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Abstract

Background : Physical movement in water can provide a form resistance training for the

respiratory muscles on chest expansion in the inspiratory phase. While exercising in water

may be useful for developing respiratory muscle strength and promoting overall health,

few reports are available on respiratory muscle strength during exercise in water.

Purpose : To investigate the effect of inspiratory muscle training (IMT) in water compared

with that on land on respiratory muscle strength. Methods : The study included twenty-

nine healthy men (fifteen in a water group [WG] and fourteen in a land group [LG]). Before

starting IMT, we evaluated the maximum inspiratory pressure (PImax) and maximum

expiratory pressure (PEmax) in the oral cavity in both groups on land as the surrogate

indexes of the inspiratory and expiratory muscle strength, respectively. The WG

performed IMT in a sitting position while immersed in water up to the clavicular level.

The LG performed IMT in a sitting position on land. For the duration of the IMT, the

subjects performed twenty-min breathing at a respiratory rate of fifteen breaths/min

synchronized with a metronome four times per week for eight weeks. Results : In both the

WG and LG, the inspiratory muscle strength significantly increased after six and eight

weeks of IMT compared with that at the baseline (p<0.05). There was no significant

differences in the increase in the rate of change of the inspiratory muscle strength after

eight weeks of IMT between the groups. Additionally, there was no significant difference

in the expiratory muscle strength after eight weeks of IMT between the groups.

Conclusion : IMT on land and in water improves the inspiratory muscle strength ; however,

there is no difference in the increase in the rate of change of inspiratory muscle strength

after IMT between IMT on land and that in water.
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Introduction

Diminished respiratory muscle strength results

in reduced efficiency of coughing to remove

airway secretions, which increases the risk of

atelectasis or pneumonia after surgery or

prolonged bed rest (McCool, 2006 ; Kulnik et al.

2014). In addition, fatigue of muscles involved in

inspiration, such as the diaphragm, external

intercostal, or parasternal intercostal muscle,

causes shortness of breath, which might result in

reduced exercise tolerance (Smith et al. 1992 ;

Sasaki, 2005). While diminished respiratory

muscle strength is an important concern in

clinical settings, the aging-related physiological

changes in the respiratory system, such as a

decrease in pulmonary elasticity, fusion between

the sternal bone and costal cartilage, or increase

in thoracic kyphosis, also lead to a reduction of the

respiratory muscle strength and respiratory

function (Janssens et al. 2004). In Japan, known as

having the most rapidly aging society in the

world, pneumonia was ranked as the third leading

cause of death in 2011, which was higher than

cerebrovascular disease-related death. Thus, it is

essential to maintain the respiratory function

including respiratory muscle strength for the

health promotion.

As a part of health enhancement plans, aquatic

exercise has recently been introduced to

rehabilitation and sport clubs (Cider et al. 2005 ;

Wilcock, 2006). Aquatic exercise can reduce the

self-weight load, which enables persons with

obesity (Sheldahl, 1986), joint diseases (Chi et al.

2011), or lumbago (Sjogren et al. 1997 ; Han et al.

2011 ; Irandoust et al. 2015) to perform exercise

safely. In addition, it is known that water

viscosity and pressure can be used as exercise

loads contributing to the enhancement of

extremity muscle strength (Craig et al. 1967 ;

Wang et al. 2007 ; Lee et al. 2015).

Breathing underwater requires great effort

mainly for the following two reasons : first, the

blood volume shifts into the chest cavity because

of the increased venous return from the lower

extremities ; second, inflexibility of the chest wall

and diaphragm shifts toward the cranial side

because of the hydrostatic pressure, resulting in

restricted pulmonary compliance (Craig et al.

1967 ; Craig et al. 1975). Regarding the effect of

the water depth on the respiratory function, the

pulmonary vital capacity (VC), forced expiratory

volume during the first second (FEV1.0), and

functional residual capacity (FRC) decrease

during water immersion at the clavicular or

cervical level (Agostoni et al. 1966 ; Leith et al.

1967 ; Prefaut et al. 1976 ; Buono, 1983).

Furthermore, de Andrade et al. reported that the

decrease in the maximum inspiratory muscle

strength during water immersion was greater

when the water level was at the clavicle than at

the xiphoid process because of the higher water

pressure at the clavicular level (de Andrade et al.

2014). We also suggested that forced respiration

during upright water immersion up to the

clavicular level resulted in greater inspiratory

muscle fatigue than at shallower depths

(Yamashina et al. 2016).

Therefore, aquatic exercise, such as swimming

or walking in water, is an ideal exercise for health

promotion, which can add an aspect of resistance

training using water viscosity to aerobic exercise.

