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The Effect of an Inspiratory Muscle Training Program on Functionality in 
Adolescents and Young Adults with Cerebral Palsy: A Randomized Controlled 

Trial

Abstract

Inspiratory Muscle Training (IMT) may improve respiratory muscle strength, pulmonary function and functional exercise 
capacity and quality of life in children with Cerebral Palsy (CP). The present study was designed to evaluate the effect of an 
IMT on functional capacity in adolescents and young adults with CP. For this purpose, an 8- week controlled experimental trial 
was conducted. 42 adolescents and young adults with CP from a special education school and a special education center volun-
teered to the study and were randomly assigned in two groups (IMT and control). The study was completed by 37 participants: 
a) 20 participants followed an 8-week IMT, at 30% of maximal inspiratory pressure (MIP), four sessions per week, for 20 
minutes per day and participated in the standardized physiotherapy program of the special education school or center, and b) 17 
participants followed the standardized physiotherapy program. The main outcome measure was the 6-minute walking distance 
test (6MWT) and secondary outcome measures were: 1-minute walking distance test (1MWT), 5 repetitions sit-to- stand test 
(STS), 5-stair timed-up-and-down test (TUDS), Berg Balance Scale (BBS), World Health Organization-Disability Assessment 
Schedule 2.0 (WHODAS 2.0), respiratory muscle strength [MIP and maximal expiratory pressure (MEP)] and pulmonary 
function [forced expiratory volume in 1 second % predicted (FEV1%pred), forced vital capacity % predicted (FVC%pred) 
and peak expiratory flow % predicted (PEF%pred)]. The 2 × 3 repeated measures ANOVA revealed a significant interaction 
effect between intervention and time in 6MWT (p <0.001), 1MWT (p <0.001), STS (p<0.001), TUDS (p <0.001), WHODAS 
(p <0.001), MIP (p <0.001), MEP (p <0.001), FEV1%pred (p <0.001), FVC%pred (p =0.003) and PEF%pred (p =0.023). In 
conclusion, IMT improved functionality, respiratory muscle strength, and pulmonary function in adolescents and young adults 
with CP, supporting the effectiveness of the treatment in this population.
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Introduction
Cerebral Palsy (CP) refers to a group of permanent disorders in 
the developing brain of the fetus or newborn, involving chang-
es in the biomechanics of all parts of the human body with 
consequences on the development of posture and movement, 
resulting in significant limitations in functionality and qual-
ity of life [1,2]. The weakness in the respiratory muscles ob-
served in CP causes changes in the biomechanics of the chest 
resulting in modification of the length-force relationship of the 
diaphragm [3]. The diaphragm has a dual function (ventilation 
and posture) with an essential role in the maintenance of lum-
bar spine stability, as it has a direct anatomical connection to 
the spine via its crural fiber [4].

Children with CP compared to typically developing peers have 
shown lower inspiratory muscle strength and aerobic capac-
ity (six-minute walk test and the Shuttle test), essential char-
acteristics to perform energy-efficient walking and functional 
activities [5-10]. Children and adolescents with CP are at risk 
for respiratory problems and parenchymal lung diseases [11-
13], which often result in hospital admission or deaths [14]. 
Respiratory muscle strength and lung function in children with 
CP are positively correlated with their ability levels to per-
form daily self-care and social functions [9,15]. Respiratory 
function is declining as the levels of the Gross Motor Func-
tion Classification System (GMFCS) progress [16]. Inspira-
tory muscle training (IMT) seems to improve trunk control, 
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respiratory muscle strength, daily living activities, functional 
exercise capacity and quality of life in children with CP [1] as 
well as pulmonary function such as forced expiratory volume 
in 1 second (FEV1), forced vital capacity (FVC), and peak ex-
piratory flow (PEF) [17,18]. IMT also seems to improve FEV1 
and PEF in adults with CP [11]. On the contrary, some studies 
have shown no IMT impact on mobility capacity, balance, or 
6MWT in children and adolescents with CP [16,19] resulting 
in no significant changes after inspiratory and balance training 
program.

Based on the above conflicting findings, the primary objective 
of the study is to shed more light in the field and investigate 
the effect of an IMT on functionality in adolescents and young 
adults with cerebral palsy. Improvements are expected in the 
above variables as well as in maximal inspiratory pressure 
(MIP) and possibly in pulmonary function.

