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ABSTRACT
Introduction. Pediatric pulmonary rehabilitation 
is relevant in the management of chronic 
respiratory diseases. In Chile, it is provided only 
at certain hospitals.
Objective. To describe the outcomes of a pediatric 
pulmonary rehabilitation program after 3 months 
of rehabilitation.
Methodology. Retrospective study of patients 
with chronic lung disease, neuromuscular 
disease, and other chronic conditions admitted 
to the program between June 2011 and June 
2017. Assessments included general physical and 
respiratory muscle examination, and spirometry. 
General physical training and respiratory muscle 
training were planned according to facility-
based, mixed and home protocols. 
Results. A total of 156 patients (11.45 ± 3.55 years 
old) were included, 68 had chronic lung disease 
(11.56 ± 4.6 years old, 43.5 %); 45, neuromuscular 
disease (11.4  ±  3.7 years old, 28.8  %); and 43, 
various chronic conditions (11.31 ± 3.9 years old). 
Out of all patients, 102 (65.4 %) followed training 
protocols; targeted (n = 27), mixed (n = 23), and 
home (n = 50); compliance was 69 %, 87.5 %, and 
70  %, respectively. Peak inspiratory pressure 
increased by 19.3 % (p = 0.001); peak expiratory 
pressure, 14.5 % (p = 0.001); forced vital capacity, 
12.9 % (p = 0.001); forced expiratory volume in 
1 second, 11.6 % (p = 0.004); and the six-minute 
walk test, 17.6 meters (p = 0.036) after 3 months 
of rehabilitation.
Conclusions. The intervention protocol 
improved cardiorespiratory functional capacity. 
Compliance was over 65 %.
Key words: muscle strength, neuromuscular diseases, 
lung diseases, rehabilitation, pediatrics.

http://dx.doi.org/10.5546/aap.2019.eng.e576

To cite: Torres G, Rodríguez-Núñez I, Zenteno D, 
Navarro  X, et al. Pediatric pulmonary rehabilitation 
program at a Chilean public hospital. Arch Argent Pediatr 
2019;117(6):e576-e583.

GLOSSARY
6MWT: six-minute walk test.
CLD: chronic lung disease.
FEF25-75: mean forced expiratory flow. 
FEV1: forced expiratory volume in  
1 second.
FVC: forced vital capacity.
GPT: general physical training.
HGGB: Hospital Dr. Guillermo Grant 
Benavente.
HR: heart rate.
NMD: neuromuscular disease.
MCF: maximal cough flow.
MEF: maximal expiratory flow.
MEP: maximal expiratory pressure.
MIP: maximal inspiratory pressure.
PR: pulmonary rehabilitation.
RMT: respiratory muscle training.
TDW: total distance walked.

INTRODUCTION
Pulmonary rehabilitation (PR) is an 

interdisciplinary intervention aimed 
at patients with chronic conditions.1 
Its objective is to reduce symptoms, 
enhance functional capacity, increase 
social engagement, and reduce health 
costs.2,3

The development of a PR program 
i n v o l v e s  c o o r d i n a t i n g  p a t i e n t 
assessment, treatment, and follow-
up strategies taking into account 
the extent of functional impairment 
secondary to lung damage and/
or neuromuscular disease (NMD), 
as well as individual psychosocial 
aspects.3,4

C u r r e n t  e v i d e n c e - b a s e d 
consensuses and guidelines have 
helped to establish intervention 
p r o t o c o l s  a s s o c i a t e d  w i t h  t h e 
assessment and rehabilitation of 
patients receiving PR and minimum 
standards for the development of this 
type of interventions in the clinical 
setting.1-3 In Chile, only few public 
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facilities have developed an administrative 
basis to implement PR in pediatric patients with 
chronic conditions. One of those is the Pediatric 
Pulmonary Rehabilitation Program of Hospital 
Dr. Guillermo Grant Benavente (HGGB) in 
Concepción, Chile. It includes specific assessment, 
rehabilitation, and follow-up strategies based on 
each patient’s biodemographic characteristics and 
pathophysiological aspects.

