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ABSTRACT

Background: Asthma is a prevalent chronic respiratory condition marked by airway
inflammation and bronchoconstriction, significantly impairing pulmonary function and
exercise tolerance. Despite pharmacologic advancements, non-pharmacological
interventions like respiratory muscle training remain underutilized in clinical practice.
There exists a need to compare the clinical efficacy of targeted breathing strategies to
guide evidence-based physiotherapeutic care. Objective: This study aimed to compare the
effects of resistive diaphragmatic training (RDT) and volume-oriented spirometry (VOS) on
pulmonary function, functional capacity, and asthma control among patients with
moderate asthma. Methods: A single-blinded randomized controlled trial was conducted
with 50 participants (n=50), aged 35-50 years, diagnosed with moderate asthma (FEV,% >
80% and <80%). Subjects were randomly allocated into two groups receiving either RDT or
VOS alongside baseline physiotherapy for six weeks. Pulmonary function tests (FVC, FEV,
FEV./FVC), the 6-Minute Walk Test (6MWT), and the Asthma Control Test (ACT) were
administered at baseline and post-intervention. Data were analyzed using SPSS v25,
applying the Mann-Whitney U and Wilcoxon Signed Rank tests (p < 0.05). Ethical approval
was obtained, and all procedures adhered to the Declaration of Helsinki. Results: The RDT
group showed significantly greater improvements in FVC (3.37 + 0.57 vs. 3.32 + 0.28; p =
0.032), FEV;(2.61+0.73 vs. 2.29 + 0.24; p = 0.047), FEV,/FVC ratio (73.84 + 5.57 vs. 68.36 +
5.45; p = 0.001), BMWT (490.16 + 52.58 m vs. 414.28 + 26.96 m; p < 0.001), and ACT scores
(19.96 + 1.21vs. 14.44 + 1.66; p < 0.001), indicating both statistical and clinical significance.
Conclusion: Resistive diaphragmatic training is more effective than volume-oriented
spirometry in enhancing lung function, functional capacity, and asthma control in patients
with moderate asthma. Its incorporation into routine asthma rehabilitation may yield
improved clinical outcomes and reduce disease

Keywords: Inspiratory Muscle Training, Spirometry, Pulmonary Rehabilitation,
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sthma remains a significant global health concern
characterized by chronic airway inflammation, variable
airflow limitation, and bronchial hyperresponsiveness.
Despite pharmacological advancements, many patients
continue to experience poorly controlled symptoms and
limitations in daily activities, underscoring the need for effective
adjunctive therapies (1). In Pakistan, the burden of asthma is
considerable, affecting approximately 4.3% of the population,

with prevalence increasing by nearly 50% every decade (2,3).
Such epidemiological trends highlight the necessity of
integrating comprehensive management strategies that extend
beyond medication. Among the non-pharmacological
approaches, respiratory muscle training and breathing exercises
have emerged as promising interventions to enhance pulmonary
function and quality of life in asthmatic individuals (4,5).
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Diaphragmatic dysfunction and reduced respiratory muscle
strength are commonly observed in asthma, contributing to
dyspnea, limited exercise tolerance, and impaired pulmonary
mechanics. Consequently, inspiratory muscle training (IMT),
especially through threshold loading devices, has been
increasingly investigated for its ability to strengthen respiratory
muscles, reduce airway resistance, and improve overall lung
function. These techniques are simple, cost-effective, and easily
adaptable for patient use, making them suitable for long-term
asthma rehabilitation (6,7). Additionally, diaphragmatic
breathing exercises, by promoting deep and controlled
ventilation, improve the efficiency of the diaphragm and
decrease accessory muscle recruitment, which is often
excessive in individuals with asthma(8,9).

In contrast, incentive spirometry, particularly volume-oriented
spirometry, is a well-established tool used to encourage
sustained maximal inspiration and promote alveolar expansion.
This technique offers visual feedback to patients, reinforcing
proper inhalation patterns and supporting the maintenance of
lung volumes (10). Its role in post-operative pulmonary care is
well-documented, but its application in asthma management,
particularly in enhancing pulmonary mechanics and functional
capacity, is gaining attention. Volume-oriented devices are
specifically designed to improve diaphragmatic excursion and
maintain airway patency by enhancing lung compliance and
transpulmonary pressure (11,12). These characteristics suggest
that volume spirometry could be a valuable adjunct in asthma

rehabilitation, although comparative data with resistive
diaphragmatic training remains limited.
Previous studies have demonstrated that both IMT and

spirometry contribute to improved pulmonary outcomes in
individuals with chronic respiratory conditions. However, the
magnitude and specificity of benefits vary across interventions
and populations. For example, research indicates that IMT leads
to significant improvements in Forced Vital Capacity (FVC),
Forced Expiratory Volume in one second (FEV1), and inspiratory
muscle strength in stable asthma patients (13,14). On the other
hand, volume-oriented spirometry has been associated with
enhanced lung expansion, improved oxygenation, and increased
exercise tolerance, albeit with less consistent effects on specific
spirometric indices (15). Despite these promising findings, there
is a paucity of head-to-head comparisons between these two
modalities in asthmatic populations, which poses a critical gap
in evidence-based clinical decision-making.

