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ABSTRACT

Purpose: Understanding the physiological effects of immersion, particularly on pulmonary dynamics in
healthy individuals is important to predict and interpret the physiological responds in unhealthy group. The
aim of our study is to evaluate the inspiratory and expiratory muscle strength and cough strength in healthy
individuals during water immersion at different water depths.

Methods: A cross-sectional study was conducted in 24 healthy individuals with the mean age 20.0 years.
Respiratory muscle strength test and cough force were tested on dry land and in pool at iliac crests, xiphoid
appendix of the sternum and clavicles levels. Measurements were randomized at each level. The
Friedman test was used for repeated measures with Wilcoxon signed ranks test with Bonferroni correction
was applies to compare the variables.

Results: A significant difference between dry land and immersion in water of different levels for MEP
(p=0.001) and PEF (p= 0.015). Multiple comparisons showed no difference between levels in PEF
(p<0.001), whereas MEP values measured in clavicles level was significantly higher than both dry land
and iliac crest level (p<0.0125).

Conclusion: Clavicle level immersion alters respiratory muscle strength when compared with the values
measured out of the water and immersed at the iliac crest level in healthy individuals.
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INTRODUCTION

The fludo-mechanic properties of water such as
bouncy, hydrostatic pressure and viscosity alter the
physiological responses of human body with water
immersion. Central venous pressure, cardiac output
and volume increase as a result of venous flow
diverting from the periphery to the centre with the
effect of decreasing gravity together with the
hydrostatic pressure of the water (1). The elimination
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of gravity and hydrostatic pressure acting on the body
during immersion directs the venous blood, especially
in the lower extremities, to the lungs and heart.
Increased central blood volume reduces diffusion
capacity in the lungs, increases resistance in airways,
which leads to decrease in pulmonary volume and
vital capacity (VC), consequently breathing workload
changes. Studies reported that inspiratory workload
increases almost 60% as a result of central blood
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shifting, changes in lung volumes and respiratory
mechanics (2-6).

The immersion level is one of the most important
determinants in the pulmonary responses during
water immersion. Limited studies have shown that
different levels of immersion have effects on
respiratory muscle strength. Andrade et al. showed
that inspiratory muscle strength decreased as the
immersion level increased, however they did not
discuss the effects on expiratory muscle strength (7).
It may be hypothesized that the increase in intra-
abdominal pressure due to immersion reinforce the
expiratory forces, there was no evidence found in
related literature.

Coughing is the forceful expulsion of air with
increased intra-abdominal and intrathoracic pressure
against the closed epiglottis after deep inspiration.
Thus, inspiratory and expiratory muscle strength have
important role in effective cough (8). There was no
study found investigating the effects of immersion on
cough strength.

Decreased function is expected in the first stage of
cough with increased inspiration workload and
decreased VC, while increased intra-abdominal and
intrathoracic pressure may be helpful in the second
stage.

Recently, water-based exercises are being widely
used for treatment purposes. Treatment techniques
and applications became more advance and
accessible. People with different diagnosis and age
groups, especially more disadvantages individuals,
are being referred to aquatic treatment centres as
moving in water is easier and more comfortable.
Water-based exercises or aquatherapy propose
effective and safe environment for those with direct
pulmonary involvement such as chronic obstructive
pulmonary disease (9, 10), COVID-19 (11) and those
with indirect involvement namely spinal cord injuries
(12), neuromotor diseases (13, 14) and
rheumatological diseases (15, 16). Number of people
with variety diagnosis and problems are using
aquatherapy for different purposes yet literature
about pulmonary response to immersion is still
scarce.

Understanding the physiological effects of immersion,
particularly on pulmonary dynamics in healthy
individuals is important to predict and interpret the
physiological responds in unhealthy group. The aim
of our study is to evaluate the inspiratory and
expiratory muscle strength and cough strength in
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healthy individuals during water immersion at

different water depths.

MATERIALS AND METHODS

Study design

This is an observational study. The study was
approved by Non-interventional Clinical Ethics
Committee of Izmir University of Economics ((Date:
19.07.2022, Number: B.30.2.IEUSB.0.05.05-20-168).

Participants:

The sample size was calculated as 24 participants
with a 95% confidence interval and a 5% deviation
margin, using the data of a similar study in the
literature (7). The participants were recruited via
flyers and social media announcements. The
participants, at the age of 18 to 25 years with no
chronic disease were selected by convenience and
sequentially.

Participants who had a history of respiratory or
cardiovascular iliness, regular aerobic exercise and
hydrophobia were excluded. Participants who meet
the inclusion criteria were informed about the study
procedure and signed consent was obtained.

