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Abstract
Introduction: Patients on mechanical ventilation in 
intensive care units often experience complications such 
as ventilator-associated pneumonia (VAP), prolonged 
hospitalization, and pressure ulcers. Patient positioning and 
respiratory physiotherapy are increasingly recognized as 
key non-pharmacological interventions that can influence 
treatment outcomes.

Aim: The aim of this paper was to investigate the impact 
of positioning and physiotherapy interventions on clinical 
outcomes in mechanically ventilated patients.

Materials and Methods: A systematic search was conducted 
in the databases PubMed, Scopus, Web of Science, PEDro, 
Physiopedia, and CRORIS for the period from January 1, 
2015., to May 31, 2025. Combined MeSH terms and free-
text key words were used, following the PICO framework. 
A total of 18 original studies meeting the predetermined 
quality criteria were included. Review articles, and those 
unrelated to the topic were excluded.

Results: The analysis showed that combined interventions 
such as prone positioning and respiratory physiotherapy 
ignificantly reduced the duration of mechanical ventilation, 

incidence of VAP, and overall length of hospital stay. The 
most positive outcomes were observed in interventions 
that included active physiotherapy combined with targeted 
positioning.

Conclusion: Positioning and respiratory physiotherapy 
are effective, safe, and clinically justified interventions 
that significantly improve treatment outcomes. Their 
systematic implementation in intensive care protocols is 
recommended.

Key words: mechanical ventilation, patient positioning, 
respiratory physiotherapy, ventilator-associated 
pneumonia, intensive care, prone position, physiotherapy 
interventions.

Sažetak
Uvod: Kod bolesnika na mehaničkoj ventilaciji u 
jedinicama intenzivne skrbi često dolazi do komplikacija 
poput ventilator-asocirane pneumonije (VAP), produljene 
hospitalizacije. Pozicioniranje bolesnika i respiratorna 
fizioterapija sve se više prepoznaju kao ključne 
nefarmakološke mjere koje mogu utjecati na ishod liječenja.
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Cilj: Cilj ovog rada bio je istražiti utjecaj pozicioniranja i 
fizioterapijskih intervencija na kliničke ishode mehanički 
ventiliranih bolesnika.

Materijali i metode: Provedena je sustavna pretraga baza; 
PubMed, PEDro, Physiopedia i CRORIS za razdoblje od 
1. siječnja 2015. do 31. svibnja 2025. godine. Korišteni su 
kombinirani MeSH termini i slobodni tekstualni izrazi, uz 
primjenu PICO okvira. Uključeno je 18 originalnih studija 
koje su ispunjavale zadane kriterije kvalitete, a isključeni su  
studije izvan teme.

Rezultati: Analiza pokazuje da su kombinirane intervencije, 
poput prone pozicije i respiratorne fizioterapije značajno 
utjecale na smanjenje trajanja mehaničke ventilacije, 
incidencije VAP-a, te ukupne duljine boravka u bolnici. 
Najviše pozitivnih rezultata zabilježeno je kod intervencija 
koje su uključivale aktivnu fizioterapiju uz ciljano 
pozicioniranje.

Zaključak: Pozicioniranje i respiratorna fizioterapija su 
učinkovite, sigurne i klinički opravdane mjere koje značajno 
poboljšavaju ishode liječenja. Preporučuje se njihova 
sustavna implementacija u protokole intenzivne skrbi.

Ključne riječi: mehanička ventilacija, pozicioniranje 
bolesnika, respiratorna fizioterapija, ventilator-asocirana 
pneumonija, intenzivna njega, prona pozicija, fizioterapijske 
intervencije.

Introduction
Mechanical ventilation is a fundamental form of support 
for patients with acute respiratory failure, particularly 
in intensive care units (ICUs). Although it is life-saving, 
prolonged mechanical ventilation is associated with a range 
of serious complications, including ventilator-associated 
pneumonia (VAP), atelectasis, respiratory muscle weakness, 
pressure ulcers, and extended hospital stays (1,2). In this 
context, increasing attention is being directed toward 
non-pharmacological interventions, especially respiratory 
physiotherapy and patient positioning  as key strategies 
for optimizing treatment and preventing secondary 
complications. Respiratory physiotherapy encompasses a set 
of interventions aimed at improving ventilation, promoting 
secretion clearance, and preventing secondary respiratory 
complications. These techniques include patient positioning, 
facilitation of passive and active breathing, in-bed and out-
of-bed mobilization, manual and mechanical drainage 
methods (percussion, vibration), PEEP devices, incentive 
spirometry, and neuromuscular stimulation (3,4,5). These 
interventions have been shown to reduce the duration of 
mechanical ventilation, improve oxygenation, and facilitate 
weaning (6,7). The combination of physiotherapy and active 
positioning is particularly beneficial for sedated patients and 
those with severe hypoxia (8,9,10). Patient positioning is a 
clinically significant intervention that utilizes gravity and 

