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Abstract

Background: Respiratory muscle strength can be reduced in patients diagnosed with stroke,
which reasonably justifies the use of respiratory muscle training in this population. This study
determines the comparative efficacy of inspiratory, expiratory, and combined respiratory muscle
training on the pulmonary functions and chest expansion in acute stroke survivors.

Method: Forty-five acute stroke survivors (15 in each group) completed all protocols of
the study. Participants were randomly assigned to any one of three groups. In addition to the
conventional exercise therapy, participants received any one of the three respiratory muscle
training protocols (inspiratory muscle training, expiratory muscle training or combined respiratory
muscle training). Chest expansion was assessed using tape measure and pulmonary function
parameters were assessed using a spirometer.

Results: Paired t-test analysis showed significant improvements in the chest expansion and
the pulmonary function parameters following training in each group. One-way ANOVA showed
significant improvements in the pulmonary function parameters across the three groups but not in
the chest expansion with p - value = 0.405. Least significant difference (LSD), post-hoc analysis
shows that the significant difference for FEV,, FVC and FEV,/FVC lies between inspiratory
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muscle training group and expiratory muscle training group.

Conclusion: When the three training methods were compared, it was found that expiratory
muscle training was the most beneficial in improving the pulmonary functions and chest expansion

in acute stroke survivors.

Introduction

Impaired motor function is one of the most frequent and
persistent consequences of stroke [1]. Not only are peripheral
muscles involved in poststroke disability, but there are
also respiratory muscle weakness, low thoracic expansion,
and postural trunk dysfunction [2]. These may also play an
important role in exercise capacity and the ability to carry
out activities of daily living [3-7]. Intolerance to exercise in
patients diagnosed with stroke may be due to respiratory
muscle impairment, resulting from decreased lung volumes
and decreased inspiratory and expiratory strength [2].

https://doi.org/10.29328/journal.jnpr.1001040

Respiratory muscle training has been shown to have positive
effects on the pulmonary functions and exercise tolerance,
which ultimately can help patients carry out their activities of
daily living more easily [1,8].

Acute stroke survivors had decreased respiratory
muscle strength and consequent diaphragm and abdominal
dysfunction [9,10]. Studies have shown that acute stroke
patients also show decreased respiratory function [9,11].
Khedr [12] reported decreased diaphragmatic excursion in
41% of patients and reduced FVC and FEV,,as much as 50% of
values predicted for unaffected individuals. Tomczak [13] also

https://lwww.heighpubs.org/jnpr m


https://crossmark.crossref.org/dialog/?doi=10.29328/journal.jnpr.1001040&domain=pdf&date_stamp=2021-07-16

Comparative efficacy of inspiratory, expiratory and combined respiratory muscle training on the pulmonary functions and chest expansion in

acute stroke survivors

demonstrated that acute stroke survivors presented lower
values of FVC, FEV,, and tidal volume when compared with
predictive values, which justifies the use of respiratory muscle
training in this group of patients. Respiratory muscle training
resulted in an increased FEV, and FVC. This improvement can
be associated with increased respiratory muscle strength.

Stroke survivors often have poor lung function, which has
been found to be approximately 50% below that of age- and
sex-adjusted norms [14,15]. Post-stroke pneumonia (PSP) is
a well-known complication during the first few weeks after
stroke [16], and the incidence ranges from 2% to 57% in
different studies, with a median of 10% [16]. Patients who
develop PSP have higher mortality, longer hospitalization,
worse functional outcomes, and higher care needs [16,17].
Stroke impairs respiratory muscle strength and cough flow
by approximately 50% compared with non-stroke controls
[4,6]. Respiratory muscle weakness is attributable to the
disruption of central motor output, as opposed to the intrinsic
loss of peripheral muscle function [4]. Impaired swallow and
increased risk of aspiration are major risk factors for PSP [17].
A cough (voluntary or reflex) is the most immediate protective
mechanism from aspiration [18] and requires coordinated
activation of inspiratory, expiratory, and intrinsic laryngeal
muscles [19].

