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ABSTRACT

Objective: To investigate the efficacy of inspiratory muscle training (IMT) on respiratory
functions, respiratory muscle strength, and asthma symptoms in asthmatic children.
Methods: In a randomized placebo-controlled assessor-blinded study, 34 children with
asthma were randomized to receive either the IMT at 40% of the maximal inspiratory pres-
sure (IPa) for 20 min/session, thrice/week, over 12 consecutive weeks (IMT group; n=17)
or placebo IMT at 5% of IPa (placebo group; n=17). Additionally, both groups received
the conventional respiratory rehabilitation (CRR) program. Outcome measurements per-
formed pre- and post-treatment, included respiratory functions [forced expiratory volume at
the first second (FEV,), forced vital capacity (FEV), and FEV;/FVC], respiratory muscle strength
[represented by IPh.x and maximal expiratory pressure (EP..), and asthma control
test (ACT).

Results: At a significance level adjusted to P<.008, there were significant post-treatment dif-
ferences between the IMT and placebo groups in FEV; (P=.003), FVC (P=.001), FEV,/FVC
(P=.004), IPax (P=.002), EP,ax (P=.004), and ACT (P=.001) adjusted to the pretreatment val-
ues, in favor of the IMT group.

Conclusion: Incorporation of IMT in the CRR program for children with asthma can improve
respiratory function, enhance respiratory muscle strength, and improve children’s perception
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of asthma symptoms.

Introduction

Asthma has recently been described as the most com-
mon inflammatory disease of airways, in children. It
is a multifaceted condition featuring bronchial hyper-
responsiveness and recurrent episodes of airflow
obstruction (1,2). Children with bronchial asthma
(CwBA) suffer from increased airway resistance, air
trapping, and increased end-expiratory lung volume
(i.e. lung hyperinflation) (3), which lead to deform-
ation of the diaphragm, causing it to pull the ribs
transversely, limit the expansion of the rib cage, and
thus reducing the capacity to breathe in (4). Lung
hyperinflation can also increase the breathing effort
and place further stresses on respiratory muscles (5,6).
Importantly, the resultant maladaptation in thoracic-
abdominal mechanics and respiratory muscle fatigue
can reduce dynamic lung volumes such as forced

expiratory volume at one second and forced vital cap-
acity (7).

The key objectives of asthma management as per
Global Initiative for Asthma (GINA) guidelines are;
controlling asthma symptoms, preventing exacerba-
tions, keeping the lung function as near-to-normal as
possible, scaling down drug-induced side effects, and
allowing children to participate in all daily living
activities (8). Although asthma symptoms can be con-
trolled by drug-therapy, the biomechanical alterations
induced by asthma (9) may justify the use of inspira-
tory muscle training (IMT) and respiratory exercises
as complements to medications to reduce respiratory
difficulties and maximize the outcomes (10,11).

Inspiratory muscle training consists of a series of
breathing exercises that aim to strengthen respiratory
muscles, making it easier to breathe (12). IMT resem-
bles peripheral skeletal muscle training, where

CONTACT Ragab K. Elnaggar @ rke_pt2001@yahoo.com @ Department of Physical Therapy and Health Rehabilitation, Collage of Applied Medical

Sciences, Prince Sattam bin Abdulaziz University, Al-Kharj, Saudi Arabia.
© 2020 Taylor & Francis Group, LLC


http://crossmark.crossref.org/dialog/?doi=10.1080/02770903.2020.1821058&domain=pdf&date_stamp=2020-09-17
http://orcid.org/0000-0001-5080-702X
https://doi.org/10.1080/02770903.2020.1821058
http://www.tandfonline.com

2 (&) R K ELNAGGAR

resistance is placed on respiratory muscles to create
structural adaptations to these muscles (13). Muscle
loading protocols are diverse but typically fall into
three separate categories: normocapnic hyperpnea,
pressure threshold loading, and flow-resistive loading
(14). Prior studies on healthy individuals and chronic
obstructive lung diseases have shown that IMT can
promote diaphragmatic hypertrophy (12,15). Also,
studies on adults with asthma have found positive
impacts of IMT on asthma symptoms, exercise cap-
acity, inspiratory-muscle strength, and quality of life
(14,16-18). However, there is still insufficient evidence
on the efficacy of IMT in children with
asthma (12,19).

