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Review Paper
Effect of Physiotherapy Intervention on Neonates With 
Respiratory Distress Syndrome: A Systematic Review of 
Evidence in Neonates

Background: A common and serious illness in preterm infants, neonatal respiratory distress 
syndrome (NRDS) is characterized by lung immaturity and inadequate surfactant production. 

Objectives: This study evaluated the effectiveness of physiotherapy therapies in enhancing 
respiratory function and clinical outcomes in neonates suffering from NRDS. 

Methods: From the beginning to December 2024, searches were conducted using electronic 
databases, such as PubMed, Scopus, Embase, Cochrane Library, and CINAHL. Reference lists 
were manually searched in order to find additional records. Randomized controlled trials and 
quasi-experimental research involving preterm newborns (less than 37 weeks of gestation) 
with NRDS who underwent physiotherapy interventions (such as reflex rolling, lung squeeze 
method, or chest physiotherapy) were eligible. Studies that did not describe pertinent clinical 
or developmental results were excluded. The PEDro scale for cross-sectional and experimental 
research and the Newcastle–Ottawa scale (NOS) were used to evaluate the papers’ quality.

Results: Nine trials involving 398 preterm newborns were included. Although the interventions 
varied, they frequently focused on respiratory support. Numerous investigations documented 
improved radiological results and shorter durations of mechanical ventilation.

Conclusions: In premature infants with NRDS, physiotherapy may offer temporary respiratory 
advantages, and certain therapies may promote motor development. 

A B S T R A C T

Key Words:
Neonatal respiratory 
distress syndrome 
(NRDS), Chest 
physiotherapy, 
Respiratory distress, 
Infantile respiratory 
distress syndrome, 
Newborn

Article info: 
Received: 17 Feb 2025
First Revision: 18 Mar 2025
Accepted: 29 Mar 2025
Published: 01 Jul 2025

1. Department of Paediatric Physiotherapy, Ravi Nair Physiotherapy College, Datta Meghe Institute Higher Education and Research (DU), SWardha, India.
2. Department of Neuro Physiotherapy, Ravi Nair Physiotherapy College, Datta Meghe Institute Higher Education and Research (DU), Wardha, India.

* Corresponding Author:
Sharath Hullumani, Assistant Professor.
Address: Department of Paediatric Physiotherapy, Ravi Nair Physiotherapy College, Datta Meghe Institute Higher Education and Research (DU), Wardha, India. 
E-mail: sharathhullumani@gmail.com

Citation Hullumani Sh, Qureshi I, Raghumahanti R. Effect of Physiotherapy Intervention on Neonates With Respiratory Distress 
Syndrome: A Systematic Review of Evidence in Neonates. Journal of Pediatrics Review. 2025; 13(3):225-234. http://dx.doi.
org/10.32598/jpr.13.3.1290.1

 : http://dx.doi.org/10.32598/jpr.13.3.1290.1

Use your device to scan 
and read the article online

Copyright © 2025 The Author(s); 
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en), 
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

https://orcid.org/0009-0000-2926-5609
https://orcid.org/0000-0002-9379-4879
mailto:sharathhullumani%40gmail.com?subject=
http://jpr.mazums.ac.ir/
http://dx.doi.org/10.32598/jpr.13.3.1290.1
https://crossmark.crossref.org/dialog/?doi=10.32598/jpr.13.3.1290.1
http://jpr.mazums.ac.ir/page/69/Open-Access-Policy
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en


226

July 2025, Volume 13, Issue 3, Number 40

Introduction

bout 40–60% of preterm neonates born 
before 28 weeks of gestation and 15–30% 
of those born between 32 and 36 weeks of 
gestation suffer from neonatal respiratory 
distress syndrome (NRDS), a major cause 

of morbidity and mortality in these babies. The main 
cause of respiratory distress in infants, NRDS, presents a 
complex range of challenges for medical professionals, 
requiring early diagnosis and treatment to maximize re-
sults. Premature babies, especially those born before 28 
weeks of gestation, have a higher prevalence of NRDS, 
which has an inverse relationship with gestational age. 
Hyaline membrane disease, also known as NRDS, is a se-
rious respiratory illness that primarily affects premature 
babies. The disease is characterized by decreased lung 
function due to the absence of pulmonary surfactant, 
which is necessary to maintain alveolar stability and 
prevent collapse during expiration [1-3]. Although im-
provements in newborn treatment, such as mechanical 
ventilation and surfactant therapy, have increased sur-
vival rates, improving supportive therapies to improve 
respiratory function and lower complications remains a 
top objective [4]. 

