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Effectiveness of respiratory resistance training device on respiratory
muscles strength and endurance

Sasipa Buranapuntalug'*; Wattana Jalayondeja’; Rungchai Chaunchaiyakul® .

Abstract

Respiratory muscle strength and endurance play critical roles, like a pump, to continuously ventilate
air in and out from the lungs. This makes the body possible to prolong physical activity. Respiratory muscle
training is, therefore, necessary for either unhealthy or healthy persons. Various techniques and equipment
on respiratory muscle training have been developed with some limitations. Most equipment focused on lung
volumes and capacities and flow rates, in which environmental humidity and temperature had not been taken
into account. These limitations cause sore throat and frequently bring training to an end. To investigate the
effectiveness of respiratory resistance training device, specifically developed with humidity and temperature
adjusted to overcome the above limitations, on strength and endurance. Twenty female volunteers (average age
= 22.50 X 2.64) were randomly divided into control (n = 10, no training) and experimental (n = 10, training)
groups. The latter group was continuously trained using respiratory resistance training device at 40% of each
individual maximal inspiratory pressure (MIP, represents inspiratory muscle strength) for 20 cycles/set (pause
10 sec for every 2 cycles), 5 sets/day, 3 days/week for 6 weeks. To make progression, new MIP was estimated
and inspiratory resistance was readjusted on weekly basis for maintain load at 40%MIP. Respiratory muscle
strength (inspiratory pressure via MIP and expiratory pressure via MEP) and endurance (via 12 sec maximal
voluntary ventilation) were tested on week 1 (pre-training), 3 and 6. The Control group showed no significant
change of both respiratory muscle endurance and inspiratory muscle strength. While the training group had higher
respiratory muscle endurance and inspiratory muscle strength throughout the studying period. Respiratory muscle
endurance in training group was significant higher at week 3 (124.4213.74; P< 005) and 6 (128.02%3.91;
P< 0.05) when compared to initial levels (115.79%3.36). Inspiratory muscle strength was significant higher at
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week 3 (95.60%3.68; P < 0.05) and 6 (103.20%3.57; P < 0.05) respectively when compared to initial levels
(79.60%2.57). Whereas, the expiratory muscle strength was not changed in both groups. In addition, training
group did not show signs/symptoms of sore throat. Comparison between groups revealed that the training group
developed higher respiratory endurance than the control group at week 3 and 6 (p<005) respiratory resistance
training device developed in this study exhibits its effectiveness on respiratory muscles for both strength and

endurance with no complication.

Keywords: Respiratory muscle training, Respiratory muscle endurance, Respiratory muscle strength,

Maximum inspiratory pressure
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Introduction

Respiratory muscle fatigue is one of the ma-
jor physiological limiting factors in either healthy or
unhealthy persons which impair oxygen delivery to

(1-3

all body parts. ) This, in turn, causes reduction of

49 Recent

exercise capacity as well as quality of life.
investigations reveal that specific respiratory muscle
training such as endurance and strength training can
improve functional capacity and exercise perform-

3, 6

ance® of either athletes® ® or general population.

9 Respiratory muscle training can be performed,

@919 Ag flow rate

mostly, with flow resistive devices.
is dynamic function of both chest wall and lung tis-
sues, this indicator did not directly reflect respiratory
muscle ability. Reports from the last decade specify
maximal inspiratory and maximal expiratory pressures
(MIP and MEP) as indicators for respiratory muscle
strength."” However, handheld devices used for respi-
ratory training have limitations. Regularly, respiratory
resistant and endurance training protocol needed the
continuous breath in and out for a long period. Some
training devices could cause dry-sore throat because
they did not have humidifier in the system. Another
training device (e.g. Breathe Max) can prevent sore
throat during training but the visual feedback target
pressure from this device is approximate because the
system uses water level scale to determine the inten-
sity of training. To eliminate the above limitations,
the development of a new respiratory muscle training
device is needed. Therefore, the hypothesis of this
study is that the new device with pressure scale and
a humidifier-temperature control unit in the system
would make possible for subjects to sustain effective
respiratory muscle training. The purpose of this study
is to investigate the effectiveness of the newly designed
respiratory resistance training device on respiratory

muscle endurance and strength.

