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INTRODUCTION

The respiratory muscles, including the diaphragm, react 
to an increase in physical activity by increasing minute 
ventilation.1 This increase in ventilatory demands raises 
the work of  breathing and increases the propensity 
for respiratory muscle fatigue (RMF),2 The occurrence 
of  RMF leads to alterations in breathing patterns to 
facilitate and maintain the force-generating capacity 
of  the inspiratory muscles. Studies have demonstrated 
that both the inspiratory and expiratory muscles are 
susceptible to fatigue and would impose limitations to 

exercise tolerance in healthy adults during high intensity 
sustained exercises3,4 and prolonged sub-maximal 
exercises.5 

Harms, (2002) reported that respiratory muscles were 
susceptible to exercise-induced fatigue, due to the imbalance 
between the increasing metabolic demands of  locomotor 
muscles and the higher demand on the respiratory muscles 
for increased gas exchange.2 During intense exercise, an 
increase in respiratory muscle demand for oxygen reduces 
the limb blood flow by diverting the blood flow from the 
limb muscles to the respiratory muscles, the metaboreflex.6,7 
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This accelerates the rate of  limb muscle fatigue potentially 
limiting exercise tolerance.2

In the sport of  rowing, ‘extreme’ demands are placed on 
the respiratory muscles as it is involved in; 1. Increased 
ventilation 2. Maintaining structural stability and 
strengthening of  the spine and other bony structures 3. 
Generation and transmission of  propulsive force during 
the rowing stroke,7 Therefore, during rowing, when work 
intensity increases, the diaphragm’s role in ventilation takes 
preference over its role in postural stability.5 This may 
lead to an increased risk of  injury due to spinal instability 
and a loss of  postural control which would result in low 
performance. 

Therefore, strengthening of  the respiratory muscles 
especially the diaphragm would help to delay the onset of  
the metaboreflex, by reducing the blood flow demand by 
the respiratory muscles,8 increase the cardiac output to the 
leg muscles and thereby improving the performance.9,10

Respiratory muscle training (RMT) is a technique that can 
be used to improve the strength of  the respiratory muscles. 
RMT consists of  inspiratory muscle training (IMT) or 
expiratory muscle training (EMT) or a combination of  
both. RMT has been shown to improve respiratory muscle 
strength in different athletic groups such as marathon 
runners,11 triathlons,12 rowers,9 cyclists13 and swimmers14 

in both western and developing countries. 

There are many devices that are used for RMT such as 
Voluntary Isocapnic Hyperpnoea, Inspiratory flow resistive 
loading (IFRL) and Pressure threshold loading (PTL). As 
these are expensive and unavailable in many developing 
nations this study aimed at introducing a new protocol of  
RMT which comprised of  specific breathing and abdominal 
exercises to strengthen the respiratory muscles. 

MATERIALS AND METHODS

A case controlled randomized study was conducted in 
20 male light weight rowers aged 20-35 years during the 
competitive period at the General Sir John Kotelawala 
Defence University, Ratmalana and Exercise and Sports 
Science laboratory, Department of  Physiology, Faculty 
of  Medicine, University of  Peradeniya. Age (25.3 
± 3.5 years), body weight (71.3 ± 5.5 kg) and height 
(176.9 ± 8.9 cm) matched rowers were randomly divided 
into an experimental (n=11) and a control group (n=9). 
Healthy adult national male rowers and non–smokers 
were included in the study while smokers and those with 
respiratory illnesses or on medication for any other illness 
were excluded from the study.

The rowers were informed about the details of  the 
research project, test procedure, risks and benefits. Written 
informed consent was taken from each subject prior to 
the administration of  the questionnaire which included; 
demographic data, general information of  the rowing 
sport, smoking history, duration and number of  cigarettes 
per day/week/month), alcohol abuse, medical and surgical 
history and presence of  injuries. Ethical Clearance was 
obtained from Ethics Review Committee, Faculty of  
Medicine, University of  Peradeniya (2016/EC/52). This 
trial was retrospectively registered (UMIN000040345, 
09/05/2020).