The use of physiotherapy procedures as supplemen-
tal treatments for neonatal respiratory problems has 
grown in popularity. The goals of techniques, including 
vibration, posture, respiratory exercises, and chest phys-
ical therapy, are to increase lung capacity, improve mu-
cus clearance, and maximize oxygenation [5]. Although 
PT therapies are frequently used in neonatal facilities, 
there is still conflicting information regarding their effi-
cacy in treating newborns with NRDS. While some stud-
ies point to possible hazards, like oxygen desaturation 
and stress reactions in newborns, others indicate that 
these therapies may lessen respiratory problems and 
enhance clinical outcomes [6]. The typical treatment ap-
proach for non-reversible dysplasia of the lungs (NRDS) 
includes the administration of exogenous surfactant to 
improve lung function and reduce the severity of symp-
toms. Respiratory support methods, such as mechani-
cal ventilation and continuous positive airway pressure 
(CPAP), are commonly employed to guarantee proper 
ventilation and oxygenation. Even after these treat-
ments, some neonates experience significant respira-
tory problems, which necessitate the use of additional 
therapeutic techniques to enhance outcomes [7, 8]. 

It is crucial to collect the existing data in order to assess 
the efficacy and safety of physiotherapy, given the criti-
cal nature of NRDS and the growing interest in this non-

invasive supportive intervention. Assessing the effects 
of physiotherapy therapies on respiratory function and 
clinical outcomes in newborns with NRDS is the goal of 
this comprehensive review. A surfactant shortage that 
results in poor gas exchange and respiratory failure is a 
hallmark of NRDS. It is a major cause of newborn mor-
tality and morbidity globally and mainly affects preterm 
infants. The use of surfactants and respiratory support 
devices, like mechanical ventilation and CPAP are exam-
ple of current treatments. Despite being frequently in-
corporated into neonatal care, physiotherapy’s precise 
function in managing NRDS is yet unknown. The existing 
literature discusses physiotherapy in neonatal intensive 
care unit (NICU) settings in general, but does not focus 
on its use in NRDS. Therefore, a focused review is re-
quired to investigate its possible efficacy, safety, and 
standardization. The purpose of this systematic review 
was to address the following question: How do clini-
cal outcomes, including oxygenation, respiratory rate, 
need/duration of ventilation, and death (outcomes), 
change when physiotherapy interventions (interven-
tions) are compared to normal medical care without 
physiotherapy (comparisons) in newborns with NRDS 
(participants)? The study design incorporates cohort, 
quasi-experimental, and randomized controlled trials.

Methods

The protocol was registered on the International Pro-
spective Register of Systematic Reviews (PROSPERO) 
under ID: CRD42025635782. It was registered on 22 
January 2025).

Research question

In neonates with NRDS, how does physiotherapy in-
tervention compare to standard care without physio-
therapy in improving respiratory function, reducing the 
duration of mechanical ventilation, or decreasing the 
length of hospital stay? 

Data sources

To find papers pertinent to our study issue, we uti-
lized both manual and electronic searches. Four data-
bases—PubMed, Pedro, Medline, and the Cochrane 
Library—along with clinical trial registries (ClinicalTri-
als.gov and WHO ICTRP) were searched electronically 
from 2000 to December 2024. The reference lists of 
the included studies and conference proceedings were 
also checked. Although it is acknowledged as a search 
engine rather than a formal database, Google Scholar 
was used to supplement the search. Depending on the 
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needs of each database, our search algorithms blended 
free text and medical subject headings (MeSH). Due to 
the low quality of the evidence, individual expert views 
were not included in the data extraction process. Arti-
cles that are not published or available in full text were 
also excluded. The current study conducted the review 
between October and November 2024, adhering to the 
preferred reporting items for systematic reviews and 
meta-analyses (PRISMA) guidelines. This adherence en-
sures that the research is thorough.