Materials and procedure

All evaluations and measurements were completed
within 1 day for each participant. First, they were
asked to rest for 5 minutes then demographic
information was recorded by face-to-face interview
method.

The measurement procedure was carried out in two
stages, informative and experimental. At the
informative stage participants were familiarized with
the manoeuvres of inspiratory and expiratory
pressure assessments following their anthropometric
data was recorded. After the informative stage,
measurements were conducted under four different
conditions on land, immersion at the iliac crest level,
immersion at the xiphoid level and immersion at the
clavicle level. During the measurements, the
participants were asked to perform the manoeuvres
in a sitting position and with a nose clip attached.
Maximum inspiratory pressure (MIP) and maximum
expiratory pressure (MEP) and cough force
evaluations were randomization by using a random
table.

The study was held in a treatment centre with a pool
for aquatherapy purposes. The pool was 4X5 meter
dimension and 1.40 m depth. The water temperature
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Table 1. Descriptive data of participants (n=24).

Sex, n (%)

Women 14 (58.3)

Men 10 (41.7)
Age, years 20.0 (19.0-20.0)
Height, cm 170.0 (165.0-181.75)
Body Weight, kg 67.5 (55.0-84.25)
BMI, kg/m? 22.89 (20.70-25.46)

BMI, body mass index
Values expressed as median (interquartile range) or number
of participants (%).

was 30-31° C. The participants were immersed with
an electronic lift during the test procedure.
Participants were asked to rest 2 minutes between
measurements and 5 minutes rest after changing the
conditions. Each participants measurement took
almost an hour with 45 minutes water immersion.
Respiratory muscle strength test; is the measurement
of intraoral pressures during maximal respiration
against a valve that closes the airway during
maximum inspiration and expiration. MIP and MEP
were evaluated by digital manometer (RP Check, MD
Diagnostic Ltd., Kent, UK) with a measurement range
of 0-300 cmH20. MIP and MEP assessment were
conducted according to the statement of European
Respiratory Society (17).

Cough force or peak cough flow (L/min) was
evaluated with a portable Pef-meter device (Mini
Wright peak expiratory flow meter). Three attempts
were undertaken, and the highest value was recorded
for the analysis for each measurement condition (17).

Statistical Analysis

Statistical analyses were performed using the SPSS
software version 25.0 (SPSS Inc., Chicago, IL, USA).
According to Shapiro-Wilk test, most of the variables
were not normally distributed. Therefore, non-
parametric tests were deemed more adequate for this
study. Medians and interquartile ranges (25th-75th
percentile) were used for descriptive analyses. The
Friedman test was used to examine the effect of dry
land and different levels of immersion in water on
respiratory muscle strength and cough strength.
Significant results were then analysed by post-hoc
tests (Wilcoxon signed ranks test with Bonferroni
correction). The significance level was set at 0.05,
except for post-hoc analysis, in which the significance
level was set at 0.0125 (0.05/4) after Bonferroni
correction.
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RESULTS

Of 30 participants assessed for eligibility, 6
participants were excluded due to mild upper
respiratory tract infection (n=3) and being elite athlete
(n=3). Finally, a total of 24 healthy participants’ data
was analysed. The participants’ characteristics are
presented in Table 1.

Table 2 presents the results of changes in respiratory
muscle strength and cough strength following dry
land and different levels of water immersion. There
were no significant changes in MIP values among
four conditions (p<0.05).

The results revealed a significant difference between
dry land and immersion in water of different levels for
MEP and PEF (p=0.001 and p= 0.015, respectively).
However, post hoc pairwise tests did not show any
statistical difference in PEF. In contrast, multiple
comparisons  showed  statistically  significant
differences in MEP between dry land and clavicles
level (p<0.001), and between iliac crests level and
clavicles level (p= 0.003). MEP values measured in
clavicles level was significantly higher than both dry
land and iliac crest level (p<0.0125).

DISCUSSION

Few studies examined the relation between
pulmonary muscle strength and water immersion
level (3, 7, 18, 19). In this paper we showed that
especially expiratory forces increased with the level
of immersion.

