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Abstract

Background 

Mechanically  ventilated  patients  in  the  intensive  care  unit  (ICU)  usually  develop

respiratory muscle wasting atrophy, causing pulmonary dysfunction. The benefits of

respiratory  muscle  training  (RMT)  on  pulmonary  function  recovery  have  been

demonstrated, but whether it is effective in patients following mechanical ventilation

in the ICU has not been proven. This study aimed to evaluate the effectiveness of

RMT  on  lung  function  and  mechanical  ventilation  duration  in  ICU  patients,

addressing  the  lack  of  comprehensive  evidence  on  its  benefits  for  mechanically

ventilated individuals.

Methods 

This  systematic  review  and  meta-analysis  was  conducted  on  the  databases  from

PubMed, Cochrane Library,  Web of Science,  and Embase.  The search period was

extended  to  30th  April  2025.  Studies  included  ICU patients  receiving  RMT,  and

outcomes such as maximum inspiratory pressure (MIP), forced vital capacity (FVC),

and  mechanical  ventilation  duration  were  analyzed  using  RevMan  software.

Heterogeneity was assessed using I² statistics.

Results

18 randomized controlled trials (RCTs) were included for analysis. RMT significantly

improved MIP (SMD: 0.88, 95% CI: 0.53-1.24) and FVC (SMD: 0.32, 95% CI: 0.07–

0.58) and reduced mechanical ventilation duration by 0.88 days (95% CI: -1.10 to

-0.66).

Conclusions

Respiratory  muscle  training  enhances  lung  function  and  shortens  mechanical

ventilation  duration  in  ICU  patients,  supporting  its  early  implementation  as  a
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rehabilitation strategy.

Keywords: Intensive care unit,  Mechanical ventilation, Lung function, Respiratory

muscles, Exercise

Introduction

The majority of patients admitted to the intensive care unit (ICU) require mechanical

ventilation, and invasive ventilatory support promotes normal alveolar ventilation and

effective gas exchange, treats underlying disease, and reverses respiratory failure (1).

However,  in  conjunction with prolonged controlled ventilation,  respiratory muscle

disuse  also  weakens  muscle  function  (2)  and  decreases  diaphragm  strength  in  a

manner that is logarithmically proportional to the duration of mechanical ventilation

(MV) (3) as well as to the use of sedation and muscle blockers (4). Weaning from

mechanical ventilation presents significant clinical and economic challenges. Earlier

weaning benefits patients financially. Failure to wean leads to prolonged ventilation,

which poses substantial risks to patients by increasing the likelihood of respiratory

muscle weakness, hospital-acquired infections, and airway injury (5).

Although early mobilization addresses limb weakness, respiratory muscle weakness is

even  more  prevalent  in  ICU  patients.  For  instance,  Dres  et  al.  reported  that

diaphragmatic dysfunction affects up to 63% of medical ICU patients at the time of

liberation from MV, compared to 34% with limb muscle weakness(5). ICU survivors

ventilated for 7 days or longer exhibit a decrease in inspiratory muscle strength and

endurance  (6,  7).  Prolonged  MV also  adversely  affects  consciousness,  cognition,

psychological state, healthcare costs, and long-term quality of life (8-10). Therefore,

respiratory muscle rehabilitation is a critical, yet sometimes overlooked, component

of recovery for patients undergoing long-term invasive ventilation (11).

The diaphragm is the primary muscle of inspiration,  and its  dysfunction is  nearly

universal in mechanically ventilated patients (12). A previous study used a lighter

sedation  regimen  as  a  way  to  keep  the  patient's  diaphragm  activated  during

mechanical ventilation, but it still  failed to prevent the onset of ventilator-induced

diaphragmatic dysfunction (13). Emerging evidence suggests that targeted exercise of

the  respiratory  muscles,  particularly  the  diaphragm,  can  shorten  MV  duration,

improve respiratory function, and accelerate overall recovery (14, 15).

Rehabilitation interventions to facilitate weaning include conventional physiotherapy,

inspiratory muscle training (IMT), expiratory muscle training, and early mobilization.
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Inspiratory  muscle  training  is  one  of  the  more  widely  used  rehabilitation  tools

internationally  and  can  be  delivered  using  various  devices,  including  threshold

loaders,  electronic  resistive  devices,  and  pressure-based  trainers  (16).  A previous

systematic review indicated that inspiratory muscle training shortens extubation time

but  does  not  reduce  mechanical  ventilation  duration,  and  the  included  studies

exclusively focused on inspiratory muscle training (17). More recently, Vorona et al.

confirmed  that  IMT improves  respiratory  muscle  strength  in  critically  ill  adults,

though it did not assess other lung function parameters comprehensively (18). The

most recent systematic review suggests IMT may reduce the risk of reintubation and

shorten  IMV  weaning  time, while  also  increasing  MIP  measurements  (19,  20).

However, clinical practice indicates that both inspiratory and expiratory muscles are

affected during prolonged MV. Optimal respiratory rehabilitation should theoretically

engage  both  muscle  groups,  yet  few  syntheses  have  analyzed  the  effect  of

comprehensive respiratory muscle training on objective lung function measures in

ICU patients.

While  recent  reviews  have  focused  on  IMT  and  MV  duration,  fewer  have

systematically  evaluated  the  impact  of  diverse  respiratory  training  techniques—

including expiratory and integrative methods—on objective lung function measures

such as forced vital capacity (FVC). This meta-analysis therefore aimed to evaluate

the effectiveness of various respiratory muscle training techniques on lung function

and MV duration in mechanically ventilated ICU patients, compared to conventional

care.  We focused on maximum inspiratory pressure (MIP) as  a  direct  measure  of

respiratory  muscle  strength,  forced  vital  capacity  (FVC)  as  an  indicator  of  lung

volume, and MV duration as a critical clinical outcome reflecting weaning progress

and resource utilization.