In addition, the specific conditions of resistance to

chest expansion during the inspiratory phase may

be useful for developing respiratory muscle

strength. However, few reports are available on

the respiratory muscle strength during exercise

in water.

In the present study, we hypothesized that the

inspiratory muscle strength would increase more

after aquatic exercise training for eight weeks

compared with that on land. Thus, we inves-

tigated the effect of inspiratory muscle training

(IMT) in water compared with that on land based

on the respiratory muscle strength.

Methods

1．Subjects

Twenty-nine normal healthy males were

included in the study. Subjects who had a history

of respiratory or cardiovascular disease, hyper-

tension (resting systolic blood pressure (BP)≧140

and/or diastolic BP≧90), diabetes, or obesity

(body mass index (BMI) ≧30), or a habit of

smoking were excluded. The eligible applicants

who met the inclusion criteria participated in the

study after familiarizing themselves with the

experimental protocol, such as the measurement

method by spirometry and inspiratory muscle

training (IMT) described below. The character-

istics of the subjects are summarized in Table 1.

This study was approved by AINO University

Research Ethics Committee (Aino 2016-002), and

also conformed to the standard set by the

Declaration of Helsinki, and written informed

consent was obtained from all subjects prior to the

experiment.
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2．Anthropometrical measurements

The weight, height, and respiratory function

were measured before the first experiment.

3．Experimental protocol

We randomly divided the twenty-nine subjects

into fifteen in a water group [WG] and fourteen in

a land group [LG]. Before starting IMT, we

evaluated the maximum inspiratory pressure

(PImax) and maximum expiratory pressure

(PEmax) in the oral cavity in both groups on land

as the surrogate indexes of the inspiratory and

expiratory muscle strength, respectively.

The WG performed IMT in a sitting position

while immersed in water up to the clavicular level

(Figure 1). The LG performed IMT in a sitting

position on land. For the duration of the IMT, the

subjects performed twenty-min breathing at a

respiratory rate of fifteen breaths/min

synchronized with a metronome four times per

week for eight weeks. During training, the

inspiratory muscle load was adjusted to 30% of

the PImax at the baseline using an inspiratory

loading device (Threshold IMT, Philips, PA, USA).

The rate of change in the respiratory muscle

strength from the baseline was calculated using

the following equation :

rate of change (%)= [(a measured value)−

(baseline value)]/(baseline value)×100

4．Evaluation of respiratory functions and respi-

ratory muscle strength

The respiratory function was evaluated using a

spirometer (AS-507, Minato, Osaka, Japan), and

parameters such as VC and FEV1.0. PEmax and

PImax in the oral cavity (Black et al. 1969) were

also evaluated using a sthenometer (AAM337,

Minato, Osaka, Japan) attached to the spirometer,

and considered as the surrogate indices of

expiratory and inspiratory muscle strength,

respectively.

5．Statistical analysis :

Statistical analysis was performed using

statistical software (Stat View ; SAS, Cary, NC,

USA). Data are expressed as the mean ±

standard deviation (SD). Two-way analysis of

variance was used to compare the respiratory

muscle strength at the baseline, two weeks after

IMT, four weeks after IMT, six weeks after IMT,

and eight weeks after IMT. When there was

significance, a multiple comparison test (Tukey-

Kramer) was performed. Significance was

defined by a value of P<0.05.
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Table 1 The physical characteristics of the subjects

Land Group Water Group

Number 14 15

Age (years) 23.2±0.2 23.2±2.7

Height (m) 1.68±0.1 1.71±0.1

%VC 100.6±5.8 98.5±9.5

FEV1.0 (%) 90.2±6.3 88.8±6.2

PImax (cmH2O) 88.4±15.3 83.5±15.4

PEmax (cmH2O) 92.2±24.3 89.6±23.1

Values are means±SD.

Abbreviations : VC. vital capacity, FEV1.0.. forced expiratory volume in

one second, PImax. maximum inspiratory pressure, PEmax. maximum

expiratory pressure.

Figure 1 Inspiratory muscle training in water

Table 2 Changes in respiratory muscle strength following inspiratory muscle training

Group Rate of change (%) 2 weeks 4 weeks 6 weeks 8 weeks

Land Group
PImax 0.26±1.68 1.39±2.27 5.01±2.86* 8.49±2.12*

PEmax 0.01±0.02 2.08±2.91 2.59±3.81 0.96±3.54

Water Group
PImax 0.05±2.94 3.78±4.59 6.49±3.11* 11.14±2.74*

PEmax −0.96±2.93 0.31±2.26 0.97±2.61 1.38±2.79

Values are means±SD. *p<0.05 vs. Baseline

Abbreviations are as in Table 1.



