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First Revision: 18 Mar 2025 ¢ Background: Cerebral palsy (CP) is a non-progressive developmental condition that impacts
Accepted: 21 Apr 2025 : movement and posture. It results from damage to the developing brain and can lead to various
Published: 01 Jul 2025 : motor impairments that limit physical activities. Children with CP may experience respiratory

issues, including limited chest wall movement and weakened respiratory muscles, which can
cause inadequate alveolar ventilation, difficulty clearing airways, and shortness of breath.

Objectives: This study aimed to evaluate the pulmonary function of children with CP. Additionally,
it sought to investigate differences in lung function based on the distribution of paralysis.

Methods: Sixteen children of both genders, aged 3 to 16 years, diagnosed with CP, participated
in the study. They were selected from the Pediatric Rehabilitation Center. The outcomes were
assessed using Geratherm Respiratory Blue Cherry software to measure vital capacity (VC),
forced expired volume in one second (FEV1), FEV1/FVC, FEV1/VC, and peak expiratory flow
(PEF), providing objective information for monitoring lung health.

Results: An unpaired t-test indicated that there was a significant difference between children
with CP and their normative values in terms of VC, FEV1, and PEF, with P of 0.038, 0.044, and
0.00125, respectively. However, there was no significant difference between the groups in terms
of FEV1/FVC and FEV1/VC, with P of 0.066 and 0.076, respectively. Regarding PEF, there was
a statistically significant difference between patients with diaplegia and normative values for
Key Words: the same age and sex (0.005). In terms of VC and FEV1/VC, the pairwise comparisons revealed
statistically significant differences between patients with diplegia and normative values for the

Cerebral palsy (CP),
palsy (CP) same age and sex (P=0.01 and P=0.002, respectively).

Respiratory function
tests, Pediatrics . Conclusions: Children with CP exhibit poor PEF and respiratory muscle weakness.
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Introduction

erebral palsy (CP) is a physical disability that
commonly affects children. It is characterized
by persistent movement and postural disor-
ders caused by non-progressive damage in the
developing brain of a fetus or infant. The motor
deficits associated with CP can lead to deficits in sensa-
tion, perception, communication, and behavior [1]. De-
spite advances in medical treatment, respiratory health
remains a major challenge for individuals with CP [2].

These challenges include oropharyngeal dysfunction,
which can result in recurrent aspiration, airway obstruc-
tion, hypoventilation, spine and chest wall abnormalities,
and frequent respiratory infections. Efficient respiration
relies on the coordination of various muscle actions, in-
cluding those of the diaphragm, abdomen, chest, neck,
and throat, as well as the stability of the head and trunk.
This coordination allows for forceful inhalation and exha-
lation, as well as an efficient cough [3].

Worldwide, CP affects between one and nearly four
out of every 1,000 live births (LB) [4]. In Arabic-speaking
nations, its prevalence ranges from 0.62 to 3.6 per 1,000
LB [5]. Roughly one in eight children with CP admitted
to hospitals need care for respiratory conditions. More-
over, their hospitalizations for respiratory issues last 2.5
times longer than those of children without CP [6].

Children with CP often experience respiratory prob-
lems due to restricted chest wall movement and weak-
ened respiratory muscles. As a result, they may have
poor alveolar ventilation, impaired airway clearance,
and difficulty breathing [7]. These complications are
among the leading causes of hospitalization and early
mortality in individuals with CP. Wang et al. highlight a
strong connection between respiratory muscle strength
and an individual’s ability to perform daily self-care and
adapt socially. Consequently, enhancing respiratory
function could greatly improve both lifespan and overall
quality of life [8].

Individuals with CP are at a higher risk of developing
pulmonary infections. However, identifying and diag-
nosing respiratory issues in these individuals can be
challenging. Limited communication with the patient,
difficulties in conducting medical tests, and mild initial
symptoms can all contribute to delays in diagnosis and
treatment. This delay can put this vulnerable population
at higher risk of developing complications. Neverthe-
less, experienced caregivers or parents are usually able
to detect early, subtle signs of respiratory problems [8].
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Pulmonary function tests (PFTs) help evaluate lung
performance in individuals with potential risk factors for
lung disease, exposure to harmful substances at work,
or signs of pulmonary toxicity [9].

Spirometry, a key physiological assessment, measures
a person’s ability to inhale and exhale air over a specific
period. It is widely used to diagnose respiratory condi-
tions, like asthma and chronic obstructive pulmonary
disease (COPD), as well as to track the progression of
various lung disorders [10].