Methods

This  systematic  review  was  registered  (PROSPERO  registration  number:

CRD42024599044)  and  is  reported  according  to  the  PRISMA guidelines(see  the

appendix for the full report) (21).

Search strategy

This  systematic  review  was  conducted  on  the  databases  from  PubMed,  Web  of

Science,  EMBASE, and Cochrane Library from inception to 30th April  2025. For

specific search strategies, please refer to Table S1. Keywords were retrieved using

PubMed filters and screened using Medical Subject Headings (MeSH). The search
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terms were subsequently adapted for use in other electronic databases. Included study

references and clinical trial registries were hand-searched. There was no publication

date,  age,  or setting restrictions;  however,  only articles  published in  English were

included.

Eligibility criteria

The inclusion criteria for this review were as follows: a) Participants were adults (≥18

years) receiving invasive mechanical ventilation in an ICU for over 48 hours. b) Clear

diagnosis of outcomes: Respiratory dysfunction leading to mechanical ventilation for

more than 48 hours. c) Study design: A randomized controlled study. d) The right

intervention: The experimental group underwent respiratory muscle strength training,

including  active  respiratory  training  devices  and  adjunctive  modalities  such  as

neuromuscular electrical stimulation or chest physiotherapy. The comparators in the

RCT were  conventional  physical  therapy,  usual  care,  or  a  sham for  mechanically

ventilated patients. Exclusion criteria:  a)  The full  text  was unavailable;  b)  Repeat

publication; c) Unpublished reports and gray literature.

Study selection and data collection process

The  search  strategy  was  developed  in  consultation  with  a  medical  librarian

specializing in systematic reviews. The literature search was initially conducted by

two researchers (HJY and MH) in August 2024 and finally updated in April 2025 (HH

and MH). Two authors (HJY and HH) independently performed an initial screening of

the retrieved study titles  and abstracts.  The full  texts were reviewed as necessary.

Carefully  review the  inclusion  and  exclusion  criteria  to  determine  which  eligible

articles can be included in this study. In the event of a dispute, we will have a third

person (MH) review the matter. Two researchers thoroughly extracted key information

from the eligible studies included in this review. Variables considered for extraction

were first author, year of publication, basic patient profile, sample size, interventions

and outcome indicators. The quality of the included studies was then independently

assessed using the Cochrane Collaboration's risk of bias tool(22). Studies providing

point estimates of outcome measures and measures of variability (such as mean and

standard deviation) were included in the analysis. Discrepancies were identified and

resolved through discussion with a third review author. For the missing data in the

article, we first read the full article again carefully, and if we did not find any relevant

reports, we contacted the author of this article to obtain detailed data.

Data synthesis and analysis
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We used Review Manager 5.3 software to conduct data review and perform meta-

analysis. We estimated the differences between the control and intervention groups.

Continuous  variables  were  analyzed  using  standardized  mean  differences  (SMD).

Each effect size was presented with a 95% confidence interval (CI). Heterogeneity

among  studies  was  assessed  using  the  I²  test:  I²  ≤  50%  indicated  homogeneity,

warranting a fixed-effect  model;  I²  > 50% indicated heterogeneity,  necessitating a

random-effects model (23). I2 < 35% indicates low heterogeneity, 35% ≤ I2  < 75%

indicates moderate heterogeneity, and I2 ≥ 75% indicates high heterogeneity. Subgroup

analyses  were  conducted  to  assess  sources  of  heterogeneity.  Funnel  plots  were

constructed  for  visual  assessment  of  potential  publication  bias  for  the  primary

outcomes (MIP, FVC, and MV duration).

Results 

Study identification

The flowchart  illustrating  the  literature  search  and study selection  is  presented  in

Fig.1.  A total  of  1049 studies  were  retrieved from these databases,  of  which  269

duplicate studies were preliminarily excluded. After screening titles and abstracts, an

additional 698 articles were excluded. Were further excluded after full-text review

because the treatment modality was not met in 45 studies, other inclusion criteria were

not met in 17 articles, and outcome indicators were not reported in 2 articles. After

full-text screening, 18 studies met the inclusion criteria.

Study characteristics

The characteristics and the number of participants in all included studies are presented

in Table 1. These 18 studies were published between 1998 and 2024. Finally, five

different interventions provided sufficient data for the meta-analysis. Rehabilitation

interventions include IMT(n=12) (24-35), functional electrical stimulation(n=2), one

in  each  limb  and  abdomen  (36,  37),  supported  arm  exercise(n=1)  (38),  Liuzijue

exercise(n=1)  (39)  and  comprehensive  pulmonary  rehabilitation  refers  to  a

combination  of  multiple  therapies,  including  electrical  stimulation  and  physical

exercise  training(n=2)  (40,  41).  Fourteen  of  the  studies  had maximum inspiratory

pressure as  an outcome measure,  six  assessed FVC, and six assessed Duration of

mechanical ventilation.

Risk of bias assessment

The risk of bias of the included RCTs is shown in Fig.2. We read in detail the study

design of the included article and we defined it as a randomized controlled study as
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long as they had an elaboration of the method of randomization or a statement of

randomization in the experimental design. If the article had a statement of non-double

blinding or there was an explanation of non-blinding in the experimental procedure

we defined it as a non-double blinded study, otherwise all were considered to have

reached the level of double blinding. A low risk of bias in the generation of a random

sequence  was  evident  in  16  studies  (88.89%).  A suitable  method  of  allocation

concealment was used in 16 studies (88.89%). Although this was a set of clinical

trials, our study had a high level of participant blinding assurance for both trials. In

addition,  the  18  studies  we  included  were  at  low  risk  for  outcome  assessment

blinding,  incomplete  data,  selective  reporting  bias,  and  other  potentially  risky

outcome evaluations.

