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Objectives. Congenital diaphragmatic hernia (CDH) is a birth defect affecting the respiratory functions, functional performance,
and quality of life (QOL) in school-aged children. Rarely have studies been conducted to evaluate the impacts of respiratory
muscle training on school-aged children with postoperative CDH. The current study was designed to evaluate the impacts of
respiratory muscle training on respiratory function, maximal exercise capacity, functional performance, and QOL in these
children. Methods. This study is a randomized control study. 40 children with CDH (age: 9-11 years) were assigned randomly
into two groups. The first group conducted an incentive spirometer exercise combined with inspiratory muscle training (study
group, n = 20), whereas the second group conducted only incentive spirometer exercise (control group, n = 20), thrice weekly for
twelve consecutive weeks. Respiratory functions, maximal exercise capacity, functional performance, and pediatric quality of life
inventory (PedsQL) were assessed before and after the treatment program. Results. Regarding the posttreatment analysis, the
study group showed significant improvements in all outcome measures (FVC%, p < 0.001; FEV1%, p =0.002; VO,max, p =
0.008; VE/VCO, slope, p=0.002; 6-MWT, p<0.001; and PedsQL, p <0.001), whereas the control group did not show
significant changes (p > 0.05). Conclusion. Respiratory muscle training may improve respiratory functions, maximal exercise
capacities, functional performance, and QOL in children with postoperative CDH. Clinical commendations have to be
considered to include respiratory muscle training in pulmonary rehabilitation programs in children with a history of CDH.

1. Introduction [1]. The diaphragm is a thin layer of muscle which separates

the chest from the abdomen [2]. Accordingly, the content of
Congenital diaphragmatic hernia (CDH) is a birth defect  the abdomen moves from the abdomen to the chest in dia-
characterized by failure of diaphragmatic muscle closure = phragmatic hernia [3]. CDH accounts for 1:2500 to 1:3000
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live births [4]. Approximately 80-85% of CDH affects the left
side of the diaphragm [5]. According to the site of the dia-
phragmatic hernias, it is classified into three types: the Boch-
dalek hernia, the Morgagni hernia, and the central hernia
[6]. The Bochdalek hernia occurs in the posterior-lateral part
of the diaphragm and affects 70% of the cases, the Morgagni
hernia occurs in the anterior part of the diaphragm and
affects 25-35% of the cases, and the central hernia occurs
in the central part of the diaphragm and affects 2-5% of
the cases [6].

Around 50-60% of CDH occur without any other congen-
ital anomalies [7], while 40-50% occur with other congenital
anomalies such as craniofacial, ocular, cardiovascular, central
nervous system, skeletal, and genitourinary anomalies [8].
Although there is no distinct reason for CDH, it may be asso-
ciated with multiple genetic factors in concert with environ-
mental and nutritional issues [9-11]. CDH and its related
malformation threaten life with a mortality rate ranging from
10 to 50% [12]. Surviving children often present with severe
complications such as pulmonary disorders, cardiovascular
diseases, microstructural changes in lung gastrointestinal dis-
ease, gastroesophageal reflux, and recurrent episodes of lower
respiratory tract infections [1, 13-15].

In addition to the previous complication, children with
CDH suffer from significant reductions in forced expiratory
volume in 1 second (FEV1), forced vital capacity (FVC),
FEV1/FVC, maximum midexpiratory flow, peak expiratory
flow, and exercise capacity with a significant increase in the
ratio of residual volume/total lung capacity [16].

CDH has health and economic influences on children
and their families. The financial cost of intensive utilization
of the health system by the surviving CDH children is contin-
uously increasing with reduced productivity of families car-
ing for these children and a marked reduction in quality of
life (QOL) for CDH children and their families [17].

Recently, with a continued existence rate, long-
standing evaluations have been considered in children with
CDH, and this is where the QOL plays a key role in this
issue [18]. The World Health Organization stated that
QOL is a wide-range concept impacted in multiple dimen-
sions by the individual’s physical, psychological, social,
and personal status and their association with relevant
attributes of their surroundings [19]. A previous study
concluded that the malformation severity of CDH may
affect QOL negatively [20]. A recent study has found that
exercise training improves respiratory functions and QOL
in asthmatic children [21].