Geratherm Respiratory Blue Cherry software is a digi-
tal spirometer designed to precisely assess dynamic
lung volumes and capacities during both forced exhala-
tion and inhalation. Its configuration offers key data re-
garding the test phase and timing, in alignment with the
guidelines set by the American Thoracic Society (ATS),
the European Respiratory Society (ERS) [11], and the
global lung function initiative (GLI). The GLI has devel-
oped internationally recognized spirometry reference
equations, which have been validated across multiple
countries [12, 13] and supported by various profession-
al societies [14, 15].

This is crucial because the data in GLI 2012 equations
include Arab ethnicity from North Africa [16]. Emerging
evidence suggests that children with CP have signifi-
cantly lower respiratory status values than typically de-
veloping children. This respiratory decline is not directly
caused by brain damage but is observed in children with
neurological impairments [17]. However, most studies
describing respiratory problems in patients with neuro-
logical impairment do not specifically focus on CP, which
makes it difficult to interpret the results. Additionally,
CP is a complex disorder with various types, which may
require studying subgroups to better understand the
condition [18].

The literature indicates that children with typical de-
velopment (TD) have higher spirometry readings com-
pared to those with CP. Moreover, the TD group exhib-
ited superior values in forced vital capacity (FVC), forced
expired volume in one second (FEV1), and peak expira-
tory flow (PEF) than the CP group [19, 20]. Addition-
ally, research by Kwon and Lee found that children with
spastic diplegic CP had significantly reduced respiratory
function—specifically in maximal inspiratory pressure
(MIP), maximal expiratory pressure (MEP), FVC, and
FEV1—compared to their typically developing peers.
However, there were no notable differences between
the groups in FEV1/FVC ratios and PEF values [21].
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The lack of standardized reference values for specific
populations hinders accurate data identification, track-
ing intervention outcomes, and making prognoses. Con-
sequently, some researchers opt to assess individuals
with TD to create a comparative baseline between the
control and experimental groups [19].

The present study differs from earlier research in terms
of patient characteristics (such as age, functional abili-
ties, and spasticity level) and the assessment method,
as it utilized the norm-referenced Geratherm Respira-
tory Blue Cherry software.

This study aimed to evaluate the pulmonary func-
tion of children with CP and compare their results to
normative values based on age and gender. Addition-
ally, it sought to investigate differences in lung function
based on the distribution of paralysis, such as diplegia
and hemiplegia. Finally, the study intended to examine
the relationship between the body mass index (BMI) Z-
score and measures of pulmonary function.

Methods

This observational cross-sectional study was conduct-
ed over six months from January 2024 to Jun 2024. Six-
teen children of both genders, aged between 3 and 16
years, diagnosed with spastic CP (10 with diaplegia and
6 with hemiplegia) participated in the study. They were
selected from a pediatric rehabilitation center in Egypt.

Prior to collecting data, the study received approval
from the Research Ethical Committee at the Faculty of
Physical Therapy, and informed consent was obtained
from the participants’ parents. Participants were
screened based on the following inclusion criteria: A
diagnosis of spastic CP (either diplegia or hemiplegia),
a spasticity grade of 1 or 1+ on the modified Ashworth
scale, adequate orientation to follow instructions for
using the Geratherm Respiratory Blue Cherry software,
and a normal mental status with an average intelli-
gence quotient.

The exclusion criteria included any cognitive or neuro-
logical condition (other than CP), respiratory infections,
and a history of previous surgical operations that can
affect pulmonary functions, as well as mental retarda-
tion, scoliosis, and evidence of lung disease. All of these
cases were confirmed by medical records and examined
by a neurologist, pediatrician, and physical therapist. As
shown in Figure 1, the subjects included in this study
were divided into two groups of equal numbers: The
study group (A), which consists of sixteen children with
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CP, and the control group (B), which represents the ref-
erence normative values of the participants.

The reference values of the measured parameters
(VC, FEV1, FEV1/FVC, FEV1/VC, and PEF) depend on the
participants’ age, height, weight, sex, and race. For ex-
ample, the FEV1 value is derived from the equation set
for males older than 25, as presented in Figure 2.