Primary outcome measures

Not all studies chose the same primary outcome assessment. The following outcomes

were  assessed: inspiratory  muscle  strength,  forced  vital  capacity  and  duration  of

mechanical ventilation. In 14 of the included studies, inspiratory muscle force was

measured  as  maximum  inspiratory  pressure  in  cmH2O  (24-29,  31-35,  37-39).  In

addition, six studies measured the change in FVC (30, 32, 37, 39-41) and duration of

mechanical ventilation (24-26, 29, 31, 34) in patients before and after the intervention.

In addition to these studies, a small number of studies used peak inspiratory flow rate,

peak expiratory flow, maximum expiratory pressure, and modified Borg scale as an

assessment of treatment efficacy.

Inspiratory muscle strength

These 14 studies provided data on a total of 762 participants, 384 in the control group

and 368 in the intervention group. As we can see in Fig.3, inspiratory muscle training

significantly improved maximum inspiratory pressure in the experimental compared

with the control group, with a mean difference of 0.88 cmH2O (I²=79%, 95% CI 0.53

to 1.24).

Forced vital capacity 

Six of the included studies reported FVC, and these six studies provided data on a

total of 257 participants, 105 in the control group and 152 in the intervention group.

Respiratory muscle training significantly improved FVC by a mean difference of 0.32

breaths/l (I²=0%, 95% CI 0.07 to 0.58). See Fig.4 for a detailed forest plot.

Duration of mechanical ventilation

Six of the included studies reported the duration of mechanical ventilation, and these
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six studies provided data on a total of 347 participants, 178 in the control group and

169 in the intervention group. On average, the respiratory muscle training group had a

shorter  time  to  wean  by  0.88  days,  indicating  a  significant  improvement  in  the

voluntary respiratory function of the patients in the intervention group (I²=15%, 95%

CI -1.10 to -0.66). See Fig.5 for a detailed forest plot.

Subgroup analyses

To explore the effects of different respiratory muscle training techniques on maximum

inspiratory pressure, in a post hoc subgroup analysis, studies in which participants

performed respiratory muscle training with an IMT device were analyzed separately

from studies in which other respiratory muscle training modalities were used. Unless

an IMT device is used for the intervention, it is uniformly categorized into the other

technology group. Study subgroups of patients in the intervention group with either an

IMT device or other respiratory training approaches showed significant improvements

in MIP (Fig.6).

Publication Bias

Visual  inspection  of  funnel  plots  for  maximum  inspiratory  pressure  (MIP;

Supplementary Fig.  S1),  forced vital  capacity (FVC; Supplementary Fig.  S2),  and

mechanical  ventilation  duration  (Supplementary  Fig.  S3)  revealed  generally

symmetrical distributions of studies around the pooled effect estimate, indicating a

low risk of publication bias. Minor asymmetries observed in the MIP plot may be

attributed to clinical heterogeneity or the limited number of smaller studies reporting

negative results.

Discussion

Our  meta-analysis,  incorporating  18  RCTs,  demonstrates  that  RMT  significantly

improves MIP and FVC, while shortening the duration of mechanical ventilation in

ICU patients. These findings reinforce the role of targeted respiratory rehabilitation as

a valuable adjunct to standard ICU care, particularly for facilitating weaning. 

With  the  development  and improvement  of  medical  technology,  there  has  been a

significant increase in clinical trials investigating the efficacy of respiratory muscle

training  on  mechanically  ventilated  patients  in  the  ICU.  Compared  to  earlier

systematic  reviews  (e.g.,  Elkins  &  Dentice),  our  analysis  benefits  from  a  larger

number of trials, more diverse intervention modalities, and a broader set of outcome

measures(18, 42). While Vorona et al. established the efficacy of IMT for improving

respiratory strength, and recent 2025 reviews have further quantified its impact on
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weaning  parameters,  our  review  uniquely  synthesizes  data  across  multiple  RMT

techniques (IMT, functional electrical stimulation, supported arm exercise, Liuzijue,

comprehensive rehab) and includes the under-reported outcome of FVC(18, 19). The

consistency of  positive  effects  across  different  techniques  strengthens  the  general

argument  for  integrating  some  form  of  respiratory-specific  exercise  into  ICU

rehabilitation protocols.

Fourteen  of  the 18 studies  included in this  review reported changes  in  maximum

inspiratory  pressure  before  and  after  training,  and  meta-analysis  showed  that

respiratory training significantly improved maximum inspiratory pressure (24-29, 31-

34, 37-39). Unfortunately, one study had incomplete data because the MIP values for

the control group before and after the intervention were not published in the article

(40).  Three studies did not detect MIP values,  possibly due to limitations of their

equipment or unfamiliarity with the technique (30, 36, 41). 

The significant improvement in MIP observed herein can be attributed to the reversal

of  ventilator-induced diaphragmatic  dysfunction.  Prolonged  mechanical  ventilation

leads to disuse atrophy, oxidative stress, and proteolysis in the diaphragm(43, 44).

RMT,  particularly  IMT,  acts  as  a  form  of  overload  exercise  for  the  inspiratory

muscles. By imposing a threshold or resistive load, it enhances neural drive, improves

neuromuscular  efficiency  and  motor  unit  recruitment,  and  may  stimulate  muscle

protein synthesis while reducing catabolic pathways(45). The increase in MIP thus

reflects  not  merely  greater  strength,  but  restored  neuromuscular  integrity  and

physiological  reserve—key  factors  that  reduce  the  work  of  breathing  and  delay

fatigue during weaning trials(46, 47).