The program’s clinical performance has 
not been reported to date, so the objective of 
this study was to describe the outcomes after 
3 months of rehabilitation.

MATERIAL AND METHOD
Study design: retrospective case series.
Study sample: all patients with chronic 

lung disease (CLD), NMD, and other chronic 

conditions, admitted to the Pediatric Pulmonary 
Rehabilitation Program of HGGB between June 
2011 and June 2017. Patients with cognitive 
deficit, younger than 5 years old or experiencing 
an acute respiratory condition in the 4 weeks 
prior to admission to the program were excluded.

Pediatric pulmonary rehabilitation protocol
The pediatric PR protocol of HGGB consists in 

interventions for the assessment and treatment of 
patients with chronic conditions (Figure 1).

Assessment protocol
Age, sex, height, and weight, measured using a 

tape measure and an analog scale, were recorded 
during admission to the program. Walking patients 
performed the six-minute walk test (6MWT) and 
had an assessment of maximal inspiratory pressure 

Figure 1. Flowchart of referral and care at the pediatric pulmonary rehabilitation clinic of Hospital Dr. Guillermo Grant 
Benavente in Concepción, Chile

PR: pulmonary rehabilitation; HGGB: Hospital Dr. Guillermo Grant Benavente; MIP: maximal inspiratory pressure;  
MEP: maximal expiratory pressure; SNIP: sniff nasal inspiratory pressure; sMIP: sustained maximal inspiratory pressure;  
MEF: maximal expiratory flow; MCF: maximal cough flow.

Bronchopulmonary referral

Admission to the  
HGGB PR facility

Record review, lab tests, 
imaging tests . Case history 

obtained from legal guardian

Walking

General physical 
assessment

Pulmonary 
assessment

Six-minute walk test

General physical training

Non-walking

Pulmonary 
assessment

Respiratory muscle strength
(MIP/MEP/SNIP)

Respiratory muscle training

Effectiveness of MEF/MCF

Capacity (spirometry)

Respiratory muscle resistance
(sMIP)



e578  /  Arch Argent Pediatr 2019;117(6):e576-e583  /  Original article

(MIP), maximal expiratory pressure (MEP), a 
flowmetry, and a spirometry. Patients who could 
not walk only had an assessment of MIP, MEP, a 
flowmetry and a spirometry. Each patient’s parent 
or caregiver signed an informed consent, and 
children older than 12 years signed an informed 
assent for admission to the program and data use 
for scientific purposes.

6MWT: it was done according to the American 
Thoracic Society guidelines.5 The following 
information was recorded in a database: total 
distance walked (TDW), heart rate (HR) at rest 
and at the end of the 6MWT (Choicemmed® 
pulse oximeter), and perceived exertion based on 
the EPInfant scale, before and after the test.6 The 
TDW was recorded in absolute values (m) and 
percentage as per the Chilean predictive values 
published by Gatica et al.7

Respiratory muscle strength assessment: 
MIP and MEP were measured according to the 
European Respiratory Society and the American 
Thoracic Society protocols.8 Ten attempts were 
made and the best value out of 3 acceptable and 
reproducible attempts was considered, with a 
variability < 5 % and a 30-second resting period 
between each attempt. Results were described 
as absolute values (cmH2O) and percentage, as 
per the Chilean predictive values published by 
Contreras et al.9 Measurements were made using 
a MicroRPM digital vacuum/pressure gauge 
(Carefusion®).

Lung function assessment: it was assessed 
with a spirometry, according to the European 
Respiratory Society and the American Thoracic 
Society protocols.10 The following parameters 
were recorded: forced expiratory volume in 
1 second (FEV1), forced vital capacity (FVC), 
FEV1/FVC ratio, and mean forced expiratory 
flow (FEF25-75). Results were described as absolute 
values and percentage of the predictive value as 
per Knudson et al., using a portable spirometer 
(Pony FX, Cosmed®).