Instruments
Geratherm respiratory blue cherry software

The outcomes were evaluated using a medical device
called Blue Cherry, developed by Geratherm Respirato-
ry. Blue Cherry is an electronic spirometer with a built-
in mini-computer that measures the ventilator function
parameters in subjects through timed measurements
of dynamic lung volumes and capacities during forced
expiration and inspiration. The software utilizes for-
mulas and equations to calculate reference values
based on the age, height, weight, sex, and race of the
participants. Blue Cherry is a registered trademark of
Geratherm Respiration and consists of both hardware
and software components. The device uses a standard
driver provided by Microsoft.

In 2005, the ATS and the ERS issued standardized guide-
lines for lung function testing [11]. Building on this, the
GLI was formed in Berlin in September 2008. The goal of
the GLI is to improve international spirometry reference
equations by incorporating the following elements:

1. The equations must be derived from individual lung
function data gathered under standardized testing con-
ditions using validated equipment and software.

2. Advanced statistical methods should be used to de-
velop equations that apply continuously across all age
groups, from young children to the elderly.

3. The equations should support flexible interpretation
using normal range limits, accounting for differences in
sex, ethnicity, age, and lung function variables.

4. They should have practical clinical applications and
be compatible with commercially available devices.

5. Results should clearly indicate where an individual
falls within the “normal range”.

Mehrem ES, et al. Pulmonary Functions in Spastic CP Child. J Pediatr Rev. 2025; 13(3):235-248.
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35 students screened for eligibility

3 2

Not meeting inclusion criteria

Eligible
(N=16)

Refused —
(N=7)

Not eligible
(N=12)

(N=12)

2 Previous cardiac surgery
3 Mental retardation

[ m—

3

Agreed to participate and signed informed consent
statement (N=16)

3

[I Assignment (N=16)

| — |

. 2

Study Group (N=16)

—

2

3 Structural Scoliosis
4 Grade 2 spasticity according
to the Modified Ashworth Scale

Control Group (N=14)

e Reference normative values of the
participants. The normative predicted
values depend on the participants’
age, height, weight, sex, and race.

The outcomes were assessed by Geratherm Respiratory Blue Cherry
software, which was used to measure VC, FEV1, FEV1/FVC,

FEV1/VC, and PEF.

Figure 1. Flow chart of the study process

Geratherm Respiratory Blue Cherry software settings
provide essential information about the stage and test
timer according to recommendations by ATS/ERS, which
is illustrated in Figure 3. These tools use a set of equa-
tions that have been validated in different countries [12,
13] and endorsed by different societies [14, 15]. This is
particularly important because the data on Arab ethnic-
ity included in these equations were sourced only from
North Africa [16].

Nasal clip
It was utilized to measure ventilatory parameters.
Weight-height scale

It was used to determine each patient’s weight and
height to calculate predicted normal values for spirom-
etry tests.

Procedure of PFTs

Journal of Pediatrics Review

The PFTs were carried out on each patient after mea-
suring their weight and height to determine the pre-
dicted normal values of the tested parameters. The
tests were conducted while the patients were seated
with their backs well supported. Each test was repeated
three times, and the highest score was recorded by the
computerized spirometer (Figure 4).

The ventilatory function tests were carried out to mea-
sure the following parameters:

1. VC: This is the maximum volume of air that can be
exhaled or inhaled during either a maximally forced
(FVC) or a slow (VC) maneuver.

2. FEV1: This refers to the volume of air that can be
forcefully exhaled during the first second after a full
inhalation. It serves as a valuable indicator of how effi-
ciently the lungs can expel air and is frequently used to
assess the severity of respiratory conditions.

Mehrem ES, et al. Pulmonary Functions in Spastic CP Child. J Pediatr Rev. 2025; 13(3):235-248.
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Figure 2. Reference set
FEV1/VC (or FEV1/FVC)

This ratio represents FEV1 as a percentage of either
the vital capacity (VC) or the FVC, depending on which
is greater. It provides an important measure of airflow
limitation. A low FVC paired with a normal or elevated
FEV1/VC ratio suggests a restrictive lung disorder. Con-
versely, a reduced FEV1/VC ratio points to an obstructive
airflow issue. This ratio is regarded as the most accurate
and reliable indicator for detecting airflow obstruction.

PEF

This is the highest rate of airflow achieved during the
initial phase of a forced exhalation.