Methods
Study design
The study was a single blind randomized controlled clinical tri-
al (RCT) with allocation concealment. The study protocol was 
approved by the Internal Research Ethics- Bioethics Committee 
(1377/20-04-2022) of School of Physical Education and Sports 
Science of National and Kapodistrian University of Athens and 
registered on ANZCTR (Australia New Zealand Clinical Trials 
Registry) with registration number ACTRN12625000149460, 
retrospectively. The present study followed the SPIRIT (Stan-
dard Protocol Items: Recommendations for International Tri-
als) statement.

Participants
The participants were volunteers, recruited from a special edu-

cation public school and a special education center in Athens, 
Greece. They were diagnosed with cerebral palsy by a quali-
fied pediatric neurologist [20] and were able to understand and 
follow simple verbal commands in Greek. They were also at 
levels I to III according to the Gross Motor Function Classifi-
cation System (GMFCS) (able to walk with or without assis-
tance) [21]. Exclusion criteria: level IV to V (GMFCS), partici-
pation in another IMT program six (6) months before the study 
[17], participation in therapeutic procedures such as orthopedic 
surgeries or botox injections in the last six (6) months [17,19], 
cardiopulmonary diseases, acute medical illness, inability to 
understand and follow verbal instructions and concurrent in-
volvement in interventional programs [1]. Participants did not 
receive any kind of economic support and provided informed 
consent for their inclusion in the study.

Power analysis
The calculation of the minimum sample size for detecting sig-
nificant differences between groups was based on the effect 
size of 0.85 for the 6MWT in the study of Keles and colleagues 
(2018) and the corresponding tables of Whitley and Ball (2002) 
[22]. More specifically, with an effect size of 0.85, power size 
of 0.80, and α = 0.05, the minimum sample size was found to 
be 40 participants, corresponding to 20 individuals allocated 
in the experimental (IMT) group and 20 in the control group.

Randomization and blinding procedures
Initially, 42 adolescents and young adults with CP (level I to 
III, according to the GMFCS) volunteered to participate in the 
study, aged 15 to 27 years, who underwent baseline assessment 
(from October 2023). They were randomly assigned to experi-
mental (8 women and 13 men) and control groups (9 women 
and 12 men) using a computer-generated method by the pri-

Figure 1: Flowchart of the study (CONSORT 2025).
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mary researcher. Only the primary researcher was aware of the 
allocation of the participants.

During the study, five (5) participants had to drop out, four (4) 
due to respiratory disease and one (1) due to musculoskeletal 
injury. The final sample consisted of 37 adolescents and young 
adults with CP (level I to III, according to the GMFCS), aged 
15 to 27 years, as they were initially allocated to experimental 
(8 women and 12 men) and control groups (6 women and 11 
men).

The study’s flowchart is presented in Figure 1, according to 
CONSORT 2025 Flow Diagram [23].

Research Tools
Participants were assessed by a pneumonologist and a physi-
cal therapist, blinded to the patients’ treatment allocation, on 
the following measures, administered in random order, at three 
points (0, 4, 8 weeks):
•	 A questionnaire regarding demographics.
•	 The 6-minute Walking Test (6MWT) [24].
•	 The five repetitions sit-to-stand test (STS) [25].
•	 Spirometry with the Spiro sense spirometry system 
(Burdick, Inc., Deerfield, WI, USA).
•	 Maximal Inspiratory Pressure (MIP), Maximal Ex-
piratory Pressure (MEP) with a portable respiratory pressure 
meter (MD Diagnostics Ltd. Kent, UK).
•	 The 1-minute walking distance test (1MWT) [26, 27].
•	 The Timed up and down stairs test (TUDS) [28].
•	 The Berg Balance Scale (BBS) [29].
•	 The World Health Organization-Disability Assess-
ment Schedule (WHODAS 2.0) [30].
Primary outcome

The 6-minute Walking Test (6MWT) [24] has been used to 
evaluate the functional exercise capacity in children with CP 
[19,31,32]. In the present study, the 6MWT was performed ac-
cording to the American Thoracic Society (ATS) recommenda-
tions (2002) [33]. The 6MWT has been shown to be a valid 
[34] and reliable test [32] for ambulatory children with CP.
Secondary outcomes

The 1-minute walking distance test (1MWT) [26] evaluates the 
walking ability of the participants for one minute in a 20-meter 
oval track. It has been used for rapid assessment in adolescents 
with CP levels I–III, both at school environment and during 
rehabilitation [27] showing high intraclass correlation coeffi-
cient. High intraclass coefficient has been reported in children 
with bilateral spastic CP as well [35].