J Med Tech Phy Ther ® Vol 25 No 2 ® May-August 2013

Materials AND Methods
Subjects

Twenty Thai healthy females, age between
19-26 yrs, voluntarily participated in this study. All
subjects were undergraduate and graduate students in
physical therapy of Mahidol university. They were ran-
domly divided into training (T) and control (C) groups.
All subjects had no abnormal pulmonary functions. In
addition, they did not involve in any aerobic exercise
programs or any other physical training prior to/during
participation in this study. All experimental procedures
were explained clearly and informed consents were
signed. This study was approved by the ethical com-
mittee of Mahidol university (MU 2007-44).

Respiratory resistance training device:

The respiratory resistance training device was
designed by the Project of Research and Development
of Biomedical Instrumentation, Institute of Molecular
Biosciences, Mahidol University. Using an air filter
(Figure 1A), the subjects breathed via a two-way low-
resistance non-rebreathing valve (Hans Rudolph, USA).
Inspiratory training was conducted using the closed
solenoid valve (Figure 1B) connected to the inspired
pressure gauge where control shutter was designed to
sustain for 5 seconds. Subjects performed progressive
inhalation up to target pressure, as shown by inspired
pressure gauge (Figure 1C) and held. Within the

inspired tube, air was heated and humidified.
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Inspiratory
pressure gauge

Expiratory
pressure gauge
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Timer control valve A
on and off B
l Mouth
Pressure control piece

Temperature control

Figure 1

Diagram of respiratory resistance training device composes of units of air filter (A), inspiratory

solenoid valve (B), inspiratory pressure gauge (C), and temperature control (D). Inspired airflow

with adjusted resistant is conducted from B to be heated and humidified then into the lungs via

breathing valve. Expired air is expelled out with no resistance.

Respiratory variables: Respiratory muscle
endurance was represented by maximal voluntary venti-
lation in 12 seconds (MVV). The MVV was performed
using a spirometer (CosMed, Italy). Respiratory muscle
strength was represented by maximal inspiratory and
expiratory pressures (maximal inspiratory pressure;
MIP and maximal expiratory pressure; MEP). The MIP
and MEP were estimated separately, with 5-minute
resting period, using a portable hand-held mouth pres-
sure (Micro Medical). In MIP and MEP, subjects were
encouraged to perform maximal inspiratory and expira-
tory efforts at residual volume and total lung capacity
respectively. The highest value of three measurements
with 5% variability was recorded. All variables were

measured at pre-training, week 3 and 6.

Inspiratory muscle endurance training
Subjects in T group were trained with the
respiratory resistance training device at 40 % MIP,
which was selectively displayed on the inspired pres-
sure gauge when the green shutter was pushed (Figure
2) where individual’s breathing resistance was reset
on a weekly basis. Sets of respiratory training, from
room air, were conducted at 2 consecutive cycles
with 10 seconds pause period. Subject was separately
trained for 10 sets per session for 5 sessions and 3
days/ week for 6 weeks. All training processes took

approximately 45 minutes.
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Figure 2 Respiratory resistance training device. Subject presses control button to start the experiment.

Statistical Analysis

Kolmogorov Smirnov goodness of fit test
was used to test the distribution of data. All variables
(MVV, MIP and MEP) showed normal distribution.
Repeated-measures analysis of variance (Two-way
mixed ANOVA) was used to test the differences of
MVYV, MIP and MEP of pre-training, week 3 and 6 in
each group and between groups. The Bonferroni was

used for post-hoc test. The statistical significance was

set at P-value < 0.05. Data were presented as means

and standard error of the means.

Results

Anthropometric data (ages, weights, heights,
BMI, waist-to-hip ratio and physical activity score)
and pulmonary function (FVC, FEVl, FEV1/FVC and
PEF) showed no significant difference between two

groups (P > 0.05) (Table 1).

Table 1  Physical characteristics and pulmonary function of subjects. Values were presented as mean £SD.