Results

All subjects who participated in this study

completed IMT for eight weeks.

The effects of IMT on land and in water on the

inspiratory muscle strength

In both the WG and LG, the inspiratory muscle

strength significantly increased after six and eight

weeks of IMT compared with that at the baseline

(p<0. 05). However, there was no significant

difference in the increase in the rate of change of

the inspiratory muscle strength after eight weeks

of IMT between the groups.

The effects of IMT on land and in water on the

expiratory muscle strength

There was no significant difference in the

expiratory muscle strength after eight weeks of

IMT between the groups.

Discussion

In the present study, we investigated whether

there was an increase in the inspiratory muscle

strength following IMT for eight weeks on land

and in water at a water depth of the clavicular

level, and revealed that there is no difference in

the increase in the rate of change of the

inspiratory muscle strength between the groups.

In previous research, it was reported that IMT

from a four- to twelve-week period increased the

inspiratory muscle strength (Tenório et al. 2013 ;

Souza et al. 2014), and our results support those of

this previous research. In other words,

regardless of being performed on land or in water,

IMT can be considered effective to increase the

inspiratory muscle strength. However, in this

study, there was no difference in the rate of

increase of the inspiratory muscle strength

between the groups following eight weeks of IMT.

Although hydrostatic pressure would have

affected the entire chest region in the water at the

clavicular level, it is possible that the load was

insufficient for healthy young men to increase

their inspiratory muscle strength. In general, in

water environments, due to compression of the

abdominal wall by hydrostatic pressure, the

diaphragm elevates and compresses the lungs,

and pulmonary compliance decreases through

water pressure being applied to the abdominal

wall (Craig et al. 1967 ; Craig et al. 1975). As a

result, compared with water depth at the navel,

lung capacity decreases when the water depth is

at the clavicle (Kurabayashi et al. 2001 ;

Yamashina et al. 2016). For these reasons, in this

study, it was considered that when the water

depth was at the clavicle, the chest region would

be more compressed due to hydrostatic pressure,

compared to when on land. However, the water

resistance during aquatic exercise varies

according to the kinetic rate (Castillo-Lozano et al.

2014), which means that a lower kinetic rate

correlates with reduced water resistance on

aquatic exercise. It is possible that respiration in

water at a low frequency reduces the load against

the chest wall on aquatic respiration exercise. In

this study, the inspiratory phase was performed in

two seconds in conjunction with a metronome,

which might not be long enough load for a

sufficient load to be applied to the inspiratory

muscles even in water compared with on land.

Regarding the expiratory muscles, improvement

could not be confirmed for both LG and WG. In

the present study, we did not apply any loads to

the expiratory muscle in the expiratory phase

during IMT. Furthermore, hydrostatic pressure

against the chest wall could possibly assist

expiratory muscles to contract. Therefore, our

submerged IMT may have resulted in on effect to

the expiratory muscles. In addition, it has been

reported that treadmill walking in water induces

greater respiratory muscle fatigue than treadmill

walking on land at the same exercise intensity in

healthy young men (Yamashina et al. 2016). This

suggests that dynamic motion in water such as

walking might affect respiratory muscles more

than exercise in water in a stationary position. In

the future, it will be necessary to assess whether

there would be an effect on the respiratory

muscle strength with an exercise load where

water pressure is more readily applied to the

chest, such as walking in water, rather than

stationary exercise. There are some limitations

of the present study. Subjects performed IMT

with prescribed inspiratory loads and respiratory

rates, as described in the above “Methods”

section. However, subjects were only asked to

maintain their tidal volume with normal

respiration at rest. It is not certain whether the

subjects could keep their tidal volume during IMT

constant in all trials. Therefore, there is a

possibility that differences in the tidal volume

influenced the magnitude of the inspiratory

muscle load. Furthermore it needs to be clarified

whether the same results would be obtained if the

subjects were persons with chronic respiratory

diseases whose respiratory muscles are

weakened. In addition, the water resistance

during aquatic exercise varies according to the
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kinetic rate (Castillo-Lozano et al. 2014), which

means that a lower kinetic rate correlates with a

smaller water resistance in aquatic exercise. It is

possible that respiration in water at a low

frequency reduces the load against the chest wall

in aquatic respiration exercise. Therefore, it is

necessary to develop effective aquatic exercise

protocols to strengthen the respiratory muscles.

Conclusion

IMT on land and in water improves the

inspiratory muscle strength. However, there is

no difference in the increase in the rate of change

of the inspiratory muscle strength after IMT

between IMT on land and that in water.
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