The five repetitions sit-to-stand test (STS) [25] has been used 
to evaluate the functional strength in children with CP [36] and 
has shown high intraclass correlation coefficient (ICC) and 
inter-rater reliability for children and adolescents with CP [37].
The Timed up and down stairs test (TUDS) assesses functional 
mobility in children with CP [28]. It has demonstrated excel-
lent test-retest reliability, intra-rater and inter-rater reliability 
[38].

The Berg Balance Scale (BBS) [29] evaluates functional bal-
ance [39] and has appeared to be a valid and highly reliable 
tool in adolescents with CP [40]. The BBS can be used for both 
clinical examinations and for distinguishing between levels of 
functional balance in adolescents with CP [40]. The BBS has 

been validated in a Greek sample with excellent reliability [41].
The World Health Organization-Disability Assessment Sched-
ule (WHODAS 2.0) assesses disability, considering body de-
ficiencies, activity limitations as well as restrictions in partici-
pation [30,42]. The WHODAS 2.0 has shown high internal 
consistency [42] and has been proved to be a reliable and valid 
instrument for the Greek population, demonstrating excellent 
internal consistency [43].

Maximal Inspiratory Pressure (MIP) and Maximal Expiratory 
Pressure (MEP) were measured according to the American 
Thoracic Society/ European respiratory Society criteria (2002) 
[44], using a respiratory pressure meter device (MD Diag-
nostics Ltd. Kent, UK). MIP has been used for assessing the 
strength of inspiratory muscles in children with CP [1,9,19].

The Pulmonary function test was performed with spirometry 
using a calibrated spirometer (Spiro sense spirometry system, 
Burdick, Inc. Deerfield, WI, USA) according to the guidelines 
of the American Thoracic Society (ATS) and European Respi-
ratory Society (ERS) [45]. The maximal air volume exhaled 
in the first second of forced maximal exhalation (FEV1), the 
maximal air volume exhaled in forced exhalation (FVC) and 
the maximal flow during exhalation (PEF) were measured and 
recorded as percentages of the predicted values. Before the 
test, the participants were at rest for 10 minutes. The spirom-
etry test was performed three times, and the best results, for the 
above-mentioned variables, were recorded [19].

Treatment Procedures
Initial assessment
A pneumonologist performed lung function testing (FEV1, 
FVC, PEF) as well as MIP and MEP measurements for assess-
ing respiratory muscle strength. A qualified physical therapist, 
with five years of experience in the assessment of neurologic 
patients, measured all functional tests (6MWT, 1MWT, STS, 
TUDS, BBS) and administered WHODAS 2.0 in all partici-
pants. The participants were at rest before each assessment, 
according to their heart rate and the rated perceived exertion 
(PRE) scale. The above research colleagues delivered the col-
lected data from each measurement of the study (0, 4, 8 weeks) 
to the secretariat of the special education school and special 
education center, which in turn forwarded the data to the statis-
tician and the primary researcher.

Interventions
Before the initial assessment, both groups attended a one-hour 
informative session, handled by the primary researcher. The 
session covered respiratory pump function and functional abil-
ity as well as physiotherapy management for individuals with 
CP. During the session, there was a demonstration of a) the pul-
monary function tests and b) the MIP and MEP measurements 
by the pneumonologist, and c) the functional ability tests, and 
the WHODAS 2.0, by a physiotherapist (different from the one 
that participated in the initial assessment), who implemented 
the IMT intervention. 

Additionally, all participants followed the standardized phys-
iotherapy program of the special education school and center, 
which included stretching exercises, range of motion exercises 
and techniques for facilitating normal movement patterns, all 
tailored to individual needs. The standardized physiotherapy 
program was implemented and supervised by the physiothera-
pist of the special education school and center.
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Table 1: Distribution of 37 study participants with cerebral palsy by socio- de-
mographic characteristics, according to intervention category.

Table 2: Baseline comparisons between experimental and 
control groups in research variables.