Flowmetry assessment: maximal expiratory 
flow (MEF) and maximal cough flow (MCF) were 
measured using a flow meter (Mini-Wright®). 
MEF was measured with the subject standing and 
wearing a nose clip, and the indication was given 
to blow with the greatest force from total lung 
capacity. The test was performed a maximum 
of 8 times; the highest reproducible value in 
3 attempts with a difference no greater than 10 % 
between each value was recorded.11 MCF was 
measured with the subject seated and asked to 
inhale deeply and then to perform a maximum 

coughing effort through the flow meter; results 
were described as liter/minute.

Intervention protocol
The patients with assessment results that were 

below the predicted value were admitted to the 
training protocol.

Genera l  physica l  t ra in ing  (GPT)  was 
performed at 60 % of HR reserve, in a continuous 
manner, 2-3 times per week, for 30 minutes. 
A treadmill (Life Fitness® T9i) was used for 
the training program developed at the HGGB; 
at home, it was performed after providing 
counseling to parents about exercise intensity 
and modality in the home setting.

In addition, respiratory muscle training (RMT) 
was done using a threshold valve (Threshold 
IMT, Philips Respironics®). Thus, inspiratory 
RMT was done using a load equal to 30 % of 
the MIP, in 3 series of 3 minutes of exercise and 
1 minute of rest. Expiratory RMT was done in 
3 series of 15-20 repetitions at 50 % of the MEP, 
with 1 minute of rest, 5 times per week both at 
the rehabilitation facility and at home, as per the 
different consensuses.1,12,13

F o l l o w - u p  a n d  c o m p l i a n c e :  f o r  t h e 
follow-up during PR, 3 customized strategies 
were established based on geographic and 
socioeconomic variables: (a) Targeted protocol 
(assessments, RMT and GPT 2-3 times per week 
at the hospital’s PR facility); (b) mixed protocol 
(RMT at home and 2-3 controls per month, with 
GPT both at the hospital and at home); and 
(c) unsupervised home protocol (home RMT, 
1-2 controls every 6 months at the hospital, and 
GPT entirely at home). The patients who had 
access to the facility and adequate financial 
means performed the targeted or mixed protocol; 
whereas those who did not, performed the home 
protocol.

The protocol outcomes were established based 
on the outcome measures obtained 12 weeks after 
admission to the PR program.

RMT compliance was established based on 
the information provided by the patient’s parents 
or legal guardian. Compliance was considered 
adequate if training was performed 5 times a 
week. On the other side, GPT compliance was 
defined only in the group that performed the 
targeted protocol, and adequate compliance was 
established if the patient attended the scheduled 
sessions continuously for at least 8 weeks.

Statistical analysis: descriptive statistics 
were established using average and standard 
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deviation for quantitative outcome measures and 
percentage for qualitative outcome measures.

The general characteristics of subjects with 
CLD, NMD, and other chronic conditions 
were analyzed; a one-way analysis of variance 
(ANOVA) was done for biodemographic outcome 
measures and a χ² test, for the sex outcome 
measure.

CLD and NMD patient groups were compared; 
Student’s t test was done for paired samples and 
the Wilcoxon test was used to compare pre- and 
post-intervention protocol assessments. In addition, 
the Mann-Whitney U test and Student’s t test were 
done for independent samples to compare NMD 
and CLD.

Training outcomes were measured by 
analyzing the differences between pre- and 
post-intervention values of assessed outcome 
measures. The analysis was done with the SPSS 
v.23.0 statistical software package; a value of 
p < 0.05 was considered significant.

Ethical considerations :  the study was 
approved by the Scientific Ethics Committee of 
the HGGB.

RESULTS
In the study period, a total of 156 patients 

were included; 102 (65.4 %) showed lower than 
predicted values in the assessments, so they 
performed some type of training.