Training Control
Variables P - value

(n=10) (n=10)

Anthropometry

Age (years) 22.50 £ 2.64 22.50 * 2.64 1.000

Weight (kg) 52.10 X 4.28 52.00 £ 4.92 0.962

Height (cm) 160.40 * 5.32 160.40 X 4.48 1.000

BMI (kg/m®) 20.27 * 1.75 20.23 + 1.79 0.959

W/H ratio 0.77 £ 0.02 0.78 £ 0.03 0.858

Physical activity score 20.20 * 2.10 19.00 £ 1.76 0.183

Pulmonary function

FVC (L) 3.04 £ 0.25 2.82 + 0.31 0.088

FEV1 (L) 2.76 X 0.23 2.61 x 0.27 0.180

FEV1/FVC (%) 90.40 * 5.08 92.10 + 4.43 0.436

PEF (L/sec) 7.01 £ 1.35 6.67 £ 0.98 0.531

Abbreviations: W/H = waist-to-hip ratio; FVC = forced vital capacity;

FEV = forced expiratory volume in one second; PEF = peak expiratory flow rate

J Med Tech Phy Ther ® Vol 25 No 2 ® May-August 2013
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Table 2  Comparison of absolute value of MVV, MIP, MEP between the training and control groups in
pre-training, 3" week and after 6" week. Values are presented as means £ SEM.
Training group (n = 10) Control group (n = 10)
Pre-training 3" wk 6" wk Pre-training 3" wk 6" wk
MVV .
) 115.79 + 3.36 124.42 + 3.74" 128.02 + 3.917|109.42 + 3.23 110.35 + 3.46° 111.04 + 3.51°
(L/min)
MIP .
79.60 + 267 95.60 + 3.68" 103.20 + 3.67"| 74.70 + 2.33 75.90 + 1.59° 77.20 + 1.87°
(cmHQO)
MEP
(cmH O) 92.80 + 543 95.10 + 3.68 94.80 + 5.02 | 87.60 + 2.39 86.30 + 2.66 87.20 + 2.29
cm
2

a: significant different within group from pre-train (initial) (P < 005)

b: significant different within group between 3" and 6" week (P < 0.05)

c: significant different between groups at the same period of time (P < 005)

Prior to training, no significant differences
between the T and C groups of all variables including,
MVV, MIP and MEP was shown (P > 0.05).

Within group comparison, all parameters in
C showed no significant differences from its initial
value (pre-training) and throughout the 6-weeks period.
In T group, MVV progressively increased, from its
initial, at 3" week (P < 0.05) and further increased at

6" week (P < 0.05). In this group, MIP significantly

increased at 3" (P < 0.05) and 6™ week (P < 0.05)
when compared to its initial MIP level. However, MEP
of both C and T group showed non-significant change
for the entire period of the study.

Between groups comparison revealed the
statistically differences of MVV (P < 0.05) and MIP
(P < 0.001) between groups at 3" and 6" week after
training. In addition, T group did not show any sign

or symptom of sore throat (Figures 3 & 4)
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Figure 3
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Comparison of maximal voluntary ventilation (MVV) in means £ SD between the training and

control groups in pre-training, 3" week and after 6™ weeks.

a: significant different within group from pre-train (initial) (P < 005)

b: significant different within group between 3" and 6 week (P < 0.05)

: significant different between groups at the same period of time (P < 0.05)

C
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Figure 4 Comparison of maximal inspiratory pressure (MIP) in means £ SD between the training and control

groups in pre-training, 3" week and after 6" weeks.

a: significant different within group from pre-train (initial) (P < 005)

b: significant different within group between 3 and 6™ week (P < 0.05)

c: significant different between groups at the same period of time (P < 0.05)
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Discussion

As part of respiratory muscle training (RMT),
the present study showed that after 6 week of in-
spiratory muscle training (IMT), there was significant
changed of MVV and MIP which were progressively
and continuously increased by 10.57 % and 29.90
% respectively. IMT using pressure-loaded device
had been previously demonstrated"” in which water-
loaded device improved MIP in healthy young females.
Interestingly, the present study proved that the respi-
ratory resistance training device with humidifier and
temperature equip its efficacy for respiratory muscle
training. Indeed, the improvement of respiratory muscle
endurance after IMT in this study could be explained
by either structural or functional adaptations. Improve-
ments of inspiratory muscle strength after training
showed similarity to other skeletal muscles which is
generally attributed to increase in muscle mass and