Variables Experimental group (n1 = 20) Control group (n2 = 17) P-value
Gender  
Female 8 (40.00%) 6 (35.30%) 0.57
Male 12 (60.00%) 11 (64.70%)  
Age (yrs) 21.30 ± 4.00 20.82 ± 3.45 0.64
Disability level (GMFCS)   0.91
GMFCS level Ι 7 (35.00%) 5 (29.40%)  
GMFCS level II 7 (35.00%) 7 (41.20%)  
GMFCS level III 6 (30.00%) 5 (29,40%)  
Hight (cm) 165.80 ± 6.89 164.80 ± 7.43 0.42
Weight (kg) 69.63 ± 6.52 68.89 ± 8.38 0.29

Variables Experimental 
group

Control 
group 

P-value

(n1 = 20) (n2 = 17)
6MWT (m) 242.09±133.78 206.32±95.12 0.36

1MWT (m) 55.35±29.85 46.12±18.54 0.28

STS (sec) 19.51±3.91 21.82±3.09 0.052

TUDS (sec) 22.72±7.83 24.16±5.53 0.53

BBS 39.30±12.30 38.18±8.58 0.75

WHODAS 
2.0

28.96±15.82 32.35±13.58 0.49

MΙP (cmH2O)49.72 ± 17.17 47.87 ± 12.60 0.72

MΕP 
(cmH2O)

54.70±17.35 49.98±12.68 0.36

FEV1% pred. 68.29 ± 21.54 70.59 ± 18.34 0.74

FVC% pred. 64.2 ± 21.27 68.91 ± 16.76 0.47

PEF% pred. 71.4 ± 23.81 64.96 ± 19.46 0.38

Experimental group: A qualified physical therapist with five 
years of experience in the treatment of neurologic patients 
(different from the physiotherapist who conducted the assess-
ments) managed and implemented the IMT intervention pro-
gram to ensure the adherence and address any possible dis-
comfort, such as dizziness, breathing difficulties, or fatigue. 
The physical therapist also kept a diary during the sessions, 
recording these findings as well as any other symptoms. Before 
intervention, the experimental group completed three familiar-
ization sessions to become accustomed to the training device 
(Threshold IMT, Philips-Respironics, Pittsburgh, PA, USA) 
and to learn how to perform diaphragmatic breathing. In addi-
tion, the specific physiotherapist provided information regard-
ing the eight-week duration of the intervention. Specifically, 
the experimental group received four (4) 20-minute inspiratory 
training sessions per week using the threshold respiratory de-
vice, which applied specific, constant resistance during inspira-
tion, over the course of eight (8) weeks at the special education 

school and center. The resistance of the IMT started at 30% 
of the initial MIP and was adjusted every two weeks to corre-
spond to 30% of the MIP at each period of the program. Partici-
pants were instructed to complete 10–15 breaths using the IMT 
device during each session. Then, they rested for 30 seconds 
while performing diaphragmatic breathing before continuing 
with the IMT. Participants were excluded from the study if they 
missed more than one treatment session or experienced symp-
toms of acute respiratory disease.

Control Group: This group participated in the standardized 
physiotherapy program provided by the special education 
school and center, which was customized to each participant’s 
needs, as presented above.

Data analysis
In the present study, data analyses were conducted with the 
Statistical Package for the Social Sciences (IBM Corp., SPSS, 
version 19, Armonk, NY, USA). The Shapiro-Wilk test was 
used initially to explore data normality for every dependent 
variable for primary (6MWT) and secondary outcome mea-
sures (1MWT, STS, TUDS, BBS, WHODAS 2.0, MIP, MEP, 
FEV1, FVC and PEF) [46]. The reliability of repeated mea-
surements (test-retest reliability) was tested, with the intraclass 
correlation coefficient (ICC) [47], to examine the degree of 
association across the assessments (0, 4 and 8 weeks) for the 
entire sample.

A 2 × 3 repeated measures ANOVA with Bonferroni adjust-
ment was conducted for the interaction effect between inter-
vention (experimental and control group) and time (0, 4, and 8 
weeks) for every dependent variable separately [48]. Levene’s 
test was used to assess the homogeneity of variance [49]. The 
statistical significance level (p) was set at 0.05.

Results
37 adolescents and young adults with CP, aged 15 to 27 years, 
participated in the study. The participants were randomized 
to experimental (8 women and 12 men) and control groups (6 
women and 11 men). No baseline group differences were found 
in demographic characteristics (Table 1). The participants in 
the experimental group compared to those in the control group 
did not differ significantly in the baseline assessment of the 
research variables (p >0.05) (Table 2).