Prior to the commencement of  the training program, 
baseline measurements and tests namely, respiratory 
muscle strength including maximal inspiratory (PImax) 
and maximal expiratory pressures (PEmax), 2000m and 
5000m rowing ergometer time trial were carried out 
on all 20 subjects. Respiratory muscle strength (RMS) 
which includes inspiratory muscle strength (IMS) and 
expiratory muscle strength (EMS) were measured by 
maximal inspiratory mouth pressure (PImax) and maximal 
expiratory mouth pressures (PEmax) respectively using a 
mouth pressure meter (Micro MPM, Micro Medical Ltd., 
Kent, United Kingdom; Precision Medical MPM, UK). All 
measurements were taken using a flanged mouthpiece in 
an upright standing position. The flanged mouthpiece was 
placed in the mouth of  the subject with the lips making a 
tight seal around it. Nose clips were worn to occlude the 
nares while performing the manoeuvre. Participants were 
given careful instructions prior to the test and encouraged 
throughout the procedure. To assess Maximal Inspiratory 
Pressure (PImax), the subjects were instructed to inhale 
fully with a sharp, forceful effort which was maintained 
for a minimum of  ~2 seconds while Maximal Expiratory 
Pressure (PEmax) was evaluated with the subjects requested 
to inhale maximally up to total lung capacity (TLC) and 
then to exhale forcibly and maximally.15  The test distance of  
2000m and 5000m are commonly used to monitor rowing 
training and performance. The concept II, (Nottingham, 
UK) ergometer machine and stopwatch were used for the 
test and the time spent on the rowing ergometer machine 
was assessed. After a warm-up of  10 minutes duration, the 
drag factor was set at which the rower was to be tested. 
The stopwatch was used to measure the time duration to 
complete the 2000 meter and 5000-meter distance. 

Thereafter, rowers in the experimental group were 
requested to follow a new protocol of  “respiratory muscles 
training (RMT) program” for 7 days per week for 12 weeks 
period. This RMT included a warm-up session, flexibility 
training, inspiratory and expiratory muscle strength 
training programs and warm-down sessions. The flexibility 
training included stretching of  the chest and trunk muscles 
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by introducing full body stretches and lateral stretches 
which was repeated more than 30 times.16  The inspiratory 
muscle training program used different breathing exercises 
including diaphragmatic re-education, profound (deep) 
inspiration and inspiratory hiccups.17 These exercises 
mainly targeted strengthening of  the diaphragm, external 
intercostals muscles and other accessory inspiratory 
muscles. Each technique was repeated 30 times with rest 
intervals between them. In the present study, abdominal 
muscles strengthening and endurance exercises namely; 
Isometric Side Bridge and Curl-ups16 were introduced in 
the expiratory muscle training program. A full description 
of  all the components of  the RMT program is included 
as Additional file 1. 

The rowers in the control group were recommended 
a “general exercise program” for 7 days per week for 
12 weeks period. This included a warm-up and warm down 
sessions (similar to intervention group), flexibility training 
and strength training programs for non-respiratory muscles. 
The flexibility training included the biceps stretching and 
triceps stretching.16 These exercises were repeated 10 times 
for both arms. In the control group, strength training 
exercises were included as follows: Biceps curls, Triceps 
curls, Hamstring curls and Quadriceps strengthening 
(Straight Leg raises).16 Additional file 2 includes a full 
description of  general exercise program. Both programs 
were introduced in addition to the routine exercise 
schedule followed during the competition season. During 
the training programs, all participants in the experimental 
and the control groups were requested to maintain a 
detailed physical activity-training schedule and an “Exercise 
program training diary” in order to monitor training 
adherence. The respiratory muscle training program and 
the general exercise program were conducted for 7 days 
per week for 12 weeks after which assessment of  the 
respiratory muscle strength, and ergometer performance 
were repeated.

Respiratory muscle fatigue (RMF) was also assessed using 
the mouth pressure meter. PImax or PEmax have been 
shown to be reliable measures of  inspiratory and expiratory 
muscle fatigue.18 Inspiratory muscle fatigue (IMF) and 
expiratory muscle fatigue (EMS) were determined by 
calculating the difference between the pre-exercise and 

post-exercise mouth pressures. Pre-exercise (Pre-Ex) testing 
was done prior to the introduction of  the respective training 
programs in both groups while post-exercise (Post-Ex) 
measurements were carried out at the end of  12-week 
training programs. Data was entered and validated in a 
(Statistical Package for Social Sciences (SPSS) version 17.0) 
database. The descriptive statistics were calculated for 
demographic data and respiratory muscle strength in both 
the experimental and the control group. Paired sample t test 
was used to compare variables before and after the exercise 
programs in the experimental and the control group. The 
independent sample t test was used to compare the variables 
between the experimental group and the control group. 
Statistical analysis was conducted at a 95% confidence 
interval, and p < 0.05 was considered statistically significant.