Reduced respiratory muscle strength has been observed in
patients suffering from a stroke but little attention has been
paid to it, possibly because it is often not associated with any
obvious symptoms [6,20]. Generally, respiratory muscle weak-
ness is attributed to the impairment of the muscles involved
in respiration, induced by the central nervous system (CNS)
lesions [11]. The cardiopulmonary functions of patients with
hemiplegia caused by stroke diminish due to the decreased
expansion of the damaged hemi-thorax and deterioration of
the respiratory muscles. Furthermore, the common symptoms
observed in stroke patients, including ankylosis of joints
and limited use of muscular movement, result in a decrease
in cardiorespiratory control and the capacity of oxygen-
transferring systems due to a combined lack of oxygen and
increased metabolic demands [7].

The thorax cannot expand sufficiently due to the paralysis
of the diaphragm and respiratory muscles following a stroke.
Continuation of this condition can lead to shortening of the
thoracic muscles and muscle fibrosis. Consequently, the level
of thoracic expansion may be reduced during breathing [21].
Therefore, deterioration of the pulmonary functions and
reduced chest expansion are significant factors associated with
stroke patients and as such requires intensive rehabilitation
treatment [22].

A general stroke rehabilitation program, which focuses
only on physical and functional recovery, may not sufficiently
enhance the patient’s cardiopulmonary function [14,23].
Therefore, a rehabilitation program integrated with
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breathing-related intervention will be effective in improving
the pulmonary functions and the ability to perform functional
activities in patients with stroke [24,25].

Inspiratory muscle training (IMT) for improvement in
respiratory function involves the application of a load to
the diaphragm [26]. According to previous studies, IMT
can improve maximal inspiratory pressure (MIP), lung
function, endurance, and exercise performance after 6 to 8
weeks of training [21,27]. According to St Croix [28], it was
reported that respiratory metabolism is reflected in exercise
performance. Fatigue in respiratory muscles can be reduced or
delayed by strengthening; this improves exercise capacity and
respiratory movement, which are necessary for improvement
in functionality [29]. The use of inspiratory muscle training
device for one year in a cohort study of 42 patients with COPD
improved respiratory muscle strength and exercise capacity,
reduced dyspnea and days of hospitalization, and improved
the overall quality of everyday life [30]. Inspiratory muscle
training was also used for twelve weeks in a study of ten
(10) patients with Parkinson disease, showing improvement
in respiratory muscle strength, increased endurance, and
enhancement of dyspnea and cognitive ability [31].

Expiratory muscle training (EMT) elicits similar responses
to IMT in the expiratory muscle system, although much less
data is available to date, compared to evidence on the effect of
IMT. Akin to inspiratory muscle training, improvement of the
maximal expiratory pressure (MEP) is the hallmark parameter
of successful EMT. Interestingly, EMT alone also leads to
improved maximal inspiratory pressure, demonstrating the
involvement of the inspiratory muscles in the process of
expiration, whereas IMT does notimprove maximal expiratory
pressure [32]. Due to the importance of expiratory muscles in
speech and swallow functions, EMT is of particular interest
for patients with dysphonia, dysphagia, and reduced ability
for airway clearance, such as those with Parkinson’s disease
or other neuromuscular diseases (NMDs).

While benefits of either IMT or EMT alone are clearly
demonstrated in the literature, combination of IMT and
EMT has not been widely reported. However, a few studies
highlight the possibly overlooked potential of combined IMT
and EMT. A 4-week study combined inspiratory exercises and
expiration with pursed lips, which significantly improved
Tiffeneau index (FEV, /Vital Capacity), total volume, and
inspiratory capacity in stroke patient [33]. Combined IMT
and EMT in patients with Duchenne muscular dystrophy or
spinal muscular atrophy improved inspiratory and expiratory
muscle strength and led to a sustained reduction of respiratory
load perception, thus improving patient comfort and Health-
Related Quality of Life (HRQoL) [34]. In patients with multiple
sclerosis, combined IMT/EMT improved maximal inspiratory
and expiratory pressure, and significantly reduced fatigue
[35].
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Most importantly, direct comparison of the effects of IMT,
EMT or a combination thereof on the pulmonary functions has
not been reported in stroke patients except in COPD patients
where maximal inspiratory and expiratory pressure improved
by 33% when inspiratory and expiratory muscles were
trained simultaneously, but only by 20% - 25% when only one
set of muscles was strengthened [36]. These findings clearly
suggest that a combination of IMT and EMT may be more
effective than either method alone, in improving pulmonary
functions. These findings clearly suggest that a combination
of IMT and EMT may be more effective than either method
alone, in improving pulmonary functions. Hence, this study
is designed to compare the efficacy of inspiratory, expiratory,
and combined respiratory muscle training on the pulmonary
functions and chest expansion in acute stroke survivors.

