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Effects of inspiratory muscle training on pulmonary
function, trunk stability, and balance in stroke patients:
a stratified randomized controlled trial

Dae-Hee Lee, Hye-Joo Jeon*

Department of Physical Therapy, U1 University, Yeongdong, Korea

This study examined the impact of inspiratory muscle training (IMT) on
respiratory function, trunk control, and balance in individual's post-
stroke. Thirty stroke patients were randomly divided into an IMT group
(n=15) and a conventional neurodevelopmental treatment (CNT) group
(n=15). Both groups underwent 30-min sessions, 5 times per week,
over 6 weeks. Respiratory function was measured using the POWER-
breathe K5 and a spirometer. Balance was evaluated using the trunk
impairment scale (TIS), Berg Balance Scale (BBS), and the Timed Up
and Go (TUG) test. The IMT group showed significant improvements in
maximal inspiratory pressure, maximal inspiratory flow rate, maximal

INTRODUCTION

Stroke is one of the primary causes of illness and long-term dis-
ability globally (Markus, 2023). Stroke is one of the leading caus-
es of death and disability worldwide, with approximately 12 mil-
lion new cases each year and over 100 million stroke survivors
globally (Johnson et al., 2019). It affects not only sensory, motor,
cognitive, and language functions but also significantly impairs
respiratory function (Ghoreyshi et al., 2022). Respiratory dysfunc-
tion in stroke patients can result in reduced oxygen supply, weak-
ened cough, difficulty clearing airway secretions, and decreased
cardiopulmonary endurance, all of which can adversely affect phys-
ical health and quality of life (de Almeida et al., 2011).

Individuals who are bedridden or rely on a wheelchair often ex-
perience trunk muscle weakness and imbalance (Verheyden et al.,
2014). Hemiplegia commonly leads to asymmetrical posture and
increased trunk flexion, both of which can limit inspiratory capac-

inspiratory capacity, peak expiratory flow, and forced expiratory volume
in 1 sec (P<0.05). The CNT group showed no significant changes in re-
spiratory outcomes. Both groups improved in TIS, BBS, and TUG scores,
with no significant differences between them. IMT led to notable gains
in respiratory function and showed positive trends in trunk control and
balance. These results indicate that IMT may be a beneficial addition to
stroke rehabilitation focused on respiratory and postural improvement.

Keywords: Inspiratory muscle training, Respiratory function, Trunk con-
trol, Balance, Stroke

ity (Lima et al., 2014). Impaired trunk extension and postural asym-
metry reduce the efficiency of the respiratory muscles and restrict
chest wall movement, leading to diminished inspiratory and expi-
ratory function (Britto et al., 2011). Studies have shown that stroke
patients have significantly lower maximal inspiratory pressure
(MIP, 17-57 ¢cmH,0O) and maximal expiratory pressure (MEP,
25-68 cmH-0) compared to healthy individuals (Menezes et al.,
2016).

Respiratory muscle training is a structured approach designed
to strengthen the inspiratory or expiratory muscles by increasing
MIP and MEP (Illi et al., 2012). Among these methods, inspira-
tory muscle training (IMT) has been shown to improve respiratory
function, reduce dyspnea, enhance postural stability and balance,
and increase quality of life in individuals with stroke (Xiao et al.,
2012). IMT is grounded in key principles of skeletal muscle con-
ditioning—overload, specificity, and reversibilitcy—and promotes
increased diaphragmatic strength and thickness through progres-
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sive resistance (Souza et al., 2014; Zhang et al., 2020). The dia-
phragm plays a dual role in respiration and trunk stability through
its co-activation with abdominal and spinal muscles, particularly
during postural adjustments (Develi et al., 2021; Nason et al., 2012).
This functional linkage supports the use of IMT to influence trunk
control and balance in individuals recovering from stroke.