The following criteria must be met for the papers to be 
eligible for the current study:

Population (P): Preterm infants (less than 37 weeks of 
gestation) with NRDS were included in the review. To 
guarantee uniformity in pathophysiology and interven-
tion results, term neonates were not included. 

Intervention (I): Physiotherapy procedures carried out 
either after extubation or during mechanical ventila-
tion were covered. This covers treatments, such as early 
mobilization, posture, airway clearance techniques, and 
chest physical therapy. Depending on each trial, we 
clearly indicated whether the therapies were pre-extu-
bation, post-extubation, or both.

Comparison (C): Standard NICU treatment, which may 
have included mechanical ventilation or CPAP without 
the use of physiotherapy, was provided to the compara-
tor groups. The included studies were those in which 
only the intervention group underwent physiotherapy, 
while the other group received the same ventilatory 
support. The updated version now provides a detailed 
description of this distinction.

Normal treatment without physiotherapy: This in-
cludes standard medical care for neonates with NRDS, 
such as surfactant replacement therapy and mechanical 
ventilation, including invasive ventilation or CPAP. 

Supportive treatment: This includes controlling body 
temperature and managing fluid intake. Other non-
physiotherapy therapies, such as medication or surgery, 
aimed at targeting respiratory function, are also admin-
istered to neonates with NRDS. 

Outcome measures (O): Oxygen saturation levels 
(SpO₂), arterial blood gas (ABG) analysis (e.g. PaO₂, PaCO₂, 
and pH), respiratory rate (breaths per minute), and lung 
compliance (static or dynamic) were used to quantify 
respiratory function. Validated scoring methods, such as 

the Downes or Silverman-Andersen scores, were used to 
assess the degree of respiratory distress reduction. 

Length of hospital stay

Study design: Only RCTs and quasi-experimental stud-
ies were included. Cross-sectional and purely observa-
tional studies were excluded to maintain focus on inter-
vention effectiveness.

Language: Only English-language research or studies 
with available translations were eligible for this study 
due to translation restrictions and timing constraints 
within the project deadline and the lack of trustworthy 
translation resources.

Publication date: Studies published from 2000 to 2025 
were considered.

Publication type: Both published articles and grey lit-
erature.

Study selection

PubMed, Pedro, Medline, and the Cochrane Library 
were thoroughly searched. Physiotherapy was used, 
along with MeSH and pertinent keywords such as “in-
fantile respiratory distress syndrome”, “neonatal re-
spiratory distress syndrome”, “respiratory distress syn-
drome, infant”, “respiratory distress syndrome”, and 
“new-born”, and “ physiotherapy”, “chest physiothera-
py”. To ensure the inclusion of the most recent research, 
searches were conducted again prior to the final analy-
sis. Additionally, trial registers, investigator contacts, and 
conference proceedings were searched for unpublished 
studies. ProQuest Dissertations & Theses Global and 
Google Scholar were used to consult the grey literature. 
Medline and the Cochrane Library, employing the MeSH 
phrases, were used to find other relevant publications. 
Truncation (*) and Boolean operators (OR, AND) were 
used for different suffixes.

PRISMA provides guidance on conducting a system-
atic literature search and documenting the data. Con-
sequently, identifying the pertinent sources is the first 
step. To find relevant works, a paper search was con-
ducted in the PubMed, Pedro, Medline, and Cochrane 
Library databases. The search yielded documents from 
these databases.
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Data extraction

The features of the 10 publications examined in this 
study are compiled in the following section by database 
and journal, publication date, and research nation. Ac-
cording to PRISMA, screening is the second phase. As 
a result, every source was examined to rule out any 
potential duplicates. In this stage, a built-in duplicate 
detection tool in EndNote software, version 9 was used 
to find and eliminate duplicate articles, followed by a 
manual verification step to ensure accuracy. Verifying 
the final list of documents that satisfied the study’s eli-
gibility requirements was the third step.

We were able to choose documents from the database 
that were not open access or available in the language. 
Two calibrated and independent reviewers, Sharath 
Hullumani and Irshad Qureshi, conducted the study 
selection in two stages. The first step involved screen-
ing abstracts and titles for alignment with the inclusion 
criteria and research question. In the second stage, the 
full texts of potentially relevant studies were examined 
to decide on final inclusion. This procedure was guided 
by the inclusion and exclusion criteria. 