Sample size

In the pilot study, a power analysis was used to es-
timate the sample size. Ten patients were divided
into two equal groups: The study group (FEV1/VC)
(MeanSD 91.2+2.049) and the control group (Mean+SD
90.2+4.817). The control group represents the refer-
ence normative values of the measured parameter
(FEV1/VC), depending on the participant’s age, height,
weight, sex, and race, using a two-tailed hypothesis with
a=0.05 and power=95%. The G'Power software version

July 2025, Volume 13, Issue 3, Number 40
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3.1.9.4 determined a sample size of 32 patients, with
the sample evenly split between the two groups.

Statistical analysis

Statistical analysis was carried out using SPSS soft-
ware, version 26 (SPSS Inc. in Chicago, lllinois, USA).
The assumption of normality was evaluated using the
Shapiro-Wilk test. The MeanSD, minimum, maximum,
and mean rank were calculated for the patients’ char-
acteristics and dependent variables. A one-way analysis
of variance (ANOVA) and the Kruskal-Wallis H test were
conducted to assess differences between the three in-
dependent groups. An independent t-test was utilized
to compare the means of the study groups (diaplegia
and hemiplegia). A post hoc analysis was conducted us-
ing Tukey’s test and the Mann-Whitney U test to com-
pare means and mean ranks between two independent
groups. The significance level was set at <0.05.

Results

The current study involved 16 children of both genders
who were diagnosed with spastic CP (10 diaplegia and 6
hemiplegia). The patients’ characteristics are presented
in Table 1.

Mehrem ES, et al. Pulmonary Functions in Spastic CP Child. J Pediatr Rev. 2025; 13(3):235-248.
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Table 1. Patients characteristics (children with diaplegia and hemiplegia)

Variables Mean1SD
Age (y) 7.62+4.097
Weight (kg) 24.75+14.06
Height (cm) 124.12423.143
BMI (kg/m?) 14.89+2.259

The Shapiro-Wilk test revealed no significant differ-
ence between groups in demographic characteristics
(age, weight, and height) (P>0.05). While BMI and BMI
Z-score data are not normally distributed, as shown in
Table 2, the pulmonary functions of the study groups—
including VC, FEV1, FEV1/FVC, FEV1/VC, and PEF—were

Table 2. The Shapiro-Wilk test results

Journal of Pediatrics Review

compared to the normative reference values of the par-
ticipants based on GLI reference equations.

The independent t-test revealed no statistically signifi-
cant differences between the groups in terms of age and
height (P=0.07 and P=0.067, respectively). However,
there was a statistically significant difference regarding

Variables Diagnosis Statistics P Sig.
Diaplegia 0.82 0.026 NS
Age (y)
Hemiplegia 0.81 0.07 NS
Diaplegia 0.93 0.42 NS
Weight (kg)
Hemiplegia 0.85 0.17 NS
Diaplegia 0.94 0.54 NS
Height (cm)
Hemiplegia 0.86 0.2 NS
Diaplegia 0.75 0.004 S
BMI (kg/m?)
Hemiplegia 0.74 0.016 S
Diaplegia 0.79 0.011 S
BMI Z-score
Hemiplegia 0.83 0.103 NS
NS: Non-significant; S: Significant. Journal of Pediatrics Review
Table 3. Independent t-test of patients’ demographic data
Variables Diagnosis N MeanSD t P Sig.
Diaplegia 10 6.243.05
Age (y) 1.96 0.07 NS
Hemiplegia 6 10.0+4.77
Diaplegia 10 1943.56
Weight (kg) 2.43 0.029 S
Hemiplegia 6 34.33+19.86
Diaplegia 10 116+12.64
Height (cm) 1.98 0.067 NS
Hemiplegia 6 137.67+31.09

NS: Non-significant; S: Significant.

Journal of Pediatrics Review
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Table 4. Mann-Whitney U test of patients’ demographic data

Journal of Pediatrics Review

Variables Diagnosis No. Mean Rank U P Sig.
Diaplegia 10 8.35

BMI Z-score 28.5 0.87 NS
Hemiplegia 6 8.75
Diaplegia 10 6.7

BMI (kg/m?) 12 0.05 NS
Hemiplegia 6 11.5

Abbreviations: BMI: Body mass index; NS: Non-significant; S: Significant.

weight (P=0.29), as presented in Table 3. Additionally,
there was no statistically significant difference in terms
of BMI Z-score and BMI, as shown in Table 4.

Spirometry results

As shown in Table 5, the unpaired t-test indicated that
there was a significant difference between the groups in
terms of VC, FEV1, and PEF, with P=0.038, P=0.044, and
P=0.00125, respectively. However, there was no signifi-
cant difference between the groups regarding FEV1/FVC
and FEV1/VC, with P=0.066 and P=0.076, respectively.