Given the chronic nature of asthmaand the functional limitations
it imposes, physiotherapists and clinicians must identify the
most effective strategies to optimize respiratory health. To date,
the superiority of resistive diaphragmatic training versus
volume-oriented spirometry in enhancing both pulmonary
function and physical performance remains underexplored.
Addressing this knowledge gap could significantly inform
physiotherapeutic protocols and contribute to personalized
asthma management. Therefore, the present study was
designed to compare the effects of resistive diaphragmatic
training and volume-oriented spirometry on pulmonary function
parameters and functional capacity in individuals with moderate
asthma. It was hypothesized that resistive diaphragmatic

training would result in greater improvements in spirometric
indices, exercise capacity, and asthma control scores compared
to volume-oriented spirometry.

MATERIAL AND METHODS

This single-blind randomized controlled trial was conducted
between March 2024 and February 2025 to evaluate and
compare the effects of resistive diaphragmatic training and
volume-oriented spirometry in patients diagnosed with
moderate asthma. Participants were recruited through a non-
probability convenient sampling technique from outpatient
clinics of a regional medical center. A total of 50 patients, aged
between 35 to 50 years, of both genders, were enrolled based on
inclusion criteria that required a confirmed diagnosis of
moderate asthma with a Forced Expiratory Volume in 1 second
(FEV1%) between 60% and 80%. Patients with severe asthma
requiring hospitalization, those with comorbidities such as heart
disease, tuberculosis, stroke, physical limitations preventing
exercise, or those undergoing home-based oxygen therapy were
excluded. Informed consent was obtained from all participants
prior to enrollment. Participants were randomly allocated into
two intervention groups using a simple coin toss method, with
Group A assigned to resistive diaphragmatic training and Group
B to volume-oriented incentive spirometry.

Assessed for Eligibility
(n=50)

hd

Randomized
(n=50)

4 y

Allocated to RDT Allocated to VOS
(n=25) (n=25)

Received allocated
intervention

Received allocated
intervention

(n=25) (n=25)
Analyzed Analyzed
(n=25) (n=25)

Figure 1CONSORT Flowchart

All subjects underwent a baseline educational session lasting
approximately 30 minutes that included guidance on self-
management, asthma triggers, symptom recognition, and
medication adherence. Baseline physiotherapy treatment
included purse-lip breathing exercises administered to both
groups. Group A received resistive diaphragmatic training using
a threshold loading device based on the American College of
Sports Medicine (ACSM) recommendations. This device provides
adjustable inspiratory resistance ranging from 9 to 41 cmH20.
Participants performed 30 inspiratory efforts per session, twice
daily, three times a week for six weeks. The training intensity was
maintained at 30-60% of the participant’s maximal inspiratory
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pressure (MIP), and breathing frequency was kept low to avoid
hyperventilation. Sessions were conducted under
physiotherapist supervision with rest periods incorporated to
prevent fatigue. Group B underwent volume-oriented incentive
spirometry using the Coach 2 device, which allowed slow, deep
inhalations with visual feedback. Patients were seated upright
with proper posture and instructed to inhale to maximum lung
volume, hold their breath for 3-5 seconds, and perform three
repetitions per set, with up to ten attempts per session. Three
sets were administered with one-minute rest between sets,
three times weekly for six weeks, under similar supervision.

Outcomes were assessed using validated tools at baseline and
after six weeks of intervention. Primary outcomes included
spirometry measures such as Forced Vital Capacity (FVC), FEVT,
and FEV1/FVC ratio, assessed using standardized spirometry.
Secondary outcomes included functional capacity evaluated by
the 6-Minute Walk Test (BMWT) and asthma control assessed
using the Asthma Control Test (ACT). Assessments were
conducted following standardized protocols to ensure reliability
and reproducibility. This study adhered to the principles of the
Declaration of Helsinki. Ethical approval was obtained from the
relevant institutional review board. All participants provided
informed consent, and confidentiality was ensured through
anonymized data handling and restricted access to identifiable
information.