No differences were observed among the 
CLD, NMD, and other chronic conditions 
groups in terms of age, sex, and anthropometric 
outcome measures (Table 1). Patients in the 
NMD group mainly had Duchenne muscular 
dystrophy (n = 13), myelomeningocele (n = 10), 
and spinal muscular atrophy (SMA) type 2 
(n = 5); whereas those in the CLD group had 
obliterative bronchiolitis (n = 27), cystic fibrosis 
(n = 19), and asthma (n = 15), among others. 
Other chronic conditions included sleep apnea 
syndrome, obesity, severe scoliosis, and heart 

Table 1. General characteristics of studied groups, described as mean ± standard deviation

Outcome measures	 Total	 NMD	 CLD	 Other chronic conditions	 p valuea 
	 (n = 156)	  (n = 45)	 (n = 68)	 (n = 43)	

Age (years old)	 11.5 ± 3.6	 11.6 ± 4.6	 11.4 ± 3.7	 11.3 ± 3.9	 0.371
Sex (M/F)	 91/65	 29/16	 41/27	 21/22	 0.302b

Weight (kg)	 40.1 ± 17.6	 38.3 ± 17.7	 39.8 ± 15.3	 42.8 ± 21.9	 0.577
Height (cm)	 138.1 ± 21.2	 134.2 ± 19.0	 140.5 ± 21.7	 138.2 ± 22.8	 0.381
BMI	 20.3 ± 5.3	 20.6 ± 5.9	 19.6 ± 4.1	 21.5 ± 6.5	 0.384 

BMI: body mass index; M: male; F: female; NMD: neuromuscular disease; CLD: chronic lung disease.
a One-way ANOVA; b χ² test.

Table 2. Baseline assessment of respiratory muscle function, flowmetry, spirometry, and six-minute walk test for the total group 
and for neuromuscular disease and chronic lung disease sub-groups, described as mean ± standard deviation

Outcome measures	 Total	 NMD	 CLD	 p valueb 
	 (n = 156)	 (n = 45)	 (n = 68)	
CVF (L)	 1,91 ± 0,95	 1,68 ± 0,69	 2,20 ± 1,06	 0,083
FVC (L)	 1.91 ± 0.95	 1.68 ± 0.69	 2.20 ± 1.06	 0.083
FVC (%)	 87.7 ± 27.7	 84.9 ± 33.5	 92.7 ± 21.6	 0.382
FEV1 (L)	 1.51 ± 0.70	 1.51 ± 0.54	 1.63 ± 0.79	 0.512a

FEV1 (%)	 77.9 ± 25.8	 83.4 ± 30.8	 76.1 ± 21.7	 0.052a

FEV1/FVC	 77.4 ± 22.2	 89.6 ± 8.3	 75.0 ± 13.0	 0.001*a

FEF25-75 (L/min)	 1.62 ± 0.79	 1.97 ± 0.70	 1.49 ± 0.87	 0.004*a

FEF25-75 (%)	 66.7 ± 33.5	 93.6 ± 29.2	 53.7 ± 31.9	 0.001*a

MIP (cmH2O) 	 59.6 ± 20.4	 55.3 ± 19.7	 66.2 ± 19.0	 0.010*
MIP (%)	 57.4 ± 20.5	 51.7 ± 17.5	 64.3 ± 19.8	 0.006*
MEP (cmH2O) 	 58.0 ± 24.5	 42.6 ± 18.4	 70.5 ± 21.6	 0.001*
MEP (%)	 43.7 ± 18.0	 32.2 ± 14.4	 52.6 ± 17.0	 0.001*a

MEF (L/min)	 203.2 ± 102.5	 150.36 ± 51.3	 230.3 ± 107.2	 0.331
MEFc (L/min)	 198 ± 128.2	 165.0 ± 56.4	 217.7 ± 84.2	 0.318
6MWT (m)	 513.9 ± 132.2	 359.8 ± 138.2	 564.6 ± 89.7	 0.001*
6MWT (%)	 81.5 ± 16.7	 62.3 ± 18.9	 67.0 ± 20.7	 0.001

*MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure; MEF: maximal expiratory flow;  
MEFc: maximal expiratory flow coughed; 6MWT: six-minute walk test; NMD: neuromuscular disease; CLD: chronic lung disease.
* Statistically significant difference with a p value < 0.05; a Mann-Whitney U test; b Student’s t test.
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disease. No patient in the sample had respiratory 
insufficiency with oxygen requirement.