Materials and methods
Study design

This study was a single-blind randomized controlled trial.
Thisstudyisregistered withthe South African Medical Research
Council (Pan African Clinical Trial Registry) with unique
identification registry number - PACTR201711002738361.

Determination of sample size

The sample size calculation was done based using Cohen'’s
standard effect size [37] and determined as a minimum of
15 subjects in each group using the single mean sample size
formula with a set at 0.05 and 8 at 0.20.

Ethical consideration

Participants were recruited from the neurology unit
through referrals to the physiotherapy (in-patient)
department of General Hospital Odan, Lagos, Nigeria. Prior
to the commencement of this trial, ethical approval was
sought and obtained from the Health Research and Ethics
Committee of the Lagos University Teaching Hospital (LUTH)
and the Health Research and Ethics Committee of the General
Hospital Odan, Lagos through the Lagos State Health Service
Commission (HSC).

Study participants

A total of sixty-two (62) patients diagnosed with acute
stroke (onset of 2 weeks) whose blood pressures were
controlled, and those willing to participate in the study
were included. Patients with acute stroke who had signs of
increased intracranial pressure on CT-Scan, poorly controlled
hypertension (blood pressure higher than 180/100 mmHg
on three or more occasions over the preceding 24 hours),
myocardial infarction, angina, or acute heart failure in the
preceding 3 months, pulmonary, neurologic, or orthopaedic
conditions adversely affecting the respiratory pump,
including asthma and chronic obstructive pulmonary disease
(COPD) were excluded from the study. Informed consent was
obtained from the participants before the commencement

https://doi.org/10.29328/journal.jnpr.1001040

6]

of the trial and confidentiality of the data were assured.
The participants were screened for eligibility based on
the inclusion and exclusion criteria. Fifty-one (51) of them
met the criteria and eleven (11) were excluded from the
study. The fifty-one participants were randomly assigned
to three groups using computer generated random number
sequence. Subjects in Group-A received conventional exercise
therapy and inspiratory muscle training, Group-B received
conventional exercise therapy and expiratory muscle training
and, Group-C received conventional exercise therapy and
combined respiratory muscle training (Figure 1).

Outcome measures

A procedural checklist and standardized verbal
instructions followed by demonstrations was used to ensure
the uniformity of the procedures during the clinical study. In
this study, the participants were unaware of the test results
and interventional groupings. The following were obtained
from the participants: demographic characteristics including
age, weight, height, and body mass index (BMI). The outcome
variables were measured two times, within 24 hours after
referral for physiotherapy (baseline values), and at 4™ week
post-intervention. This measurement of the chest expansion
using a tape measure, measurement of pulmonary functions
(FEV,, FVC, FEV, /FVC and PEF) using a spirometer.

Measurement of chest expansion

Tomeasure chestexpansion whenbreathing,a participant’s
chest wall was measured in an upright sitting position with a
tape measure. This was done in a cubicle to ensure privacy.

Patient
Screened
n=62

Excluded
n=11

Eligible
Participants
n=>51
R
Group A Group B 3 n
n=17 n=17 L,T|r():u$7(,
Withdrawal
—— Withdrawal —— Withdrawal from trial
from trial from trial (n=2)
(n=2) (n=2) 1 - Referred
Both 1- Deceased to another
Deceased 1 -Discharged hospital
against medical 1 - Deceased
advice (DAMA).

Completed Ccmplclcd Completed
Trial Trial Trial
n=1s n=15 n=15

Figure 1: CONSORT diagram of the study. R: Randomization.
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The chest wall was exposed, and the circumference was
measured at maximal inspiration, and maximal expiration.
The tape measure was placed over the areas that connect the
xiphoid process and the corpus sterni. The extent of chest
expansion was calculated by determining the differences
in circumferences of the chest wall in a state of maximal
expiration and maximal inspiration [38]; and the mean value
of three measurements was recorded [39]. It was measured in
centimetres (cm).

Measurement of pulmonary functions

All pulmonary function measurements (using spirometer)
were taken with the participants in the sitting position. The
participant was instructed to inhale deeply and exhale into
the mouthpiece of the spirometer, and the mean value of
three measurements was recorded [39]. This study measured
forced vital capacity (FVC), forced expiratory volume in one
second (FEV), and the FEV /FVC ratio, to determine signs
of obstructive or limited pulmonary disease such as stroke-
associated pneumonia. The peak expiratory flow (PEF) was
measured to assess resistance in the respiratory tracts.