Table 1. Post-Intervention Spirometric Measures between Groups

Data was analyzed using the Statistical Package for the Social
Sciences (SPSS) version 25. The Shapiro-Wilk test was used to
assess normality. As data were not normally distributed, non-
parametric tests were applied. Between-group comparisons
were made using the Mann-Whitney U test, while within-group
comparisons utilized the Wilcoxon Signed Rank test. A
significance level of p<0.05 was considered statistically
significant. No imputation for missing data was required, and the
analysis was conducted by protocol.

RESULTS

A total of 50 participants with moderate asthma were enrolled
and evenly allocated to two intervention groups: Group A
(Resistive Diaphragmatic Training, RDT) and Group B (Volume-
Oriented Incentive Spirometry, VOS). The mean age in both
groups was identical at 45.80 years, with standard deviations of
+4.463in Group A and £3.416 in Group B, indicating a comparable
age distribution. Gender distribution was skewed towards
females in both groups, with Group A comprising 92% females
and Group B comprising 96% females. The FEV,/FVC ratio was
also significantly greater in Group A (73.84 +5.573) than Group B
(68.36 + 5.453), with a highly significant p value of 0.001,
reflecting enhanced airflow dynamics and lung efficiency in the
RDT group.

Spirometry Parameter Group A(RDT)Mean +SD Group B(VOS)Mean + SD p-value
Forced Vital Capacity (FVC) 3.3696 + 0.57350 3.3264 + 0.28138 0.032
Forced Expiratory Volume (FEV,) 2.6136 + 0.72674 2.2940 +0.24130 0.047
FEV1/FVC Ratio (%) 73.84+5.573 68.36 £ 5.453 0.001

Functional Capacity (6-Minute Walk Test) At baseline, there was
no statistically significant difference in 6MWT distances
between the groups(p = 0.207), indicating a comparable starting
point. After six weeks, Group A showed a marked increase in

Table 2. 6-Minute Walk Test (6MWT)

walking distance (490.16 + 52.581 meters) compared to Group B
(414.28 + 26.961 meters), with p < 0.001. This large improvement
in the RDT group suggests a clinically meaningful enhancement
in functional capacity.

Time Point Group A(RDT)Mean + SD Group B(VOS)Mean + SD p-value
Baseline 430.88 +53.767 409.56 + 27.059 0.207
Post 6 Weeks 490.16 +52.581 414.28 + 26.961 <0.001

Asthma Control (Asthma Control Test - ACT) At baseline, both
groups demonstrated comparable ACT scores, with no
significant difference (p = 0.478). Following the 6-week
intervention, Group A had a significantly higher ACT score (19.96
+1.207) compared to Group B (14.44 + 1.660), indicating greater
Table 3. Asthma Control Test (ACT) Scores

perceived asthma control and symptom management in the RDT
group. The difference was statistically significant (p < 0.001) and
likely reflect both functional and symptomatic benefits
attributable to resistive diaphragmatic training.

Time Point Group A(RDT)Mean + SD Group B(VOS)Mean + SD p-value
Baseline 12.84 +2.561 12.24 £1.715 0.478
Post 6 Weeks 19.96 +1.207 14.44 +1.660 <0.001

Interpretation and Summary The results demonstrate
statistically and clinically significant improvements in
pulmonary function, exercise tolerance, and asthma control
among participants who underwent resistive diaphragmatic

training compared to those who engaged in volume-oriented
spirometry. The effect sizes were particularly notable for the
FEV1/FVC ratio, BMWT distance, and ACT scores, suggesting
meaningful functional and symptomatic gains. The uniform
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baseline characteristics between groups support the internal
validity of the findings, while the consistent direction and
magnitude of changes across multiple outcome measures
reinforce the superiority of RDT as a targeted respiratory
intervention for asthma rehabilitation. Specifically, the Forced
Vital Capacity (FVC) was significantly higher in Group A (3.3696 =
0.57350) than in Group B (3.3264 + 0.28138) with p = 0.032.
Similarly, Forced Expiratory Volume in one second (FEV;) was
higherin Group A(2.6136 + 0.72674) compared to Group B(2.2940
+0.24130), with p = 0.047.

DISCUSSION

The findings of this randomized controlled trial highlight the
superior efficacy of resistive diaphragmatic training (RDT)
compared to volume-oriented spirometry (VOS) in improving
pulmonary function, functional capacity, and asthma control in
patients with moderate asthma. This improvement was
evidenced by statistically significant gains in Forced Vital
Capacity (FVC), Forced Expiratory Volume in one second (FEV,),
FEV,/FVC ratio, 6-Minute Walk Test (6MWT) distance, and
Asthma Control Test (ACT) scores in the RDT group. These
results are consistent with prior investigations demonstrating
that inspiratory muscle training (IMT), particularly when
implemented through threshold loading devices, significantly
enhances inspiratory muscle strength and lung functionin stable
asthma populations (4,13,18). The observed improvements in
pulmonary parameters can be attributed to the mechanical load
imposed on the diaphragm during RDT, which enhances muscle
endurance and efficiency, resulting in better ventilatory
mechanics and reduced airway resistance.