RESULTS

Respiratory muscle strength namely Inspiratory muscle 
strength (IMS) and expiratory muscle strength (EMS) 
was assessed by measuring maximal inspiratory mouth 
pressure (PImax) and maximum expiratory mouth pressure 
(PEmax) in both, the control and experimental groups 
before and after introducing the non- RMT and RMT 
programs respectively are shown in Table 1. Inspiratory 
muscle strength (PImax) improved by 22.5% in the 
experimental group, while an 11.0% improvement was 
seen in the control group after the respective exercise 
programs. The improvement was highly significant 
(p<0.01) in the experimental group compared to the 
control which was significant after the respective exercise 
programs. Significantly greater improvement of  expiratory 
muscle strength (PEmax), 18.3% vs 15.9% was seen in 
the experimental group than the control group after the 
respective exercise programs (p<0.01). However, when 
comparing PImax and PEmax after the exercise programs 
no significant difference was seen between the experimental 
and the control group (p>0.05). 

Table 2 shows the effect of  non-RMT and RMT program 
on inspiratory muscle fatigue (IMF) and expiratory muscle 
fatigue (EMF) in both the control and the experimental 
group respectively. Inspiratory muscle fatigue was 
calculated as the mean difference between pre-training Peak 

Table 1: Inspiratory and expiratory muscle strength of rowers in control group (n=9) and experimental 
(n=11) group before and after training programs
Respiratory muscle strength Control group Experimental group

Pre Mean ± SD Post Mean±SD p value Pre Mean±SD Post Mean±SD p value
PImax (mmHg) 114.2+18.1 136.8+26.1 0.01** 109.4+33.0 134.0+36.7 0.001**
PEmax (mmHg) 144.1+22.6 167.6+27.7 0.03** 158.3+37.8 187.3+45.4 0.001**

PImax: Peak Inspiratory Mouth Pressure, PEmax:  Peak Expiratory Mouth Pressure, SD – Standard deviation, *p< 0.05- Significant, **p< 0.01- Highly Significant
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Inspiratory Mouth Pressure (Pre-training PImax) and post 
training Peak Inspiratory Mouth Pressure (Post training 
PImax) while EMF was calculated as the mean difference 
between pre-training Peak Expiratory Mouth Pressure 
(Pre-training PEmax) and post training Peak Expiratory 
Mouth Pressure (Post training PEmax). Both IMF and 
EMF were higher in the control group compared with the 
experimental group, but it was not significant (p>0.05).

The 2000m and 5000m rowing ergometer time trial 
performance tests were assessed before (pre) and after (post) 
the exercise programs in the control and the experimental 
group as shown in Figure 1 and Figure 2 respectively. There 
was a significant reduction in both 2000m and 5000m 
ergometer performance time in the experimental group 
(p< 0.05) while the control group showed no significant 

reduction. Both 2000m and 5000m ergometer performance 
were compared between control and experimental group 
after the 12-week training programs (Figure 3 and Figure 4). 
It was found that there was a significant difference (p<0.05) 
between experimental and control group in both 2000m and 

Table 2: Comparison of inspiratory and 
expiratory muscle fatigue between the control 
(n=9) and the experimental group (n=11) after 
the training programs
Respiratory 
muscle fatigue

Mean ± SD P value
Control group Experimental 

group
IMF (mmHg) -20.66±20.49 -25.36±14.96 0.58
EMF (mmHg) -29.00±28.39 -31.81±14.42 0.79

IMF: Inspiratory Muscle Fatigue, EMF: Expiratory Muscle Fatigue, SD – Standard  
deviation, *p< 0.05- Significant

Figure 1: 2000m time trial test before and after the exercise programs 
of the control and the experimental group. 2000m rowing ergometer 
performance significantly improved in the experimental group (p=0.001) 
while the control group (p=0.06) did not show significant improvement at 
the end of 12-week respective training program. Confident interval (CI)

Figure 3: Comparison of 2000m time trial test between the control 
and the experimental groups after the RMT program. There was a 
significant difference (p=0.001) between experimental and control 
group in 2000m ergometre time trial test after specific 12-week RMT 
program. Confident interval (CI).