Stroke often results in respiratory dysfunction due to weakened
inspiratory muscles, reduced lung volumes, and impaired neuro-
muscular control, increasing the risk of complications such as pneu-
monia (Sutbeyaz et al., 2010). IMT plays a vital role in rehabilita-
tion by strengthening respiratory muscles, thereby improving pul-
monary function, enhancing cough efficiency, and promoting oxy-
genation (Britto et al., 2011). IMT also improves exercise tolerance
and functional recovery, making it a key component of poststroke
rehabilitation.

Recent evidence from systematic reviews and meta-analyses has
further substantiated the role of IMT in stroke rehabilitation. Zhang
et al. (2024) conducted a meta-analysis demonstrating that respi-
ratory muscle training significantly enhances MIP, MEP, forced
vital capacity (FVC), and overall functional capacity in patients
with early-stage stroke. In addition, Fabero-Garrido et al. (2022)
reported that IMT contributes to measurable improvements in
diaphragmatic thickness, inspiratory muscle strength, and exercise
tolerance, highlighting its efficacy in promoting structural and
functional recovery of the respiratory system in stroke survivors.
Likewise, Li et al. (2024) found that threshold respiratory muscle
training led to significant gains in both inspiratory and expiratory
muscle strength, as well as improvements in pulmonary function
parameters (e.g., FVC etc.) and exercise endurance, further support-
ing its integration into poststroke rehabilitation protocols.

Although a number of studies have investigated the effects of
IMT on respiratory muscle strength and exercise capacity in indi-
viduals with stroke (Tovar-Alcaraz et al., 2021; Vaz et al., 2021),
relatively few have explored its impact on trunk control and bal-
ance—both of which are critical for functional independence and
fall prevention. Moreover, many existing studies are limited by small
sample sizes or lack of methodological rigor. For instance, Aydogan
Arslan et al. (2022) reported notable improvements in respiratory
function, trunk control, and balance following IMT; however, com-
prehensive, well-designed trials remain scarce.

This study aims to address these gaps by investigating the ef-
fects of IMT on respiratory function, trunk control, and balance in
patients with subacute stroke using a stratified randomized con-
trolled design. In particular, the study focuses on how targeted re-
spiratory intervention may influence neuromuscular coordination
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essential for postural control. We hypothesized that a structured
IMT protocol would elicit significant enhancements in respiratory
performance, trunk stability, and balance, thereby contributing to
a more comprehensive functional recovery in individual’s poststroke.

METERIALS AND METHODS

Study design

This prospective, single-blind, stratified randomized controlled
trial was conducted at Suwon Centum Hospital in South Korea be-
tween December 2024 and March 2025, with the study design il-
lustrated in Fig. 1. The study protocol was approved by the Institu-
tional Review Board of U1 University (IRB No. U1IRB2024-12).

Participants

Thirty stroke patients who were hospitalized during the study
period and voluntarily provided informed consent after receiving
a full explanation of the study objectives were enrolled. The re-
quired sample size was determined using the G*Power software
(ver. 3.1, Franz Faul, University of Kiel), based on the effect sizes
reported in prior research (Faul et al., 2007). A paired sample #-test
was used, with an alpha level of 0.05, a power of 0.95, and an ef-
fect size of 1.61, indicating a minimum of 10 participants per
group (20 in total). To accommodate possible dropouts, 30 partic-
ipants were recruited. The inclusion criteria were (a) a clinical di-
agnosis of stroke, (b) age between 30 and 70 years with either pa-
tient or legal guardian consent, (c) the ability to walk independent-
ly for at least 10 m (use of assistive devices allowed), (d) no history
of cardiovascular or respiratory disease, and (e) a score of 24 or
higher on the Korean version of the Mini-Mental State Examina-
tion. Exclusion criteria were (a) not meeting the inclusion criteria
and (b) voluntary withdrawal from the study for personal reasons.
Participant characteristics are shown in Table 1.

Interventional methods

Thirty stroke patients were assigned to either the study group
(n=15) or the control group (n=15) using a stratified randomiza-
tion method. The study group received IMT, whereas the control
group underwent conventional neurodevelopmental treatment. The
intervention lasted for 6 weeks, with sessions conducted 5 times
per week, each lasting 30 min.