Assessment of respiratory muscle strength

The maximum inspiratory pressure (MIP) and maximum
expiratory pressure (MEP) were predicted in the participants
using the reference equations below; Male MIP reference =
120 - (0.41 x Age); Female MIP reference =108 - (0.61 x Age);
Male MEP reference = 174 - (0.83 x Age); Female MEP
reference = 131 - (0.86 x Age) [40].

Intervention

Prior to exercise training, participants in the three groups
underwent a warm-up period. They had a cool-down period
after each session of exercise training.

Warm-up period - participants were told to breathe in
through the nostrils at maximum inspiration and breathe out
through the pursed-lips. The participants were told to do two
sets of 10 breaths. This was done to increase lung expansion.
Passive mobilization was done to the affected upper limb
and lower limb. The warm-up period was completed with
stretching exercises to the muscles of the upper extremities,
lower extremities, and the back [41].

Conventional exercise training - The three groups received
the same conventional exercise treatments for 30 minutes
(including joint mobility, eccentric contraction, and muscle
strengthening exercises to the affected upper limb and lower
limb), followed by a 10-minute rest [42].

Cool-down period - Participants were told to breathe in
through the nostrils at maximum inspiration and breathe
out through the pursed-lips. The participants were told to do
two sets of 10 breaths. This was done to facilitate relaxation.
Stretching exercises to the quadriceps, hamstrings, and calf
muscles, to relax the muscles of the lower extremities. The
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cool-down period was completed with stretching the muscles
in arms, neck, upper back, and shoulders to relax all the major
muscle groups of the body [41].

Group-A

Participants in this group trained daily over a 4-week
period. Participants performed five sets of 10 breaths with
the POWERDbreathe trainer, with resting periods of 1 minute
between sets [43]. The training resistance was set at 50% of
the individual’s MIP. The participants were seated upright and
holding the POWERbreathe trainer with the unaffected hand
in the upright position. They were instructed to place the
mouthpiece in the mouth so that the ‘two wings’ rest between
the teeth and gums and then grip the two bits between the
teeth to form an airtight seal. With the mouthpiece in place,
the nose clip was used to hold the nostrils together so as not
to breathe in through the nose. They were instructed to take
a sharp breath in through the mouthpiece and continued to
breathe in as hard as they could until the lungs were full (this
took about 3 seconds). They were told to breathe out slowly
through the mouthpiece until the lungs were completely
empty, letting the muscles in the chest and shoulder to relax.

Group-B

Participants in this group trained daily over a 4-week
period. Participants performed five sets of 10 breaths with
the Ultrabreathe trainer, with resting periods of 1 minute
between sets [43]. The training resistance was set at 50%
of the individual’s MEP. The Ultrabreathe trainer was used
for expiratory muscle training, which exercises the muscles
that are used for breathing out by simply turning the cap of
the device clockwise as far possible to seal off the exhaust
outlet. The participants were seated upright and holding the
Ultrabreathe trainer with the unaffected hand in the upright
position. They were instructed to place the mouthpiece in
the mouth so that the ‘two wings’ rest between the teeth and
gums and then grip the two bits between the teeth to form an
airtight seal. They were instructed to breathe in through the
nose and out through the mouthpiece, feeling the abdominal
muscles contract (tighten) as they help to support in breathing
out.

Group-C

Participants in this group trained daily over a 4-week
period. Participants performed five sets of 10 breaths with
the breather trainer, with resting periods of 1 minute between
sets [43]. The training resistance was set at 30% of the
individual’s maximal mouth pressures (MIP and MEP) [44].
This group was taught combined IMT and EMT training. The
participants were seated in an upright position, holding the
breather trainer. The participants then place the mouthpiece
of the breather trainer in the mouth so that the lips cover the
outer shield to make a seal. The participants were instructed
to inspire (breath in) deeply filling the lungs and holding the
breath in the lungs for 2 to 3 seconds before exhaling forcefully
while the breather trainer is still in place.
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Statistical analysis

Descriptive statistics of mean, standard deviation, bar
chartand pie chart were used to summarize the demographics,
paretic side of stroke affection and the type of stroke in each
group. Paired t-test was used to determine the effects of each
training on the chest expansion and the pulmonary function
parameters pre-and post-training. One-way analysis of
variance (ANOVA) was used to compare the differences in the
chest expansion and pulmonary function parameters across
the three groups post-training and post-hoc analysis was used
to determine where the significant difference lies between
groups. The level of significance was set at p < 0.05.