So far, there is only one published report on the
use of IMT in CwBA (20). The report demonstrated
that IMT besides respiratory exercises can improve
respiratory-muscle efficiency and asthma symptoms.
Still, the findings of that report, are non-conclusive,
and further investigations are warranted. A recent sys-
tematic review recommended that to develop standard
protocols of IMT, they should be tested against pla-
cebo-training in representative samples, to develop
concrete suggestions concerning the supporting role
of IMT for traditional treatment strategies (14). This
study was therefore conceived to investigate the effects
of IMT on respiratory functions, respiratory muscle
strength, and asthma symptoms in CwBA. We
hypothesized that incorporating IMT into conven-
tional respiratory rehabilitation (CRR) would be par-
ticularly more effective in improving respiratory
functions, enhancing respiratory muscle strength, and
controlling asthma symptoms.

Materials and methods
Study design

This study was designed as a randomized, placebo-con-
trolled, assessor-blinded clinical trial. It was conducted
between January and November 2019 at the Physical
Therapy Outpatient Clinic of Prince Sattam bin Abdulaziz
University. The study approved by the Physical Therapy
Research Ethics Committee (Protocol No: RHPT/18/0052)
and performed in accordance with the Declaration of
Helsinki code of ethics. Parents/guardians signed a consent
form to authorize their children’s participation.

Subjects

Thirty-four children with asthma were recruited from
the outpatient clinic of the Department of Pulmonary
Medicine at King Khalid Hospital, Al-Kharj, Saudi

Arabia. In preparation for the study, the study proto-
col was discussed thoroughly with the pulmonologists,
who identified the potential subjects. A confirmed
diagnosis of asthma was the key criterion. A separate
recruitment protocol was followed to establish a data-
base of potential subjects. Subjects provided consent
to be contacted in advance. Researchers contacted
subjects based on the signed consent for participation.
Then, recruited subjects were comprehensively re-
assessed for eligibility, against the inclusion criteria in
cooperation with the referring pulmonologist. They
were included if aged from 12 to 16years, diagnosed
with asthma according to the current GINA guidelines
(8) (i.e. if children had a history of more than one of
asthma symptoms, which often occur or are worse at
night or in the early morning, and triggered by exer-
cise, allergens or cold air, and if they had significant
that the
forced expiratory volume at one second increased by
> 12% of the predicted value or the peak expiratory
flow rate (PEFR) increased by > 13% of the predicted
values after inhaling a bronchodilator), had a baseline
PEFR 60 — 80% (21), had a body mass index (BMI) <
25kg.m~ ", had stable doses of asthma medication in
the past month, identified as being a clinically-stable
condition by the attending physician (implying that
children did not experience daytime symptoms < t-
wice/week, did not wake up at night due to asthma,
did not need short-acting beta agonists <two times a
week, and did not experience activity restrictions
because of asthma) (22), and if they did not need to
change medications during the study. Children with;
exacerbated asthma symptoms that required the use of
systemic corticosteroids, unstable asthma, chronic
sinusitis, other respiratory problems causing additional
morbidities, history of thoracic surgery, and cognitive

bronchodilator responsiveness, meaning

or behavioral problems were excluded.