Pulmonary function tests include spirometry and ventilatory function tests. Pulmonary

function tests are helpful in the diagnosis and treatment of various lung diseases, of

which the most commonly used is spirometry (48). Although our results showed that

respiratory muscle exercise significantly elevated FVC in patients, only seven studies

in this review measured FVC, and one of them was missing post-intervention FVC

values (38). Of course, some of the studies used other lung function indices, such as

peak  inspiratory  flow  rate,  peak  expiratory  flow  rate,  and  maximum  expiratory

pressure. There were also a majority of studies that did not report objective data on

lung volumes.  This likely reflects  the inherent challenges of performing volitional

spirometry in  critically  ill,  often  debilitated  or  cognitively impaired  patients  (49).

Even small gains in lung volume may contribute to improved secretion clearance and
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alveolar  recruitment,  supporting  the  weaning  process(50).  The  reduction  in  MV

duration by nearly a full  day is clinically meaningful, as it  translates to decreased

exposure to ventilator-associated risks and potentially lower ICU costs. 

Reduced respiratory muscle  workload in  mechanically  ventilated  patients  leads  to

respiratory muscle atrophy, and the duration of mechanical ventilation significantly

impacts the patient's recovery process (51). It can be argued that the average effect of

inspiratory muscle training on weaning success has clinical value (52). Although only

six studies in this review reported the duration of mechanical ventilation, the results

suggest that performing respiratory muscle training can significantly shorten the MV

time of patients. Of course, more experimental data are needed to further demonstrate

that there is a significant effect of performing this training and that this effect has

clinical value. In addition, some studies have also responded to the effect of training

by looking at the patient's time in the ICU or the overall length of hospitalization, but

care needs to be taken to assess the patient's economic status, as the time, effort, and

money spent in the ICU have a significant impact on the outcome of the patient's

duration (53).

The  included  studies  differed  in  various  aspects,  and  different  respiratory muscle

training techniques may have led to statistical heterogeneity among the findings (54).

Therefore, this review conducted a subgroup analysis of technical factors that may

influence  the  effectiveness  of  respiratory  muscle  exercise.  Our  subgroup  analysis

indicated  that  most  RMT  techniques  improved  MIP.  However,  the  study  by

McCaughey et al. found that abdominal FES did not significantly improve MIP(37).

This negative result invites a nuanced interpretation. Abdominal FES aims to augment

expiratory force and cough efficacy. Its lack of effect on MIP is perhaps unsurprising

but  also  highlights  patient-specific  factors  that  may  limit  its  utility.  Critically  ill

patients  often  present  with  fluid  overload,  elevated  intra-abdominal  pressure,  or

significant  edema,  which  could  dampen  the  mechanical  transmission  of  electrical

stimuli and attenuate muscle contraction. This suggests that abdominal FES might be

less effective in patients with severe abdominal distension.  Future research should

stratify participants by intra-abdominal pressure or volume status to identify which

patient phenotypes might benefit most from this modality. 

Study strengths and limitations

A key strength of this review is its inclusion of diverse respiratory training techniques

beyond IMT alone, providing a broader perspective on ICU respiratory rehabilitation.
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We also  reported  on  the  less  commonly  synthesized  outcome  of  FVC.  However,

several  limitations  must  be  acknowledged.  First,  significant  clinical  and

methodological  heterogeneity  was  present  across  studies,  including  variations  in

patient populations (e.g., post-operative, COPD, COVID-19), intervention protocols

(type, intensity, duration of RMT), and ICU settings. While we employed random-

effects  models  and  conducted  subgroup  analyses,  this  heterogeneity  necessitates

cautious interpretation of the pooled effect estimates. Second, the need to convert data

reported as median and interquartile range to mean and standard deviation in some

instances may have introduced measurement error and affected precision. Third, the

exclusion  of  non-English  studies  and  potential  publication  bias  may  limit  the

comprehensiveness of our findings. Finally, the reporting of adverse events related to

RMT was sparse in the included trials, an important gap for future research to address

safety profiles.

Conclusions and Future Directions

In conclusion, this meta-analysis supports the use of respiratory muscle training as an

effective intervention to improve respiratory strength (MIP),  lung volumes (FVC),

and accelerate liberation from mechanical ventilation in ICU patients. The benefits

appear consistent across several training modalities, offering clinicians flexibility in

application. To strengthen the evidence base, future RCTs should prioritize: (1) larger,

multi-center designs with adequate sample sizes; (2) standardized reporting of RMT

protocols (including intensity, frequency, and progression); (3) inclusion of patient-

centered outcomes such as weaning success rates, ICU/hospital length of stay, and

long-term  functional  recovery;  and  (4)  systematic  assessment  and  reporting  of

intervention safety and tolerability. Such studies will help refine clinical guidelines

and establish the most efficient and effective respiratory rehabilitation strategies for

critically ill patients.

Abbreviations

ICU intensive care unit 

RCTs randomized controlled trials

RMT respiratory muscle training 

MIP maximum inspiratory pressure

FVC forced vital capacity 

MV mechanical ventilation 

IMT inspiratory muscle training

10

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



SMD standardized mean difference

CI confidence interval

Author contributions

HY, HH, WD, LW, MH and LY substantially contributed to the study concept and

design. Literature searches were performed by HY, HH and MH; statistical analyses

were conducted by HY and WD. LW, MH, and LY contributed significantly to the

analysis and interpretation of the data. Patient perspective insight was provided and

written by LY. All authors contributed to manuscript drafting, critically revised the

work,  and agreed with  the  presented  findings.  All  authors  are  responsible  for  the

overall content as guarantors. All authors approved the version of the article to be

published.

Clinical trial number

Not applicable.

Funding

This  research was supported by the Ganzhou Municipal  “Science and Technology

National Regional Medical Center” Joint Project (2025YLCE0013).