Study group
IMT was cartied out using the POWERDbreathe K5 (POWER-
breathe K5, International Ltd.). Each session lasted 30 min and
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Enrollment 35 Assessed for eligibility
5 Excluded
> - 4 Not meeting inclusion criteria
- 1Declined to participate
-0 Other reasons
y
’ 30 Randomized ‘

'

i Allocation L

- Received the inspiratory muscle training
program

15 Allocated to intervention

- Received a conventional

15 Allocated to intervention
neurodevelopmental treatment program

¢ Follow-up L

’ 0 Lost to follow-up |

| 0 Lost to follow-up ‘

¢ Analysis L

’ 15 Analysed |

Fig. 1. Flow chart of study participants.

Table 1. General characteristics of both groups

Variable Study group Control group
Age (yr) 53.60+9.11 54.67+8.90
Weight (kg) 66.63+11.47 69.03+12.72
Height (cm) 166.48+8.49 169.13+9.71
Onset (mo) 11.40+2.09 11.93+257
Gender, male:female 7(46.7):8 (53.3) 7(46.7):8(53.3)
Paretic side, leftright 9(60.0):6 (40.0) 9(60.0):6 (40.0)
Diagnosis, infarction:hemorrhage 7(46.7):8(53.3) 8(53.3):7 (46.7)

Quantitative data (age, weight, height, and onset) are presented as mean + stan-
dard deviation and were analyzed using independent t-tests. Categorical data (gen-
der, paretic side, and diagnosis) are presented as frequencies and percentages and
were analyzed using the chi-square test.

included 15 min of diaphragmatic breathing, followed by two
5-min training sets, with a 5-min rest between sets. Participants
used a nasal clip and sealed their lips tightly around the mouth-
piece, fully exhaling their residual lung volume before performing
a rapid and forceful inhalation. Training began at 40% of MIP re-
sistance (auto mode—very light) and gradually increased to 60%
(auto mode—moderate). IMT was supervised by a licensed physical
therapist with more than 3 years of clinical experience in neuro-
logical rehabilitation and specialized training in respiratory thera-
py. To ensure consistency and reliability, all assessments were con-
ducted by the same evaluator throughout the study period.

Control group

Neurodevelopmental treatment, a problem-solving approach,
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was customized according to each participant’s functional status,
specific needs, and preferences. The treatment included bridge ex-
ercises, stretching and elongation exercises, functional strengthen-
ing of trunk muscles, and balance and gait training. All sessions
were conducted by a licensed physical therapist with over 3 years
of clinical experience.

Assessment tools
Inspiratory function test

The inspiratory function was assessed using the POWERDbreathe
K5 device to measure MIP, maximal inspiratory flow, and maximal
inspiratory volume. Assessments were performed with participants
seated comfortably, using a mouthpiece. The device has high reli-
ability, with intrarater reliability ranging from intraclass correla-
tion coefficient (ICC)=0.959 to 0.986 and interrater reliability
from ICC=0.933 t0 0.985 (Lee et al., 2016).

Expiratory function test

Expiratory function was measured using a spirometer (PF-200,
Microlife AG) to assess peak expiratory flow (PEF) and forced ex-
piratory volume in 1 sec (FEV)). Participants were seated comfort-
ably, held the spirometer mouthpiece, performed a full inhalation,
and then exhaled forcefully.

Trunk impairment scale

The trunk impairment scale (TIS) evaluates trunk control, static
and dynamic balance, and coordination in individuals with neuro-
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logical impairments. It consists of three subcomponents, with a
total score ranging from 0 to 23: 6 points for static balance (main-
taining an upright seated posture with feet on the ground and
crossing the unaffected leg over the affected leg), 7 points for dy-
namic balance (assessing trunk control in the frontal plane), and
10 points for coordination (evaluating coordination between the
head and upper and lower trunk). Higher scores indicate better
trunk control. During the evaluation, the therapist may explain
or demonstrate the movements. Each item was performed three
times, and the highest score was recorded. The test-retest reliabil-
ity ranges from 0.85 to 0.96, and the interrater reliability ranges
from 0.85 to 0.99 (Fukata et al., 2021).