A priori power analysis was conducted to estimate
the required sample size and nullify the effect of type
II error using PASS software version 15.0.5 (NCSS,
Kaysville, UT, USA). In a two-sided independent -
test with equal-variance, a group-sample of 14 chil-
dren (i.e. an overall sample-size of 28 children) was
required to achieve power (1 - f) of 92.1% to reject
the null-hypothesis of equal means when the popula-
tion mean-difference (MD = 5.24) with a pooled
standard deviation for both groups (SD po01ea = 3.96)
based on estimates of the MD and SD p,geq Of the
predicted percentage of forced vital capacity, which
were obtained from a preliminary study, with a sig-
nificance level («=0.05). Assuming that 20% of the



children could be lost at random through the study
phases, the sample was increased to 34 children.

Eligible children were allocated randomly to either
the IMT group (n=17) who received IMT program
with a training load representing 40% of the inspiratory
pressure threshold besides the CRR program, or the
Placebo group (n=17) who received placebo IMT with
a fixed workload of 5% of the pressure threshold. A
simple randomization procedure was implemented.
Thirty-four black nontransparent envelops were created
for the entire sample, each envelope contained a code
for either of the study groups (IMT or Placebo). When
each child has formally joined the study, envelopes were
mixed in a container, then an independent person (a
chest physical therapy student) drew an envelope repre-
senting treatment allocation for this child.

Intervention protocols
Respiratory rehabilitation

The IMT and placebo groups received a CRR program
lasting for a total of 30 min each session, three times/
week over 12weeks. The focus of the CRR was to
reduce hyperventilation, improve pulmonary ventilation,
and promote adaptation to the increasing physical exer-
tion. The CRR was conducted on a case-by-case basis
under the supervision of the same physical therapist. In
general, the program included the following exercises:
diaphragmatic breathing, pursed-lip breathing, breath-
ing-hold and breathing control, manual expiratory pas-
sive therapy techniques, postural orientation techniques,
relaxation techniques, and aerobic training on a tread-
mill or bicycle according to the preference of each child.
Each of the foregoing exercises was repeated 5 times
and aerobic training lasted for 10 — 15min (2,3,23).

Inspiratory muscle training

A pressure threshold-loading device (Respironics, Cedar
Grove, NJ, USA) was used for the training. This device
offers an adjustable inspiratory resistance through a
spring-loaded valve. All children attended a familiariza-
tion session to learn adequately about breathing with the
device. The IMT was applied immediately after the CRR
session ended. The training load for the IMT group was
40% of the IP,,,,. The training load was adjusted every
week after the IP,,,, was re-assessed at the beginning of
the first session they attended each week. The training
load for the placebo group was fixed at 5% of IP,.
throughout the study. The training load that children in
the IMT group were able to perform without discomfort
has been determined from a preliminary study on six
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CwBA. We applied 40%, and 50% of IP,,. Children
reported that training with 40% of IP,,., was perceived
more comfortably. The IMT was performed in two
phases as follow: phase I; children were trained to keep
diaphragmatic breathing through the device for 15
breaths with 10-s rest intervals, and continue this para-
digm for 15min, Phase II; children were asked to
breathe through the device continuously for additional
5min to develop muscle endurance. The IMT and pla-
cebo groups exercised for 20 min/session in total, three
sessions per week over 12 weeks in succession.

Measurement protocols
Baseline measurements

For all subjects, body weight (Kg) was measured using
a weight scale (TANITA; BC-418; Tanita, Tokyo,
Japan), height was assessed through a wall-mounted
stadiometer (Charder HM200P; Quick Medical®, WA,
USA), and the body mass index (BMI, kg/mz) was cal-
culated  employing the prevailing algorithm:
BMI = weight/square of height. In addition, data
regarding the age of onset, asthma duration, and
medication usage were either collected from patients
record or reported by patients or pulmonologists.

Dependent outcome measures

Children were assessed for respiratory functions,
respiratory muscle strength, and asthma control, pre-
and post-treatment by an independent investigator,
who was not an author. Measurements were con-
ducted at the University Laboratories, specifically at
Cardiopulmonary  Testing Laboratory, in the
Department of Health and Rehabilitation Sciences.
Measurements were performed in the day-morning by
the same investigator.