Levene’s test was found greater than 0.05, indicating that the 
variances were not significantly different and the assumption 
of the homogeneity was met [49].
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Table 3: Participants’ performance assessment across time.
Variables Experimental group (n = 20 )Control group (n = 17 ) t parameter estimatesP η2

6MWT

1st measurement 242.09±133.78 206.32±95.12 0.92 0.36 0.02

2nd measurement266.03±147.60 207.94±97.70 1.38 0.18 0.50

3rd measurement 286.89±155.37 210.35±97.96 1.75 0.09 0.08

1MWT

1st measurement 55.35±29.85 46.12±18.54 1.10 0.28 0.03

2nd measurement61.39±32.66 47.04±18.95 1.60 0.12 0.07

3rd measurement 65.91±34.20 46.99±48.86 2.03 0.05 0.11

5STS

1st measurement 19.51±3.91 21.82±3.09 -1.97 0.052 0.10

2nd measurement16.81±3.84 20.93±3.52 -3.38 0.002 0.25

3rd measurement 15.58±3.43 20.66±4.02 -4.15 <0.001 0.33

TUDS

1st measurement 22.72±7.83 24.16±5.53 -0.64 0.53 0.01

2nd measurement20.48±7.16 23.83±5.55 -1.57 0.13 0.07

3rd measurement 19.19±7.37 23.12±5.46 -1.82 0.08 0.09

BBS

1st measurement 39.30±12.30 38.18±8.58 0.32 0.75 0.00

2nd measurement39.75±12.26 38.06±8.64 0.48 0.64 0.00

3rd measurement 39.95±12.50 38.24±8.73 0.48 0.64 0.00

WHODAS 2.0

1st measurement 28.96±18.82 32.35±13.58 -0.69 0.49 0.02

2nd measurement26.15±15.64 32.36±13.50 -0.28 0.21 0.05

3rd measurement 24.36±15.06 32.60±13.60 -1.73 0.09 0.08

MIP

1st measurement 49.72 ± 17.17 47.87 ± 12.60 0.37 0.72 0.04

2nd measurement63.17 ± 18.65 48.38 ± 12.89 2.78 0.009 0.18

3rd measurement 72.34 ± 21.10 49.14 ± 13.43 3.91 <0.001 0.30

MEP

1st measurement 54.70±17.35 49.98±12.68 0.93 0.36 0.03

2nd measurement63.25±19.70 50.24±12.78 2.34 0.03 0.14

3rd measurement 68.78±21.20 50.58±13.17 3.07 0.004 0.21
FEV1%pred

1st measurement 68.29 ± 21.54 70.59 ± 18.34 -0.35 0.74 0.03

2nd measurement71.93 ± 20.34 71.26 ± 18.37 0.10 0.92 0.00

3rd measurement 75.17 ± 20.94 71.69 ± 19.14 0.53 0.60 0.08

FVC%pred

1st measurement 64.2 ± 21.27 68.91 ± 16.76 -0.74 0.47 0.015

2nd measurement67.19 ± 19.97 69.17 ± 16.85 -0.32 0.75 0.003

3rd measurement 69.45 ± 20.47 69.59 ± 18.53 -0.02 0.98 0.00

PEF%pred

1st measurement 71.4 ± 23.81 64.96 ± 19.46 0.089 0.38 0.02

2nd measurement75.0 ± 22.36 65.18 ± 18.05 1.46 0.16 0.057
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Reliability
The test-retest reliability for all study variables, examined with 
the intraclass correlation coefficient (ICC), was excellent ac-
cording to Koo and Li (2016) [47] for the total sample. Specifi-
cally, the ICC was found: 0.97 for FEV1, 0.97 for FVC, 0.97 
for PEF, 0.91 for MIP, 0.95 for MEP, 0.95 for 1MWT, 0.87 for 
6MWT, 0.94 for STS, 0.97 for TUDS, 0.96 for BBS and 0.93 
for WHODAS 2.0.

Interaction effect between intervention and time
The factorial 2 × 3 ANOVA analysis showed significant inter-
action effect between intervention and time regarding: 
a) 6MWT (F = 19.02, p < 0.001, η2 = 0.53) (Figure 2), 
b) 1MWT (F = 27.99, p < 0.001, η2 = 0.62) (Figure 3), 
c) STS (F =83.61, p < 0.001, η2 = 0.83) (Figure 4), 
d) TUDS (F = 24.98, p < 0.001, η2 = 0.60) (Figure 5), 
e) WHODAS 2.0 (F = 33.63, p < 0.001, η2 = 0.66) (Figure 6), 
f) MIP (F = 164.15, p < 0.001, η2 = 0.91) (Figure 7), 
g) MEP (F = 62.12, p < 0.001, η2 = 0.79) (Figure 8), 
h) FEV1 % pred (F = 11.88, p < 0.001, η2 = 0.41) (Figure 9), 
i) FVC % pred (F = 7.09, p = 0.003, η2 = 0.29) (Figure 10) and 
j) PEF % pred (F = 4.23, p = 0.023, η2 = 0.20) (Figure 11).