As shown in Table 6, the Shapiro-Wilk test revealed no
significant difference in the data of FEV1/FVC and PEF
for each group, with P<0.05. However, the data for VC,
FEV1, and FEV1/VC were not normally distributed.

FEV1/FVC ratios did not differ significantly among the
groups, as indicated by the ANOVA (P=0.138). Howev-
er, there was a statistically significant difference in PEF
among the groups (P=0.005), as presented in Table 7.

Following the significant ANOVA result for PEF, post-
hoc comparisons revealed no statistically significant dif-
ference between the hemiplegic CP group and either
the diaplegic CP group or the normative values of the

Table 5. Spirometry results

Journal of Pediatrics Review

same age and sex (P=0.77 and P=0.098, respectively).
However, there was a statistically significant difference
between patients with diaplegia and the normative val-
ues of the same age and sex (P=0.005), as presented in
Table 8.

The Kruskal-Wallis test indicated a statistically signifi-
cant difference among the groups in terms of VC and
FEV1, where P=0.037 and P=0.016, respectively. Ad-
ditionally, it indicated no statistically significant differ-
ence among the groups regarding the FEV1/VC ratio
(P=0.131), as shown in Table 9.

As presented in Table 10, following the significant
Kruskal-Wallis test results for VC and FEV1/VC, post-
hoc comparisons using the Mann-Whitney U test re-
vealed no statistically significant difference between the
hemiplegic CP group and either the diaplegic CP group
(P=0.159 and P=0.193, respectively) or the normative
values of the same age and sex (P=0.712 and P=0.941,
respectively). However, there was a statistically signifi-
cant difference between patients with diaplegia and the
normative values of the same age and sex (P=0.01 and
P=0.002, respectively).

MeantSD
Variables t P Sig.
Study Group Control Group

VC 1.22+0.551 1.86+1.045 -2.174 0.038 S

FEV1 1.05+0.508 1.5+0.694 -2.099 0.044 S
FEV1/FVC 87.56+2.581 89.44+2.966 -1.908 0.066 NS
FEV1/VC 85.9415.927 89.3814.559 -1.839 0.076 NS

PEF 1.82+0.798 3.7612.023 -3.562 0.00125 S

Journal of Pediatrics Review

Abbreviations: VC: Vital capacity; FEV1: Forced expired volume in one second; FVC: Forced vital capacity; PEF: Peak expiratory flow; NS:

Non-significant; S: Significant.

Mehrem ES, et al. Pulmonary Functions in Spastic CP Child. J Pediatr Rev. 2025; 13(3):235-248.
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Table 6. Normality assessment of pulmonary functions

Shapiro-Wilk Test

Variables Diagnosis
Statistic P Sig.
Diaplegia 0.94 0.51 NS
VC Hemiplegia 0.92 0.47 NS
Normal 0.84 0.02 S
Diaplegia 0.91 0.27 NS
FEV1 Hemiplegia 0.93 0.54 NS
Normal 0.86 0.018 S
Diaplegia 0.94 0.55 NS
FEV1/FVC Hemiplegia 0.98 0.93 NS
Normal 091 0.12 NS
Diaplegia 0.86 0.068 S
FEV1/VC Hemiplegia 0.87 0.21 NS
Normal 0.73 0.000 S
Diaplegia 0.89 0.16 NS
PEF Hemiplegia 0.83 0.12 NS
Normal 0.92 0.15 NS

Journal of Pediatrics Review

Abbreviations: VC: Vital capacity; FEV1: Forced expired volume in one second; FVC: Forced vital capacity; PEF: Peak expiratory flow; NS:
Non-significant; S: Significant.

The BMI Z-Score category has a positive correlation gests that a lower abnormal Z-score category is asso-
with most pulmonary function measures, as indicated ciated with poorer lung function. However, the FEV1/
by Spearman’s rank correlation coefficient. Specifically, FVC ratio did not demonstrate a significant correlation

the correlations with PEF, VC, FEV1, and the FEV1/VC with the Z-scores, as indicated by P=0.075, as shown in
ratio are 0.6, 0.4, 0.35, and 0.39, respectively. This sug- Table 11.