Timed Up and Go test

The Timed Up and Go (TUG) test measures the time it takes
for a participant to stand from a seated position in a chair with
armrests, walk 3 m forward, turn at a designated point, return to
the chair, and sit back down. It is a reliable measure of balance,
gait speed, and functional mobility. The intrarater and interrater
reliability for the test is high, at #=0.99 and r=0.98, respectively.
For this study, the test was performed 3 times, and the average
time was used for analysis (Shumway-Cook et al., 2000).

Berg Balance Scale

The Berg Balance Scale (BBS) is used to objectively evaluate
both static and dynamic balance in stroke patients. It includes 14
tasks, each rated from 0 to 4, with a maximum possible score of
56. Reported interrater and intrarater reliability for stroke popu-
lations are #=0.98 and »=0.97, respectively (Blum and Komer-
Bitensky, 2008).

Statistical analysis

All statistical analyses were conducted using IBM SPSS ver. 18.0
(IBM Co.). The general characteristics of the participants were an-
alyzed using descriptive statistics, with results presented as means
and standard deviations. Group differences were evaluated using
the chi-square test and independent #-test to ensure group homo-
geneity. Within-group pre- and postintervention comparisons were
made using paired #-tests, and between-group differences in de-
pendent variables were assessed using independent #-tests. Chang-
es from pre- to postintervention between the study and control
groups were also compared using independent #-tests. In addition,
a two-way repeated measures analysis of variance was performed
to examine the interaction effects between time (pre- and postin-
tervention) and group (study and control). The significance level
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(o) for all analyses was set at 0.05. All assessments were performed
3 times, and the average value was used.

RESULTS

Inspiratory function

In the study group, MIP significantly increased from 36.10+
4.29 emH,0 at baseline to 50.77+4.81 cmH,O after the inter-
vention (P <0.001). In contrast, the control group showed no sig-
nificant change, with MIP increasing slightly from 36.22+3.16
cmH,0 to 36.60+2.98 cmH,O (P >0.05). The maximal inspira-
tory flow rate (MIFR) in the study group also increased significant-
ly, from 1.54+0.50 L/sec to 3.22+0.65 L/sec (P <0.001). The
control group showed no significant change, with MIFR increas-
ing slightly from 1.69+0.47 Lisec to 1.72+£0.49 Lisec (P> 0.05).
Maximal inspiratory capacity (MIC) in the study group significant-
ly increased from 1.28+0.39 L to 1.71£0.33 L (P <0.001), whereas
the control group showed no significant change, with MIC increas-
ing slightly from 1.25+0.35 L to 1.30+0.35 L (P>0.05). Be-
tween-group comparisons revealed significant differences in MIP
(P<0.001) and MIFR (P <0.05), while the difference in MIC was
not statistically significant (P> 0.05), as shown in Table 2.

Expiratory function

In the study group, PEF significantly increased from 277.40+
51.75 L/min to 383.30+59.94 L/min (P <0.001). The control
group showed no significant change, with PEF rising from 266.80 +
43.69 L/min to 289.40%58.90 L/min (P >0.05). FEV, in the

Table 2. Comparison of inspiratory function within and between groups

Variable Study group Control group P-value

MIP (cmH.0)
Pretreatment 36.10+£4.29 36.22+3.16 0934
Posttreatment 50.77+4.81 36.60+2.98 <0.001
Palue <0.001 0.090

MIFR (L/sec)
Pretreatment 1.54+0.50 169+0.47 0.416
Posttreatment 3.22+0.65 1.72+£0.49 <0.001
Pvalue <0.001 0.096

MIC (L)
Pretreatment 1.28+0.39 1.25+£0.35 0.819
Posttreatment 171033 1.30+0.35 0.003
Pvalue <0.001 0.353