Differences between experimental and control groups
Table 3 presents the mean values and standard deviations of 
the study variables for both experimental and control groups 
across time, as well as the t-test parameter estimates used to 
evaluate the group differences across time.

Figure 2: Mean 6MWT values for the two groups at the 3 
measurements.

Figure 3: Mean 1MWT values for the two groups at the 3 
measurements.

Figure 4: Mean STS values for the two groups at the 3 mea-
surements.

Figure 5: Mean TUDS values for the two groups at the 3 
measurements.

Figure 6: Mean WHODAS 2.0 values for the two groups at 
the 3 measurements.

Figure 7: Mean MIP values for the two groups at the 3 mea-
surements.

Figure 8: Mean MEP values for the two groups at the 3 mea-
surements.

Figure 9: Mean FEV1%pred values for the two groups at the 
3 measurements.
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Discussion
The present study was the first known RCT to examine the 
effectiveness of IMT on functional ability in adolescents and 
young adults with CP. The above clinical population has been 
investigated only to a limited extent, despite the increasing mo-
bility restrictions associated with aging. The IMT intervention 
therefore improved functional ability (6MWT, 1MWT, STS 
and TUDS), perceived disability (WHODAS 2.0), respiratory 
muscle strength (MIP and MEP), as well as pulmonary func-
tion (FEV1%pred, FVC% pred, PEF% pred) in adolescents 
and young adults in an eight- week period.

The interaction effect in the outcome variables was associated 
with no group differences across time, except in STS, MIP and 
MEP. According to Leppink, O’Sullivan and Winston (2017) 
[50], the interaction effect may occur when the extent of group 
differences are changing or shifting across time with respect 
to the outcome variables. In the present study, the interaction 
was due to the changing size of group differences across time, 
besides FEV1, where a shifting of differences between groups 
was observed [51].

The significant improvement in functional ability tests follow-
ing IMT suggests that respiratory training may have positive 
effects on peripheral muscles. This effect on peripheral mus-
cles may be attributed to the attenuation of inspiratory muscle 
metaboreflex, which enhances oxygenation and blood flow to 
peripheral muscles, resulting in improvements in physical per-
formance and exercise tolerance [52,53]. According to Vilaça 
et al (2019) [54], during exercise, the sympathetic nervous sys-
tem intervenes through the inspiratory muscle metaboreflex, 
causing a decrease in blood flow to active peripheral muscles, 
reducing performance. IMT seems to attenuate the inspiratory 
muscle metaboreflex, enhancing physical performance and de-
laying fatigue, as shown by the increase in 6MWT in the pres-
ent study. In addition, aerobic capacity of inspiratory muscles 
may be promoted with IMT, resulting in increased minute ven-
tilation during exercise and improving exercise tolerance [55]. 
The improvement of STS and TUDS due to IMT may include 
involvement of the diaphragm [19] and show the need to con-
trol the trunk and lower extremity movements in adolescents 
and young adults with CP. IMT increases inspiratory muscle 
strength and possibly improves their function, including the 
contribution of diaphragm to the regulation of intra-abdominal 
pressure, participating in this way to postural control through 
enhanced core stability in dynamic movement conditions [1]. 
These findings may also be attributed to the increase in MEP 
value, because of IMT implementation. In a study including 
children with cystic fibrosis, MEP was determined as a pre-
dictor for dynamic postural stability, as it reflects abdominal 
muscle strength [56]. The recruitment of abdominal muscles 
for stabilizing the trunk is essential in extremity movements, 

reflecting the ability of dynamic postural stability [56]. During 
STS and TUDS tests, the improvement in dynamic postural 
stability, resulting from better diaphragmatic function and ab-
dominal muscle activation, may have resulted in more efficient 
movement patterns and thus in decreasing the time to com-
plete the tests. There are no studies performed in CP popula-
tions examining STS and TUDS test results pre and post IMT. 
The findings of the present study may contribute as an initial 
indicator to including IMT in rehabilitation programs for ado-
lescents and young adults with CP to improve their functional 
ability and exercise capacity. 