Aquatherapy is widely used especially for those who
are more disadvantaged in moving on land (1, 13, 14,
16). Health problems involve mobility disorders
mainly coincide with or eventually cause pulmonary
disorders. Moreover, aquatic therapy for pulmonary
diseases has additional effect in improving the
endurance exercise capacity (20) therefore
aquatherapy for this population could become more
suggestible. Hence it is important to understand
effects of water immersion on pulmonary system.
The initial studies have shown that head out
immersion can lead to changes in pulmonary
volumes, forced expiratory volume during the first
second, and functional residual capacity decrease
regarding to the level of immersion (4, 21) This
reduction in lung volumes are due to central blood
shifting and hydrostatic pressure around abdomen
and chest. Therefore, volumetric reduction increases
with immersion level (5, 6). Decreased gravity force
and increased hydro pressure result in improved
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Table 2. Effect of dry land and different levels of water immersion on respiratory muscle strength and cough strength

Dry land lliac crests level Xiphoid level Clavicles level p value
Respiratory Muscle
Strength
MIP, cmH20 96.0 92.5 86.5 85.5 0.168
(73.7-114.0) (72.0-108.0) (74.0-114.5) (67.7-102.7)
MEP, cmH20 106.5 106.5 112.5 126.0 0.001* 2P
(86.5-119.5) (93.7-123.7) (92.2-139.5) (93.0-156.0)
Cough Strength
PEF, L/min 600.0 600.0 620.0 645.0 0.015*

(485.0-787.5) (500.0-800.0)

(502.5-800.0) (472.5-800.0)

MIP, maximum inspiratory pressure; MEP, maximum expiratory pressure; PEF, peak expiratory flow

Values expressed as median (interquartile range)

*Statistically significant at p<0.05 (Friedman test: p-value indicates the comparisons among dry land and different levels of water

immersion)
#Difference between dry land and clavicles level
PDifference between iliac crests level and clavicles level

p<0.001 for MEP
p=0.003 for MEP

ab(post-hoc Wilcoxon signed ranks test with Bonferroni correction resulting in a significance level of p<0.0125)

blood flow to the lungs which leads increased work of
breath up to 60% at neck level immersion (1). Hoshi
et al. also reported that water immersion above
xiphoid appendix level increase airway resistance
(22). All these findings point out that pulmonary
muscles are working in an altered condition during
head immersion.

Andrade et al. found that MIP decreases significantly
with the level of immersion at the xiphoid process and
even more at clavicle level (7). In our study even
though, MIP tended to decline there was no
significant decrease occurred with immersion level.
Both studies involved similar subject groups; young
healthy individuals with around 40% male
participants. They mentioned that they randomized
measurement levels however in our study we
randomized the measurement sequences rather than
levels. This might be the reason of differences in
results as our subjects may have developed
adaptation to immersion. If the subjects were selected
from a group of individuals with weaker adaptation
mechanism the results would be expected differently.
On the other hand, studies with healthy elderlies (3)
and stroke (23) patients showed no difference in MIP
on land and in water. Further studies are needed to
understand the changes in inspiratory muscle
strength during head out immersion.

Our study showed that immersion level had
significant effect on MEP. MEP measured at iliac
crest immersion was found greater than dry land.
This result is conflicting with Andrade’s (7) and
Yamashina’s (3) finding which they found no
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statistically significant difference at iliac crest level.
They randomized their immersion level during their
study whereas we immersed gradually and
randomised oral cavity pressure measurements
instead. Immersion at crest iliac level leads lower limb
venous circulation shift to abdomen and thorax.
Increased filling of abdominal and thoracic vessels
may trigger some neuromuscular changes that
generates more powerful contraction. However, this
chance did not continue at xiphoid level where
abdominal pressure increases.

At clavicle level immersion, the mechanical loads of
water are higher than the previous conditions, MEP
statistically increased. Our findings conflict with
results where they reported no changes in in MEP
values at any immersion level. On the other hand,
Kim et al. investigated pulmonary changes in stroke
patients on land and in clavicle level immersion in
standing position. Their MEP results were similar to
our findings, there was a significant increase with
immersion (23).

Cough strength was evaluated in this study to
investigate the power in the initial part of forced
expiratory which may show correlation to forced
expiratory flow between (FEF). Our findings showed
that cough strength tend to increase with the level of
immersion however post-hoc pairwise tests did not
show any statistical difference between immersion
levels. Other studies evaluated reported decrease in
FEF with immersion comparing to the dry land values
(18, 19).
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In this paper we only discuss the passive effects of
immersion on pulmonary muscle strength. It is known
that pulmonary volumes reduce with the immersion.
There are few studies investigated the changes the
force generated by pulmonary muscles with altered
conditions. Our findings showed that MIP did not
change with the immersion level where as MEP
increased in deeper levels. Cough strength had
tendency to increase however there were significant
difference was found between immersion levels.
These findings showed similarities and conflictions
with the existing scarce literature.

CONCLUSION

In  conclusion pulmonary system undergoes
physiological changes with immersion and response
of inspiratory muscles are not entirely understood.
These changes may vary depending on the depth and
duration of the immersion, as well as the individual's
fitness level and overall health. Further studies are
needed to understand the effects of immersion
responses of pulmonary muscles.
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