Spirometric measurements

A well-trained technician assessed the forced expira-
tory volume at the first second (FEV,), forced vital
capacity (FVC), and FEV/FVC ratio using a spirom-
etry analyzer (Autospiro-507; Minato Medical Science;
Osaka. Japan). From standing position, each child was
instructed to close lips tightly on the mouthpiece and
to breathe as usual for a few cycles while a soft nose
caliper was applied to prevent air leakage. Thereafter,
he/she was required to take in a breath slowly as
deeply as possible, then breathe out vigorously. Three
trials were permitted for each child and the average
values were used for the analysis (3). Reference values
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Enrol1ment

Potentially eligible (n = 56)

Excluded (n = 22)
o Not meeting inclusion criteria (n = 15)
Declined to participate (n = 5)

(@]
o Partof another study (n=1)
o Plans transferout (n=1)

Randomize

d(n=34)

A

Analysed (n = 16)
o Excluded from analysis (n = 0)

Allocation
v v
Allocated to IMT group (n=17) Allocated to Placebo group (n=17)
o Received allocated intervention (n = 16) o Received allocated intervention (n = 15)
o Did not complete intervention (n = 1) o Did not complete intervention (n = 2)
Follow-Up
v
o Completed post-treatment follow up o Completed post-treatment follow up
(n=16) (n=15)
Analysis
L 4 v

Analysed (n =15)
o Excluded from analysis (n = 0)

Figure 1. A flowchart illustrating children’s recruitment and retention.

for healthy children and adolescents in the region
were used to drive percent predicted values (24).

Respiratory muscle strength

The strength of respiratory muscles was assessed
through the maximal inspiratory pressure (IP,,,,) and
maximal expiratory pressure (EP,,,,) during the max-
imal respiratory effort. An electronic respiratory pres-
sure meter with a rigid mouthpiece (Micro RPM®,
Micro Medical, UK) was used for assessment accord-
ing to the standards set by the American Thoracic
Society and European Respiratory Society (25). To
measure the IP,., children were asked to perform
maximal inspiration, starting from residual lung vol-
ume to total lung capacity, following maximal expir-
ation. To measure the EP,,,,, children were asked to
make a maximal expiratory effort starting from total
lung capacity to residual volume. The pressure thresh-
olds sustained at least for 1-s were recorded. Each

child performed 5—8 maneuvers to measure IP ..
and EP,,... Then, three acceptable maneuvers includ-
ing at least two reproducible maneuvers (i.e. the dif-
ference between values < 5%) were selected. The
highest-pressure value of these maneuvers, expressed
in cmH,0, was recorded (25,26). The percentage of
the predicted value of IP,,,, and EP,,,, was calculated
by an equation suggested earlier (27).

Asthma control

The control of asthma symptoms was assessed using
the asthma control test (ACT), as participating chil-
dren were 12years old or more. ACT is a validated
self-report 5-items scale evaluating the activity limita-
tions, breathing difficulties, night awakening, medica-
tion usage, and asthma control in CwBA whose age
ranging from 12 —19years (28). Each item has five
response options (resulting in a score of 1—5). The
total ACT score is estimated as the sum of all items’



Table 1. Participants’ demographic profile and baseline clinical characteristics.
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IMT group (n=16) Placebo group (n=15) P-value

Age, year 1456 +1.36 13.87+1.13 3¢
Gender (boy/girl), n (%) 9 (56.3) / 7 (43.7) 11 (733) / 4 (26.7) 46°
Weight, Kg 49.13+6.86 4726+4.76 39*
Height, m 1.49+0.08 1.46+0.07 22F
BMI, Kg/m? 21.96+1.82 22.25+1.95 67*
Age at onset, year 6.25+1.06 6.07 £ 1.58 71F
Duration of asthma, year 831+1.74 7.80+1.57 4F