The IMT has been shown to have positive effects on exercise 
capacity, activities of daily living and quality of life in children 
with CP [1] whereas other studies concluded that IMT showed 
no significant difference in balance [19] and in 6MWT [16,19]. 
The 6MWT findings of the present study are consistent with 
the findings of Keles et al (2018) [1], indicating that IMT im-
proves exercise capacity in adolescents and young adults with 
CP, although the study of Keles et al (2018) [1] included par-
ticipants aged 7-14 years old, with GMFCS levels I and II. In 
the study of Kepenek-Varol et al (2021) [19], in hemiplegic 
children with CP (GMFCS levels I and II), no significant dif-
ference in 6MWT was evident between groups (experimen-
tal-IMT and control), but there was a significant increase in 
6MWT pre and post intervention in both groups separately. In 
the same study though, the IMT was implemented for 15 min-
utes twice every day, seven days per week for eight weeks, but 
only one session per week was supervised by a physiotherapist. 
Another study showed no impact of IMT on 6MWT in children 
and adolescents with CP (GMFCS levels I-III), as IMT was 
implemented only for 15 minutes, in 3 sessions per week for 
six weeks, probably not imposing an adequate load to induce 
adaptations to inspiratory muscles and thus significant changes 
in 6MWT [16].

The present study recorded no significant changes in BBS score 
after the IMT, in accordance with the findings of Kepenek-
Varol et al (2021) [19], despite the differences in the IMT pro-
tocol employed in the present study. Postural control and bal-
ance are impaired in children with CP, leading to restrictions 
in daily activities [19]. In contrast, Keles et al (2018) [1], dem-
onstrated significant improvement in balance, assessed with 
the Trunk Control Measurement Scale-TCMS, after a 6-week 
IMT. In the present study, balance was assessed with the BBS, 
with 14 different tasks, some of them involving whole body 
postural control [29], while TCMS used by Keles et al (2018) 
[1] focuses on trunk control measurements, assessing balance 
parameters affected by separate body compartments. Further-
more, TCMS may detect changes after IMT because of the lo-
cation of respiratory muscles and their role in trunk stability, as 
mentioned above.

Figure 10: Mean FVC%pred values for the two groups at the 
3 measurements.

Figure 11: Mean PEF%pred values for the two groups at the 
3 measurements.
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Children with CP endure lifelong restrictions that affect their 
quality of life [1]. In addition, a study of Maanum et al (2010) 
[57] revealed that 39% of their participants experienced a de-
cline in functionality, as they had deteriorated by one GMFCS 
level from the adolescence to the adulthood. It has also been 
reported that there is a correlation between quality of life and 
functionality in children with CP [58]. The findings of the pres-
ents study demonstrated a significant change in WHODAS 2.0 
scores, indicating reduced perceived disability among partici-
pants as a result of enhanced functionality. The present finding 
is in accordance with the study of Keles et al (2018) [1], who 
reported improvements in well-being, acceptance and func-
tionality, as measured by the Cerebral Palsy Quality of Life 
Questionnaire for Children (CPQOL- Child), following IMT.

Prior to IMT, all participants in the present study exhibited 
inspiratory muscle weakness, with MIP values lower than 
80cmH2O [44]. Previous studies have also observed respi-
ratory muscle weakness in adults [11] and children with CP 
[1,59]. The present study showed significant improvements in 
respiratory muscle strength, as indicated by increases in MIP 
and MEP values in adolescents and young adults with CP. The 
observed improvement in inspiratory muscle strength could 
likely be attributed to IMT, as this intervention is specifically 
designed to apply resistive load to the inspiratory muscles [60]. 
Inspiratory muscles respond to IMT load like other skeletal 
muscles respond to external resistance, resulting in increas-
ing endurance and strength [61]. IMT produces its effect by 
causing the inspiratory muscles to adjust in order to overcome 
the imposed resistance [60]. In the present study, MEP also 
showed improvement, indicating adaptations in the expiratory 
muscles after IMT. The recorded improvements in respiratory 
muscle strength may also be attributed to the learning effect, 
after repetitive exposure to training load, which enables more 
efficient neuromuscular recruitment patterns [11]. The findings 
of the present study are in line with those of Martin-Sanchez 
et al (2024) [11], who investigated the effect of IMT on insti-
tutionalized adults with CP, applying low-intensity IMT (20% 
of MIP) vs high- intensity IMT (40% of MIP) and resulted in 
MIP and MEP increment. In addition, our findings are aligned 
with previous similar studies in children with CP [1], and with 
hemiplegic cerebral palsy [19]. On the contrary, Aanand and 
Karthikbadu (2021) [16] in children and adolescents with CP, 
showed no effect on MIP. This inconsistency may result from 
the differences in the imposed load in IMT.