Out of 102 patients who received training, 
38 performed only RMT; 27, only GPT; and 
37, RMT/GPT. Among those who performed 
RMT, 34 (45 %) had NMD and 23 (31 %), CLD 
(p = 0.001); whereas among those who did GPT, 12 
(19 %) had NMD and 37 (58 %), CLD (p = 0.001).

In relation to the training modality, 27 patients 
(19.4 %) followed the targeted protocol; 23 
(16.5 %), mixed training, and 50 (40.0 %), home 
training, with a compliance of 69.0 %, 87.5 %, and 
70.0 %, respectively.

In relation to respiratory muscle strength, 
both groups had MIP and MEP values below the 
theoretical normal value (Table 2). An obstructive 
ventilatory pattern was observed in children with 
CLD. On their side, NMD patients had a normal 
ventilatory pattern.

Intervention protocol outcomes on pulmonary 
function parameters and general physical 
capacity

Figure 2  shows the post-PR changes in 
respiratory muscle strength, flowmetry, and walk 
test in the total group with training (n = 102).

In relation to respiratory muscle strength, MIP 
was observed to increase by 11.5 cmH2O (19.3 %; 
p = 0.001) and MEP, 8.41 cmH2O (14.5 %; p = 0.001). 
In the spirometry, FVC increased by 0.246 liters 
(12.9 %; p = 0.001), while FEV1, 0.177 liters (11.6 %; 
p = 0.004) (Table 3). In addition, the TDW in the 
6MWT increased by 17.6 meters (3.4 %; p = 0.036).

The analysis of the NMD and CLD groups 
showed that  pat ients  with NMD had an 
improvement of 7.66 cmH2O in their MEP 
(17.9 %; p = 0.014) and of 22.2 L/min in their PCF 
(18.8 %; p = 0.021). Patients with CLD had an 
improvement of 0.396 liters in their FVC (17.9 %; 
p = 0.001), of 0.325 liters in their FEV1 (19.9 %; 
p = 0.001), and of 11.7 cmH2O in their MIP (17.6 %; 
p = 0.006) (Table 4).

DISCUSSION
The objective of this study was to describe 

the characteristics of a PR program for children 
and adolescents with chronic conditions at a 
Chilean public hospital. Patients were observed 
to experience significant improvements in 
respiratory muscle strength, lung volumes and 
capacity, and a longer TDW in the 6MWT. These 
outcomes were consistent with those that had 
revealed the benefits of RMT and GPT on the 
function of respiratory muscles, spirometry 

Figure 2. Diagrams for respiratory muscle strength (A), 
flowmetry (B), and distance walked in the six-minute walk 
test (C) at baseline and 3 months after admission for the total 
group with training (n = 102) 

MIP: maximal inspiratory pressure;  
MEP: maximal expiratory pressure; MEF: maximal expiratory 
flow; MCF: maximal cough flow; 6MWT: six-minute walk test.
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as of 5 years old with persistent symptoms and 
limitations;1 whereas the severity of disease 
or specific lung function outcome measures 
were not considered inclusion criteria for the PR 
program, which allowed to maintain or improve 
cardiorespiratory capacity before the progression 
of impairment. Patient compliance with the 
program was 65 %, except for 3 patients with 
NMD and 19 with CLD, who lived far away 
from the facility, had poor compliance with other 
medical treatments, inexistent regular control of 
underlying disease before starting the PR, and a 
socioeconomic situation that limited their access, 
so their rehabilitation strategy was changed to 
maintain their compliance.