Data availability

The  datasets  used  and  analysed  during  the  current  study  are  available  from  the

corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Not applicable.

Consent for publication

Not applicable.

Competing interests

The authors declare no competing interests.

References

1. Tobin MJ. Advances in Mechanical Ventilation. N Engl J Med (2001) 344(26):1986-96. Epub 

2001/06/30. doi: 10.1056/NEJM200106283442606.

2. Levine S, Nguyen T, Taylor N, Friscia ME, Budak MT, Rothenberg P, et al. Rapid Disuse Atrophy

of Diaphragm Fibers in Mechanically Ventilated Humans. N Engl J Med (2008) 358(13):1327-35. Epub

2008/03/28. doi: 10.1056/NEJMoa070447.

3. Hermans G, Agten A, Testelmans D, Decramer M, Gayan-Ramirez G. Increased Duration of 

Mechanical Ventilation Is Associated with Decreased Diaphragmatic Force: A Prospective 

Observational Study. Crit Care (2010) 14(4):R127. Epub 2010/07/03. doi: 10.1186/cc9094.

4. Arroliga A, Frutos-Vivar F, Hall J, Esteban A, Apezteguia C, Soto L, et al. Use of Sedatives and 

Neuromuscular Blockers in a Cohort of Patients Receiving Mechanical Ventilation. Chest (2005) 

128(2):496-506. Epub 2005/08/16. doi: 10.1378/chest.128.2.496.

11

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



5. Dres M, Dube BP, Mayaux J, Delemazure J, Reuter D, Brochard L, et al. Coexistence and Impact 

of Limb Muscle and Diaphragm Weakness at Time of Liberation from Mechanical Ventilation in 

Medical Intensive Care Unit Patients. Am J Respir Crit Care Med (2017) 195(1):57-66. Epub 

2016/06/17. doi: 10.1164/rccm.201602-0367OC.

6. Bissett B, Leditschke IA, Neeman T, Boots R, Paratz J. Weaned but Weary: One Third of Adult 

Intensive Care Patients Mechanically Ventilated for 7 Days or More Have Impaired Inspiratory Muscle 

Endurance after Successful Weaning. Heart & lung : the journal of critical care (2015) 44(1):15-20. 

Epub 2014/12/03. doi: 10.1016/j.hrtlng.2014.10.001.

7. Chang AT, Boots RJ, Brown MG, Paratz J, Hodges PW. Reduced Inspiratory Muscle Endurance 

Following Successful Weaning from Prolonged Mechanical Ventilation. Chest (2005) 128(2):553-9. 

Epub 2005/08/16. doi: 10.1378/chest.128.2.553.

8. Dong ZH, Yu BX, Sun YB, Fang W, Li L. Effects of Early Rehabilitation Therapy on Patients 

with Mechanical Ventilation. World J Emerg Med (2014) 5(1):48-52. Epub 2014/09/13. doi: 

10.5847/wjem.j.issn.1920-8642.2014.01.008.

9. Iwashyna TJ, Ely EW, Smith DM, Langa KM. Long-Term Cognitive Impairment and Functional 

Disability among Survivors of Severe Sepsis. JAMA (2010) 304(16):1787-94. Epub 2010/10/28. doi: 

10.1001/jama.2010.1553.

10. Warnke C, Heine A, Muller-Heinrich A, Knaak C, Friesecke S, Obst A, et al. Predictors of 

Survival after Prolonged Weaning from Mechanical Ventilation. J Crit Care (2020) 60:212-7. Epub 

2020/09/02. doi: 10.1016/j.jcrc.2020.08.010.

11. Bissett B, Gosselink R, van Haren FMP. Respiratory Muscle Rehabilitation in Patients with 

Prolonged Mechanical Ventilation: A Targeted Approach. Crit Care (2020) 24(1):103. Epub 

2020/03/25. doi: 10.1186/s13054-020-2783-0.

12. Schreiber A, Bertoni M, Goligher EC. Avoiding Respiratory and Peripheral Muscle Injury During 

Mechanical Ventilation: Diaphragm-Protective Ventilation and Early Mobilization. Critical care clinics

(2018) 34(3):357-81. Epub 2018/06/17. doi: 10.1016/j.ccc.2018.03.005.

13. Choi J, Tasota FJ, Hoffman LA. Mobility Interventions to Improve Outcomes in Patients 

Undergoing Prolonged Mechanical Ventilation: A Review of the Literature. Biol Res Nurs (2008) 

10(1):21-33. Epub 2008/07/24. doi: 10.1177/1099800408319055.

14. Bureau C, Van Hollebeke M, Dres M. Managing Respiratory Muscle Weakness During Weaning 

from Invasive Ventilation. Eur Respir Rev (2023) 32(168). Epub 2023/04/06. doi: 

10.1183/16000617.0205-2022.

15. Dres M, Demoule A. Monitoring Diaphragm Function in the Icu. Curr Opin Crit Care (2020) 

26(1):18-25. Epub 2019/12/27. doi: 10.1097/MCC.0000000000000682.

16. Bissett B, Leditschke IA, Green M, Marzano V, Collins S, Van Haren F. Inspiratory Muscle 

Training for Intensive Care Patients: A Multidisciplinary Practical Guide for Clinicians. Australian 

critical care : official journal of the Confederation of Australian Critical Care Nurses (2019) 

32(3):249-55. Epub 2018/07/17. doi: 10.1016/j.aucc.2018.06.001.

17. Elkins M, Dentice R. Inspiratory Muscle Training Facilitates Weaning from Mechanical 

Ventilation among Patients in the Intensive Care Unit: A Systematic Review. J Physiother (2015) 

61(3):125-34. Epub 2015/06/21. doi: 10.1016/j.jphys.2015.05.016.