Results
Demographic data

Fifty-one (51) participants were eligible for the study
after screening. They were divided into three groups with
seventeen (17) participants in each group. However, only
15 participants in each group completed the study. They
comprised 34 (75.6%) maleand 11 (24.4%) females (Figure 2).
Their ages ranged from 37 - 82 years. The age distribution of
the participants is shown on table 1. Sixteen (35.6%) of them
had their age ranged from 50 -59 years.

The mean ages of the participants in the three groups
(A, B and C) were 56.20 = 10.39 years, 59.27 + 12.98 years,
and 58.20 * 10.12 years, respectively. The mean Body Mass
Indices (BMI) of the participants in the three groups were
23.74 + 3.27 Kg/m?, 25.92 + 3.31 Kg/m? and 26.11 + 3.80 Kg/
mZ2respectively (Table 2). There was no statistically significant
difference in the physical characteristics of the participants in
the three groups, that is, the three groups were homogenous.

Group B had eleven (73.3%) of ischaemic stroke while
group C had four (26.7%) of haemorrhagic stroke (Figure 3).
Seven (46.7%) of the participants in group A had left
hemiparesis while nine (60%) of the participants in group B
had right hemiparesis (Figure 4).

Gender

M Male
M Female

Figure 2: Pie-Chart showing the sex distribution of the participants.

‘Table 1: Age range distribution of the participants.

Age range (years) Frequency (n) Percentage (%)

30-39 1 2.2

40-49 10 22.2
50-59 16 35.6
60-69 11 24.4
70-79 6 13.3
80-89 1 2.2

Total 45 100.0
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Pre - and post - intervention comparison of the chest
expansion (CE) values and pulmonary function parameters
within each group.

There were statistically significant differences in the chest
expansion values and pulmonary function parameters of the
participants in Group-A (CE: p = 0.001; FEV.: p = 0.003; FVC:
p = 0.023; FEV_ /FVC: p = 0.001; PEF: p = 0.005). There were
statistically significant differences in the chest expansion
values and pulmonary function parameters of the participants
in Group-B (CE: p = 0.001; FEV: p = 0.001; FVC: p = 0.001;
FEV,/FVC: p = 0.001; PEF: p = 0.012). There were statistically
significant differences in the chest expansion values and
pulmonary function parameters of the participants in Group-C
(CE: p=0.007; FEV: p = 0.016; FVC: p = 0.045; PEF: p = 0.012.
There was no significant difference in FEV /FVC: p = 0.235
(Table 3).

Comparison of the mean differences in chest expansion
(CE) values and pulmonary function parameters across the
three groups.

One-way ANOVA was used for this analysis, statistically
significant differences were observed for FEV: p = 0.002;
FVC: p = 0.029; FEV,/FVC: p = 0.007 and PEF: p = 0.040.
No statistically significant difference was seen in the chest
expansion values (p = 0.405) (Table 4).

Least significant difference (LSD), post-hoc analysis shows
that the significant difference for FEV,, FVC and FEV /FVC lies
between Group-A and Group-B (Table 5).

an  12(80%

) 11(73.3%,
3(20%)

(73.3%) 11(73.3%)
4(26.7%)
Group B )

| Bchaemic
w Hatmorragic
26.7%)

4(
pC

30 o

Grouy

Group A

Figure 3: Bar-Chart of ischaemic and haemorrhagic strokes in each group.

9(60%) 9(60%)
6

(¢
64' (40%)
= Right

Groupa  Geoup B Groupe

Figure 4: Bar-Chart of the paretic side of stroke affectation in each group.
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Table 2: Demographic characteristics of the participants.

Variables Group AX * SD N=15 Group B X + SD N=15 Group C X = SD N=15 F - value
Age (Years) 56.20_+ 10.39 59.27 + 12.98 58.20+ 10.12 0.572 0.569
Weight (Kg) 69.13_+10.79 75.75+ 10.59 72.75+ 12.19 0.185 0.832
Height (m) 1.71+0.07 1.71+0.07 1.67+0.92 1.298 0.284
BMI(Kg/m?) 23.74 +3.27 25.92 + 3.31 26.11+3.80 0.179 0.837

Table 3: Pre- and post — intervention comparison of the chest expansion values and pulmonary functions in the groups.