Different modalities of physical therapy have been evalu-
ated in children with different respiratory disorders including
aerobic exercise training [21], chest physical therapy [22],
and inspiratory muscle training [23]. However, rarely have
studies evaluated the impacts of respiratory muscle training
on respiratory function, exercise capacity, functional perfor-
mance, and QOL in school-aged children with postoperative
CDH. Regarding that, our study was conducted to evaluate
the impacts of the respiratory muscle training on respiratory
functions, maximal exercise capacity, functional perfor-
mance, and QOL in children with postoperative CDH
hypothesizing that respiratory muscle training could have a
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useful impact on respiratory functions, exercise capacity,
and QOL among those children.

2. Materials and Methods

2.1. Study Design. Between April 2019 and January 2020, this
randomized controlled clinical trial was conducted. It was
accomplished at the outpatient physiotherapy clinic at Prince
Sattam bin Abdulaziz University. The ethical clearance was
attained from the local institutional review board of the phys-
iotherapy department (No. RHPT/018/055). All procedures
were fulfilled in accordance with the ethical standards of
the 1964 Declaration of Helsinki and its updates.

2.2. Subjects. Forty children with postoperative CDH were
recruited from the pediatric surgical departments of the King
Khalid Hospital and other referral hospitals in Al-Kharj,
Saudi Arabia. Participants were included in the study if their
ages ranged from 9 to 11 years, had BMI between 20 and
25kg/m’, were diagnosed with CDH-associated respiratory
distress within the first days of life (high-risk CDH), and have
undergone an operation immediately after birth. Children
who have a paraesophageal diaphragmatic defect, a dia-
phragmatic eventration, were unable to tolerably conduct
the study procedures, or had any other serious anomalies
were excluded.

2.3. Randomization and Blinding. From the forty-four chil-
dren assessed for eligibility, three did not meet the inclusion
criteria of the study and one of the parents had refused to
enroll his child in the study without a specific reason. Utiliz-
ing SPSS version 22 (IBM Corp., Armonk, NY, USA), forty
children were randomized before initiating the study proce-
dures into the study group that conducted a program of
inspiratory muscle training combined with incentive spirom-
eter exercise, and the control group that conducted a pro-
gram of incentive spirometer exercise alone. The parents or
caregivers of the children were informed of the procedures
of the study, and they were instructed to sign written consent
forms before initiating the study procedure. The examiner
was blinded to the group assignments. Figure 1 demonstrates
the CONSORT flowchart of the study.

2.4. Sample Size Estimation. Using VO,max as the primary
outcome in the study, the sample size has been estimated. A
prior study has evaluated the effect of aerobic exercise on
exercise capacity in school-aged children and approved the
significant difference of the mean VO,max of 5mL/kg/min
at least [21]. Based on this difference and the study objective
to realize 80% power with type I error of 0.05, the present
study required thirty-four children for the two study groups.
Hence, the study included forty children to account for the
20% dropout.

2.5. Outcome Measures. Respiratory functions, maximal
exercise capacity, functional performance, and quality of
life were assessed before and immediately after treatment
by an independent researcher who was not aware of the
group treatment.
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FIGURE 1: The flow diagram of the study participants through the trial.

2.5.1. Respiratory Functions. The respiratory functions were
evaluated utilizing Spirolab IIT (SDI Diagnostics Inc., USA),
the tests were conducted at a defined time between
09:00 am and 13:00 pm to limit diurnal variety. Using the spi-
rometer, the youngsters were instructed to breathe 2-3 dis-
cretionary tidal breaths in and out, and to breathe
profoundly (quick and profound) with lips fixed firmly
around the mouthpiece. At that point, they were instructed
to blow air through the mouthpiece as quickly as could be
allowed and maintain blowing until no air is left to breathe
out. Amid instructions, a few expressions could be utilized,
for example, “sucking on a straw” for a profound motivation,
“smothering birthday candles” for a powerful lapse, and
“continue blowing and continue blowing” to finish exhaling
until no air is left. The test was repeated three times to
achieve reliable findings. The PC screen was displayed to
the children frequently during the test to motivate the chil-
dren to keep on performing the test [24-26]. The predicted
values of forced vital capacity (FVC%) and forced expiratory
volume in one second (FEV1%) were recorded before and
after twelve weeks of the study program.