18. Vorona S, Sabatini U, Al-Maqbali S, Bertoni M, Dres M, Bissett B, et al. Inspiratory Muscle 

Rehabilitation in Critically Ill Adults. A Systematic Review and Meta-Analysis. Ann Am Thorac Soc 

(2018) 15(6):735-44. Epub 2018/03/28. doi: 10.1513/AnnalsATS.201712-961OC.

19. McCormack E, McDonough S, Kelly YP, Baily-Scanlan M, Holden N, Hammond L, et al. What 

Is the Effect of Measurable Respiratory Muscle Training on Respiratory Muscle Strength in 

Mechanically Ventilated Adults in Intensive Care Units? A Systematic Review and Meta-Analysis. Aust

Crit Care (2025) 38(6):101418. Epub 2025/09/20. doi: 10.1016/j.aucc.2025.101418.

20. Farley C, Oliveira A, Brooks D, Newman ANL. The Effects of Inspiratory Muscle Training in 

Critically Ill Adults: A Systematic Review and Meta-Analysis. J Intensive Care Med 

(2025):8850666251317473. Epub 2025/02/10. doi: 10.1177/08850666251317473.

21. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses: The Prisma Statement. PLoS Med (2009) 6(7):e1000097. Epub 

2009/07/22. doi: 10.1371/journal.pmed.1000097.

22. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The Cochrane 

Collaboration's Tool for Assessing Risk of Bias in Randomised Trials. BMJ (2011) 343:d5928. Epub 

2011/10/20. doi: 10.1136/bmj.d5928.

23. Higgins JP, Thompson SG. Quantifying Heterogeneity in a Meta-Analysis. Stat Med (2002) 

21(11):1539-58. Epub 2002/07/12. doi: 10.1002/sim.1186.

24. Cader SA, Vale RG, Castro JC, Bacelar SC, Biehl C, Gomes MC, et al. Inspiratory Muscle 

12

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



Training Improves Maximal Inspiratory Pressure and May Assist Weaning in Older Intubated Patients: 

A Randomised Trial. Journal of physiotherapy (2010) 56(3):171‐7. doi: 10.1016/s1836-

9553(10)70022-9.

25. Cader SA, de Souza Vale RG, Zamora VE, Costa CH, Dantas EH. Extubation Process in Bed-

Ridden Elderly Intensive Care Patients Receiving Inspiratory Muscle Training: A Randomized Clinical 

Trial. Clinical interventions in aging (2012) 7:437‐43. doi: 10.2147/CIA.S36937.

26. Elbouhy MS, AbdelHalim HA, Hashem AMA. Effect of Respiratory Muscles Training in Weaning

of Mechanically Ventilated Copd Patients. Egyptian Journal of Chest Diseases and Tuberculosis (2014)

63(3):679-87. doi: 10.1016/j.ejcdt.2014.03.008.

27. Bissett BM, Leditschke IA, Neeman T, Boots R, Paratz J. Inspiratory Muscle Training to Enhance 

Recovery from Mechanical Ventilation: A Randomised Trial. Thorax (2016) 71(9):812-9. Epub 

2016/06/04. doi: 10.1136/thoraxjnl-2016-208279.

28. Tonella RM, Ratti L, Delazari LEB, Junior CF, Da Silva PL, Herran A, et al. Inspiratory Muscle 

Training in the Intensive Care Unit: A New Perspective. Journal of clinical medicine research (2017) 

9(11):929-34. Epub 2017/10/19. doi: 10.14740/jocmr3169w.

29. Sandoval Moreno LM, Casas Quiroga IC, Wilches Luna EC, Garcia AF. Efficacy of Respiratory 

Muscle Training in Weaning of Mechanical Ventilation in Patients with Mechanical Ventilation for 48 

Hours or More: A Randomized Controlled Clinical Trial. Medicina Intensiva (2019) 43(2):79-89. doi: 

10.1016/j.medin.2017.11.010.

30. Abodonya AM, Abdelbasset WK, Awad EA, Elalfy IE, Salem HA, Elsayed SH. Inspiratory 

Muscle Training for Recovered Covid-19 Patients after Weaning from Mechanical Ventilation: A Pilot 

Control Clinical Study. Medicine (2021) 100(13):e25339. doi: 10.1097/MD.0000000000025339.

31. da Silva Guimaraes B, de Souza LC, Cordeiro HF, Regis TL, Leite CA, Puga FP, et al. Inspiratory 

Muscle Training with an Electronic Resistive Loading Device Improves Prolonged Weaning Outcomes 

in a Randomized Controlled Trial. Crit Care Med (2021) 49(4):589-97. Epub 2020/12/18. doi: 

10.1097/CCM.0000000000004787.

32. Van Hollebeke M, Poddighe D, Clerckx B, Muller J, Hermans G, Gosselink R, et al. High-

Intensity Inspiratory Muscle Training Improves Scalene and Sternocleidomastoid Muscle Oxygenation 

Parameters in Patients with Weaning Difficulties: A Randomized Controlled Trial. Front Physiol (2022)

13:786575. Epub 2022/03/01. doi: 10.3389/fphys.2022.786575.

33. Bissett BM, Leditschke IA, Neeman T, Green M, Marzano V, Erwin K, et al. Does Mechanical 

Threshold Inspiratory Muscle Training Promote Recovery and Improve Outcomes in Patients Who Are 

Ventilator-Dependent in the Intensive Care Unit? The Improve Randomised Trial. Australian critical 

care (2023) 36(4):613‐21. doi: 10.1016/j.aucc.2022.07.002.

34. Khodabandeloo F, Froutan R, Peivandi Yazdi A, Shakeri M, Mazlom S, Bagheri Moghaddam A. 

The Effect of Threshold Inspiratory Muscle Training on the Duration of Weaning in Intensive Care 

Unit-Admitted Patients: A Randomized Clinical Trial. Journal of research in medical sciences (2023) 

28(1):44. doi: 10.4103/jrms.jrms_757_22.