In our study, MIP increased by 19.3 % and 
MEP, 14.5 %, which was consistent with the 
findings of Rodríguez et al., who observed 

improved respiratory muscle strength in children 
with NMD and CLD after following a home RMT 
protocol.18

In the total group, lung function parameters 
after the protocol increased by 12.9 % of the 
absolute FVC and 11.9 % of the absolute FEV1. 
Prior studies have shown inconsistent results in 
relation to the impact of PR protocols on these 
outcome measures. Colom et al., demonstrated 
that forced expiratory volumes were greater, 
but FVC increased disproportionately in relation 
to FEV1 and the FEV1/FVC ratio decreased. 
Therefore, it is not possible to rule out that the 
observed changes may be related to phenomena 
associated with children growth or learning 
ability to perform the tests.19

The TDW in the 6MWT increased by 3 % in 
the total sample, but this was not statistically 

Table 3. Spirometry at baseline and 3 months after admission for the total group with training (n = 102), described as 
mean ± standard deviation

Outcome measures	 Baseline assessment	 Assessment after 3 months	 p value
FVC (L)	 1.91 ± 0.95	 2.15 ± 1.23	 0.001*a

FVC (%)	 87.7 ± 27.7	 87.2 ± 26.2	 0.847
FEV1 (L)	 1.51 ± 0.70	 1.69 ± 0.94	 0.004*a

FEV1 (%)	 77.9 ± 25.8	 77.1 ± 25.2	 0.664a

FEV1/FVC	 77.4 ± 22.2	 75.7 ± 18.5	 0.018*a

FEF25-75 (L/min)	 1.62 ± 0.79	 1.72 ± 1.07	 0.328a

FEF25-75 (%)	 66.7 ± 33.5	 68.4 ± 39.1	 0.636a

* Statistically significant differences with a p value < 0.05; a Wilcoxon test.

Table 4. Assessment at baseline and 3 months after admission for the neuromuscular disease and chronic lung disease 
groups, described as mean ± standard deviation

Outcome measures		  NMD 			   CLD 
		  (n = 35) 			   (n = 49)
	 Pre-	 Post-	 p value	  Pre-	 Post-	 p value

FVC (L)	 1.68 ± 0.69	 1.71 ± 0.74	 0.704	 2.20 ± 1.06	 2.60 ± 1.40	 0.001*
FVC (%)	 84.9 ± 33.5	 79.85 ± 28.2	 0.252	 92.7 ± 21.6	 93.6 ± 23.6	 0.748
FEV1 (L)	 1.51 ± 0.54	 1.53 ± 0.59	 0.530a	 1.63 ± 0.79	 1.96 ± 1.08	 0.001*a

FEV1 (%)	 83.4 ± 30.8	 78.5 ± 24.0	 0.267	 76.1 ± 21.7	 78.6 ± 25.8	 0.676a

FEV1/FVC	 89.6 ± 8.3	 88.7 ± 8.5	 0.496	 75.0 ± 13.0	 71.7 ± 13.0	 0.005*
FEF25-75 (L/min)	 1.97 ± 0.70	 2.03 ± 0.84	 0.606	 1.49 ± 0.87	 1.59 ± 1.18	 0.566a

