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Abstract

Purpose: The purpose of this study was to compare the effect on inspiratory and expiratory muscle strength
(PImax and PEmax respectively) of walking in water with that of walking on land.

Participants and Methods: Eighteen healthy males were randomly divided into the walking in water group
(WG: 9 people) and the walking on land group (LG: 9 people). The LG walked on level ground and the WG
walked in a pool filled to the depth of the fourth intercostal space or above. The exercise intensity was adjusted
so that the walking speed raised the heart rate to 60% of the predicted maximum in both groups, and walking
continued for 30 minutes 4 times a week over 6 weeks.

Results: In both groups, PImax increased significantly after 6 weeks compared with pre-exercise value, but
no significant difference was observed between the two groups. PEmax increased significantly after 4 weeks
compared with the pre-exercise value only in the WG, and its value was significantly higher than that
of the LG.

Conclusion: We demonstrated that 6 weeks of walking on land and in water at 60% of the predicted maximum

heart rate enhances PImax, but PEmax is enhanced only in the aquatic environment.

Keywords: Walking in water - Walking on land- Respiratory muscle strength-Healthy males.

INTRODUCTION

Muscle fatigue involved in inspiration, such as
with the diaphragm muscle, external intercostal
muscles, or parasternal intercostal muscles, induces
a shortness of breath resulting in impaired exercise
tolerance® 2. Consequently, those regressions of the
physical function could lead to lower physical activity.
In addition, diminished respiratory muscle strength
results in the reduced efficiency of coughing to
remove airway secretions (phlegm), which increases
the risk of atelectasis or pneumonia after surgery or
prolonged bed rest.>*.

In Japan, pneumonia emerged as the third largest
cause of death for the first time in 2011; more so than
cerebrovascular diseases, reflecting an aging society®.

Therefore, the maintenance and enhancement of
respiratory function, including respiratory muscle
strength, are indispensable as a health promotion
measure.

In recent years, aquatic exercise has been introduced
at rehabilitation sites and at sports clubs as a means
of health promotion®?. Buoyancy in aquatic exercise
lessens the load of one’s weight, so even those who are
obese® or those with diseases in joints or lower back
pain” can safely do these exercises. It is also possible
to add resistance using the viscosity and the pressure
of water, which has been recognized as having the
effect of limb muscle strengthening!® 9.

Breathing underwater requires great effort, primarily
for the following two reasons: first, blood volume
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shifts into the chest cavity because of the increased
venous return from the lower extremities; second,
the inflexibility in the chest wall and diaphragm shift
cranially because of hydrostatic pressure, resulting
in restricted pulmonary compliance!?!¥. Regarding
the influence of water depth on respiratory function,
the vital capacity (VC), forced expiratory volume
during the first second (FEV1), and functional
residual capacity (FRC) are apparently reduced by the
hydrostatic pressure at water depths up to the clavicle
or neck level'>'”, and Andrade et al. reported that the
maximum inspiratory muscle strength declines as the
water depth increases '®. We too have confirmed the
decrease in VC with the increased depth of water??.

Therefore, aquatic exercise, such as swimming or
walking in water, is an ideal exercise for health
promotion as it can add resistance training using
water viscosity to aerobic exercise. In addition,
the specific circumstance of resistance to chest
expansion during the inspiratory phase may be
useful in developing respiratory muscle strength.
Previous studies reported that exercise in water for a
duration of 8-10 weeks improved respiratory muscle
strength and exercise tolerance in healthy individuals
and patients with chronic obstructive pulmonary
disease?’22, However, we have founded that there
was no difference in the influence on inspiratory
muscle strength in aquatic and on-land exercises after
testing for such for 8 weeks in healthy adults.?®. These
facts suggest the need to consider the exercise style,
exercise intensity, and water depth when promoting
the enhancement of respiratory muscle strength in
an aquatic environment. We hypothesized that the
inspiratory muscle strength is enhanced more when
walking in water than when walking on land because
the inspiratory exercise is performed against water
pressure. Similarly, the expiratory muscle strength
would be enhanced when compared to walking on
land because the abdominal muscle groups work to
fix the trunk against water pressure.

Therefore, the purpose of this study was to compare
the influence on respiratory muscle strength of
walking in water to that of walking on land.

MATERIALS AND METHODS

We recruited the volunteers, healthy males aged
between 20 and 29 years. Participants who had a
history of respiratory or cardiovascular disease,
hypertension (resting systolic blood pressure (BP) 2

140 mmHg and/or diastolic BP 2 90 mmHg), diabetes,
obesity (body mass index (BMI) = 30 kg/m?), or 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 and load
of walking on land or in water described below. 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 participants prior to the experiment.

Eighteen healthy adult males were randomly divided
into the walking in water group (WG: 9 people) and
the walking on land group (LG: 9 people). One week
before starting the walking program, the weight,
height, and respiratory function were measured to
confirm that there were no problems with respiratory
functions. We measured respiratory muscle strength
by evaluation of maximum inspiratory and expiratory
pressure (PImax, and PEmax, respectively) on land
while seated. These were used as the pre-exercise
values. PImax and PEmax were evaluated using a
sthenometer attached to the spirometer (AAM337,
Minato, Osaka, Japan) according to the method by
Black and Hyatt?¥ and were considered the surrogate
indices of inspiratory and expiratory muscle strength,
respectively.

For the walking program, the LG walked on level
ground and the WG walked in a pool filled up to the
depth of the fourth intercostal space or above. The
exercise intensity was adjusted so that the walking
speed raised the heart rate to 60% of the predicted
maximum in both groups, and walking continued
for 30 minutes 4 times per week over 6 weeks. The
breathing rate for each minute before and immediately
after the end of each walk was measured and recorded.
The respiratory muscle strength was measured on
land in a sitting position every 2 weeks. A wrist-type
pulsometer (ForeAthlete 235], Garmin, USA) was
used for the measurement of the heart rate. T-shirts,
shorts and ordinary sports shoes were worn when
walking on land and trouser-type swimsuit (without
upper parts) and underwater shoes were used for
underwater walks.