10-1698) Therease

muscle protein within muscle fibers."
in muscle mass in respiratory muscle is shown as its
ability to generate pressures at any lung volumes, in
particular at the lowest (residual volume) and the high-
est (total lung capacity) lung volumes after training.
This was proved by Ramirez-Sarmiento and colleague
in 2002"? who did biopsies of the external intercos-
tal muscles of COPD patients to evaluate structural
adaptation by RMT at 40-50% MIP. There were
significant increases in the proportion of type I
fibers (38%) and the size of type II fibers (21%) in
the external intercostal muscles after RMT their study.
Increment of activities of aerobic enzymes, oxidative
capacity, mitochondrial density and capillary density
are reported.” ' % " 29 Additionally, higher dia-
phragm’s ability might be explained by the remarkable
increase of blood flow in muscle fibers type I during
RMT.®" These adaptations of aerobic capacity are
not only detected in diaphragm muscle but also in the
external intercostal muscles from inspiratory muscle

endurance training.*” Sonne and Devis in 1982

demonstrated that MVV increased in training group by
13% when compared to the pre-training status. Their
training programs required COPD patients to exercise
30 minutes/day, everyday for 6 weeks by using a re-
sistive device. In the present study, it was performed
in normal healthy adults where the 10.57% change
of MVV was shown.

Duration and intensity of respiratory muscle
training affect on varieties of adaptation. Clanton and
associates in 1985"” reported that MIP increased by
34% following 10 weeks of training. The respiratory
muscle training (RMT) consisted of 50% MIP using
a threshold loading device (threshold valve with water
load) 3 days/week for 10 weeks in healthy females
with the age range 18-22 years. The training device
in Clanton and associates’ study had constant load and
visual feedback as in the present study. However, the
improvement of MIP by Clanton and associates was
higher than our study that might be the difference of
training duration of their study had longer than our
study (10 weeks vs 6 weeks). Therefore, the improve-
ment of inspiratory muscle strength should be due to
the difference of the training protocols. Larson and
colleagues in 1988 results showed significant in-
creases in respiratory muscle strength and endurance
from inspiratory muscle endurance training using the
pressure threshold breathing device at 30% MIP. The
exercise loading was adjusted by increasing the train-
ing load approximately 3 cmH O at every 10 cmH O
increasing of MIP in order to maintain the training
load at 30% MIP throughout the training period. They
described that the respiratory muscle strength could
be increased from the endurance training and the in-
creased load during training would be an influencing
improvement factor of inspiratory muscle strength.
Lisboa and co-workers in 1994*” determined the effect
of respiratory training by threshold loading device at

30% MIP on respiratory strength and endurance.
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Considering changes in MIP of training group,
it was found that this change in pre-train - week 3 was
larger than that of week 3 — week 6. It is possible
that during the first 4 weeks of training strength was
gained more rapidly from neural adaptation than struc-

&Y After 4 weeks, strength was gained

tural adaptation.
gradually by increasing their muscle size (hypertrophy).

This study showed significant increase in both
MVYV and MIP but MIP increase was more prominent
than MVV. This study used the pressure parameter
to indicate intensity (40% MIP). The intensity of
pressure could refer to force that directly affected to
muscle strength while MVV or the endurance param-
eter is mostly depended on subject’s flow rate. Up to
now, there is still no direct protocol or parameter to
determine respiratory muscle endurance. This would
lead to the strength increase was more potent than the
increase of the endurance.

In particular, MEP of both control and treated
groups were similarly unchanged throughout the pe-
riod of study. This might be caused by the specificity
of training program because training program in the
present study was only conducted for inspiratory mus-
cles training.

In the present study, we could confirm an
effectiveness of this training device for enhancing
respiratory muscle functions in healthy subjects. The
advantages of this training device are 1) there was no
signs/symptoms of sore throat during and after using
the device 2) the device had clear visual feedback (C
in Figure 1) which can induce the subjects to achieve
the targets with no difficulty. In addition, no other
adverse affects were reported by the subjects. This
study is limited in females only so it should be in-
vestigated in males at different ages and in unhealthy
subjects. For further studies, should be considered on
expiratory muscle training and exercise performance.
In addition, this device should also be conducted in

elderly, athletes and respiratory distress patients.

J Med Tech Phy Ther ® Vol 25 No 2 ® May-August 2013

Conclusion

This study had successfully proven that the
designed respiratory resistance training device effec-
tively which can improve respiratory muscle endurance

and strength of inspiratory muscle in healthy subjects.
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