perfusion redistribution to enhance ventilation/perfusion 
(V/Q) matching in the lungs. The most studied positions 
include: the prone position, which promotes alveolar 
recruitment in the dorsal lung regions; the semi-recumbent 
position (30–45°), which reduces the risk of aspiration; 
and lateral and rotational positioning, which facilitate 
secretion drainage and redistribution (10,11). Numerous 
studies confirm that prone positioning combined with 
physiotherapy significantly reduces mortality in ARDS 
patients, especially when applied for more than 12 hours 
per day (10,12). Conversely, the supine position has been 
associated with a higher incidence of pressure ulcers and 
aspiration (13,14,15). 

Positioning of mechanically ventilated patients is one of 
the fundamental procedures in intensive care, with critical 
importance for respiratory and overall clinical stability. 
Proper positioning helps prevent atelectasis, enhances 
alveolar ventilation, facilitates secretion clearance, and 
reduces the risk of respiratory infections and complications 
such as aspiration or hypoxemia (16). Regular repositioning 
of the body, with the use of appropriate equipment and 
technology, allows for better redistribution of pulmonary 
ventilation and perfusion, thereby improving oxygenation 
and reducing the risk of hypostatic changes. The use 
of modern so-called smart hospital beds, which allow 
automatic inclination adjustments, micro-movements, 
and lateral positioning, greatly facilitates the daily work 
of healthcare providers and contributes to safer and more 
effective care (17). However, each positioning maneuver 
requires careful consideration of several important factors: 
stabilization of the endotracheal tube and other invasive 
lines, prevention of pressure injuries, ensuring proper body 
alignment, and continuous monitoring of vital parameters. 
An individualized approach, taking into account the patient’s 
underlying condition, respiratory status, and therapeutic 
goals, is essential for the appropriate implementation of this 
intervention (18).

Materials and Methods
This systematic review utilized the PICO framework to 
structure the research question:

Population (P): Adult patients on mechanical ventilation in 
intensive care units, regardless of the underlying diagnosis.

Intervention (I): Respiratory physiotherapy and/or 
therapeutic positioning (prone, semi-recumbent, lateral), 
including manual hyperinflation, percussion, mobilization, 
and a multimodal approach.

Comparison (C): Standard medical care without targeted 
physiotherapy or positioning strategies (supine position).

Outcomes (O): Incidence of VAP, mortality, oxygenation 
(SpO2, PaO2/FiO2), length of stay (LOS), duration of 
mechanical ventilation (MV), and time to weaning.
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A systematic search of electronic databases; PubMed, 
Scopus, Web of Science, PEDro, Physiopedia, and the 
national database CRORIS was conducted for the period 
from January 1, 2015, to May 31, 2025. The search was 
performed in May 2025 using a combination of MeSH 
terms and free-text keywords: “mechanical ventilation,” 
“respiratory physiotherapy” OR “chest physiotherapy,” 
“positioning” OR “prone position” OR “lateral positioning,” 
“intensive care,” “ventilator-associated pneumonia,” 
“mobilization.” The search strategy was informed by 
methodologies from previous studies (3,18) and adapted 
according to PRISMA 2020 guidelines (19). Inclusion 
criteria encompassed: original scientific papers (RCTs, 
meta-analyses, systematic reviews, observational and 
retrospective cohort studies, and pilot studies); studies 
involving adult patients (>18 years) on invasive mechanical 
ventilation; interventions clearly defined as respiratory 
physiotherapy and/or positioning; and studies reporting at 
least one relevant clinical outcome, published in English or 
Croatian. Exclusion criteria included: case reports, letters 
to the editor, studies involving pediatric populations, and 
studies without clearly defined intervention groups. Titles 
and abstracts were independently screened by two reviewers. 
Potentially relevant full texts were retrieved and assessed. 
Methodological quality was evaluated using the PEDro scale 
(20) for quantitative studies and further analyzed using the 
GRADE approach to assess the overall strength of evidence 
(21). The PEDro scale assesses methodological quality 
across 11 criteria, including randomization, blinding, 
and data completeness. The GRADE system categorizes 
evidence strength into four levels—high, moderate, low, 
and very low based on study design, consistency of results, 
directness of evidence, precision, and risk of bias.  A total of 
18 studies meeting all inclusion criteria were included in the 
final review. Levels of evidence and heterogeneity among 
studies were considered during result interpretation. The 
most common study designs were randomized controlled 
trials (n=9), meta-analyses and systematic reviews (n=5), 
quasi-experimental study (n=1), cohort study (n=2), and 
pilot study (n=1). Data were organized by intervention type 
and outcomes. Relative risks and mean values were used 
for quantitative data (where available), while qualitative 
data were synthesized narratively. Due to methodological 
heterogeneity and outcome variability, a meta-analysis was 
not conducted; instead, a narrative synthesis of findings was 
performed, in line with current recommendations (23).