2.5.2. Maximal Exercise Capacity. The maximal exercise
capacity was evaluated through a cardiopulmonary exercise
test (CPET) using the Bruce treadmill test. Parents or chil-
dren’s caregivers attended the test procedures. The Bruce test
protocol comprised 3min stages of increasing speed and
intensity on a treadmill. Before initiating the test, the chil-
dren were allowed to familiarize themselves with the mouth-

piece and treadmill for 3 min. Each child was encouraged to
continue until the point of severe fatigue. Heart rate and
oxygen saturation were monitored using finger pulse oxime-
try. The maximal oxygen uptake (VO,max) and the ratio of
minute ventilation (VE) to carbon dioxide production
(VCO,) were recorded before and after twelve weeks of the
study program [27, 28].

2.5.3. Functional Performance. Functional performance was
measured using the 6 min walk test (6-MWT). It is a valid
and reliable modality to examine functional performance.
Before conducting the 6-MWT, children and their parents
were informed and educated about the purpose of the test
and were shown the start and endpoints and instructed also
to avoid hopping, running, or jumping during the test. Each
child was instructed to walk through a 50-meter straight cor-
ridor over a period of six minutes, while the examiner closely
followed them with a stopwatch. The distance in meters
within the 6-MWT was recorded before and after twelve
weeks of the study program [29].

2.5.4. Quality of Life. Quality of life was assessed using a 23-
item pediatric quality of life inventory (PedsQL). This instru-
ment was validated to assess children and adolescents with
acute or chronic diseases [30, 31]. The PedsQL questionnaire
includes 4 domains (physical, social, emotional, and school
functions). It provides child self-report for children aged >8
years with a 5-point Likert scale (0 means never, and 4 means
almost always). Each response scores 0%, 25%, 50%, and



4 Disease Markers
TaBLE 1: Demographic data of the study children.
Variables Study group (n =20) Control group (n=20)  p value
Age (years) 10.1+0.7 9.8+0.8 0.215
Gender, boys/girls (n) 11/9 13/7 0.518
Height (cm) 137.5+5.9 135.8 +5.4 0.347
Weight (kg) 42.6+4.2 41.8+47 0.573
BMI (kg/m?) 232+3.8 23.5+3.6 0.799
Duration of hospitalization (days) 52.4+7.5 49.8+7.2 0.271
Medications, n (%)
Low/moderate dose of inhaled corticosteroid 5(25) 8 (40) 0311
Long-acting [32-agonist + low/moderate dose of inhaled corticosteroid 15 (75) 12 (60)

Significant level at p < 0.05. BMI: body mass index.

TaBLE 2: Intra- and intergroup changes of outcome variables pre-
and posttreatment.

Study group  Control group

Variables (1= 20) (11 =20) p value

FVC (% pred.)
Pre- 785+9.8  78.9+105 0891
Post- 93.2+7.4 85.8+11.3 0019
p value <0.001 0.053

FEV1 (% pred.)
Pre- 72.3+£8.5 72.7+£9.2 0.887
Post- 82.6+7.2 77.4+8.8 0.047
p value 0.002 0.107

VO,max (mL/kg/min)
Pre- 403+7.4 40.7£8.1 0.871
Post. 49.1+7.9 435+8.4 0.036
p value 0.008 0.290

VE/VCO, slope
Pre- 31.6+7.1 30.9+6.8 0.752
Post- 24.5+5.8 28.7+6.2 0.033
p value 0.002 0.291

6-MWT
Pre- 421.3+38.7 438.4£44.5 0.203
Post- 488.5+428  454.6+51.2  0.028
p value <0.001 0.292

PedsQL (overall score)
Pre- 7541 +£12.5 72.84+11.9 0.509
Post- 82.73+11.2 73.52+11.7 0.015
p value <0.001 0.632

FVC: forced vital capacity; FEV1: forced expiratory volume in one second;
VO,max: maximal oxygen uptake; VE/VCO,: minute ventilation/carbon
dioxide production; 6-MWT: six-minute walk test; PedsQL: pediatric
quality of life inventory.

100% regarding ranges from never to always. The responses
to the 23 items create a mean score for the 4 domains and a
mean score for overall PedsQL [32].