Children who have been hospitalized last year, n (%) 3(18.8) /13 (81.2) 4(26.7) / 11 (73.3) 69°
Montelukast sodium use (yes/no), n (%) 10 (62.5) / 6 (37.5) 8 (53.3) / 7 (46.7) 72°
Inhaled steroids (Budesonide, mg/day) 0.76 +0.14 0.81+0.11 38t
Short f3, agonist dose, pg/day 465.25+78.79 433.67 £65.83 24*
Baseline PEFR, % of predictive values 71.19+3.17 69.73+3.15 21F

All data expressed as mean + standard deviation except gender distribution and montelukast sodium use among the study groups are

expressed as frequency (percentages).

Abbreviations: IMT: inspiratory muscle training, BMI: body mass index, PEFR: peak expiratory flow rate.

P values: * student’s two-sample t-test, S Fishers’ exact test.

scores. The minimum ACT score is 5; indicating
poorer asthma control and the maximum score is 25;
representing the optimal asthma control. ACT score
> 20 indicates that asthma is controlled (28).

Statistical analysis

The Minitab statistical software, version 19.2 (Minitab
Inc., State College PA, USA) was used to analyze the
data. The Anderson-darling test of normality showed
that the data of all measured variables were symmetric-
ally distributed. The baseline homogeneity of the study
groups was verified using the students’ two-sample f-test
for continuous variables and Fisher’s exact test for cat-
egorical variables. The difference in children’s compli-
ance-with-training between study groups was calculated
using the students’ two-sample t-test. The post-treatment
differences concerning dependent variables (FEV;, FVC,
FEV/FVC, IPha0 EPmax and ACT) between groups
were computed using the 1-way analysis of co-variance
(ANCOVA) test. The baseline values of these variables
were used as co-variates to calculate the post-treatment
differences. To correct for multiple comparisons, a tar-
geted alpha of 0.05 was corrected using the Holm-
Bonferroni’s method. In total, we performed six
ANCOVSs, thus, the significance level was adjusted to P
< .008. The effect-size of the differences was computed
through partial eta-squared (nzparﬁal) formula when
ANCOVA  analyses were approaching statistical
significance.

Results
Participants’ flow and retention

A total of 56 children were screened for eligibility. Of
whom, 34 children satisfied the inclusion criteria and
proceeded to the random-allocation phase. However,

only 31 children (91.2%) completed the assigned
intervention and follow-up measurements; 16 of 17 in
the IMT group (94.1%) and 15 of 17 in the placebo
group (88.2%). Three children (8.82%) lost during the
study; one child lost from the IMT group for
unknown causes, and two children lost from the pla-
cebo group as one child’s asthma symptoms exacer-
bated and required taking prednisone while the other
child moved away from the working area. A flowchart
illustrating children’s recruitment and retention is
shown in Figure 1.

Baseline characteristics

The baseline demographic and clinical features of
both groups are demonstrated in Table 1. The IMT
and placebo groups were similar with respect to age,
gender distribution, and anthropometry (weight,
height, and BMI) (all p values < 0.05). Additionally,
asthma-related characteristics in terms of the age of
onset (P=0.71), asthma duration (P=0.4), medica-
tions [montelukast sodium use (P =0.72), Budesonide
(P=0.38), and short 3, agonist dose (P=0.24)], and
baseline BEFR (P=0.21) were analogous in both
groups at the baseline.

Compliance with training

The analysis of children’s compliance-with-training
(i.e. the percentage of sessions that each child
attended, out of 36 sessions, planned to complete over
3months) in the IMT and placebo groups demon-
strated a non-significant difference between both
groups (P=0.09). The median and interquartile
ranges (IQR) of compliance-with-training were
94.44% (IQR; 91.67% and 97.22%) in the IMT group
and 91.67% (IQR; 91.67% and 94.44%) in the pla-
cebo group.
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Table 2. Summary of the findings of ANCOVA analysis.