All statistical analyses were performed using Stat
View statistical software package (Ver5.0, SAS, Cary,
NC, USA). Data were expressed as mean * standard
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deviation (SD) unless otherwise indicated. The effects
of walking in water and on land, and changes in the
respiratorymusclestrengthwere examined by two-way
(trial x time) ANOVA with repeated measurements. In
the case of significant time and trial effect, subsequent
post-hoc multiple pairwise comparisons (Tukey
method) were performed. Statistical significance was
defined by a value of p < 0.05.

RESULTS

The mean values of height, weight, and respiratory
functions of the participants were shown in Table
1. All participants who participated in this study
completed the walking program for 6 weeks. In both
groups, PImax increased significantly after 6 weeks

Table 1. The physical characteristics of the participants

(p <0.05) compared with pre-exercise value, but no
significant difference was observed between the two
groups. PEmax increased significantly after 4 and 6
weeks compared with the pre-exercise value only in
the WG, and its value was significantly higher than
that of LG.

The breathing rate increased significantly in both
groups after walking compared to before walking,
but there was no significant difference between them
(Before walking in water: 14.8 = 1.9, Before walking
on land: 15.5 + 1.4, After walking in water: 25.4 * 2.0,
After walking on land: 24.8 + 3.4 times/min; p <0.05
for Before walking in water vs After walking in water,
p <0.05 for Before walking on land vs After walking
on land).

Land Group Water Group
Number 9 9
Age (years) 24.1 + 1.6 23.8 + 2.5
Weight (kg) 66.0 * 5.5 63.5 * 4.8
Height (cm) 170 * 7 168 * 4
%VC (%) 92.9 * 7.5 94.4 * 8.4
FEV1 (%) 87.9 * 3.6 89.6 + 2.7
Values are means + SD.
Abbreviations: %VC. % vital capacity, FEV1: forced expiratory volume during the first second
Table 2. Changes in PImax and PEmax following walking on land and in water
Group changes (cmH,0) pre-exercise 2 weeks 4weeks 6 weeks
PImax 89.0 | £|13.1(90.1| +|125| 93.0 | +| 124 |100.1| £ | 12.6
Land Group
PEmax 86.1 | +|108 (868 | +|10.7| 880 |+ | 121 | 90.1 | +| 123
PImax 871 |+| 83 [873|+| 85| 906 |+]| 105 | 996 | £+ | 94"
Water Group " "
PEmax 896 |+| 6.0 |888| |75 |101.0| | 7.0% | 1048 | + | 5.4

Values are means +SD. *p < 0.05 vs. pre-exercise, *p < 0.05 vs. land group.

Abbreviations: PImax. maximum inspiratory pressure, PEmax. maximum expiratory pressure.

DISCUSSION

We found that walking at this exercise intensity level
is effective for improving inspiratory muscle strength
regardless of land and aquatic walking environments,
but the aquatic environment was better in improving
the expiratory muscle strength.

In general, in the aquatic environment, the hydrostatic
pressure on the abdominal wall causes the diaphragm
tobeliftedandtopressurize thelungs,and the hydraulic
pressure applied to the chest wall causes a lowering
of the compliance of the thorax?* 29. Kurabayasi et

al. reported that the chest circumference decreased
significantly by 0.5 cm due to water pressure at neck-
level water when compared to before entering the
water 2. Furthermore, it is said that the vital capacity
and the respiratory muscle strength decrease as
the water depth becomes deeper than the umbilical
level'®). Based on these facts, we hypothesized that the
inhibitory muscular strengthisincreased inthe aquatic
environment as compared with the land environment
because of the load added by the water pressure while
enlarging the thorax during inspiration.
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In fact, at the depth of the fourth intercostal space, it
seems that the water pressure is applied to the thorax
rather than on the land, but it was possible to consider
that the load was not enough to raise the inspiratory
muscle strength in water compared to on land.
However, inspiration muscular strength has increased
by walking both in water and on land. This is likely
due to the increased breathing rate from walking that
added a load on the inspiratory muscles, which led to
the increased inspiratory muscle strength after 6 weeks.

Increased strength in expiratory muscles was, however,
detected only in the walking in water group. Previous
studies have reported that the abdominal muscular
tonus is crucial for stabilization of the body trunk
to maintain a standing posture during underwater
walking?®, and expiratory muscle fatigue was induced
by underwater walking more than by land walking 2%
Thesereports show thatload is added to the abdominal
muscle groups when walking in water. Therefore, the
abdominal muscle groups were continually working
against water pressure during walking in the water
to fix the trunk, which might have strengthened the
expiratory muscles after 4 weeks of exercise.

There are several limitations to this research. We
have not measured the tidal volume during walking
in water and on land. Although we confirmed that
the respiratory rate increased after walking, the tidal
volume may also have increased. Since an increased
tidal volume is an element of added load on the
inspiratory muscles, it would be important to measure
this in the future. Moreover, in this study, the walking
speed was adjusted to 60% of the predicted maximum
heartrate, but whether the same effect can be obtained
at other loads should also be studied in the future.

In summary, we demonstrated that 6 weeks of walking
at 60% of the predicted maximum heart rate enhances
inspiratory muscle strength regardless of land and
aquatic environments, but expiratory muscle strength
is enhanced only in the aquatic environment. Further
studies are needed to develop an exercise regimen
that can be utilized in the field of sport or clinical
settings that makes the most of the characteristics of
submersion and aquatic exercise.
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