2.6. Intervention. The study group was recruited to conduct a
program of inspiratory muscle training combined with an
incentive spirometer exercise. The control group was
recruited to conduct the same incentive spirometer training.

2.6.1. Incentive Spirometer Training. Incentive spirometer
training was conducted using a flow-centered incentive spi-
rometer (Triflow II, Respirogram, India). The device is made
up of plastic material; it has three balls connected to a tube,
and it also has a mouthpiece. Each child was informed to
sit quietly in a relaxed position for some time and concen-
trate on his/her breathing. Consequently, each child was
instructed to take a deep breath and to hold the flow-based
incentive spirometer by one hand, while the other hand holds
the mouthpiece and the tube. Children were asked to take 3-4
easy and slow breaths, then they were asked to inhale through
the spirometer slowly and maximally to make the ball in the
cylinder rise as high as possible, after that inspiration was
held for at least 2-3 seconds before normally exhaling with-
out the mouthpiece. These steps were repeated 5 times, and
each child was informed to take a rest for about 60 seconds.
This procedure was repeated for a total of 30 min thrice/week
for 12 consecutive weeks [33].

2.6.2. Inspiratory Muscle Training. Inspiratory muscle train-
ing was conducted using a Threshold IMT Breathing trainer
(Respironics, Cedar Grove, NJ, USA). Inspiratory resistance
was adjusted through a spring-loaded valve presented in the
device. Each session lasted for 30 min through six inspiratory
cycles. Each cycle lasted for 4 min of resisted respiration. The
rest period was 60s after each cycle, which is aimed at
improving the strength of the respiratory muscles. During
the last cycle, each child was encouraged to breathe as fre-
quently as possible with the aim of improving muscle endur-
ance. Throughout the exercise training, the threshold load
was 40% of the maximal inspiratory pressure estimated dur-
ing the child’s assessment before starting the exercise session.
The inspiratory muscle training was conducted thrice/week
for 12 consecutive weeks [23].

2.7. Statistical Analysis. SPSS for Windows (V.22, IBM Corp.,
Armonk, NY, USA) was utilized for analyzing the collected
data. Descriptive analysis was performed using means +
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FIGURE 2: The percent of changes in the two groups posttreatment.

standard deviations (SD). The Shapiro-Wilk test was utilized
for assessing the normal distribution of the data. The Student
t-test was used in inferential statistics. The intergroup changes
were analyzed utilizing the unpaired t-test, whereas the
intragroup changes were analyzed utilizing the paired t-test.
The level of significance was considered at p < 0.05.

3. Results

Forty CDH children (24 boys and 16 girls) completed the
study program. The study group comprised 20 children (11
boys and 9 girls), whereas the control group comprised 20
children (13 boys and 7 girls). As detailed in Table 1, demo-
graphic data (age, gender, height, weight, and BMI) showed
no significant intergroup difference (p >0.05). The mean
values of the outcome measures including respiratory func-
tions, maximal exercise capacity, function performance, and
QOL showed no significant intergroup pretreatment differ-
ences (FVC%, p=0.891; FEV1%, p=0.887; VO,max, p =
0.871; VE/VCO, slope, p=0.752; 6-MWT, p=0.203; and
PedsQL, p = 0.509) as detailed in Table 2.

Regarding the posttreatment analysis intragroup, the
study group showed significant improvements in the study
outcome measures (FVC%, p <0.001; FEV1%, p=0.002;
VO,max, p=0.008; VE/VCO, slope, p=0.002; 6-MWT,
p<0.001; and PedsQL, p<0.001), whereas the control
group showed no significant changes (FVC%, p=0.053;
FEV1%, p =0.107; VO,max, p = 0.290; VE/VCO, slope, p =
0.291; 6-MWT, p=0.292; and PedsQL, p=10.632) as pre-
sented in Table 2.

The percent of changes in the study group (FVC% = 18.7%;
FEV1% = 14.2%; VO, max = 21.8%; VE/VCO, slope = 22.4%;
6 — MWT =15.9%; and PedsQL =9.7%) versus the control
group (FVC% = 8.7%; FEV1% = 6.4%; VO, max = 6.9%; VE/
VCO, slope=7.1%; 6 - MWT =3.7%; and PedsQL=0.93%)
are expressed in Figure 2. For intergroup analysis, signifi-
cant differences were illustrated in all outcome measures
posttreatment (FVC%, p=0.019; FEV1%, p=0.047;

VO,max, p=0.036; VE/VCO, slope, p=0.033; 6-MWT,
p=0.028; and PedsQL, p=0.015) which favours the study
group as detailed in Table 2.