Pretreatment Post-treatment Post-treatment difference
Dependent variables IMT Placebo IMT Placebo P-value nzpama|
Spirometric measurements
FEV,, % predicted 67.56 £4.18 65.47 £3.85 79.56 £6.73 71.13+£5.62 .003* 0.28
FVC, % predicted 73.44+3.88 71.87 +3.68 85.94 +3.68 79.73+5.39 .001* 0.31
FEV,/FVC 75.43+£3.50 73.93+£4.30 86.88 +5.65 80.33+£4.92 .004* 0.26
Respiratory muscle strength
IPmax, €MH,0 69.81+£9.29 67.53+6.94 87.25+8.14 7847 +t7.13 .002* 0.27
EPmax, ¢mH0 72.75+7.80 71.67 +5.97 91.56+7.29 82.40+9.65 .004%* 0.26
Asthma perception
ACT 1719+ 248 1640+ 2.26 21.75+£1.29 19.47 £1.98 .001* 0.33

Abbreviations: IMT: inspiratory muscle training, FEV,: forced expiratory volume at the first second, FVC: forced vital capacity, FEV1/FVC: proportion of
actual FEV, (liters) to the full FVC (liters), IPyay: maximal inspiratory pressure, EP,,: maximal expiratory pressure.
*Significant at P < 0.05, 11”paniar: the effect size for significant ANCOVA test [ partial = 0.01 (small), #”partiat = 0.09 (medium) and 7 parial = 0.25 (large)].

Between-groups analysis

The differences between study groups at the post-
treatment occasion are depicted in Table 2. All varia-
bles are expressed as mean + standard deviations. The
ANCOVA analysis revealed statistically significant dif-
ferences between IMT and placebo groups in all spiro-
metric measures, adjusted to the pretreatment values,
in favor of the IMT group; FEV; (F (;, 25y = 10.96,
P=0.003), FEVC (F (1, 55 = 1274, P=0.001), and
FEV,/FVC (F (1, 25y = 9.84, P=0.004). Also, a statis-
tically significant between-groups differences in the
respiratory muscle strength adjusted to the pretreat-
ment values were observed, favoring the IMT group;
Ipmax (F (1, 28) = 11.76, PZOOOZ) and EPmax (F (1, 28)
= 9.58, P=10.004). Eventually, a statistically significant
between-groups difference in the ACT scores adjusted
to the pretreatment value was proven, where the IMT
group showed greater control of asthma (F (;, 25 =
13.88, P=0.001).

Discussion

This study proved that IMT along with CRR is more
effective than the CRR alone in improving the ventila-
tory function, respiratory muscle strength, and asthma
control in CwBA. Although the effects of IMT have
been tested in several studies, including adult patients
with asthma or chronic obstructive pulmonary dis-
eases (12,14-17), there is still a great deal of interest
regarding the impacts of such a therapeutic method in
CwBA. Therefore, the findings herein may extend the
evidence on the effectiveness of IMT in CwBA.
Applying IMT using 40% of IP,,, (moderate inten-
sity) beside CRR produced large improvements in pul-
monary functions, specifically the FEV,;, FVC, and
FEV,/FVC. Evidence that IMT is an effective asthma
treatment has been controversial. Some studies
showed that static and dynamic lung volumes have
improved in patients with asthma (12,29,30) and other

patient populations (15,31,32), as FEV; and FVC
increased significantly following IMT application.
Contrarily, other studies noted no changes in either
the FEV; or FVC (33-35). These discrepancies can be
explained by methodological variations and sample
heterogeneity, which may confound any conclusion
concerning the efficacy of IMT for asthma. Some
methodological disparities have been studied previ-
ously and included study designs, purposes, distinct
characteristics of control, IMT techniques, and treat-
ment parameters (12). It is possible that, due to IMT,
the diaphragm and respiratory muscles, have been
able to generate more work that led to an improve-
ment in the respiratory capacity and an increase in
the thoracic expansion, thus played a role in increas-
ing static and dynamic lung volumes (14,36).