The significant improvement in pulmonary function 
(FEV1%pred, FVC%pred, and PEF%pred) during the present 
study may be explained by the increased MIP and MEP. Adults 
with CP exhibit reduced lung volumes due to restricted lung 
expansion, attributed to weakness in trunk muscles [62] and 
trunk control that is related to expiratory muscle strength [63]. 
Children with CP also exhibit reduced vital capacity due to in-
spiratory and expiratory muscle weakness [9]. The observed 
increase in PEF may have resulted from the augmented lung 
expansion, ensuing from the inspiration against resistance in 
IMT. This enlarged lung expansion may have led to greater 
flow rates during expiration and thus in increased PEF [16]. 
The findings of the present study may be supported by those of 
Fry et al (2007) [64], who implemented IMT in patients with 
multiple sclerosis and led to improvement in deep breathing, 
which in turn improved FEV1 and FEF25-75%. Similar find-
ings (FEV1, PEF) were also observed in the study of a) Martin-
Sanchez et al (2024) [11] conducted in institutionalized adults 

with CP (GMFCS levels I-V), b) Gkaraveli et al. (2019) [65] 
examining the effect of IMT on pulmonary function (FEV1, 
FVC) in preschool children with spastic CP and c) Lee at al. 
(2014) [18] who examined the effect of feedback respiratory 
training on pulmonary function (FEV1, FVC) in children with 
CP. On the contrary, a) Anand and Kartikbadu (2021) [16] 
reported significant difference only in PEF%pred, and not in 
FEV1%pred and FVC%pred in children and adolescents with 
CP, possibly due to the differences in the duration of the pro-
gram as well as to the fewer repetitions of the IMT sessions per 
week (three sessions per week) compared to the present study. 
Also, b) Kepenek-Varol et al. (2021) [19] implementing IMT 
in hemiplegic children with CP found a significant increase 
only in PEF%pred, and not in FEV1%pred and FVC%pred, 
possibly due to the different delivery methods of IMT (home 
training program) and c) Keles et al. (2018) [1] applying IMT 
in children with CP (GMFCS levels I and II) reported not sig-
nificant differences in pulmonary function, probably due to the 
different age groups, the GMFCS levels as well as the differ-
ences in the IMT protocols.

The strength of the present study lies in: a) no baseline differ-
ences between groups,
b)	 the internal validity, assured by randomization, con-
cealed allocation and blinding of the examiners, the use of 
valid and reliable tools (1MWT, 6MWT, STS, TUDS, BBS, 
WHODAS), homogeneity of the sample, no participation of 
volunteers in other training programs and c) the physiological 
assessments (FEV1%pred, FVC%pred, and PEF%pred) used.
The present single-blind study has certain potential limitations. 
The total sample was recruited from a specific special educa-
tion school and a respective center, which may limit the ex-
ternal validity of the results. Further, although the initial pool 
consisted of 42 participants, there was a drop out of five indi-
viduals (two adolescents and three young adults), that led to 
a decrement in the required sample size. Despite the sample 
size limitation, the effect size (η2) for functionality, respira-
tory muscle strength and pulmonary function was found to be 
moderate to high, supporting therefore the power analysis con-
ducted in the present study [66].

Future research should investigate the effect of IMT on func-
tional capacity and daily activities over a longer period, as 
well as the long-term effects of such training on adults with 
CP. Furthermore, other psychosocial variables should be evalu-
ated, such as changes in occupation, participation and income 
following IMT. Alternative methods of implementing the pro-
gram may also be explored in the future, such as home-based 
IMT after self-training or integrating IMT into a tele-rehabil-
itation program. In addition, future studies should aim to in-
clude all GMFCS levels and potentially develop and establish 
standardized program guidelines for each level.

Clinical Implementation
Although current scientific evidence supports the use of IMT 
in individuals with CP, clinical trials in adolescents and young 
adults with CP are limited, and no standardized IMT program 
has been established for this population. Respiratory problems 
and functional limitations observed in adults with CP represent 
a significant challenge for respiratory physiotherapy today. The 
present study is the first RCT to examine the effectiveness of 
IMT on functional ability in adolescents and young adults with 
CP. Its clinical implications arise from the magnitude of the 
effect on functional ability, respiratory muscle strength, and 
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