4. Discussion

This randomized control study is aimed at evaluating the
impacts of respiratory muscle training on respiratory func-
tions, maximal exercise capacity, functional performance,
and QOL in children with postoperative CDH, hypothesizing
that respiratory muscle training could have a useful impact
on respiratory functions, exercise capacity, and QOL among
these children. The study findings verified our hypothesis
and showed that inspiratory muscle training improved
FVC%, FEV1%, VO,max, VE/VCO,, 6-MWT, and PedsQL
among CDH children.

CDH makes abdominal organs move into the chest cavity
leading to abnormal development of the lungs which may
cause pulmonary hypoplasia and pulmonary hypertension,
which are major determinants of morbidity and mortality
in those children [2]. Respiratory training has been per-
formed for those children in order to improve respiratory
functions, exercise capacity, functional performance, and
QOL. The results showed improvement in respiratory func-
tions, exercise capacity, functional performance, and QOL
in the study group compared with the control group.

The current study outcomes were supported by the
results of Turchetta et al., who assessed whether physical
activity could influence the performance and perception of
dyspnea in CDH children operated for high-risk CDH. They
found that CDH children who were more active preserved a
higher level of performance with less perception of dyspnea
and effort compared to children who were less active [34].
Also, Moawd et al. concluded that inspiratory muscle train-
ing improves inspiratory muscle strength and aerobic capac-
ity in patients experiencing obstructive sleep apnea [35].

To our knowledge, no previous studies have evaluated the
effect of respiratory muscle training on respiratory functions,



maximal exercise capacity, functional performance, and QOL
in CDH children although some authors have evaluated the
effect of respiratory exercises on similar cases. Lima et al. have
studied the effect of inspiratory muscle training on respiratory
distress in asthmatic children and found that specific inspira-
tory muscle training plus breathing exercises were effective
adjuvant therapies in the treatment of respiratory problems
in asthmatic children as both maximum inspiratory and expi-
ratory pressure have been increased significantly, with a corre-
sponding reduction in airway obstruction, and exercise
capacity has also been increased [23]. As stated by
Toussaint-Duyster et al., CDH children have a marked reduc-
tion in exercise capacity at school age [36]. Thus, inspiratory
muscle training may be effective in improving exercise capac-
ity in children with CDH.

The strength and endurance of the respiratory muscles
including the diaphragm and accessory muscles may be
improved following inspiratory muscle training [37, 38].
Being functionally and morphologically skeletal muscles,
the respiratory muscles can react to exercise in a similar
way when appropriate physiological resistance is applied
[39, 40]. Improving the strength of the respiratory muscles
delays the development of diaphragmatic fatigue, enhances
ventilator competence, decreases the required blood flow
throughout the exercise, and consequently improves func-
tional capacity [41, 42].

In spite of the positive outcomes of the current study, it
may be limited in terms of generalizability and the external
validity of the results are limited by the small sample size.
Selection bias could affect the results as the participants do
not broadly reflect all children with congenital diaphragmatic
hernia. The measures of pulmonary function are largely
dependent on the level of the child’s effort and motivation.
Future studies are needed to examine the mechanism of
how respiratory muscle training affects physiological indica-
tors. It is essential to note that the results of this study are
limited to school-aged CDH children from 9 to 11 years old
and should be applied carefully to other age groups. Also,
our results cannot confirm the long-term effect of respiratory
muscle training. Therefore, upcoming studies should con-
sider a long-term follow-up (6-12 months) after the end of
treatment program.

5. Conclusions

Respiratory muscle training may improve respiratory func-
tions, maximal exercise capacities, functional performance,
and QOL in children with postoperative CDH. Clinical com-
mendations have to be considered to include respiratory
muscle training in pulmonary rehabilitation programs in
the children with a history of CDH.

Data Availability

The data involved in this study is available from the corre-
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the patients will not be provided.

Disease Markers

Conflicts of Interest

The authors declare that they have no conflict of interest.