These findings align with the work of Wang et al., who showed
that IMT combined with physical training significantly improved
FEV,, FVC, and overall respiratory muscle function in asthma
patients (18). Similarly, a study by Chung et al. reported that 12
weeks of IMT led to improved inspiratory muscle strength and
spirometric outcomes, corroborating the present study’'s
findings on the benefits of targeted diaphragmatic
strengthening (4). While the current trial employed a 6-week
intervention duration, the magnitude of change observed
suggests that even shorter-term programs may yield meaningful
clinical outcomes. Furthermore, the significant post-
intervention gains in functional capacity, as measured by BMWT,
reinforce the value of RDT in addressing exercise intolerance—a
frequent limitation in asthma resulting from dynamic
hyperinflation, ventilatory inefficiency, and deconditioning(1,5).

The improvement in ACT scores observed in the RDT group
underscores not only physiological benefits but also
symptomatic and self-perceived control over asthma, which has
important implications for quality of life and medication
adherence. These outcomes echo findings from studies
demonstrating that IMT reduces dyspnea, improves physical
activity levels, and lowers reliance on bronchodilators (6,9). The
mechanisms behind these improvements are multifactorial,
involving enhanced neuromuscular coordination, increased
diaphragmatic excursion, and reduced work of breathing during
exertion. In contrast, while VOS was associated with modest
improvements in outcomes, its effect size was smaller, likely due
to its emphasis on sustained inspiration without progressive

muscular overload. Incentive spirometry remains a valuable tool
for encouraging lung expansion and alveolar recruitment, yet its
utility may be more pronounced in post-operative orimmobilized
populations rather than in stable asthma patients seeking
functional improvement (10,11,15).

A notable strength of this study is its use of validated outcome
measures and a structured, supervised intervention protocol,
which enhanced internal validity and ensured adherence. The
sample size was sufficient to detect statistically significant
differences; however, the predominance of female participants
may limit generalizability to male asthma populations.
Additionally, while simple randomization minimized allocation
bias, the use of non-probability sampling may have introduced
selection bias, restricting external validity. The absence of
blinding among participants and physiotherapists could have
influenced performance outcomes, although objective
measures like spirometry mitigate this risk.

Another limitation is the focus on short-term outcomes; the
study did not evaluate the sustainability of benefits or long-term
adherence to home-based respiratory training. Moreover,
important dimensions such as quality-of-life indices,
inflammatory biomarkers, and psychological health were not
assessed, which could have enriched the multidimensional
understanding of treatment impact. Combining RDT with VOS
may also yield synergistic effects, a hypothesis that warrants
empirical testing in future trials.

To advance the current findings, future research should explore
the integration of RDT into multidisciplinary asthma
rehabilitation programs and assess its impact across diverse age
groups, asthma severities, and comorbid conditions.
Investigating its effects on systemic inflammation, healthcare
utilization, and health-related quality of life could also provide
comprehensive insights into its therapeutic value. Larger
multicenter trials with stratified random sampling, longer follow-
up periods, and gender-balanced cohorts are needed to enhance
generalizability and establish clinical guidelines.

This study provides compelling evidence that resistive
diaphragmatic training is a more effective intervention than
volume-oriented spirometry for improving lung mechanics,
exercise tolerance, and asthma control in patients with
moderate asthma. These findings support the inclusion of
targeted inspiratory muscle training as a core component of
physiotherapeutic asthma management, offering a practical,
scalable strategy to enhance patient outcomes and reduce
disease burden.

CONCLUSION

This randomized controlled trial demonstrated that resistive
diaphragmatic training is more effective than volume-oriented
spirometry in enhancing pulmonary function, functional
capacity, and asthma control among patients with moderate
asthma. Consistent with the study objective, the results revealed
significantly greater improvements in FVC, FEV;, FEV4/FVC
ratio, 6-Minute Walk Test distance, and Asthma Control Test
scores in the resistive training group. These findings highlight
the clinical relevance of integrating resistive diaphragmatic
training into standard physiotherapy protocols for asthma
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rehabilitation, offering a practical and non-pharmacological
approach to optimize respiratory outcomes. From a research
perspective, the study supports further investigation into long-
term effects, gender-specific responses, and combined
modalities to establish comprehensive, evidence-based
respiratory care strategies for asthmatic individuals.
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