Results
Study extraction by database is summarized in Table 1. The 
data screening process is illustrated by the PRISMA flow 
diagram (Figure 1). A qualitative synthesis of included 
studies, categorized by study design, outcomes, and 
methodological quality, is presented in Table 2.

Table 1. Study extraction by database

Database Studies 
Identified   Excluded  Included

PubMed 56 49 7
Scopus 42 38 4
Web of Science 39 37 2
PEDro 26 23 3
Physiopedia 17 15 2
CRORIS 11 10 0
TOTAL: 193 172 18auhoij

Identified through database research
N=193

Duplicates removed
N=18

Records screened by title and abstract
N=175

Excluded aer title/abstract screening
N=139

Excluded aer full text review
N=18

Included in qualitative synthesis
N=18

Figure 1. PRISMA Flow diagram of included studies
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Table 2. Qualitative synthesis of included studies by study type, outcomes, and quality

Author(s) Year Study Type Participants Intervention(s);  
Clinical outcomes GRADE PEDro 

Score
Wang et al. 
(23)

2016 Cochrane 
Review

759 Semi-recumbent positioning; 
reduced VAP, no significant change 
in mortality, ICU/ hospital LOS, or 
ventilation duration 

Moderate N/A

Demir et al. 2025 RCT 94 Prone positioning vs non-prone; 
improved oxygenation (SpO2, PaO2/
FiO2), better ventilator parameters

Moderate 7

Lippi et al. 2022 Systematic 
review and 
meta-analysis

12 RCTs 
(1200)

Meta-analysis 
(540)

Multimodal physiotherapy including 
respiratory physiotherapy; improved 
oxygenation, shorter duration on MV, 
enhanced functional recovery

Moderate N/A

Azimi et al. 2025 RCT 60 Lung squeezing technique (LST), 
chest vibration/percussion (CVPT); 
improved weaning index in LST 
group; on change in oxygen 
saturation or vital signs

Moderate 7

Berti et al. 2019 RCT 49 Manual hyperinflation + chest 
compression; faster ICU discharger- 
improved Murray score, shortened 
MV duration

Moderate 7

Elrefaey & 
Zidan 

2020 RCT 42 ICU 
patients with 
VAP

Manual hyperinflation + respiratory 
physiotherapy; lateral position 
improved arterial blood gases (SpO2, 
PaO2/FiO2)

Moderate 6

Pozuelo 
Carrascosa 
et al. 

2018 Systematic 
review and 
meta-analysis 
of RCTs

5 RCTs, 650 Multimodal respiratory 
physiotherapy; reduced mortality, 
unclear effect on VAP incidence and 
ICU length of stay

Moderate N/A

Pozuelo 
Carrascosa 
et al.

2022 Systematc 
review and 
Network meta-
analysis

RCT (under 
MV 120)

Meta-
analyses/ 
systematic 
review (1560)

Semi-recumbent; prone; lateral-
Trendelenburg position; reduced VAP 
incidence, MV duration, ICU and 
hospital stay; reduced mortality with 
prone positioning; no effect prone on 
VAP

High N/A

Ruo-Yan Wu 
et al.

