inspiratory and expiratory muscle warm-up 

protocol.  

From other studies, male and female 

athletes in running, swimming, and 

badminton, use the same inspiratory muscle 

warm-up protocol [25–27]. The intensity at 

40% of MIP two sets of 30 breaths was used 

in both genders of athletes and it was 

recommended to combine with a specific 

rowing warm-up protocol for enhancing 

rowing [ 17] .  On the contrary, there were 

studies which found that these warm-up 

protocols did not improve exercise 

performance [ 28,29] .  Arend et. al.  ( 2015) 
[29] said that 40%  of MIP intensity warm-

up does not have a significant influence on 

submaximal endurance performance in 

highly trained male rowers.  Unfortunately, 

there were no studies that investigated the 

effect of both inspiratory and expiratory 

muscle warm-up on exercise performance. 

Only two studies examined inspiratory and 

expiratory muscle training, and both studies 

determined intensity at 50%  of MIP and 

MEP [23,30] .   However, the respiratory 

training devices were different from this 

study.  

In this study, the result showed that 

50%  of MIP and MEP two sets of 30 

breaths with a specific rowing warm-up 

protocol tend to enhance rowing 

performance in male rowers.  The 

enhancement of rowing performance could 

be due to the improvement of respiratory 

muscle function.  According to related 

studies, inspiratory muscle warm-up can 

improve inspiratory muscle function which 

contributes to decreased dyspnea [17] 

breathless sensation [26,28] ; likewise, 

inspiratory muscle warm-up can attenuate 

muscle deoxygenation [ 31] .  However, the 

effects of expiratory muscle warm-up were 

not investigated in those studies.  As the 

study’ s result, expiratory muscle warm-up 

may enhance expiratory muscles to 

collaborate with inspiratory muscles and 

effectively contribute to reduce the work of 

breathing while rowing. 

On the other hand, the intensity at 

50%  of MIP and MEP seems to impair 

rowing performance in female rowers.  The 

negative effect in female rowers may be 

caused by excessive intensity for females. 

Consequently, respiratory muscles will 

work heavily before the subsequent 

performance test.  There is evidence that 

exercise performance is reduced when 

inspiratory and expiratory muscles become 

fatigued prior to starting exercise [ 32,33] .  

Aamir et al. (2016) found that females tend 

to have lower inspiratory and expiratory 

muscle strength than males [34]. Moreover, 

McClaran et al.  ( 1998)  [ 35]  found that 

females have smaller lung volumes and 

maximal flow rates, especially in highly fit 

women and this caused expiratory flow 

limitation during heavy exercise. According 

to physiological characteristics of females, 

the suitable intensity of inspiratory and 

expiratory muscle warm-up protocol for 

females should be lower than 50%  of MIP 

and MEP.  

This study has some limitations 

which have to be clarified in 2 points. First, 

it did not investigate other physiological 

parameters such as blood lactate, oxygen 

uptake, and RPE. Second, this study focused 

on only youth rowers from the Rower and 

Canoeing Association of Thailand.  Hence, 

the number of participants in this study was 

too small to conclude with certainty the 

observed gender-specific differences. 

Therefore, further studies are required to 

examine in more depth the proper intensity 

of respiratory muscle warm-up which can 

improve rowing performance in both male 

and female rowers. 
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4. Conclusion 
The effect of combined inspiratory 

and expiratory muscle warm-up with 

specific rowing warm-up is not different 

from specific rowing warm-up.  But, if 

gender is considered, male and female 

rowers react differently to the RWU+ SWU 

protocol.  Hence, this should be further 

investigated with a larger number of 

participants. 
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