In phase 1, the titles and abstracts of the chosen pa-
pers were reviewed by the two reviewers, Sharath Hul-
lumani and Irshad Qureshi. In phase 2, the same review-
ers (Sharath Hullumani and Irshad Qureshi) read the full 
texts of the previously included papers. The selection 
criteria remained the same as those from the first round. 
A third reviewer (Raghuveer Raghumahanti) made the 
final decision in case of any disputes. A summary of the 
study selection procedure is provided in Figure 1. 

Quality assessment

The PEDro scale for cross-sectional and experimental 
research and the Newcastle–Ottawa scale (NOS) were 
used to evaluate the papers’ quality. With a maximum 
of nine points, the NOS is divided into three sections: 
Result (up to three points), comparability (up to two 
points), and patient selection (up to four points). The 
PEDro scale consists of eleven questions [9, 10]. 

Results

Nine trials involving 398 preterm newborns diagnosed 
with respiratory-related problems or NRDS were in-
cluded. The range of gestational ages was 28–37 weeks. 
The physiotherapy interventions that varied among the 
studies included cardio-respiratory physiotherapy, re-

flex rolling, lung squeeze techniques, chest physiothera-
py, and structured early interventions.

Selection process and data collection process

Table 1 and Figure 2 display the total number of publi-
cations and the distribution of articles by country in the 
NRDS domain throughout the year. The graph shows a 
notable decline due to restricted access to download 
the articles; however, the overall trend indicates that 
it is one of the newer themes in neonatology. Table 2 
presents the details of the selected studies. 

The table and graphs show trends in studies con-
ducted across different countries and offer a thorough 
summary of year-by-year publications on physiotherapy 
therapies in NRDS. The table aids in identifying research 
contributions worldwide by categorizing studies by year, 
number of publications, and place of origin. 

The line graph depicting publication trends by nation 
indicates increased research activity in recent years, 
particularly from Spain, Romania, India, Egypt, the UK, 
and the USA. The bar graph offers a more complete pic-
ture of the annual number of publications, showing a 
noticeable increase in research, especially in 2022 and 
2025, suggesting that neonatal physiotherapy is becom-
ing increasingly popular. Overall, these visuals demon-
strate the growing emphasis on physiotherapy for neo-
natal RDS, highlighting both international contributions 
and historical research patterns.

Discussion

A major problem in newborn care remains NRDS, es-
pecially in preterm infants who are more susceptible 
to pulmonary issues because of their immature lungs. 
Due to the immature lung architecture and surfactant 
deficiency, NRDS continues to be a significant cause of 
morbidity and mortality in premature infants. The cur-
rent study assessed the effectiveness of physiotherapy 
therapies, when used in conjunction with standard care, 
in improving respiratory outcomes in newborns with 
NRDS. Key outcomes included standardized respiratory 
distress scores (e.g. Downes, Silverman-Andersen), re-
spiratory rate, lung compliance, arterial blood gas (ABG) 
measurements, and oxygen saturation (SpO₂). A critical 
review of the research suggests that physiotherapy may 
be beneficial; however, results remain inconsistent, and 
methodological limitations prevent firm conclusions 
from being drawn. 
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Figure 1. Flow diagram of the study process

Figure 2. Year-wise publications by country
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Physiotherapy therapies, including reflex rolling, 
lung squeeze techniques, chest vibration, and the 
PROMPT strategy, were linked to statistically signifi-
cant increases in SpO₂ in multiple investigations. For 
example, post-intervention SpO₂ values were higher in 
the groups studied by Kole et al. [19] and Hamed et al. 
[11] compared to those receiving standard treatment. 
Greater lung expansion, enhanced alveolar ventilation, 
and improved mucus clearance are likely the reasons 
for these gains. Heterogeneity in results was attribut-
ed to differences in physiotherapy procedures, session 
length, and timing (e.g. before or after extubation). 
Despite having a small sample size, Wong et al. [13] 
further highlighted the advantages of lung squeeze 
therapy over conventional techniques. 