The IMT group exhibited greater increases in the
IPna and EP.., denoting a higher acquisition of
respiratory muscle strength. These results were consist-
ent with those of previous studies including pediatric
patients (20) and adult patients (7,14,16,17,29,33-35)
suffering from bronchial asthma, where uniform
improvements of respiratory muscles strength have
been demonstrated. On the contrary, we found only
one randomized clinical trial including 18 subjects with
stable mild/moderate asthma pointed out there was no
difference between the IMT group and the age- and
gender-matched control group for the EP,, and
asthma symptoms (37). The improvement in respira-
tory muscle strength herein might be attributed to an
improved neuromuscular recruitment pattern of
respiratory musculature, and increased diaphragm
cross-sectional area, and increased type II muscle fibers
in the external intercostal muscles, permitting them to
generate higher forces in response to a given level of
respiratory muscle drive (38,39). Also, reduced energy
costs of respiratory muscles may represent another
plausible explanation for improvements in respiratory
muscle strength and endurance (40).



The findings of this study have further established
that adding IMT to CRR can improve control of
asthma symptoms. These findings corroborate those
of previous studies involving patients with mild-to-
moderate asthma who have been treated with IMT
(14,33,35). In these studies, an improvement in
asthma control has been demonstrated. Although did
not evaluate explicitly, improvement in asthma control
could be linked to the increase in inspiratory muscle
strength, FEV, and FVC, which may partially alleviate
the increased breathing effort resulting from hyperin-
flated lung, therefore enhancing control of asthma
symptoms (14).

The placebo IMT was established to match the true
placebo criteria outlined by Ojanen (41), meaning that
placebo treatment should be meaningful for partici-
pants, inert, and create expectations, engagement, and
subjective utility. For this study, we used the minimal
training load (5% of IP,,,) that has been used in pre-
viously implemented for children (42) and subjected
children to the same training protocol. Hence, it is
conceivable that our procedure justified the foregoing
placebo criteria. The findings of the placebo group
have also indicated significant post-treatment
improvement of respiratory functions, respiratory
muscle strength, and asthma symptoms. Resulting
changes may be attributed to the effect of respiratory
exercises, which may have promoted a more con-
trolled breathing pattern, improved thoracic mobility,
enhanced diaphragmatic strength, and increased
respiratory efficiency (2,3,23). Another possible
explanation is the psychological effect of placebo IMT.
Conditioning and expectations may have played a sig-
nificant role in improving outcomes, especially as par-
ticipating children have been engaged in regular
placebo training for three months (41).

This study implemented a randomized placebo-
controlled design and had a convenient sample size
and a statistical power (92.1%) sufficient to underpin
the study hypothesis. Also, the children’s compliance-
with-training was reasonable and none of the children
reported any adverse effects. However, certain limita-
tions are worthy to be mentioned. This study focused
on children with clinically stable asthma. There could
be potential sampling bias, as clinical stability may
reflect provider practice more than the child’s experi-
ence with asthma. Therefore, it may limit the general-
izability of findings to all CwBA. Further investigation
should include children with mild-to-severe asthma,
considering the criteria stated earlier. The follow-up
measurements were done immediately post-treatment.
So, the long-term effects of IMT remain uncertain.
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Future studies should plan to follow up on the IMT
effects at six and 12 months after the end of the pro-
gram to find out how far the treatment -effects
will last.

Conclusion

These findings suggest that inspiratory muscle training
may be an effective modality to improve respiratory
functions, respiratory muscle strength, and asthma
symptoms in children with bronchial asthma. Thus, it
is possibly used as an adjunctive therapy alongside
conventional respiratory rehabilitation to provide con-
crete effects.
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