Acknowledgments

This publication was supported by the Deanship of Scien-
tific Research at Prince Sattam bin Abdulaziz University.
The authors would like to gratefully acknowledge all par-
ents who supported the participation of their children in
the study program.

References

[1] L Sluiter, L. Reiss, U. Kraemer, R. d. Krijger, D. Tibboel, and
R.J. Rottier, “Vascular abnormalities in human newborns with
pulmonary hypertension,” Expert Review of Respiratory Medi-
cine, vol. 5, no. 2, pp. 245-256, 2014.

[2] L. van den Hout, T. Schaible, T. E. Cohen-Overbeek et al.,
“Actual outcome in infants with congenital diaphragmatic
hernia: the role of a standardized postnatal treatment proto-
col,” Fetal Diagnosis and Therapy, vol. 29, no. 1, pp. 55-63,
2011.

[3] A. Gaxiola, J. Varon, and G. Valladolid, “Congenital diaphrag-
matic hernia: an overview of the etiology and current manage-
ment,” Acta Paediatrica, vol. 98, no. 4, pp. 621-627, 2009.

[4] A. C. Akinkuotu, S. M. Cruz, D. L. Cass et al., “Revisiting out-
comes of right congenital diaphragmatic hernia,” Journal of
Surgical Research, vol. 198, no. 2, pp. 413-417, 2015.

[5] D. Olenik, D. Codrich, F. Gobbo et al., “Hepatopulmonary
fusion in a newborn. An uncommon intraoperatory finding
during right congenital diaphragmatic hernia surgery: case
description and review of literature,” Hernia, vol. 18, no. 3,
pp. 417-421, 2014.

[6] S. Kotecha, A. Barbato, A. Bush et al., “Congenital diaphrag-
matic hernia,” European Respiratory Journal, vol. 39, no. 4,
pp. 820-829, 2012.

[7] H. Shanmugam, L. Brunelli, L. D. Botto, S. Krikov, and M. L.
Feldkamp, “Epidemiology and prognosis of congenital dia-
phragmatic hernia: a population-based cohort study in Utah,”
Birth Defects Res, vol. 109, no. 18, pp. 1451-1459, 2017.

[8] M.S. Cohen, J. Rychik, D. M. Bush et al., “Influence of congen-
ital heart disease on survival in children with congenital dia-
phragmatic hernia,” The Journal of Pediatrics, vol. 141, no. 1,
pp- 25-30, 2002.

[9] L. W.J. E. Beurskens, D. Tibboel, J. Lindemans et al., “Retinol
Status of Newborn Infants Is Associated With Congenital Dia-
phragmatic Hernia,” PEDIATRICS, vol. 126, no. 4, pp. 712-
720, 2010.

[10] L. W.]. E. Beurskens, D. Tibboel, and R A.©g. P. M. Steegers-
Theunissen, “Role of nutrition, lifestyle factors, and genes in
the pathogenesis of congenital diaphragmatic hernia: human
and animal studies,” Nutrition Reviews, vol. 67, no. 12,
pp. 719-730, 2009.

[11] M. J. Wat, D. Veenma, J. Hogue et al., “Genomic alterations
that contribute to the development of isolated and non-
isolated congenital diaphragmatic hernia,” Journal of Medical
Genetics, vol. 48, no. 5, pp. 299-307, 2011.

[12] Y. Sakurai, K. Azarow, E. Cutz, A. Messineo, R. Pearl, and
D. Bohn, “Pulmonary barotrauma in congenital



Disease Markers

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]

(23]

(24]

[25]

[26]

(27]

diaphragmatic hernia: a clinicopathological correlation,” Jour-
nal of Pediatric Surgery, vol. 34, no. 12, pp. 1813-1817, 1999.
D. A. Beals, B. L. Schloo, J. P. Vacanti, L. M. Reid, and J. M.
Wilson, “Pulmonary growth and remodeling in infants with
high-risk congenital diaphragmatic hernia,” Journal of Pediat-
ric Surgery, vol. 27, no. 8, pp. 997-1002, 1992.

A. Hislop and L. Reid, “Persistent hypoplasia of the lung after
repair of congenital diaphragmatic hernia,” Thorax, vol. 31,
no. 4, pp. 450-455, 1976.