More unbiased information about gas exchange ef-
ficiency was obtained through ABG analysis. Accord-
ing to research conducted by Mehrem et al. [16] and 
Sharath et al. [7], interventions had positive effects, 
improving pH and PaO₂ while lowering PaCO₂. These 
enhancements indicate physiotherapy’s potential con-
tribution to stabilizing acid-base balance and maximiz-
ing alveolar ventilation. However, contradictory results 
by Ochandorena-Acha et al. [15] suggest that individ-
ual approaches, the severity of NRDS, and the timing 
of interventions may influence efficacy. Notably, this 
underscores the need for future studies to standardize 
physiotherapy protocols. 

Studies by Apaydın et al. [18] found that physio-
therapy interventions dramatically decreased respi-
ratory rate, a non-invasive indicator of respiratory 
distress. These results suggest better lung mechanics 

and less respiratory effort. These findings were further 
confirmed by improvements in lung compliance, as 
demonstrated by dos Santos et al. [17]. However, the 
interpretation of therapeutic relevance was limited 
because the majority of trials did not specify whether 
improvements were observed during spontaneous 
breathing or with ventilatory support.

Several studies assessed the severity of symptoms 
using validated respiratory distress ratings, such as the 
Downes and Silverman-Andersen scores. Significant 
score reductions after intervention were reported by 
Mehrem et al. [16] suggesting symptomatic allevia-
tion. These rating systems have a strong correlation 
with clinical outcomes and are useful in NICU settings. 

Despite the encouraging patterns displayed in many 
studies, there was a moderate to high overall risk of 
bias due to small sample sizes, a lack of blinding, and 
selective outcome reporting. Furthermore, some stud-
ies used cross-sectional or quasi-experimental designs 
without a clear rationale, or they lacked suitable con-
trol groups, which limited the ability to draw conclu-
sions about causality. This diminishes the strength of 
the conclusions and emphasizes the necessity of con-
ducting thorough RCTs in the field. Notably, few stud-
ies explicitly compared the two groups, and reports on 
the efficacy of physiotherapy in comparison to stan-
dard care—such as CPAP or mechanical ventilation—
were varied.

Table 1. Year-wise publications by country

Year Country of Publication Number of Publications

2003 Hong Kong 1

2009 Brazil 1

2015 Egypt 1

2015 India 1

2016 India 1

2021 USA 1

2022 Egypt 1

2022 Spain 1

2023 Turkey 1
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Table 2. Details of selected studies

No. Author(s), Years Sample Study Settings Inclusion Criterial Outcome 
Measures Result(s) Quality 

Score

1 Camy et al. 2021 
[11]

50 preterm 
infants, 30-34 

weeks of gesta-
tion

Neonatal Unit, 
Boston Children’s 

Hospital

Preterm infants 
30 to 34 weeks, 
no congenital 

anomalies, and 
parental consent 

obtained

Motor function 
tests and oxygen 
saturation levels

Early physio-
therapy improves 
motor develop-
ment in preterm 

infants

8

2 Hamed et al. 
2022 [12]

30 preterm 
neonates with 

NRDS

El-Galaa Teaching 
Hospital, Egypt

Preterm infants 
less than 36 

weeks, heart rate 
>160 bpm, tachy-
pnea, grunting, 
cyanosis, and 

ABG-diagnosed 
RDS

ABG analysis, 
heart rate, chest 

x-ray, and BP

Chest physiother-
apy is beneficial 

for ventila-
tory status in RDS 

neonates

9

3 Wong et al. 
(2003) [13]

56 neonates, less 
than 37 weeks, 
on mechanical 

ventilation

Chinese Univer-
sity of Hong Kong

Preterm <37 
weeks, mechani-
cally ventilated, 
with segmental/
lobar collapse on 

x-ray

Chest x-ray, FiO2, 
and duration of 

ventilation

The lung squeeze 
technique is 

highly effective in 
treating neonatal 

atelectasis

7

4 Gharu et al. 2016 
[14]

63 preterm 
infants, 33-36 

weeks

NICU, Deep 
Hospital, India

Preterm infants 
33 to 37 weeks, 
SpO₂ >85%, and 

birth weight 
<1000 g

Gestational age, 
birth weight, 

heart rate, and 
SPO2 levels

CCP improves 
SPO2 levels and 
reduces infant 

stress

6

5
Ochandorena-

Acha et al. 2022 
[15]