Variables Pre-training X * SD Post-training X * SD t - value
GROUP A
CE (cm) 2.18+0.94 2.78+1.20 -4.375 0.001*
FEV, (L) 1.25+0.68 1.44+0.76 -3.621 0.003*
FVC (L) 1.87+0.92 1.97+0.92 -2.561 0.023*
FEV,/FVC 0.65+0.13 0.72+0.15 -4.252 0.001*
PEF (L/s) 2.39+1.35 2.78+ 1.62 -3.309 0.005*
GROUP B
CE (cm) 2.15+0.98 3.38+.1.20 -5.848 0.001*
FEV, (L) 2.01+.1.01 2,94+ 1.25 -6.189 0.001*
FVC (L) 250+ 1.14 3.25+1.27 -5.668 0.001*
FEV. /FVC 0.79+0.10 0.89_+ 0.89 -4.159 0.001*
PEF (L/s) 3.21+1.27 4.16_+.1.85 -2.887 0.012*
GROUP C
CE (cm) 2.32+0.71 3.18+.1.28 -3.170 0.007*
FEV, (L) 1.76+0.82 223+ 1.14 -2.750 0.016*
FVC (L) 229+1.24 2.90+ 1.69 -2.196 0.045*
FEV /FVC 0.76+0.15 0.-80+0.16 -1.241 0.235
PEF (L/s) 3.48+1.51 4.22 +1.60 -2.885 0.012*

Table 4: Comparison of the mean differences in chest expansion values and pulmonary function across the three groups.

Variables Group AX = SD Group B x * SD Group C x £ SD F-value p - value
PRE-TRAINING

CE (cm) 2.18+0.94 2.15+0.98 2.32+0.71 0.428 0.655
FEV, (L) 1.25+0.68 2.01+1.01 1.76+0.82 1.350 0.270
FVC (L) 1.87+0.92 250+ 1.14 229+ 1.24 0.356 0.703
FEV,/FVC 0.65+0.13 0.79+0.10 0.76+0.15 1.617 0.211
PEF (L/s) 4TH WEEK POST-INTERVENTION 2.39+1.35 3.21+1.27 3.48+1.51 3.179 0.052
CE (cm) 2.78+1.20 3.38+1.20 3.18+1.28 0.924 0.405
FEV, (L) 1.44 +0.76 2.94+1.25 2.23+1.14 7.373 0.002*
FVC (L) 1.97 £0.92 3.28+1.27 2.90 +0.89 3.842 0.029*
FEV,/FVC 0.72+0.15 0.89 +0.89 0.80+0.16 5.661 0.007*
PEF (L/s) 2.78 £ 1.61 416 +£1.85 4.22 +1.60 3.469 0.040*

Table 5: Post-hoc analysis (LSD) across the groups.

Variables Group Status (I) Group Status (J) Mean difference (df) (I-J)
Group B -1.501 0.001*
Group A
Group C -0.783 0.124
Group A 1.501 0.001*
FEV, (L) Group B up
Group C 0.719 0.17
Group A 0.783 0.124
Group C
Group B -0.719 0.17
Group B -1.309 0.027*
Group A
Group C -0.931 0.147
Gl A -1.309 0.027*
FVC (L) Group B roup
Group C 0.379 0.718
Group A 0.931 0.147
Group C
Group B -0.379 0.718
Group B -0.167 0.005*
Group A
Group C -0.78 0.268
G A 0.167 0.005*
FEV1/FVC Group B roup
Group C 0.887 0.186
Group A 0.78 0.268
Group C
Group B -0.887 0.186
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Discussion