Table 7. Comparison of FEV1/FVC and PEF between groups

Variables Diagnosis MeantSD Minimum Maximum F P Sig.
Diaplegia 88+2.05 85 91
FEV1/FVC Hemiplegia 86.83+3.37 82 92 2.125 0.138 NS
Normal 89.44+2.97 86 95
Diaplegia 1.61+0.52 0.48 2.18
PEF Hemiplegia 2.1611.09 0.48 3.1 6.467 0.005 S
Normal 3.76+2.02 1.21 7.59

Journal of Pediatrics Review

Abbreviations: FEV1: Forced expired volume in one second; FVC: Forced vital capacity; PEF: Peak expiratory flow; NS: Non-significant; S:
Significant.

Mehrem ES, et al. Pulmonary Functions in Spastic CP Child. J Pediatr Rev. 2025; 13(3):235-248.
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Table 8. Post hoc comparison of PEF between groups

Journal of Pediatrics Review

Dependent Variable Diagnosis Mean Difference P Sig.
Hemiplegia -0.548 0.77 NS
Diaplegia
Normal -2.142 0.005 S
Diaplegia .54867 0.77 NS
PEF Hemiplegia
Normal -1.59333 0.098 NS
Diaplegia 2.142 0.005 S
Normal
Hemiplegia 1.59333 0.098 NS

Abbreviation: PEF: Peak expiratory flow; NS: Non-significant; S: Significant.

Discussion

The findings of this study indicate that children with
CP have restrictive respiratory deficits, as measured
by Geratherm Respiratory Blue Cherry software. The
results for VC, FEV1, and PEF revealed statistically sig-
nificant differences between groups, with P=0.038,
P=0.044, and P=0.00125, respectively. However, there
was no statistically significant difference between
groups regarding FEV1/FVC and FEV1/VC, with P=0.066
and P=0.076, respectively.

Regarding PEF, there was a statistically significant dif-
ference between patients with diaplegia and norma-
tive values of the same age and sex (P=0.005). In terms
of VC and FEV1/VC, the pairwise comparisons revealed
a statistically significant difference between patients

Table 9. Comparison of VC, FEV1, and FEV1/VC between groups

Journal of Pediatrics Review

with diaplegia and normative values of the same age
and sex (P=0.01 and P=0.002, respectively).

Individuals with CP primarily experience impairments
related to their neuromuscular and musculoskeletal sys-
tems. However, the leading cause of mortality among
them is respiratory dysfunction, which poses a 14 times
higher risk of death due to respiratory diseases com-
pared to the general population [22-24]. Respiratory im-
pairments also represent the primary cause of hospital
admissions among young people with CP [6, 25].

One possible reason for the reduced values of VC,
FEV1, and PEF in people with CP is the weakness of the
respiratory muscles. Recent studies have shown that
CP can cause a decrease in the movement of the dia-
phragm, the expansion of the chest wall, and the func-
tion of the lungs. Therefore, a treatment that targets the
mobility of the diaphragm may help increase its move-

Variables Diagnosis Mean Rank H Value P Sig.
Diaplegia 10.3
VC Hemiplegia 17.83 6.58 0.037 S
Normal 19.88
Diaplegia 9.5
FEV1 Hemiplegia 18.33 8.28 0.016 S
Normal 20.19
Diaplegia 11.8
FEV1/VC Hemiplegia 16.67 4.06 0.131 NS
Normal 19.38

Abbreviations: VC: Vital capacity;FEV1: Forced expired volume in one second; NS: Non-significant; S: Significd@elrnal of Pediatrics Review
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Table 10. Pairwise comparisons of VC and FEV1/VC results
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Variables Diagnosis No. Mean Rank U P Sig.
Diaplegia 10 8.6
31 0.01 S
Normal 16 16.56
Hemiplegia 6 10.67
VvC 43 0.712 NS
Normal 16 11.81
Diaplegia 10 7.2
17 0.159 NS
Hemiplegia 6 10.67
Diaplegia 10 7.7
22 0.002 S
Normal 16 17.13
Hemiplegia 6 11.33
FEV1 47 0.941 NS
Normal 16 11.56
Diaplegia 10 7.3
18 0.193 NS
Hemiplegia 6 10.5

Journal of Pediatrics Review

Abbreviations: VC: Vital capacity; FEV1: Forced expired volume in one second; NS: Non-significant; S: Significant.

ment and thus improve respiratory function in people
with CP [26, 27].