Preterm infants, 
28+0 to 34+0 

weeks

Level III NICU-fa-
cilitated hospital

Preterm infants 
28+0 to 34+0 
weeks, 7-hour 

hospital stay, and 
Spanish-speaking 

parents

Spanish Alberta 
infant motor 

scale, ASQ-3, and 
parental stress 

index

No significant 
impact on motor 

outcomes or 
parental stress 

index

8

6 Mehrem, et al. 
2015 [16]

Neonates of 
both sexes, RDS 
diagnosed radio-

logically

Neonatal Inten-
sive Care, Om El-
Atebaa Hospital

Neonates under 
28 days old, and 
RDS diagnosed 

by ABG and 
radiology

Radiological 
improvement, 

duration of ven-
tilation, and ABG 

analysis

Cardiorespira-
tory physiother-
apy enhances 

oxygenation and 
reduces ventila-

tion duration

9

7 Santos et al. 
2009[17]

18 preterm 
neonates, less 

than 37 weeks of 
gestation

Research Ethical 
Committee, Uni-
versidade Federal 
de Mato Grosso

Preterm infants 
≤37 weeks, FiO2 
≤0.6, PIP ≤30 cm 

H2O, RR ≤30 bpm, 
and PMV for 24 

hours

Ballard score, 
FiO2, RR, and 
PMV duration

Physiotherapy 
reduces respira-
tory resistance 

initially

6

8 Apaydın et al. 
2023 [18]

38 preterm 
infants and their 

families

Pediatric Reha-
bilitation Unit, 
Gazi University

Preterm infants 
under 37 days 
old, NICU stay 
>15 days, cor-

rected age 9-10 
months, and sup-

portive family

COPM, affor-
dance in the 

home environ-
ment, and the 

Stress Scale

SAFE is a clinically 
feasible interven-
tion for preterm 
infants aged 9-12 

months

8

9 Kole et al. 2015 
[19]

60 preterm 
neonates, 30-37 

weeks, diagnosed 
with NRDS

K.L. E’s Dr. 
Prabhakar Kore 
Hospital, India

Preterm infants 
30-37 weeks, 

NRDS/pneumo-
nia, O2 therapy, 
and hemody-

namically stable

Pulse oximeter 
and ABG analysis

Reflex rolling, LST, 
and CPT improve 

oxygenation in 
preterm neo-

nates

7
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Although the majority of the included studies demon-
strate the potential of physiotherapy, direct comparisons 
are complicated by the significant variation in interven-
tions, populations (term vs preterm), and outcome cate-
gories. This diversity restricts generalizability and reflects 
the absence of a cohesive therapeutic strategy.

Clinical implications and future directions

The combined data from this research highlights how 
physiotherapy therapies may help improve respiratory 
function in newborns with NRDS. The benefits of phys-
iotherapy in promoting pulmonary function and lessen-
ing the intensity of respiratory distress are evidenced 
by the noted increases in SpO₂, ABG values, respiratory 
rate, lung compliance, and validated distress levels. 
There is a need for more research on the best interven-
tion procedures, timing, and patient selection criteria, 
as some studies, including Ochandorena-Acha et al. 
[15], reported no discernible benefits.

Conclusion

In summary, the findings of this systematic review 
indicate that physiotherapy interventions, including 
post-extubation support, airway clearance techniques, 
and gentle positioning, can serve as useful supplements 
to standard NICU care in the treatment of NRDS, par-
ticularly in preterm infants. These therapies should 
be administered by trained neonatal physiotherapists 
and customized based on the infant’s clinical stabil-
ity, gestational age, and respiratory condition. Gentle, 
non-invasive methods are advised to prevent com-
plications or physiological stress. Neonatologists and 
physiotherapists must collaborate closely as a multi-
disciplinary team to integrate physiotherapy into stan-
dard NICU protocols. Based on the currently available 
evidence, developing standardized protocols for the use 
of physical therapy in NRDS care may enhance clinical 
outcomes, especially in situations where access to pro-
longed mechanical ventilation is limited. 

Standardizing physiotherapy methods, carrying out 
extensive randomized controlled trials, and assessing 
the long-term effects of physiotherapy interventions in 
neonates with NRDS should be the main objectives of 
future research. Furthermore, utilizing advanced moni-
toring techniques such as lung ultrasonography and pul-
monary function testing may enhance the accuracy of 
outcome evaluations. 
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