2023 Systematic 
review and 
meta-analysis

2567 Convencional PT, exercise –besed 
PT, NEMS, progressive mobility, 
multi-component protocols; reduce 
MV duration, improved weaning 
success, better functional recovery, no 
increase in complications

High N/A

Khalil et al. 2021 Quasi-
experimental 
trail 
(prospective)

73 Manual hyperinflation combined 
with expiratory rib cage compression 
and endotracheal suctioning; 
improvement in PaO2, SPo2 after 
interventions and body positions

Moderate N/A
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Author(s) Year Study Type Participants Intervention(s);  
Clinical outcomes GRADE PEDro 

Score
Bassi et al. 2017 RCT 395

(LTP 194)

(SRP 201)

Trendelenburg vs. semi-recumbent 
positioning; LTP significantly reduced 
incidence of VAP; no difference in 
mortality or ICU/MV duration

Moderate 7

Ayzac et al. 2015 Retrospective 
analysis, RCT 
(secondary)

466

(237 prone, 2 
supine)

Prone positioning; no VAP difference
Moderate N/A

Mora-
Arteaga et al.

2015 Systematic 
review and 
meta-analysis

2 119 patients 
from 7 RCTs

Prone positioning compared to 
supine; improved ventilation, reduce 
mortality

Moderate N/A

Stilma et al. 2021 Multicenter 
observational 
cohort

734 ventilated 
COVID-19 
patients (18 
centers)

Prone positioning; slightly increased 
ICU/hospital discharge; no 
ventilator-free days

Low N/A

Garcia-Vidal 
et al.

2021 Retrospective 
cohort study

81 COVID-19 
patients

144 non 
COVID-19 
patients

No specific interventions; COVID-19 
patients had significantly higher 
incidence of VAP vs non-COVID

Low N/A

Ivaldi et al. 2021 Pilot Study 2 staff 
members

Exoskeleton for prone – helped staff 
positioning; reduced back strain and 
fatigue

Low N/A

Naghibi et al. 2023 RCT 120 Higher ventilator inspiratory 
pressure (30 cmH20) vs lower 
pressure setting (20 cmH2o); lower 
clinical pulmonary infection, no 
difference in mortality, lower CPIS, 
SOFA

Moderate 7

Maertens 
et al.

2018 Systematic 
review and 
meta-analysis

11 RCT, 2092 
patients on 
MV

Positioning with inflatable cuffs; 
reduced VAP, mortality, MV 
duration and ICU stay 

Moderate N/A

Abbreviations: RCT – randomized controlled trial;VAP – ventilator-associated pneumonia; ICU – intensive care unit; LOS – length 
of stay; MV – mechanical ventilation; SpO₂ – peripheral capillary oxygen saturation; PaO₂/FiO₂ – arterial oxygen partial pressure 
to fraction of inspired oxygen ratio; LST – lung squeezing technique; CVPT – chest vibration and percussion technique; PT – 
physiotherapy; NEMS – neuromuscular electrical stimulation; CPIS – clinical pulmonary infection score; SOFA – sequential organ 
failure assessment; GRADE – Grading of Recommendations Assessment, Development and Evaluation; PEDro Score – Physiotherapy 
Evidence Database Score; N/A – not applicable; LTP – lateral Trendelenburg position; SRP – semi-recumbent position.
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Discussion
The results of this systematic review clearly underscore the 
importance of integrating respiratory physiotherapy and 
targeted positioning into routine care for mechanically 
ventilated patients. These non-pharmacological measures 
are increasingly recognized as essential components not 
only for supporting primary therapy but also as active 
contributors to reducing the duration of mechanical 
ventilation, minimizing complications, and improving 
overall patient recovery. Positioning in the ICU is no 
longer viewed as a passive action, but rather as a dynamic 
therapeutic intervention. The prone position optimizes the 
ventilation/perfusion ratio, reduces compression of the 
posterior lung regions, promotes ventilation redistribution, 
and facilitates secretion drainage. Numerous studies 
confirm the positive effects of prone positioning in patients 
with ARDS and severe hypoxemia (24, 30). A randomized 
trial involving 94 patients showed that prone positioning 
significantly improved oxygenation parameters (SpO2, 
PaO2/FiO2) (22). These findings were corroborated by 
a network meta-analysis that included data from 120 
randomized controlled trials (11). However, some studies 
reported no statistically significant effect of the prone 
position on the incidence of VAP, suggesting potential 
clinical heterogeneity (29). The semi-recumbent position 
(30–45°) is recognized as a measure that reduces the risk 
of aspiration. Although it has not shown significant effects 
on mortality or duration of ventilation, it has been effective 
in preventing VAP (12). A multicenter study reported 
that the lateral Trendelenburg position significantly 
reduced the incidence of VAP compared to the semi-
recumbent position (28). Furthermore, a meta-analysis 
confirmed that positioning, in combination with inflated 
endotracheal cuffs, can reduce VAP, mortality, ventilation 
duration, and ICU length of stay (35). Several high-quality 
systematic reviews and meta-analyses consistently affirm 
the effectiveness of multimodal respiratory physiotherapy 
(3, 25, 26). These interventions improve oxygenation, 
accelerate weaning, reduce ventilation duration, and 
enhance functional independence. Importantly, these 
protocols do not increase the risk of complications, making 
them safe for routine implementation. Among specific 
techniques, manual hyperinflation, vibrations, expiratory 
chest compression, and the “lung squeezing” method are 
particularly noteworthy. In a randomized study, the LST 
technique improved the weaning index, although it had no 
significant impact on oxygenation (4). The combination of 
manual hyperinflation and chest compression shortened 
ventilation duration and expedited ICU discharge (23). 
Applying this technique in the lateral position also improved 
arterial blood gas values (24). Combined techniques that 
include suctioning have demonstrated improvements in 
oxygenation parameters (27). The use of exoskeletons for 
assisted prone positioning exemplifies how technology 