FEF25-75 (%)	 93.6 ± 29.2	 95.0 ± 38.7	 0.433a	 53.7 ± 31.9	 56.8 ± 35.6	 0.663a

MIP (cmH2O)	 55.3 ± 19.7	 61.6 ± 20.8	 0.093	 66.2 ± 19.0	 77.8 ± 21.8	 0.006*a

MIP (%)	 51.7 ± 17.5	 58.4 ± 18.3	 0.093	 64.3 ± 19.8	 76.5 ± 24.6	 0.009*
MEP (cmH2O)	 42.6 ± 18.4	 50.29 ± 19.8	 0.014*	 70.5 ± 21.6	 75.7 ± 21.6	 0.239
MEP (%)	 32.2 ± 14.4	 37.0 ± 15.4	 0.126a	 52.6 ± 17.0	 55.8 ± 16.5	 0.291
MEF (L/min)	 150.4 ± 51.3	 178.5 ± 53.4	 0.021*	 230.3 ± 107.2	 251.7 ± 130.9	 0.062
MEFc (L/min)	 165.0 ± 56.4	 165.0 ± 62.5	 1.000	 217.7 ± 84.2	 248.5 ± 108.5	 0.070
6MWT (m)	 359.8 ± 138.2	 376.4 ± 147.4	 0.445	 564.6 ± 89.7	 582.0 ± 87.5	 0.073
6MWT (%)	 62.3 ± 18.9	 61.1 ± 22.8	 0.742	 67.0 ± 20.7	 70.948 ± 20.6	 0.150 

MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure; MEF: maximal expiratory flow;  
MEFc: maximal expiratory flow coughed; 6MWT: six-minute walk test; NMD: neuromuscular disease; CLD: chronic lung disease.
* Statistically significant differences with a p value < 0.05; a Wilcoxon test.
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significant in the disease sub-groups. These 
results were consistent with those of Rodríguez 
et al.,20 in NMD patients, but not with those 
of  Latorre-Román et  al . , 21 who observed 
improvements in the TDW in the 6MWT in 
asthma children.

Specifically, patients with NMD showed, 
after 10 months of training, that inspiratory 
and expiratory muscle strength increased by 
45.5 % and 37.5 %, respectively,18 which reached 
a plateau at 10 months of training.12 This is not 
consistent with our results, which showed an 
increase in expiratory muscle strength only. A 
new assessment of respiratory muscle strength 
after a short 3-month period of RMT may have 
underestimated the outcomes of the protocol 
performed in our facility. Such early reassessment 
was done because, as of 3 months, many patients 
changed their rehabilitation strategy to a mixed 
or home protocol, which resulted in more 
heterogeneous outcomes.

In our study, patients with NMD did not show 
significant changes in the spirometry parameters 
or the TDW in the 6MWT, as described in other 
articles.22-23 This was consistent with the results 
of the study by Rodríguez et al.20 in patients with 
progressive NMD, who did not observe a longer 
TDW in the 6MWT; however, they corroborated a 
significant reduction in perceived exertion and leg 
fatigue after a GPT protocol. It has been suggested 
that outcome measures like quality of life and 
oxygen consumption improved significantly 
after physical training-based interventions, with 
no evidence of exercise-induced muscle injury.24

Studies in patients with CLD have confirmed 
the positive impact of RMT, with improvements 
in respiratory muscle strength after a training 
protocol.13,15,25 Rodríguez et al. observed variations 
of 33.3 % in both the MIP and the MEP of CLD 
patients after 10 months of RMT.20 In our study, 
patients with CLD showed a 17.9 % improvement 
in the absolute MIP.

These patients experienced favorable changes 
in spirometry outcome measures. It has been 
demonstrated that GPT prevents a decrease in lung 
function in long-term rehabilitation protocols.26-28

Our study has several limitations, for example, 
the heterogeneous population prevented us from 
making conclusions on the behavior of a specific 
disease, which resulted in dispersed outcomes.

The absence of a control group and blinded 
measurements hindered the possibility of 
ruling out the potential influence of children’s 
learning abilities to perform the tests, which 

may have overestimated results. Some of the 
observed associations were not statistically 
significant; however, the absolute relevance of 
such differences was consistent with the results 
of prior studies. Therefore, we cannot rule out the 
fact that the sample size of this case series may 
have not been enough to reduce the risk for type 
II error in some of the analysis.

Finally, we may conclude that children and 
adolescents with chronic conditions had a lower 
cardiorespiratory functional capacity and that 
those who were admitted to the rehabilitation 
protocol experienced an increase in their 
respiratory muscle strength and physical capacity. 
Future controlled studies are required to confirm 
such results. n
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