The specific aim of this study was to determine the
comparative efficacy of inspiratory, expiratory, and
combined respiratory muscle training on the pulmonary
functions and chest expansion in acute stroke survivors.
There were significant improvements in the chest expansion
and pulmonary functions (FEV, FVC, FEV /FVC, and PEF)
following inspiratory muscle training. This is like findings
recorded after inspiratory muscle training in patients
with chronic obstructive pulmonary disease (COPD)
and myasthenia gravis [45,46], and they demonstrated
increased chest expansion after inspiratory muscle training.
Interestingly, Sahin [47] reported a positive correlation
between chest expansion and maximal inspiratory pressure
(MIP) in patients with ankylosing spondylitis. Moreover,
displacement of the ribcage in the lateral outward direction
during inspiration in normal subjects using an automatic
motion analyzer was greater than the displacement during
tidal breathing [48]. The lateral movement of the ribcage at
the level of the fourth rib during inspiration was increased
in the neutral position using electromagnetic tracking device
in healthy subjects [49]. Thus, these findings support the use
of a resistive-inspiratory muscle trainer as an effective chest
expansion method for patients following an acute stroke [38].
Accordingly, expiratory muscle training has the potential to
improve respiratory function, as well as swallowing disorders,
thereby improving overall treatment of stroke patients. In
this study, there were significant improvements in the chest
expansion and pulmonary functions (FEV,, FVC, FEV /FVC,
and PEF) following expiratory muscle training. Chiara [50]
reported an increased in the maximal expiratory pressure
and the peak expiratory flow following expiratory muscle
training in patients with multiple sclerosis and concluded that
expiratory muscle strength training is a viable tool to enhance
the strength of the respiratory muscles. This improvement
was attributed to the neural changes occurring in the motor
command, descending drive, muscle activation, motor unit
recruitment and sensory feedbacks [51,52]. Other studies
like this present study reported significant gains in PEF, FV(,
FEV,, total lung capacity and maximal ventilation following
expiratory muscle strength training in both patient population
and healthy subjects [53-58]. The study of Kuo [59] concluded
that both 5 days per week and 3 days per week of expiratory
muscle strength training effectively enhance respiratory
muscle strength and improve mobility construct measured
by PDQ-39 in patients with Parkinson disease. There was
significant difference in the chest expansion and pulmonary
parameters of FEV,, FVC, and PEF but no significant difference
in FEV, /FVC following combined respiratory muscle training.
A similar study investigated the effects of breathing exercise
on 40 stroke patients. They divided the subjects into three
groups - an exercise group with feedback breathing exercise,
an exercise group combined with inspiratory muscle training
and expiratory muscle training, and a control group, 3 times a
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week for 4 weeks. The results showed a marked improvement
in thoracic size and pulmonary functions in the exercise group
combined with inspiratory muscle training and expiratory
muscle training than in other groups [60]. Another study
has reported that training of respiratory muscles in patients
with cervical spine injury using the combined respiratory
muscle methods increased the strength of the respiratory
muscles, and increased FVC and FEV_ [61]. Explanations as to
the lack of increase in FEV,/FVC as seen in this study in the
presence of increased MEP are limited. First, above a certain
transpulmonary pressure at a given volume, flow does not
increase with driving pressure [62]. It is not the effort or MEP,
but the elastic recoil of the lung, determined by lung volumes
and properties of lung tissue, which governs the maximal
expiratory flow [62]. Second, the intrinsic state of the lung
may influence expiratory flow. In this study, expiratory muscle
training was found to be most effective for all the pulmonary
function parameters and chest expansion across the three
groups. A study by Moon [63] affirmed that expiratory muscle
strength training (EMST) is an effective intervention for
impaired swallowing function in acute stroke patients with
dysphagia when compared with the control. It was concluded
that EMST has the potential to improve respiratory functions,
as well as swallowing disorders thereby improving overall
treatment of stroke patients. The use of a resistive-expiratory
muscle trainer in this study effectively trained both expiratory
muscles and inspiratory muscles at a given resistance over
the course of the trial than when compared to other training
methods used in this study. The inspiratory muscle trainer
selectively and effectively trained the inspiratory muscles
without much effect on the expiratory muscles while the
breather trainer (used for combined respiratory muscle
training in this study) has a more pronounced effect on the
inspiratory muscles than on the expiratory muscles at a given
resistance over the course of the study.

Conclusion

Findings of this study showed that inspiratory muscle
training, expiratory muscle training and combined respiratory
muscle training have beneficial effects in improving the chest
expansion and pulmonary function parameters (FEV,, FVC,
FEVl/FVC, and PEF) in acute stroke survivors. However,
expiratory muscle training is the most beneficial clinically
in improving the chest expansion and pulmonary function
parameters in acute stroke survivors.

Limitation: The major limitation encountered during this
study was time limit.

Implications for further studies: The study should be
carried out for a longer duration of at least six weeks.
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