Values are presented as mean + standard deviation.
MIP, maximal inspiratory pressure; MIFR, maximal inspiratory flow rate; MIC, maxi-
mal inspiratory capacity.
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Table 3. Comparison of expiratory function within and between groups

Table 4. Comparison of balance ability within and between groups

Variable Study group Control group Pvalue Variable Study group Control group P-value

PEF (L/min) TIS (score)
Pretreatment 277.40+51.75 266.80+43.69 0.563 Pretreatment 11.40+3.59 11.53+2.45 0.909
Posttreatment 383.30+59.93 289.40+58.90 <0.001 Posttreatment 14.73+2.98 12.80+2.23 0.062
Pvalue <0.001 0.124 Pvalue <0.001 <0.001

FEV: (L) TUG (sec)
Pretreatment 1.60+0.35 167+0.31 0.605 Pretreatment 36.29+7.12 34.24+6.90 0.445
Posttreatment 227+048 1.68+0.32 0.001 Posttreatment 2854+5.26 31.89+5.83 0.121
Pvalue <0.001 0.077 Pvalue <0.001 <0.001

Values are presented as mean + standard deviation. BBS (score)

PEF. peak expiratory flow; FEV;, forced expiratory volume in 1 sec. Pretreatment 34.87+354 3540+3.32 0.684

Posttreatment 3847+2.70 36.40+3.07 0.069
study group significantly increased from 1.60+0.35 L to 2.27+ Pvalue <0.001 <0.001

0.48 L (P<0.001). In contrast, the control group showed no sig-
nificant change, with FEV, changing slightly from 1.67+0.31 L
to 1.68+0.32 L (P >0.05). Between-group comparisons showed
significant differences in PEF (P <0.001) and FEV, (P <0.05), as
presented in Table 3.

Trunk impairment scale

TIS scores significantly improved in both groups. In the study
group, scores increased from 11.40+3.59 to 14.73+2.98 (P < 0.001),
and in the control group, from 11.53+2.45 to 12.80+2.23 (P<
0.001). However, the between-group difference was not statisti-
cally significant (P > 0.05), as shown in Table 4.

Timed Up and Go

TUG scores significantly improved in both groups. The study
group showed a decrease from 36.29+7.12 sec to 28.54+5.26 sec
(P <0.001), and the control group from 34.24+6.90 sec to 31.89+
5.83 sec (P <0.001). Despite improvements within each group,

the between-group difference was not statistically significant (P >
0.05), as shown in Table 4.

Berg Balance Scale

BBS scores also significantly improved in both groups. In the
study group, scores increased from 34.87+3.54 to 38.47+2.70
(P <0.001), and in the control group, from 35.40+3.32 to 36.40+
3.07 (P <0.001). However, the difference between groups was not
statistically significant (P >0.05), as shown in Table 4.

Group, time, and interaction effects on functional
outcomes following IMT

A mixed-design analysis of variance revealed statistically signif-
icant main effects of time for all outcome variables, indicating

https://doi.org/10.12965/er.2550256.128

Values are presented as mean + standard deviation.
TIS, Trunk impairment scale; TUG, timed up and go; BBS, Berg Balance Scale.

that both groups experienced overall improvements following the
intervention. Specifically, significant time effects were observed
for MIP, MIFR, MIC, PEE, FEV,, TIS, TUG, and BBS, with all
P-values less than 0.001 and large effect sizes (partial 5° ranging
from 0.469 to 0.822).

Significant main effects of group were also found for MIP (P <
0.001, #2=0.575), MIFR (P <0.001, ri*=0.384), and PEF (P=
0.006, n°=0.238), indicating that the experimental group per-
formed better than the control group regardless of time. The group
effect for FEV, approached significance (P =0.057), while no sig-
nificant group effects were found for MIC, TIS, TUG, or BBS.