The diaphragm works in combination with the abdom-
inal muscles and the trunk to control breathing and pos-
ture [28]. The primary reason for a weak or paralyzed di-
aphragm in individuals with CP is damage to the phrenic
motor neurons, motor cortex, respiratory center, and
postural control center of the brain. This damage results
in a decrease in the automatic stimulating impulses to
the diaphragmatic muscle fibers [29, 30].

The difference observed between the two groups
can likely be explained by reduced physical activity and
chest mobility in children with motor disabilities. This

aligns with the findings of Ersoz et al., who found that
restricted chest mobility in children with CP stemmed
primarily from muscle weakness, spasticity, and im-
paired neuro-motor control, rather than issues with
costo-vertebral joint movement [31].

This muscle weakness can be exacerbated by reduced
physical activity. It is plausible that limited physical activ-
ity and trunk control contribute to diminished respira-
tory function, hindering lung expansion due to restrict-
ed chest mobility. This restriction is characteristic of
restrictive lung diseases, which are primarily caused by
impaired elasticity in the lungs and chest wall, leading to
reduced lung volumes and capacities [32].

Table 11. Correlation between BMI Z-score and pulmonary function measures

Variable Outcome Measure Correlation Coefficient P Sig.
VC 0.39 0.029 S
FEV1 0.35 0.021 S
Z-score category FEV1/FVC 0.319 0.075 NS
FEV1/VC 0.4 0.027 S
PEF 0.6 0.000 S

Journal of Pediatrics Review

Abbreviations: VC: Vital capacity; FEV1: Forced expired volume in one second; FVC: Forced vital capacity; NS: Non-significant; S: Significant.
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The results of the current study showed that the BMI
Z-score has a positive correlation with most pulmonary
function measures, as indicated by Spearman’s rank
correlation coefficient. Specifically, the correlations with
PEF, VC, FEV1, and the FEV1/VC ratio are 0.6, 0.4, 0.35,
and 0.39, respectively. This suggests that a lower abnor-
mal Z-score is associated with poorer lung function.

Impaired respiratory function in children with CP may
be due to malnutrition, as the patients’ average BMI was
only 14.89 kg/m?2. In high-income countries, about 20%
of children and adolescents with CP are malnourished
due to dietary issues, gastroesophageal reflux, and ex-
cessive energy expenditure. When in a catabolic state,
respiratory muscles can atrophy, leading to a decrease
in lung function, an increase in airway colonization, and
a reduced ability to fight infections [33, 34].

The pathophysiological mechanisms that explain vari-
ations in respiratory function related to body compo-
sition can be understood through several factors. One
major factor is low muscle mass, which significantly af-
fects the strength and endurance of respiratory mus-
cles. A decrease in muscle mass not only hampers the
mechanics of breathing but also reduces pulmonary
function in underweight individuals [35]. Additionally,
nutritional deficiencies commonly observed in those
with low body weight further compromise lung func-
tion, as inadequate intake of essential nutrients can
negatively impact overall health, including respiratory
health. Addressing these issues is vital for comprehen-
sively understanding respiratory function in both obe-
sity and leanness [36].

Finally, there was no significant difference between
groups regarding FEV1/FVC and FEV1/VC, with P=0.066
and P=0.076, respectively. This result is similar to a
study conducted on patients with severe Parkinson’s
disease, which found a restrictive dysfunction of respi-
ratory muscles [37].

In line with other researchers, the Tiffenau index
(FEV1/VC) was also unaffected by disability level in pa-
tients with multiple sclerosis, indicating a restrictive pat-
tern of pulmonary dysfunction [38]. Moreover, a study
conducted by Yoon et al. compared the respiratory func-
tion of individuals with spinal cord injury (SCI) or stroke
and normal elderly individuals. The results showed that
there was no significant difference between the groups
in terms of FEV1/FVC [39]. Similarly, FEV1/FVC was
found to be normal in all subgroups of patients with
amyotrophic lateral sclerosis [40].

Journal of Pediatrics Review

Conclusion

Respiratory assessments of children with CP suggest
a tendency toward a restrictive breathing pattern, pri-
marily indicated by decreased VC, FEV1, and PEF. Fur-
ther research with larger sample sizes is recommended,
incorporating classifications based on various factors,
such as functional gait level, topographic classification,
and prematurity.

It is important to mention some limitations of this
study. The sample size used was small, and the sample
was convenient rather than random. In addition, we did
not consider a variety of clinical factors related to pul-
monary function, such as oxygen saturation and chest
wall excursion.
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