can enhance patient safety and reduce the physical burden 
on healthcare professionals (33). However, some studies 
indicate limited benefits of early prone positioning in patients 
with COVID-19 (31, 32). Additionally, higher inspiratory 
pressure may reduce CPIS without affecting mortality 
(34), highlighting the need for additional parameters 
in evaluating intervention outcomes. Positioning and 
respiratory physiotherapy are complementary strategies 
that are safe, effective, and evidence-based. Proper 
implementation can reduce the burden on the healthcare 
system and improve patient outcomes. However, broader 
adoption requires additional resources, staff training, and 
a multidisciplinary approach. Systematic incorporation 
of these interventions into intensive care protocols is 
justified, though further scientific validation is necessary 
through standardized trials. Although the presented results 
are strongly suggestive, methodological diversity among 
included studies significantly limits the ability to conduct 
meta-analyses and draw definitive conclusions. Most 
included studies had moderate methodological quality, 
with an average PEDro score between 6 and 7, indicating 
certain limitations such as lack of blinding or incomplete 
participant follow-up. Evidence quality assessment using 
the GRADE approach showed that most studies provided 
moderate strength of evidence, with some rated as high-
quality (e.g., network meta-analyses) and others with 
low evidence levels. This variability further limits the 
generalizability of the conclusions. Nonetheless, the 
presence of several well-designed randomized trials and 
systematic reviews provides a relatively solid foundation 
for recommending the integration of physiotherapeutic 
and positioning strategies into intensive care protocols. 
Additional high-quality research with standardized 
protocols is needed to strengthen the evidence base and 
enable clearer clinical guidelines.

Conclusion
This review evaluates current evidence and clinical practices 
in the care of mechanically ventilated patients through 
a detailed and methodologically structured analysis. Its 
strength lies in the inclusion of the most recent studies from 
relevant scientific databases, using clearly defined selection 
criteria. The focus on combined non-pharmacological 
interventions, respiratory physiotherapy and positioning is 
particularly noteworthy, as they are examined in relation 
to each other rather than in isolation. The systematic 
review demonstrates the clear clinical value of respiratory 
physiotherapy and targeted positioning in managing 
mechanically ventilated patients. These combined non-
pharmacological measures contribute to reducing the 
duration of ventilatory support, lowering the incidence of 
complications such as VAP, and improving oxygenation and 
overall treatment outcomes. An integrated approach that 
combines active mobilization techniques with therapeutic 
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positions such as prone and semi-recumbent—tailored 
to the patient’s individual condition proves especially 
effective. Nevertheless, the results must be interpreted with 
caution due to potential limitations. Chief among these is 
the methodological heterogeneity of the studies, including 
differing designs, intervention definitions, and outcome 
measures, which prevented meta-analysis. The variable 
quality of evidence further complicates the ability to draw 
general conclusions, and the lack of data on long-term 
outcomes remains a concern. The exclusion of grey literature 
and limitation to studies published in Croatian and English 
may have resulted in a partial representation of the existing 
body of evidence. Moreover, the absence of standardized 
protocols in most studies limits the applicability of findings 
across different clinical settings. Therefore, there is a clear 
need for further high-quality research to develop evidence-
based guidelines aimed at improving and harmonizing 
practices in intensive care units.
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