M. Spoel, H. Marshall, H. IJsselstijn et al., “Pulmonary ventila-
tion and micro-structural findings in congenital diaphrag-
matic hernia,” Pediatric Pulmonology, vol. 51, no. 5, pp. 517-
524, 2016.

P. P. Chiu and H. IJsselstijn, “Morbidity and long-term follow-
up in CDH patients,” European Journal of Pediatric Surgery,
vol. 22, no. 5, pp. 384-392, 2012.

P. P. L. Chiu, C. Sauer, A. Mihailovic et al., “The price of suc-
cess in the management of congenital diaphragmatic hernia: is
improved survival accompanied by an increase in long-term
morbidity?,” Journal of Pediatric Surgery, vol. 41, no. 5,
pp. 888-892, 2006.

M. J. Poley, E. A. Stolk, D. Tibboel, J. C. Molenaar, and J. J.
Busschbach, “Short term and long term health related quality
of life after congenital anorectal malformations and congenital
diaphragmatic hernia,” Archives of Disease in Childhood,
vol. 89, no. 9, pp. 836-841, 2004.

Whogqol Group, “Development of the WHOQOL: rationale
and current status,” International Journal of Mental Health,
vol. 23, no. 3, pp. 24-56, 2015.

E. Ost, B. Frenckner, M. Nisell, C. M. Burgos, and M. Ojmyr-
Joelsson, “Health-related quality of life in children born with
congenital diaphragmatic hernia,” Pediatric Surgery Interna-
tional, vol. 34, no. 4, pp. 405-414, 2018.

W. K. Abdelbasset, S. F. Alsubaie, S. A. Tantawy, T. I. Abo
Elyazed, and D. M. Kamel, “Evaluating pulmonary function,
aerobic capacity, and pediatric quality of life following a 10-
week aerobic exercise training in school-aged asthmatics: a
randomized controlled trial,” Patient Preference and Adher-
ence, vol. Volume 12, pp. 1015-1023, 2018.

W. Abdelbasset and T. Elnegamy, “Effect of Chest Physical
Therapy on Pediatrics Hospitalized With Pneumonia,” Inter-
national Journal of Health and Rehabilitation Sciences (ITHRS),
vol. 4, no. 4, pp. 219-226, 2015.

E. V. N. C. L. Lima, W. L. Lima, A. Nobre, A. M. d. Santos,
L. M. O. Brito, and M. d. R. d. S. R. Costa, “Treinamento mus-
cular inspiratério e exercicios respiratérios em criangas asma-
ticas,” Jornal Brasileiro de Pneumologia, vol. 34, no. 8, pp. 552
558, 2008.

J. Wanger, J. L. Clausen, A. Coates et al., “Standardisation of
the measurement of lung volumes,” European Respiratory
Journal, vol. 26, no. 3, pp. 511-522, 2005.

N. Macintyre, R. O. Crapo, G. Viegi et al., “Standardisation of
the single-breath determination of carbon monoxide uptake in
the lung,” European Respiratory Journal, vol. 26, no. 4,
pp. 720-735, 2005.

K. R. Jat, “Spirometry in children,” Primary Care Respiratory
Journal, vol. 22, no. 2, pp. 221-229, 2013.

R. A. Bruce, F. Kusumi, and D. Hosmer, “Maximal oxygen
intake and nomographic assessment of functional aerobic
impairment in cardiovascular disease,” American Heart Jour-
nal, vol. 85, no. 4, pp. 546-562, 1973.

(28]

(29]

(30]

(31]

(32]
(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

(42]

American Thoracic Society and American College of Chest
Physicians, “ATS/ACCP Statement on cardiopulmonary exer-
cise testing,” American Journal of Respiratory and Critical Care
Medicine, vol. 167, no. 2, pp. 211-277, 2003.

A. M. Li, J. Yin, C. C. Yu et al., “The six-minute walk test in
healthy children: reliability and validity,” The European Respi-
ratory Journal, vol. 25, no. 6, pp. 1057-1060, 2005.

J. W. Varni, C. A. Limbers, and T. M. Burwinkle, “Impaired
health-related quality of life in children and adolescents with
chronic conditions: a comparative analysis of 10 disease clus-
ters and 33 disease categories/severities utilizing the PedsQL™
4.0 Generic Core Scales,” Health and Quality of Life Outcomes,
vol. 5, no. 1, 2007.