Importantly, significant interaction effects between group and
time were observed for all variables. This indicates that the mag-
nitude of improvement over time differed significantly between
the experimental and control groups. Notably, the experimental
group demonstrated greater gains in respiratory function (MIP,
MIFR, MIC, PEE, FEV)), trunk control (TIS), mobility (TUG),
and balance (BBS) compared to the control group, with all inter-
action effects reaching statistical significance (P <0.001) and effect
sizes ranging from moderate to large (partial °=0.359 to 0.680),
as shown in Table 5.

DISCUSSION

The aim of this study was to examine the effects of IMT on re-
spiratory function, trunk control, and balance in stroke patients.
IMT plays a vital role in stroke rehabilitation, focusing primarily
on maintaining and restoring pulmonary function (Chen et al.,
2016). In this study, the study group showed significant improve-
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Table 5. Results of mixed-design analysis of variance for within- and between-group effects

Main effect Interaction effect
Variable Time Group Groupx Time
F P-value n F P-value n F P-value n

MIP (cmH;0) 66.19 <0.001 0.703 3759 <0.001 0.575 59.62 <0.001 0.680
MFIR (L/sec) 51.91 <0.001 0.650 17.48 <0.001 0.384 4774 <0.001 0.630
MIC (L) 24.71 <0.001 0.469 AN 0.089 0.100 15.67 <0.001 0.359
PEF (L/min) 39.90 <0.001 0.588 8.73 0.006 0.238 16.77 <0.001 0.375
FEV: (L) 47.74 <0.001 0.630 394 0.057 0.123 4373 <0.001 0610
TIS (score) 129.68 <0.001 0.822 0.72 0.404 0.025 26.18 <0.001 0.483
TUG (sec) 101.09 <0.001 0.783 0.08 0.783 0.003 28.95 <0.001 0.508
BBS (score) 97.45 <0.001 0.777 042 0.520 0.015 31.13 <0.001 0.526

MIP. maximal inspiratory pressure; MIFR, maximal inspiratory flow rate; MIC, maximal inspiratory capacity; PEF, peak expiratory flow; FEV;, forced expiratory volume in 1 sec;

TIS, trunk impairment scale; TUG, Timed Up and Go; BBS, Berg Balance Scale.

ments in MIP, MIFR, MIC, PEF, and FEV, after the intervention
(P <0.001). In contrast, the control group did not demonstrate
statistically significant changes (P >0.05). Between-group com-
parisons also revealed significant differences in MIP, MIFR, MIC,
PEF, and FEV; (P <0.05), indicating that the intervention was ef-
fective in enhancing respiratory function.

The improvement in respiratory function was linked to increased
respiratory muscle strength, especially in the study group, where
MIP, MIC, and MIFR showed significant increases (P <0.001).
This suggests that the intervention effectively strengthened the
inspiratory muscles. Similar results have been observed in previous
studies (Sutbeyaz et al., 2010), reinforcing the notion that IMT
positively affects lung capacity and respiratory muscle strength.
Additionally, the significant rise in MIFR indicates improved air-
way resistance and airflow dynamics, suggesting that the inter-
vention may have enhanced respiratory efficiency. In a 9-week study
on stroke patients, Britto et al. (2011) found that participants who
underwent IMT showed significant improvements in MIP and
endurance (Kim et al., 2014). Likewise, Chen et al. (2016) con-
ducted a study on 21 stroke patients and reported a substantial
increase in MIP in the group that received IMT compared to the
control group.