Figure 2: 5000m time trial test before and after the exercise programs 
of the control and the experimental group. 5000m rowing ergometer 
performance significantly improved in the experimental group (p=0.04) 
while the control group (p=0.73) did not show significant improvement at 
the end of 12-week respective training program. Confident interval (CI)
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5000m ergometer time trial test after the exercise programs 
with the experimental group having a lower ergometer timing.

The relationship between respiratory muscle strength 
and ergometer performance in the control (n=9) and 
the experimental group (n=11) was shown in Table  3. 
The RMS and ergometer performance (both 2000m and 
5000m) correlated negatively, but it was not significant in 
both groups (p>0.05). 

DISCUSSION

A vast number of  studies have been done globally to assess 
the effect of  Respiratory muscle training (RMT) in healthy, 

clinical and athletic populations. Many use different RMT 
devices to strengthen the respiratory muscles. This novel 
RMT program introduced in the present study used series 
of  breathing techniques and exercises to increase the 
strength of  the respiratory muscles and thereby improve 
the performance of  Sri Lankan rowers. 

Studies have shown that highly trained rowers have greater 
respiratory muscle pressures compared to normal healthy 
subjects of  similar age and height.19 In the present study, 
there was a significant improvement in inspiratory muscle 
strength (PImax) and expiratory muscle strength (PEmax) 
following the respective training programs in both groups 
(p<0.05) overtime. The expiratory muscle strength was 
higher in the experimental group (18.3%) compared to the 
control. However, no significant difference was observed 
between the two groups (p>0.05). Another study showed 
an improvement of  28.0% following RMT with the RMT 
device.20 Similar findings were observed in a study which 
showed that PImax improved in pre and post-exercise 
values in the control and the experimental groups and 
between the two groups.9  The improvement in PImax in 
the experimental group compares favorably with similar 
studies that have observed increases from 8% to 45% in 
PImax following resistive loading device.21 But, in contrast, 
some studies demonstrated an improvement in PImax only 
in the experimental group.9,22 However, Donnelly in 1991 
has mentioned that there were no ergogenic benefits for 
male rowers performing RMT as their respiratory muscle 
strength may be sufficient to protect them from the 
inspiratory muscle fatigue.23

The increase in respiratory muscle strength is similar to the 
resistance and endurance training of  the limb muscles or 
skeletal muscles with adaptations in muscle structure and 
function. This leads to an increase in strength, power and 
endurance of  the diaphragm and accessory inspiratory 
muscles.24 Wilson has reported that similar to the skeletal 
muscles strength training, respiratory muscles strength 
training will show growth of  predominantly type II fibre 
and while endurance training results in growth of  type I 
fibre growth and RMT has been shown to increase both 
strength and endurance.25

Figure 4: Comparisons of 5000m time trial test between the control 
and the experimental group after the exercise programs. There was 
a significant difference (p=0.001) between experimental and control 
group in 5000m ergometre time trial test after specific 12-week RMT 
program. Confident interval (CI)

Table 3: The relationship between respiratory muscle strength and ergometer performance in the 
control group (n=9) and the experimental group (n=11)
Respiratory 
muscle 
strength

Control group Experimental group
2000m ergometer 

performance 
5000m ergometer 

performance
2000m ergometer 

performance
5000m ergometer 

performance
r p r p r p r p

PImax (IMS) -0.52 0.15 -0.30 0.42 -0.06 0.85 -0.25 0.45
PEmax (EMS) -0.06 0.87 -0.62 0.07 -0.34 0.31 -0.13 0.71
[IMS – Inspiratory muscle strength; EMS – Expiratory muscle strength; r = Correlation coefficient;*p< 0.05- Significant; **p< 0.01- Highly 
Significant]
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The respiratory muscles are vulnerable to exercise-induced 
fatigue during high intensity exercise due to the competition 
between increasing metabolic demands of  the locomotor 
muscles and the associated increase in work of  breathing by 
the respiratory muscles.26  It has been suggested that rowers 
having improved PImax and PEmax prevents them from 
developing inspiratory muscle fatigue (IMF).23 Although 
the exact mechanism by which RMF occurs is still unclear 
it has been suggested that RMT may help to overcome 
this by strengthening the respiratory muscles and reducing 
the demand for higher blood circulation to the respiratory 
muscles. In addition, RMT has been shown to reduce blood 
lactate concentration and sympathetic activation.9 This is 
important in delaying the occurrence of  the metaboreflex 
which is important in improving exercise performance.26 
In the present study, both IMF and EMF were lower in 
the experimental group compared to the control group, 
but there was no significant difference in both IMF and 
EMF between the two groups. This was consistent with 
the observation of  several studies which showed that 
inspiratory muscle training increased inspiratory muscle 
strength, delayed IMF during exhaustive exercise, and 
improved maximal performance significantly.27 Volianitis 
has shown that RMT in lightweight oarswomen produced 
significant increases in PImax, decreased IMF, and 
improved rowing performance during a 6-minute all-out 
of  effort and 5000m race.28 Some studies have suggested 
that even cardiovascular exercise (aerobic exercise) training 
protects athletes from the effects of  RMF.3, 29  This means 
that whole-body endurance training for long periods could 
enhance respiratory muscle performance and reduce RMF. 
This could be the reason why it was observed that there 
was an increase in RMS even in the control group of  our 
study although it was lower than the experimental group.