C.D. Hill, M. C. Edwards, D. Thissen et al., “Practical issues in
the application of item response theory: a demonstration using
items from the pediatric quality of life inventory (PedsQL) 4.0
generic core scales,” Medical Care, vol. 45, Suppl 1, pp. S39-
$47, 2007.

J. W. Varni, “PedsQL,” http://www.pedsql.org.
R. D. Restrepo, R. Wettstein, L. Wittnebel, and M. Tracy,

“Incentive Spirometry: 2011,” Respiratory Care, vol. 56,
no. 10, pp. 1600-1604, 2011.

A. Turchetta, D. Fintini, G. Cafiero et al., “Physical activity, fit-
ness, and dyspnea perception in children with congenital dia-
phragmatic hernia,” Pediatric Pulmonology, vol. 46, no. 10,
pp. 1000-1006, 2011.

S. A. Moawd, A. R. Azab, S. M. Alrawaili, and W. K. Abdelbas-
set, “Inspiratory muscle training in obstructive sleep apnea
associating diabetic peripheral neuropathy: a randomized con-
trol study,” BioMed Research International, vol. 2020, Article
ID 5036585, 8 pages, 2020.

L. C. C. Toussaint-Duyster, M. H. M. van der Cammen-van
Zijp, J. C. de Jongste et al., “Congenital diaphragmatic hernia
and exercise capacity, a longitudinal evaluation,” Pediatric Pul-
monology, vol. 54, no. 5, pp. 628-636, 2019.

W. D. E. JONG, W. M. C. V. A. N. AALDEREN, J. KRAAN,
G. H. KOETER, and C. P. V. A. N. D. E. R. SCHANS, “Inspi-
ratory muscle training in patients with cystic fibrosis,” Respira-
tory Medicine, vol. 95, no. 1, pp. 31-36, 2001.

S. K. Illi, U. Held, I. Frank, and C. M. Spengler, “Effect of respi-
ratory muscle training on exercise performance in healthy
individuals: a systematic review and meta-analysis,” Sports
Medicine, vol. 42, no. 8, pp. 707-724, 2012.

W.J. Kraemer, K. Adams, E. Cafarelli et al., “American College
of Sports Medicine position stand. Progression models in
resistance training for healthy adults,” Medicine and Science
in Sports and Exercise, vol. 34, no. 2, pp. 364-380, 2002.

L. E. E. M. ROMER and A. L. I. S. O. N. K. MCCONNELL,
“Specificity and Reversibility of Inspiratory Muscle Training,”
Medicine & Science in Sports & Exercise, vol. 35, no. 2, pp. 237-
244, 2003.

M. Zeren, R. Demir, Z. Yigit, and H. N. Gurses, “Effects of
inspiratory muscle training on pulmonary function, respira-
tory muscle strength and functional capacity in patients with
atrial fibrillation: a randomized controlled trial,” Clinical
Rehabilitation, vol. 30, no. 12, pp. 1165-1174, 2016.

R. D. M. Plentz, G. Sbruzzi, R. A. Ribeiro, J. B. Ferreira, and
P. Dal Lago, “Treinamento muscular inspiratério em pacientes
com insuficiéncia cardiaca: metandlise de estudos randomiza-
dos,” Arquivos Brasileiros de Cardiologia, vol. 99, no. 2,
pp. 762-771, 2012.


http://www.pedsql.org

	Impacts of Respiratory Muscle Training on Respiratory Functions, Maximal Exercise Capacity, Functional Performance, and Quality of Life in School-Aged Children with Postoperative Congenital Diaphragmatic Hernia
	1. Introduction
	2. Materials and Methods
	2.1. Study Design
	2.2. Subjects
	2.3. Randomization and Blinding
	2.4. Sample Size Estimation
	2.5. Outcome Measures
	2.5.1. Respiratory Functions
	2.5.2. Maximal Exercise Capacity
	2.5.3. Functional Performance
	2.5.4. Quality of Life

	2.6. Intervention
	2.6.1. Incentive Spirometer Training
	2.6.2. Inspiratory Muscle Training

	2.7. Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Acknowledgments