35. Benli RK, Yurdalan U, Yilmaz B, Adiguzel N. Effect of Post-Extubation Inspiratory Muscle 

Training on Diaphragmatic Function in Mechanically Ventilated Patients: A Randomized Controlled 

Trial. Adv Clin Exp Med (2024) 33(10):1077-85. Epub 2024/01/17. doi: 10.17219/acem/174815.

36. Akar O, Gunay E, Sarinc Ulasli S, Ulasli AM, Kacar E, Sariaydin M, et al. Efficacy of 

Neuromuscular Electrical Stimulation in Patients with Copd Followed in Intensive Care Unit. Clinical 

respiratory journal (2017) 11(6):743‐50. doi: 10.1111/crj.12411.

37. McCaughey EJ, Jonkman AH, Boswell-Ruys CL, McBain RA, Bye EA, Hudson AL, et al. 

Abdominal Functional Electrical Stimulation to Assist Ventilator Weaning in Critical Illness: A Double-

Blinded, Randomised, Sham-Controlled Pilot Study. Critical Care (2019) 23. doi: 10.1186/s13054-

019-2544-0.

38. Porta R, Vitacca M, Gilè LS, Clini E, Bianchi L, Zanotti E, et al. Supported Arm Training in 

Patients Recently Weaned from Mechanical Ventilation. Chest (2005) 128(4):2511-20. doi: 

10.1378/chest.128.4.2511.

39. Zhang Q-l, Ge M, Chen C, Fan F-d, Jin Y, Zhang N, et al. Comparison of Effects of Liuzijue 

Exercise and Conventional Respiratory Training on Patients after Cardiac Surgery: A Randomized 

Controlled Trial. Chinese Journal of Integrative Medicine (2023) 29(7):579-89. doi: 10.1007/s11655-

023-3637-9.

40. Nava S. Rehabilitation of Patients Admitted to a Respiratory Intensive Care Unit. Archives of 

Physical Medicine and Rehabilitation (1998) 79(7):849-54. doi: 10.1016/s0003-9993(98)90369-0.

41. Reshia FAA, Salameh B, Alsadaan N, Alqahtani M, Ayed A, Kassabry MF, et al. Enhancing 

Pulmonary Function and Arterial Blood Gas Readings through Immediate Chest Physiotherapy among 

Extubated Patients in Icu. Journal of International Medical Research (2023) 51(11). doi: 

13

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



10.1177/03000605231208600.

42. Worraphan S, Thammata A, Chittawatanarat K, Saokaew S, Kengkla K, Prasannarong M. Effects 

of Inspiratory Muscle Training and Early Mobilization on Weaning of Mechanical Ventilation: A 

Systematic Review and Network Meta-Analysis. Arch Phys Med Rehabil (2020) 101(11):2002-14. 

Epub 2020/08/05. doi: 10.1016/j.apmr.2020.07.004.

43. Fu W, Guan L, Liu Q, Xie Z, You J, Chen R. Ventilator-Induced Diaphragmatic Dysfunction: 

Pathophysiology, Monitoring and Advances in Potential Treatment and Prevention. Eur Respir Rev 

(2025) 34(178). Epub 2025/10/09. doi: 10.1183/16000617.0069-2025.

44. van den Berg M, Shi Z, Claassen WJ, Hooijman P, Lewis CTA, Andersen JL, et al. Super-Relaxed

Myosins Contribute to Respiratory Muscle Hibernation in Mechanically Ventilated Patients. Sci Transl 

Med (2024) 16(758):eadg3894. Epub 2024/07/31. doi: 10.1126/scitranslmed.adg3894.

45. Lescroart M, Blanchard F, Constantin JM, Specklin M, Revol A, Hani H, et al. Lung Resistance - 

but Not Compliance - Impairs P0.1 and Maximal Inspiratory Pressure Measurements. Anaesth Crit 

Care Pain Med (2025) 44(3):101501. Epub 2025/03/15. doi: 10.1016/j.accpm.2025.101501.

46. Zhang YS, Zhang K, Huang L, Wei JX, Bi ZT, Xiao JH, et al. The Effects of Respiratory Muscle 

Training on Respiratory Function and Functional Capacity in Patients with Early Stroke: A Meta-

Analysis. Eur Rev Aging Phys Act (2024) 21(1):4. Epub 2024/02/22. doi: 10.1186/s11556-024-00338-

7.

47. Van Hollebeke M, Poddighe D, Hoffman M, Clerckx B, Muller J, Louvaris Z, et al. Similar 

Weaning Success Rate with High-Intensity and Sham Inspiratory Muscle Training: A Randomized 

Controlled Trial (Imweant). Am J Respir Crit Care Med (2025) 211(3):381-90. Epub 2024/11/20. doi: 

10.1164/rccm.202405-1042OC.

48. Liou TG, Kanner RE. Spirometry. Clin Rev Allergy Immunol (2009) 37(3):137-52. Epub 

2009/04/07. doi: 10.1007/s12016-009-8128-z.

49. Ball L, Scaramuzzo G, Herrmann J, Cereda M. Lung Aeration, Ventilation, and Perfusion 

Imaging. Curr Opin Crit Care (2022) 28(3):302-7. Epub 2022/06/03. doi: 

10.1097/MCC.0000000000000942.

50. Ren S, Niu J, Cai M, Hao L, Shi Y, Xu W, et al. Novel Assisted Cough System Based on 

Simulating Cough Airflow Dynamics. Biodes Manuf (2021) 4(3):479-89. Epub 2021/04/27. doi: 

10.1007/s42242-021-00132-9.