Many RMT research have used ‘time trials’ as a key outcome 
measure of  exercise performance.28,29 In the present 
study, there was a significant improvement (p<0.05) in 
the time trial in both the 2000m (Figure 3) and 5000m 
(Figure  4) ergometer performance in the experimental 
group compared to the control group after their respective 
training programs. 

The results of  the present study are consistent with the 
findings of  previous studies,17 who revealed that there 
was a significant improvement in rowing performance in 
the experimental group after RMT. Volianitis (2001) was 
the first to investigate the effect of  RMT in well-trained 
female rowers, and observed that there was a 1.9% increase 
in the distance covered in the 6 Minutes All Out of  effort 
(6MAO) test and the time to complete the 5 km time trial 
decreased by 2.2% compared to the control group.28 In 
contrast, a study by Riganas 17 on national Greek female 
rowing squad observed a significant increase in both 

Pre-and post-Exercise PImax following IMT but no change 
in 2 km rowing ergometer performance. Therefore, the 
benefits associated with RMT on rowing performance 
remains indecisive.17, 30

Several studies have observed a positive impact on sports 
performance of  inspiratory muscle training in healthy, 
untrained and trained subjects in comparison to the 
expiratory muscle training.9 Inspiratory muscle training has 
been shown to improve exercise capacity during short term 
high intensity and sub-maximal cycling28, 31 and repeated 
sprint exercise.32

When considering the relationship between respiratory 
muscle strength (RMS) and performance it was observed 
that rowers with higher IMS and EMS performed better 
with lower timings in both 2000m and 5000m ergometer 
tests in the present study, although it was not significant 
(p>0.05) (Table 3). This shows that improving RMS has 
an important role in the enhancing exercise performance. 
This compares well with a study which showed a strong 
negative correlation between PEmax and the time spent in 
the rowing ergometer machine.33  This study also suggested 
that EMS is associated more with exercise performance 
than IMS. In contrast, some studies have suggested that 
even with an increase in RMS no change has been observed 
in exercise performance especially in athletes or cyclists.34, 35

CONCLUSION

It was observed, that both the control and the experimental 
group developed significantly higher IMS and EMS after 
engaging in their respective training programs while IMF 
and EMF were lower in the experimental group compared 
to the control group. However, there was no significant 
difference in RMS or the development of  RMF between 
two groups. More importantly, rowers who followed the 
RMT program performed better in both 2000m and 
5000m rowing ergometer tests compared to the control 
group. Therefore, it can be concluded that applying the 
RMT program in the training schedules of  rowers resulted 
in improving both 2000m and 5000m rowing ergometer 
performance.

Limitation and future scope of the study
The major limiting factor of  the current RMT exercise 
program was that this training schedule did not include 
major resistant training programs for the respiratory 
muscles during inhalation and exhalation for adaptation of  
the respiratory muscles to occur. In contrast, many RMT 
devices require the participant to inspire or expire against 
a fixed flow resistance load which could be controlled. 
Therefore, to improve the effects of  this program, it is 
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recommended that special resistant balloons, example a 
thera band to generate a resistant load. In all forms of  
resistance training, not only should the intensity of  the 
exercise be increased, but the overall volume and duration 
should also be changed. Training at a higher volume, by 
increasing the number of  repetitions, might produce more 
favourable metabolic changes in the respiratory muscles. 
Further investigations are also warranted for posture-
specific RMT to enhance ventilatory functions in the 
different rowing postures as the group that received RMT 
was shown to have better ventilatory parameters than the 
control.
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