The significant improvements in PEF and FEV| in the study
group (P <0.001, P <0.05) indicate enhanced expiratory effort and
lung function. These results suggest that IMT effectively boosts
lung capacity and airflow velocity. The increase in FEV, also points
to improved lung elasticity and airway patency. Since the control
group did not show similar changes, it is likely that the interven-
tion directly contributed to the improvement in pulmonary func-
tion. A study by Sutbeyaz et al. (2010) found that an IMT program
led to improvements in both FEV; and PEE Previous research has
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shown that IMT enhances FEV, suggesting that IMT may reduce
the risk of stroke recurrence (Hodges and Gandevia, 2000). An
increase in PEF reflects stronger respiratory muscles, a lower risk
of respiratory infections, and improved expiratory function (Myint
et al., 2005). In stroke patients, PEF is approximately one-third
lower than in healthy elderly individuals (Hodges et al., 2001a),
and a reduced FEV/ has been linked to a higher risk of stroke and
its recurrence (Hodges et al., 2001b). Both groups demonstrated
significant improvements in TIS, TUG, and BBS, reflecting gains
in balance and functional mobility. However, no significant differ-
ences were found between the groups (P >0.05). This suggests that
both groups likely participated in a comparable level of physical
activity or that the balance and mobility assessment tools used in
this study might not have been sensitive enough to detect subtle
effects of the intervention. Nevertheless, the study group showed
a stronger trend of improvement, indicating that a longer inter-
vention period might produce more noticeable differences between
the groups.

IMT may also aid in trunk control and balance by strengthen-
ing the diaphragm, which is essential for core stability. The dia-
phragm’s contraction increases intra-abdominal pressure, working
in conjunction with the pelvic floor and abdominal muscles to
improve postural control (Ferraro et al., 2019). These findings are
consistent with research by AydoZan Arslan et al. (2022), which
emphasized IMT's positive effects on breathing, trunk control, and
balance in stroke patients. Moreover, growing scientific evidence
supports the role of IMT in enhancing balance. IMT targets the
diaphragm and related core muscles, which are crucial for main-
taining postural stability. For instance, Ferraro et al. (2019) con-
ducted a randomized, double-blind, placebo-controlled study show-
ing that 8 weeks of unsupervised, home-based IMT significantly
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improved balance in healthy older adults, as assessed by the Mini-
Balance Evaluation Systems Test (Xiao et al., 2012). These improve-
ments were attributed to enhanced inspiratory muscle strength
and function, which likely contributed to better postural control.
More recent studies also affirm IMT’s comprehensive benefits. For
example, Lee and Kim (2018) reported that respiratory training
significantly improved trunk control, pulmonary function, and
trunk muscle activity in chronic stroke patients. Similarly, Jung
and Bang (2017) demonstrated improvements in walking ability
and inspiratory muscle strength following IMT in subacute stroke
patients. Oh et al. (2016) found that IMT positively affected bal-
ance and abdominal muscle thickness. These studies support the
growing consensus that IMT is not only beneficial for respiratory
recovery but also for functional mobility and core stability. The
findings of this study demonstrated that IMT produced significant
improvements in respiratory function, trunk control, mobility,
and balance in stroke patients. While both the experimental and
control groups showed improvements over time, the magnitude of
change was significantly greater in the experimental group across
all measured outcomes. These results support the efficacy of IMT
as an effective adjunct to conventional rehabilitation in enhancing
functional recovery following stroke. The large effect sizes observed,
particularly in inspiratory function and trunk stability, highlight
the clinical relevance of incorporating IMT into stroke rehabilita-
tion protocols.

This study has several limitations. First, the relatively small
sample size may limit the statistical power and restrict the gener-
alizability of the findings. Second, the absence of long-term follow-
up hinders the ability to determine the sustained effects of the in-
tervention over time. Third, participants in the control group may
have engaged in unsupervised or incidental physical activity, po-
tentially affecting the outcomes and contributing to the lack of
statistically significant differences in certain measures such as bal-
ance and mobility. Fourth, all participants were recruited from a
single institution, which may result in a relatively homogeneous
sample and limit the external validity of the results. To address
these limitations, future research should include a larger and more
diverse sample population, employ multicenter trials to enhance
generalizability, and incorporate long-term follow-up assessments
to evaluate the persistence of treatment effects. Moreover, using
objective and standardized tools to monitor physical activity and
functional performance-especially in the control group-would help
clarify the true effects of the intervention.

In conclusion, this intervention effectively improved trunk
control, balance, and both inspiratory and expiratory functions.

https://doi.org/10.12965/er.2550256.128

These findings suggest that the intervention is a valuable exercise
rehabilitation approach for individuals with impaired respiratory
function.
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