51. Petrof BJ, Jaber S, Matecki S. Ventilator-Induced Diaphragmatic Dysfunction. Curr Opin Crit 

Care (2010) 16(1):19-25. Epub 2009/11/26. doi: 10.1097/MCC.0b013e328334b166.

52. Magalhaes PAF, Camillo CA, Langer D, Andrade LB, Duarte M, Gosselink R. Weaning Failure 

and Respiratory Muscle Function: What Has Been Done and What Can Be Improved? Respir Med 

(2018) 134:54-61. Epub 2018/02/08. doi: 10.1016/j.rmed.2017.11.023.

53. Gruenberg DA, Shelton W, Rose SL, Rutter AE, Socaris S, McGee G. Factors Influencing Length 

of Stay in the Intensive Care Unit. Am J Crit Care (2006) 15(5):502-9. Epub 2006/08/24.

54. Lista-Paz A, Bouza Cousillas L, Jacome C, Fregonezi G, Labata-Lezaun N, Llurda-Almuzara L, 

et al. Effect of Respiratory Muscle Training in Asthma: A Systematic Review and Meta-Analysis. Ann 

Phys Rehabil Med (2023) 66(3):101691. Epub 2022/07/18. doi: 10.1016/j.rehab.2022.101691.

14

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



Table 1. Characteristics of included studies

Author (year) Participants Ages (years) Sample  size

(con/exp)

Gender

(men/women)

Intervention Primary outcomes

Stefano  Nava

(1998)

Patients  with  acute

respiratory failure

65.5±6.9 80 (20/60) 51/29 Comprehensive

rehabilitation

program

FVC; FEV1

Fadia  Ahmed

Abdelkader

Reshia (2023)

Patients  who

received  MV for  48

hours

38.1±6.9 70 (35/35) 42/28 Comprehensive

rehabilitation

program

FVC; FEV1

Olcay  Akar

(2015)

Intubated  chronic

obstructive

pulmonary  disease

patients  were

monitored  for  a

minimum  of  24

hours on mechanical

ventilation.

69.0±14.9 20 (10/10) 9/11 Functional

electrical

stimulation

Heart  rate;  Muscle

strength

Euan  J.

McCaughey

(2019)

Patients  who

dependent on MV

58.8±13.2 20 (10/10) 8/12 Functional

electrical

stimulation

MIP; FVC; FEV1

Roberto  Porta

(2005)

Patients  who

received  MV for  48

to 96 hours

71.0±5.7 66 (34/32) 45/21 Supported  arm

exercise

MIP; FVC; FEV1

ZHANG Qiao-

li (2023)

Patients  had

undergone 

cardiovascular

surgery  in  the

Cardiothoracic ICU

55.9±13.0 80 (40/40） 50/30 Liuzijue

exercise

MIP; FVC; FEV1

Samária  Ali Patients  who 82.5±5.3 41 (20/21) 19/22 IMT MIP;  Duration  of
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Cader (2010) received  MV for  48

hours

mechanical ventilation

Samária  Ali

Cader (2012)

Patients  who

received  MV for  48

hours in a controlled

mode

81.5±5 28 (14/14) 13/15 IMT MIP;  Duration  of

mechanical ventilation

Mohammed S.

Elbouhy

(2014)

Patients  were

diagnosed  with  an

acute exacerbation of

chronic  obstructive

pulmonary  disease

with  acute

respiratory  failure

requiring mechanical

ventilation support. 

62.7±10.5 40 (20/20) 33/7 IMT MIP;  Duration  of

mechanical ventilation

Bernie  M

Bissett (2016)

Patients  who

received  MV  for  7

days

59.0±14.4 70 (36/34) 45/25 IMT MIP

Rodrigo

Marques

Tonella (2017)

Patients  who

received MV

53.2±5.1 19 (8/11) 15/4 IMT MIP;  Rapid  shallow

breathing index

L.M. Sandoval

Moreno

(2019)

Patients  who

received  MV for  48

hours

61.5±20.3 126 (64/62) 71/55 IMT MIP;  Duration  of

mechanical ventilation

Bruno da Silva

Guimarães

(2020)

Patients  who

received MV

66.1±16.2 101 (53/48) 49/52 IMT MIP;  Duration  of

mechanical ventilation

Ahmed  M.

Abodonya

(2021)

COVID-19  patients

who received MV

48.1±8.8 42 (21/21) 33/9 IMT FVC; FEV1
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Marine  Van

Hollebeke

(2022)

Patients  who

received MV

57.6±15.1 41 (19/22) 22/19 IMT MIP; FVC

Bernie  M.

Bissett (2023)

Patients  who

received  MV  for  7

days

60.0±16.0 70 (37/33) 41/29 IMT MIP

Reyhan

Kaygusuz

Benli (2024)

Patients  who

received  MV for  48

hours

63.5±12.6 20 (10/10) 16/4 IMT MIP

Farnoosh

Khodabandelo

o (2023)

Patients  who

received MV

65.0±14.5 79 (39/40) 41/38 IMT MIP;  Duration  of

mechanical ventilation

MV: mechanical ventilation; IMT: inspiratory muscle training; FVC: forced vital capacity; FEV1: forced expiratory volume in one second;

MIP: maximum inspiratory pressure.
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Fig.1. PRISMA flowchart of the study selection process.
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Fig.2. Results of risk of bias assessment for included studies.
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Fig.3. Forest plot showing the effects of respiratory training on maximum inspiratory

pressure.

Fig.4. Forest plot showing the effects of respiratory training on forced vital capacity.

Fig.5.  Forest  plot  showing  the  effects  of  respiratory  training  on  the  duration  of

mechanical ventilation.

Fig.6.  Forest  plot  showing  the  effects  of  different  respiratory  muscle  training

modalities on maximum inspiratory pressure.

20

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS


